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Abstract

Situations are entitiesthat have been discussed in philosophy, ontology and com-
puter science for applicationsin the field of knowledge representation, concep-
tual modelling and natural language semantic. On the basis of an extensive liter-
ature review, situations and entities we call situoids, which are more basic than
situations, will be discussed and their ontological features investigated. As far
as possible, the results of this investigation are formulated as axioms. Thisis
done with respect to a background top-level ontology, the ontology of GOL. The
belief that situoids are “ parts of reality that can be comprehended asawhole” is
central to thisresearch, and will beinvestigated thoroughly. Situationsas derived
entities are not given as much attention, but some of their features will be dis-
cussed aswell. While attempting to describe situoids, other categories haveto be
mentioned, such as states of affairs and infons. The theory is built up systemati-
cally from states of affairs over infons, situoids to situations. Some applications
known from situation theory are revisited in the framework of situoids. Finally, it
is shown how the theory if situoids can be used to introduce modality in GOL.
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1 Preface

Let me remark on some issues | found important before | start with the essence
of thisthesis.

This is essentially my first scientific writing. Five years of studying did not
prepare meall too well for thistask, but | still hope thiswork isworth reading.

| used English language, which is not my native language. | used it to practice
writing in English, as | am willing to continue working in an English-speaking
environment. Although thisisnot my first writing in English, it isthefirst of this
size. Please accept occasional mistakes | made in the use of English language.
Most sentences are short and trivial, compared to a scientific text or some other
text of an English writer. Maybe you can see this as an advantage, and find it
easier to read.

| will be using a plural form throughout this thesis, except in this chapter. So
when | formulate some result, | will use “we”. | could have written this thesis
using strictly passive phrases, but | find this hard to read. 1 did not want to use
“1”, because thisthesisis not about me, but about the ontology of situations and
situoids.

Another remark: Thisthesisinvolved alot of reading, and most of the articles |
read were published in journals which did not offer their articles online for free.
| would have loved to ignore these articles, but it was impossible, because this
decision would have had a severly negative impact on my thesis. | was lucky,
because | finally found a solution to access tons of articles online for free, but
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this was an exceptional case. Students who were not so lucky would have had
lessinformation for their thesis, or they would have paid |lots of money to buy all
those articles. And still, scientistsall over the world continue to publish their re-
search in journals which charge afee for accessing their content. With hundreds
of journals available today, any library, any institution, any person would have
to spend unreasonable amounts of money to access all the information in these
journals. This brings about a barrier to scientific knowledge. “Poor” institutions
(for examplein Third World countries, but also in countries like Germany) will
not have the same possibilities as richer ones. Private people will find it almost
impossible to access scientific information.

The solution to thisis easy. Classical journals are obsol ete anyway, in the mean-
time, since most journals offer their articles online. Because most of the time
reviewers and members of the editorial board are working for free, it isjust a
simple step to creating an online, “Open Access’ journal. Thousands are al-
ready available, with the same scientific standards (peer review, et cetera) as
classical journals. The Berlin Declaration on Open Access to Knowledge in the
Sciences and Humanities!, signed by representatives of most major scientific in-
gtitutions in Germany and Europe, requests all scientists to support the use of
Open Access journals. And still there are many scientists who refuse. The rea-
sons vary. It may be found necessary to publish in more famous journals for
the own scientific career, for own pride, because it is the usua way, or for the
sake of more funding. The reasons may vary, but they are al flawed. The most
important goal of all scienceisto gain knowledgefor the sake of all of humanity.
With the creation of abarrier to access of information for large groups of people,
modern science becomes a hobby for a highly privileged guild of persons from
First World countries. And more, scientific progressis slowed down by thiskind
of behaviour. Knowledge actually grows faster the more people share it. Please

http://wuw. mpg.de/pdf/openaccess/BerlinDeclaration_en.pdf
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consider using Open Access journals2.

If you are ascientist publishing in classic journals, please do not feel insulted by
my statements above, but read them critically. Thisis my own, private opinion,
that arose out of the writing of this thesis and the discussions | had with other
students facing the same problems as | did. Thisisthe only relation this chapter
has with this thesis, but | found it so important, | did not want to leave it out.
Thisis also the only reason | wrote a preface.

*http://www.doaj.org



2 Introduction

Ontology has experienced a renaissance recently. In the past, it has been used as
aterm for probably the most fundamental branch of metaphysics, the study of
being or existence, the most fundamental study of reality, the science of “being
quat being”. In computer scienceiit refers to the formalization of al the relevant
entities, relationships and rules of adomain, usually in a hierarchical data struc-
ture. Ontologies are used in branches of artificial intelligence and knowledge
representation. They can be used for inductive reasoning or classification, or
the communication and sharing of information between different systems. Most
ontologies in use today are limited to a single domain, like the Gene Ontology,
that is limited to the domain of genes. Ontologies, that are not limited to spe-
cific domains are called Top-Level-Ontologies, Upper Ontologies or Foundation
Ontologies. They try do define general entitiesin a general sense. This can be
highly valuable for common sense reasoning or as a foundational background
for domain specific ontologies. Some claim, that this leads to “semantic and
ontological warfare due to competing standards’, mostly due to different philo-
sophical views on what exists. There are severa projects that develop an Upper
Ontology, one of them is the GOL? group in Leipzig with their GFO, General
Formal Ontologies®. This work is a contribution to the General Formal On-
tologies. Due to different fundamental, philosophical views, probably no Top-

1Qua means here “respectively” or “with regard to the aspect of .

2Genera Ontological Language

3We use plural, here, because the GOL group develops a set of ontologies with branch points,
so that different philosophical views can be accommodated.
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Level-Ontology will ever become a single, widely accepted standard, and even
in this work there will be decisions made that contradict some of the decisions
aready made by the designers of the General Formal Ontologies. Some of them
will be minor, and could or could not be integrated in GFO. Some may be more
important, and as we will try to defend our decisions thoroughly, we encourage
the GOL researchers to use our argumentation to improve their ontology frame-
work. Thisisto say, that this thesis will not be limited by the decisions already
made by the GOL group. If there is enough evidence to justify this step, we will
argue in favor of philosophical views different to those expressed in the General
Formal Ontologies.

2.1 Motivation

Consider the following statements.

1. “The situation at the beginning of the 100 meter race was the following:
Alanisin start position one, wearing red clothes. Ben isin position two,
wearing blue clothes. He is the favorite. Carlo and Denis are in position
three and four.”

“Thisis an embarrassing situation.”
“The situation in Europe during 1914 and 1918 was critical ”
“The situation in Europein the year 1914 lead to the First World War.”

“1 would not have acted differently in the same situation.”

o o c w D

“The situation on this x-ray shows, that the person that x-ray has been
taken of had a broken leg”

7. “Inthe situation of aterrorist bombing, oil pricesrise rapidly.”
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All those statements claim to be about situations. In the first, a situation is char-
acterized by certain statements, facts, that are the case in this situation. The
second statement assigns an attribute, being embarrassing, to a situation. The
third does the same, but clearly extends the situation over an interval of time, 4
years, and a certain region, Europe. The fourth refersto a certain situation as the
cause of an event. One can refer to this event also as a situation, as the previous
example shows. The fifth example connects a situation with some action, that
has been performed init. The sixth example describes a situation, that somehow
seems to involve another situation, the situation where some person broke a leg.
The seventh example refers to a situation as an instance of some concept, some
general idea of a situation, the terrorist bombing, and also asserts afact to it.

These examples show, that the term “ situation” isused in several different mean-
ings. Just what are the similarities, that lead us to the usage of thisterm? What
do all of the above mentioned references to situations have in common? These
question have to be answered in order to characterize an ontological category of
situations. As important as the similarities are the differences of the references
to situations above. The main distinction will be between those, that have atem-
poral extension, and those without. We will call the first “situoids’, the latter
“situations’.

The examples show another aspect. Obviously, situations can be used to describe
parts of the real world. But there are other ontological categories that can be de-
scribed using situations. We mentioned some of them, events and actions. Both
have been discussed before, and are frequently used together with, sometimes

synonymously to situations. An intense study of situations should help usin the
investigation of both, events and actions.

The fourth example refers to a situation as a cause of some event, possibly an-
other situation. The study of cause and effect has been going on for centuries.
The relationship between cause and effect is called causality. A study of situ-
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ations, that may be causes, or effects, may lead to better understanding of the
concept of causality.

The first example somehow characterizes a situation, by stating facts, that is,
relations between certain objectsin the situation. What afact is, how it behaves
and how and in what way it can occur in a situation is another issue, that may
be solved by a study of situations. Facts are closely related to states of affairs,
and the nature of existence, the ontology of states of affairs has been debated for
decades amongst philosophers, and in the process of an ontological investigation
of situations, the ontology of states of affairs hasto be reviewed, too.

The seventh example refers to some concept, a certain situation may be an in-
stance of. These conceptsare called “universals’ in philosophy. They are general
ideas of concrete existing or abstract entities, that are itsinstances, and they usu-
aly determine certain properties of its instances, for example the fact, that oil
pricesrise rapidly in a situation of a certain type. Universals have an impact on
situations, and have to be investigated when situations are.

Example six has some interesting properties. Obvioudly, there is a described
situation, an x-ray of some persons leg, but due to certain properties of this
situation, information about some other situation is revealed, the situation where
a person broke a leg. Situations appear to be able to carry the information of
other situations.

Situations can be described in natural language. All the examples above show
this as a fact. We could ask the question, whether there are situations that are
not describable in natural language. And another question can be asked, too,
whether or not we describe anything other than situations, whenever we express
our thoughtsin words. Also, al of the above examples have to be uttered. This
utterance-situation may be viewed as a situation, that defines the context of the
uttered statement. Can this be used to give meaning to consecutive sections
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of text, like a novel? The answer to these questions and therefore a theory of
situations may give valuable insight in the semantic of natural language.

Finally, all the examples above may indeed have something in common; we refer
to situations as to special parts of reality, parts, that can be comprehended as a
whole. What this means, will have to be investigated first.

2.2 Objectives

The main objective of this thesisis an in depth analysis of situations as an on-
tological category. The category situation as well as all other categories needed
to understand it, states of affairs, infons, actions or events, shall be investigated
and the findings should be put in axioms asfar as possible. These axioms should
extend the axioms of the ontologies of GOL, or replace them if necessary. In
the end, a theory of situations has to be developed within GOL or some modi-
fied version of GOL, which has at |least the same expressive power as Situation
Theory, a formalism developed by Jon Barwise and John Perry, for example in
[Barwise, 1989]. To achievethis, Situation Theory and its axioms can be used as
a background, but should be extended, altered or in parts rejected when neces-
sary, in order to obtain a philosophically well founded description of the category
situation. If parts of Situation Theory are copied into GOL, it has to be shown
that these parts are appropriate.

Before situations can be analyzed, the more basic categories of facts or states of
affairs have to be analyzed. It is believed that states of affairs can be viewed as
basic information units, or infons, that are used to communicate information, or
expressinformation present in asituation. A category of factsdoesexistin GOL,
but the instances of this category are not information units. Another objective
of thisthesis is to reexamine the GOL category of facts and analyze whether it
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is suited to be used together with the category of situations. If not, it has to be
modified or extended accordingly.

In the analysis of situations, the concept of “being comprehensible as a whol€e’
will be central. It has to be analyzed thoroughly, and, as far as possible, axioms
have to be formalized for it, so it can be applied to different entities as well.

Other entities that may be related to situations, like universals, sets, processes,
changes, etc. can be more thoroughly understood, and if adequate, some of their
properties can be deduced from the properties of situations.

There are still some ontological categories or relationsin GOL, that require clar-
ification. Some are clearly understood and axiomatized, but GOL does not pro-
vide the means to specify an instance of this category. If adequate, this thesis
will provide hints or solutionsto some of these questions.

2.3 Structure of this thesis

First we will summarize the state of the art in the ontology and theory of situa-
tionsin chapter 3. In section 3.1 we will introduce shortly situation calculus as it
has been developed by McCarthy and Hayes. In 3.2 we will introduce situation
theory as it has been developed by Barwise and Perry.

Chapter 4 gives an overview over ontology in philosophy and in computer sci-
ence. Our reference ontology GOL will be introduced in this chapter.

Chapter 5isthe central part of thisthesis. There we will develop our own theory
of situoids and situations within the ontology of GOL. Section 5.1 will intro-
duce infons, 5.2 situoids. Central to 5.2 is the discussion of comprehension,
the relationship between parts and wholes and the relation of situoids to reality
and worlds, but other properties of situoids will be discussed, too. The rest of
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chapter 5 discusses situations and their models, but some derived categories like
processes and changes as well.

Chapter 6 discusses the theory that has been developed in 5. Two important ap-
plications are shown: How the theory can be used to give a semantic for natural
language, and how it can be used to introduce modality into GOL. Later, some
remarks are made concerning the similarities and differences to situation theory
as developed by Barwise and Perry.

Chapter 7 isareview on the thesis. The contributions made are listed, and ideas
for future research are given.

10



3 Situation Theories

The concept of “situation” has been known in computer sciencefor several years.
A simple approach is known as situation calculus, and although it is useful for
several applications, it is quite weak in an ontological sense, and we will discuss
situation calculus only short. Later, in the 1980s, situation theory or situation
semantics has been developed, and it is arich theory, and the basis of our work,
so we will discussit in length.

3.1 Situation Calculus

A simple approach to capture information about situations is situation calculus.
It is due to John McCarthy and Pat Hayes|McCarthy and Hayes, 1969]. In sit-
uation calculus, the world consists of a series of snapshots, situations. Every
situation is created from the previous by a series of actions. Relations and prop-
erties are noted with a separate situation argument.

R(Xl, ceey Xn, SO)

Properties subject to change are called fluents.

Changes from one situation to another are modeled using a function, Result :
Action x Situation — Situation. The atomic predicate Holds(f, S) istrue, if the
fluent f istruein the situation S.

11
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Actions are described by stating their effects. Therefore effect axioms have to
be stated, describing the properties of a situation that results from doing some
action. However, thisis not enough. One also has to state axioms describing a
situation after not performing an action. Those are called frame axioms. Frame
axioms have to be stated for every fluent and action. Another solutionisto usea
successor-state axiom. Thisaxiomsstates, that a fluent istrue after some action,
if an action made it true or it has been true and no action made it false.

Thisisavery weak theory of situations. The world consists of a series of snap-
shots, that are complete on its own. There is no development within a situation,
since they do not have a duration. We shall therefore turn our attention to amore
complex theory of situations.

But first, let us consider an example. We want to open a bottle of beer, smell
the beer and after that we drink the beer. So the fluents we have to consider are
closed(x) and empty(x), the actions will be Open and Drink.

We start off with the beer closed and not empty.
Holds(closed(beer), Sp)
-Holds(empty(beer), Sp)

Now we want to perform the action of opening the beer, ending up in a new
situation.
S1 = Result(Open(beer), So)

However, this does not do anything yet. We have to put some knowledge about
our Open action in our theory, our first effect axiom.

Vx, S(Holds(closed(x), S) — —Holds(closed(x), Result(Open(x), S)))

12
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Now
~Holds(closed(beer), S1)

is true and our beer is no longer closed. But before consuming the beer we
would like to smell it first, because we are in another country and do not trust
their ability to brew beer after German purity law?.

So = Result(Smell, S1)

There is no fluent changed here, because the smelling is rather a symbolic act,
we cannot smell the ingredients anyway.

After we finished this ritual, we finally want to drink the beer, ending up in a
new situation.
S3 = Result(Drink(beer), S»)

We need some effect axioms too. We can only drink an open, not empty beer.
And after we finished drinking, the beer is empty.

VX, S(=Holds(closed(x), S) A =Holds(empty(x), S) —
Holds(empty(x), Result(Drink(x), S)))

Now the questionis, if
Holds(empty(beer), S3)

istrue. Oddly, it is not. Since there is no axiom saying otherwise, the beer could
have closed itself while we were smelling the beer. The beer could have been
closed already in S,. Even worse, the beer could have emptied itself at any time!
We have to add some frame axioms about things, that do not change, if some

1In fact, before this law has been put in place 1516, some fatal accidents with beer brewed
using daturia plants have occurred, and we do not want to take thisrisk.

13
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action isdone. If the beer isempty or open, then thereis no way to undo this.
Ya, x, S (Holds(empty(x), S) — Holds(empty(x), Result(a, S)))

Ya, x, S (—Holds(closed(x), S) — —Holds(closed(x), Result(a, S)))
Now we have to state, that the bottle only open when we open it, and, more
important, that the only way it will get empty is, when we consume it.

Ya, X, S (Holds(closed(x), S) A a# Open — Holds(closed(x), Result(a, S)))

Ya, x, S (—mHolds(empty(x),S) A a# Drink — —Holds(empty(x), Result(a, S)))

Now our beer will be empty in Sz, but not before that.

3.2 Situation Theory

Jon Barwise and John Perry developed in [Barwise, 1981] and [Barwise and
Perry, 1981] atheory of situations, which we will call “Barwisean situation the-
ory”. The goal of this section isto outline the major properties and results of the
Barwisean situation theory.

Situation theory isamathematical theory of meaning, supposed to be a semantic
for natural language. Init, theworld consists of individuals, properties, relations,
gpatio-temporal entities, and situations.

A basic assumption in Barwises situation theory is that everything used in the
theory can be objectified and treated as an object of the theory, especialy situa-
tions, relations, operations, conditions, parameters.

14
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3.2.1 Relations

Relations in situation theory can be treated as objects. In [Barwise, 1989], Jon
Barwise states:

Relations are the glue that holds things together, the primary con-
stituents of the facts that go to make up reality. Any relation we use
in the theory can also be objectified and treated as an object of the
theory.

Asinfirst order logic, every relation R has arguments. Since situation theory is
designed to capture information about redlity, restrictions on the kind of argu-
ments certain relations can take have to be imposed. Barwise takes a notion of
appropriateness between relations and the objects, that can serve as their argu-
ments, as given. In later versions of situation theory, roles take this place.

Thereisno reason to assume, that the argumentsarein apredefined order. There-
fore an assignment is a function a assigning objects to some arguments of the
function. It is not necessary to fill all argument places with objects. Although it
is convenient for us to assume, that all argument places are filled by appropriate
objects, there is no reason to justify such a step. Consider the relation of eating.
Thisrelation takes at least three arguments: the eater E, the food eaten, F, and a
space-time-location t where the eating takes place. Let eating(E, F,t) be thisre-
lation. However, even if we do not know the food eaten, F, it still makes senseto
issue a statement, that E iseating at t. The classic approach to this statement in
logic would be the proposition Ix (eating(E, x,t)). If we want to model informa-
tion expressed in natural language, there is no reason to state Ax (eating(E, x,t))
from the sentence “E is eating at t”. We take an assignment a filling only the
role of the eater and the space-time-location, and leaving the food unassigned:
eating(E, x,t), or sometimes eating(E, t).

15
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3.2.2 Infons

Let us now consider information. Information is built up from basic information
units, states of affairs or infon.

Definition 3.1 (Infon, Polarity, Major Constituent, Minor Constituent). A
relation R and an appropriate assignment a of objects determine two basicinfons.
The notion of these infonsis ((R a; 1)) and ((R,a;0)) or, in case the arguments
have been ordered, ((R ay,...,an; 1)) and ((R,a1,...,an;0)). Let ¢ = (R a;i)),
then R is called major constituent of ¢, each aag € Arg(R) is called a minor
constituent of ¢ and the valuei € {0, 1} is called the polarity of ¢. Basic infons
with polarity 1 are called positive, with polarity O negative.

A basic infon that obtainsis called afact. Given arelation R and an appropriate
assignment a, at most one of the defined basic infons obtains. We write = ¢ for
abasic infon that obtains.

3.2.3 Axioms of situation theory

We will give a brief summary of the axioms of one of the later versions of Bar-
wisean situation theory, without much motivation and explanation, mainly to
refer to them later. For a complete discussion, see [Barwise, 1989].

Axiom 3.1. Every relation is the major constituent of some basic infon, and
everything isaminor constituent of some basic infon.

Axiom 3.2. If ¢ =((R a;i)y and ¢’ = ((R,&’;1")) are basic infons, then ¢ = ¢’ iff
R=R,i=1"and aag = &, for each argument arg of R.

Axiom 3.3. Given an n-ary relation R and an appropriate sequence a of argu-
ments for R, either R(a) or —R(a), but not both. R(a) iff £ ((R,a;1)); -R(a) iff
F (R &0)).

16
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So far we can only talk about basic infons. Axiom 2 states under which circum-
stances we will consider basic infons identical, namely when they are identical
item by item. However, infons are supposed to capture information, so they may
be informational equivalent, although they are not identical item by item. Fur-
thermore, given two basic infons, one might be stronger than the other, so that
oneinfon is entailed by the other.

Axiom 3.4. Let ¢, ¢’, ¢ beinfons. Then ¢ = ¢ and if ¢ = ¢’ and ¢’ = ¢”
then ¢ =) ¢”. If p = ¢’ and ¢ isafact, then sois¢’.

Axiom 3.5. Let a and &’ be appropriate assignments for R, and a is a sub-
assignment of a’. For i € {0,1}, let ¢; = ((Ra&;i)) and let ¢/ = ((R &';i)). Then
¢1 =1 ¢1.and go = ¢y,

Axiom 3.6. Every set of infons X has aleast upper bound (concerning =) A Z
and a greatest lower bound \/ £. A X isafactiff eachinfoninXisafact, \/Xis
afact, iff someinfonin X isafact.

Axiom 3.7. Thebasicinfons¢ = ((R,a;i)) and ¢’ = ((R, &';1)) are compatibleiff
aand & are compatible asfunctions. Then g ¢’ = ((R,au a’;i)).

Now, for the first time, we will consider situations. A sSituation is “a part of
reality that can be comprehended as awhole in its own right — one that interacts
with other things.” [Barwise, 1989] They relate to other things of theworld in the
sense, that they stand in relation to other things, or have properties.

= is a binary relation, holding between situations and infons. sk ¢ means “¢
holdsin the situation s”.

Axiom 3.8. Aninfon ¢ isafact iff thereisasituation s such that sk ¢.

Axiom 3.9. A dituation s; is a part of a situation sp, 1< S, if {#|s1 E ¢ and ¢
isabasicinfon} C {¢’|s; E ¢” and ¢ isabasicinfon}. If s;<sy and s <51, then
S = Sp.
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3 Situation Theories

Therefore the part-of relation between situation is a partial ordering.

Barwise takes the axioms now a step further and defined some kind of interpre-
tation for situations by stating the relation between sets and situations.

Axiom 3.10. Every set F of facts determines a smallest situation s such that for
every feF:skE f.

Axiom 3.11. Every set isthe set of constituents of at least one situation.

The last axiom brings in models of situations.

Axiom 3.12. Thereis a unique operation M taking values in the sets satisfying
the following equations:

e if bisnot asituation or infon, then M(b) = b.

o if o = ((Ra;i)), then M(¢) =< R b,i > (a state model), where b is the
function on dom(a) satisfying b(x) = M(a(x)).

e if sisasituation, then M(s) = {M(9) : SE ¢}.

3.2.4 Situation theory and set theory

Barwise and others do not believe that standard set theory (ZFC? or others) is
sufficient for modeling situations. Instead, the use of an anti-foundation-axiom
set theory is recommended. Aczel has developed a set theory based on ZFC,
but replacing the foundation axiom. In set theory, every set can be pictured by
agraph. A graph iswell-founded if it has no cycles or infinite paths, non-well-
founded otherwise. Aczels anti-foundation-axiom states, that every graph, well-
founded or not, pictures a unique set. For a complete discussion, see [Aczdl,
1988], [Pakkan and Akman, 1994-1995].

2The axiom system of Zermelo-Frankel with the axiom of choice.
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Reasons for choosing ZFC-AFA to model situations are some inherently cir-
cular situations, especially while modeling common knowledge. Considering
the situation s, where John is kissing Mary, s ((kiss,John, Mary; 1)) and sk
((kiss, Mary, John; 1)) holds. If you could ask John whether he knows, if heis
kissing Mary, he would certainly agree, so

sE ((knows, John, (<kiss, John, Mary; 1)); 1))

and the same for Mary. If you ask Mary, whether she knows that John knows
that he is kissing her, she would agree too, and so on. A finite infon cannot
capture al the information in this situation. The fact that John is kissing Mary
is known to both, John and Mary, it is common knowledge amongst them and it
isaso common knowledge that it is common knowledge, and so on. We call the
above approach of capturing common knowledge the iterate approach. It can be
understood and modeled without the use of hypersets.

Another way to capture common knowledge is the fixed-point approach. Let ¢
be the fact that John iskissing Mary. Then the fact = = ((know, {John, Mary}, ¢ A
7)) captures the information that both know ¢ and both know this is common
knowledge between them. Note that 7 is a constituent of itself.

Thethird approach to common knowledgeis the shared situation approach. The
situation s where John iskissing Mary is modeled by

e sk ((kiss, John, Mary; 1))
e Sk ((kiss, Mary, John; 1))
e sE ((know, John,s; 1))
e sk ((know, Mary,s; 1))

In this approach the situation sisaconstituent of itself. If wetake sets as models
for situations, the set ss should be a member of itself.
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3.2.5 Discussion of Barwisean situation theory

Let us review some of the decisions made by Barwise in his development of
situation theory.

First we note, that there is some kind of appropriateness between relations and
the arguments of those relations, that make up infons. Barwise did not give a
formal definition of what is meant by appropriateness. Intuitively, while formal-
izing knowledge about a given situation, a human designer has an understanding
of what is meant by it. However, an intelligent agent in general does not see
the difference between | ({eat, Alice, meat; 1)) and | ({(eat, Alice, 23; 1)) without
further knowledge. What certainly is needed is some kind of representation of
what categories of objects exist in our world, and what categories a certain rela-
tion can take as its arguments. Understandingly, this goes far beyond the scope
of situation theory, and we will discussthisin chapter 4.

Also, it isnot enough that ((eat, Alice, 23; 0)) should hold, but that ((eat, Alice,
23)) can never be true, it should not be considered an infon at all. A state of
affair or infon of this kind should be considered nonsensical (in the spirit of
Wittgenstein).

On the other hand, if we consider an algebra of infons permitting conjunction or
digunction of it, we have to decide whether we want to consider infons of the
kind ((R, X1, ..., Xn; )Y A {{R, X1, ..., Xn; 0)) infons. Our intuition behind calling in-
fonsinfonswas that they capture information. Infons of thiskind, contradictions
or tautologies, do not contain any information at al. Of course they are false (or
true) in every situation, but they are not about situations at all. We do not want
to consider these as infons either. Infons, in our approach, contain information
about situations or the world, they are meaningful. There must be a possible
situation for any infon to hold, and another possible situation for an infon to not
hold. Otherwise we will not consider them infons at all.
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Barwise refers to spatio-temporal entities in his approach, but never clarifies
what he means by it. It is not obvious whether he understands situations as hav-
ing aduration no matter how short, or if he allowsthem to exist only at an instant,
apointintime, or both. He states that they exist in time and space, therefore they
occupy space, but whether the space (or the time) have to be connected, is un-
clear. After all, even the most basic structure of space and time is unclear. Is
time and space unlimited? Are they dense? Or linear?

Perhaps he did not want to commit himself to such fundamental decisions, and
leaveit for further work, or for any applicant of situation theory to decide. How-
ever, we argue that the structure of situations cannot be understood without a
theory of time and space. One way to complete situation theory with a theory
of space and time is to use some existing theory of it and add its axioms to the
ones of situation theory, and state an appropriate relation between both, situation
theory and the preferred theory of time and space. This appears to be promis-
ing, because one could alter the axioms of time and space and compare their
expressive powers.

We will argue later, that there is an ontological difference between situations
that have a durations and those, that exist at a point in time. Therefore, we will
consider only onetheory of time and space, the theory used in the GOL ontology,
sometimes called glass model.

Probably the most difficult task in amending situation theory is to define some
conditionsfor asituation to be called “situation”. Barwise refers to some closure
conditions occasionally, but never states one of them.

Let us consider an example. John is kissing Mary, while laying on a bank in
apark. This situation is taking place at a certain time t, and a certain place s.
We certainly want to consider this a situation. Let us imagine now the same
situation, but with the bank gone. Both of them are still laying, but the bank is
outside our situation. So it seems asif they were floating in the air, about 75 cm
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above the ground. One might argue that thisisimpossible, and therefore should
not be considered a situation at all. On the other hand, it is a part of reality, and
maybe we only need to consider the information that Johniskissing Mary while
laying, at a certain spatio-temporal location, and they are about 50 centimeter
above the ground. If we know about gravity and the mass of John and Mary, we
could argue that there has to be some force keeping them above the ground, but
do not know what thisforceis.

Also, more abstract, we could ask if a set can be viewed as a situation. The
elements of a set may stand to each other in certain relations, and the set is some
whole entity. What if the set isinfinite? Or undecidable?

So we could try to find some kind of closure conditions situations have to ful-
fill. We will attempt this later when we introduce our ontology based situation
theory.
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4 Ontology

4.1 Ontology in Philosophy

Aristotle was a Greek philosopher, living from 384BC-322BC. He wrote a num-
ber of books that were called the Physics. His works were organized in such
away, that there was another set of books right after the Physics. The content
of those books was a basic, fundamental area of philosophical inquiry, and did
not have a name at thistime. Some of Aristotle’s scholars gave those books the
name “ta metata physika’, meaning “the (books) after the physics’. Therefore
the name “metaphysics’ has been created.

Nowadays, metaphysicsis the name of a branch of philosophy, concerned with
the study of the most fundamental concepts, like being, relation, space, time,
causation or existence. Ontology isthe most fundamental branch of metaphysics.
It is concerned with the study of being and existence, and the basic categories
of them. Aristotle described ontology as “the science of being qua being”, the
science of being respectively being. It determinesthe categoriesof “beings’, and
decides whether and in what sense the elements of those categories can be said
to “be”.

Some examples of ontological questionsare: What is existence? What are phys-
ical objects? Is existence a property? When does an object go out of existence,
as opposed to merely changing?
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Some of the basic problems of ontology is the problem of substance and the
problem of universals.

4.1.1 Universals

Let us observe the sun, an orange, a lemon, a banana, and a yellow car. We
could ask, whether all of those things have some thing in common, something
we would call “yellowness’. Isthere an individua being such as “yellowness’?
There are two beliefs among philosophers, and the problem of universalsis de-
ciding, which is right. Platonic realists believe, that there is some nonphysical
being caled “yellowness’, that stands in some relation to all yellow objects.
Thisbeing isa“universal”. The opposing view is the one of nominalists, which
believe, that there is no such thing and that all yellow objects have nothing in
common except being called “yellow”. Therefore they get the name “nominal-
ists”.
It is agreed that universals have to satisfy at least the following conditions:

e Universals can be multiply instantiated.

e Universals are abstract.

e Universals are the referents of general terms.

Platonic realism

In Platonic realism, universalsexist “in aream”, that is separate from space and
time. According to this belief, universals are not ideas in someones mind, they
arenot mental entitiesat all. Oneway to see Plato’suniversalsisas*” archetypes’,
asorigina models, and particular objects are copies of those models. A specific
bananais a copy of banananess, the specific yellow of ayellow car is a copy of
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yellowness. Another way objects and universals might be related is that objects
“participate” in the universals, or the universals are “inhered” in the objects.

In Platonic realism, some universals are not instantiated at all, although they
could be instantiated. Exactly how particular objects instantiate a universal isa
basic problem of Plates theory.

If we think of yellownessin general, we think of the universal “yellowness’, not
of aparticular yellowness of some object. But how the concept of “yellowness’,
an entity that exists neither in space nor in time, came to our mind, is another
problem that has to be solved in the theory of Platonic realism. Plato’s answer
was quite ssmple: We were all born with “apriori” knowledge of awide variety
of concepts.

Despite a lot of criticism, Platonic universals seem to capture the meaning of
general term, like “yellowness” or “banananess’, well. When we speak of some-
thing yellow, it is convenient to think of it as something outside of space and
time, but which has alot of instances.

Aristotle’s universals

Aristotle had a similar, but in several points distinct view on universals. He be-
lieved, that universals are ssimply types, properties or relations that are common
to their various instances. Universals exist in their instances, they exist only
when they are instantiated. They exist only in re, in things, never apart from
them. Therefore, an universal is something identical in each instance. All yel-
low things have something in common, namely their “yellowness’. Thereis no
universal “yellow” apart from any yellow thing. On the contrary, in al yellow
things there is the same universal, “yellowness’. Thus universals do exist in
space and time.
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Aristotle’s universals can be multiply instantiated. The same universal appears
in each of itsinstances. This may seem confusing at first, saying that exactly the
same thing existsin multiple objectsall over the world. We have to keep in mind
that universals are non-physical objects, and there is no reason to believe, that
universals behave like physical objects.

How do we form concepts according to Aristotle? We abstract from a lot of
instances. Thereby we pay attention to a quality all instances have in common.
So by focusing on the common quality a bunch of bananas and some yellow
cars and alemon have in common, namely the same universal, “yellowness’, we
form the concept of “yellowness”.

When we refer to “yellowness’, we do not ssimply refer to “all yellow things”,
but rather to some quality, al yellow things have in common.

Nominalism

Nominalism is the believe, that no universals exists, no abstract properties, re-
lations or types, but only particular things. Everything that does exist existsin
space and time.

Some nominalists belief, that only general terms or names exists — but no qual-
ities they refer to. A general term refers to a specific object or a collection of
objects. So if we talk about “yellowness’, this might refer to a specific banana,
a collection of some bananas and lemons and cars or the collection of all yellow
things on the world.

If we consider 20 beer, then all they have in common is that they are “called”
beer, but no quality of just being “beer”. However, there must be a reason for
calling a certain beer “beer”. It is the ingredients, hop, malt, water, the taste,
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the aroma, the color, the look, that lets us identify a beer. The question nomi-
nalists have to answer is, why beers appear to have certain qualitiesin common,
although they do not.

If we refer to the yellowness of a banana, we certainly do not refer to the ba-
nana itself, but to the property of being yellow. Nominalists deny the existence
of instances of properties or relations. However, even if we cannot experience
an abstract thing like “yellowness’, at least we can experience an instance of
it. How thisis possible is another question that has to be answered by nominal-
ists.

There are some weaker forms of nominalism, namely imaginism and concep-
tualism. Both still deny that universals exists. Imaginism is the believe, that
“universals’ are picturesin mind. One can picture a banana in mind, the look,
the smell, but it does not mean, that it is a concept of what a banana redlly is.
Conceptualismisthe view that universalsare concepts and individual objectsare
instances of concepts in mind.

Another and the last here mentioned approach to nominalism is called “ ostrich
nominalism”. In sentences as a is F, ostrich nominalism takes a alone to be
the truth-maker for these sentences. Asked why two bananas are both called
banana, an ostrich nominalist would answer that they both do not have any entity
in common, but however are both bananas, one cannot analyze further.

4.1.2 Substances

Another question in ontology iswhat we call objects, or object-hood. There are
two main theories: objects are either substances, which are in some way distinct
from their properties and relations, or they are nothing more than a bundle of
their properties. This problem is called the problem of substance.
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Bundle theory

Bundle theory is based on the believe, that objects are nothing more than their
properties and relations. Taking away the properties or relations means taking
away the object itself. In particular, there is no substance, that these properties
inherein.

Followers of this theory argue, that whenever we describe an object or imagine
an object, we image or describe a property or relation. There is nothing we
can imagine about any object that is not property or relation. In particular isit
impossible to imagine some substance without any properties or relations.

However, since objects are nothing more than bundles of propertiesand relations,
the question comes to mind, what ties those properties together. Since there is
no substance they inhere in, some thing has to keep them together, bound to one
object. They may just be conceived as a collection, a set, a bundle, but what puts
themin this collection, is aquestion that has to be answered by followers of this
theory.

Substance theory

Substance theory is the view, that objects are something over and above their
properties. In substance theory, substance can exist or be distinguished from
their properties and relations. Even if it is impossible for the substance not to
inhere anything, we can speak of it as a separate being.

If we attribute aproperty to an object, like“abananaisyellow”, thereisasubject,
the banana, and we say of it that it has a property, being yellow. It makes no
sense to speak of yellowness alone, without any subject. We therefore refer to
a substance, and attribute it with a property. Whatever a property is of is the
substance.
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Another problem of substance theory is the inherence relation. For an object
to have a property is definitely different than the property being a part of the
object. So the question is, what this inherence relation between substances and
properties actually is. A common answer to thisis that inherence is a primitive
concept: it cannot be explained any further, but it does not have to be explained
further, too. One can understand inherence apriori.

Substance theory refers to some things without properties, bare objects. But
whenever something comes to our mind, we think of some property or relation
of it. It is absolutely impossible to find a bare object somewhere in the world.
And we do not have any notion at all for such objects.

4.2 Ontology in computer science

Ontology in computer science is distinct from, but similar to ontology in phi-
losophy. While ontology in philosophy is the study of existence in generd,
in computer science, “an ontology is the attempt to formulate an exhaustive
and rigorous conceptual schema within a given domain, a typically hierarchi-
cal data structure containing all the relevant entities and their relationships and
rules within that domain.”[ The Internet Community]

Usually, while constructing a knowledge base for a certain domain, the designer
has to restrict herself to a fixed vocabulary, some basic concepts, on which all
other terms are based. This terminology is called an (domain specific) ontol-
ogy. In this ontology, the relationship between those concepts will have to be
specified. Important relations areis—a and part — of .

After the concepts for one domain have been specified, the used concepts can
be abstracted. Considering adomain for medical research, one concept could be
disease. But a disease can also be considered some kind of process. A blood
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sample with a certain blood type could be viewed as simple matter or some
substance with a property.

Every domain specific ontology can be abstracted, until no further abstraction
seems possible. The result will be aterminology of the most fundamental cate-
gories of being, and a description of the relations thereof. Thisis called a top-
level ontology. The question arises, if al domain specific ontologies converge to
the same top-level ontology.

Before considering the main top-level ontology for this work, “General Formal
Ontology”, let us review some existing ontologies.

4.2.1 KR Ontology

The KR! Ontology has been developed by John F. Sowa in [Sowa, 2000]. A
graphical representation of the top-level categories and their connection can be
seen in figure 4.1. Sowa established seven primitive categories. Independent,
Relative, Mediating; Physical and Abstract; Continuant and Occurrent. The
twelve categories in the center of figure 4.1 are each generated by three of the
basic categories, one of each group.

Additionally, there are two general types, T and L. T is the super-type of all
types, and all individuals are instances of T. L is a subtype of all types and no
individual isan instance of L.

Abstract is information without any carrying entity. It exists outside of time
and space. No matter the physical encoding of information, whether paper or
bits or a verbal report, the same entity, the same information exists in all of
them, and it is an abstract. Physical is an entity that exists in space and time.
Independent is an entity that exists independent of any relationships to other

1K R stands for Knowledge Representation.
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Figure 4.1: Hierarchy of Top-Level categoriesin KR Ontology
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entities. Therefore the characteristic feature is some kind of firstness. Relative
isan entity that has to bein relationship to some other entity to exist. M ediating
IS an entity, that brings other entities into relationship. An example is“John is
kissing Mary.” Then there existsan individual kiss, bringing John and Mary into
relationship. Mediating is therefore characterized by some kind of thirdness. A
Continuant or Endurant is an entity that exists over some period of time. It
existsin space, but has no temporal parts of its own. At any point of time where
the entity exists, it existsas awhole. A Occurrent has temporal parts, that are
called stages. It may existson different places during different stages. A lifetime
may be considered an occurrent.

We do not want to describe all of KR Ontology, so let us now consider the
relevant concepts needed to gain an insight on situationsin the KR Ontology.

An Actuality is an independent physical entity. The term is due to Whitehead,
and is the same as Aristotle’'sousia or Descartes' res vera. Instances are objects
and processes.

Processes

Processes are occurrents, physical entities and they are independent of any other
entity. They can be described by two points in time, the starting and end point
of the process, and the changes that occur in thistimeinterval. Figure 4.2 shows
a further distinction of processes. In a continuous process changes take place
continuously. An example is again an electron moving through space. In a
discrete process changes occur only after some time. The time interval between
two changesis called a state. The changeis called an event.

Continuous process are distinguished in three different kinds, I nitiations, Con-
tinuations and Cessations. In the first kind, an explicit starting point can be
given. An example isamarathon. In the latter an ending point can be explicitly
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Figure 4.2: Hierarchy of Processesin KR Ontology

stated. An example might be an execution. In Continuations neither a starting
nor an end point isrelevant. An exampleisan electron moving through space.

A Nexusisaphysical entity, mediating some other entities. It consist of abundle
of prehensions, like the participants of a process.

In the KR Ontology, a Situation is a Nexus considered as an occurrents. It me-
diates the participants of aprocess?. It istherefore similar to a Structure, which
is a Nexus considered as an endurant. A Structure mediates multiple objects,
whose joint constitutes the Structure. To imagine a Situation better, consider a
marathon. A marathon is a process, and there are some kind of participants, a
route, alandscape, weather. Then a situation is some kind of entity that holds all
those thingstogether, the time, the space, the process and all entitiesinvolved.

2Remember that a process can have different participantsin its different stages.
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This view on situations does not lead to a theory of situations as in [Barwise,
1989], and we will take another position later in thisthesis.

4.3 General Formal Ontology

The General Formal Ontology (GFO) hasbeen first introduced in [Degen, Heller,
Herre, and Smith, 2001]. A lot of work is going on and several modification
and amendments have been made since the first version of the General Formal
Ontology appeared. The most recent version and the one used in this work will
be [Heller, Herre, Burek, Loebe, and Michalek, 2004a], although some parts of
thisthesis are based on [Heller, Herre, Burek, Loebe, and Michalek, 2004b], an
older and unofficial version of GOL.

GFO isthe ontology of GOL, the General Ontological Language from the same
research group in Leipzig. The purpose of the ongoing effort isto create aformal
framework that can be used to create domain-specific ontologies. The foundation
of thiswill be a set of top-level ontologies, that can be used in thisframework.

Since this work is supposed to be more theoretical in nature, we will focus on
the set of top-level ontologies used in GOL, the General Formal Ontology. GFO
defines a set of categories, that remain unaltered in every ontology of GFO.
However, one can choose between different axiom-systems.

4.3.1 Categories of GOL

Figure 4.3 shows the categories that are used in the GFO. Categories are collec-
tions of entities with a certain intension. If an entity is an instance of a certain
category, then it has certain properties due to membership in that category. Let
a be an entity, and X a category. We will write a:: X if ais an instance of X.
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As usual, we can also write a € X if we mean, that a is a member of the set X.
However, intensionality is lost in the use of sets. Still, there is some relation
between sets and categories:

Definition 4.1 (Extension of a category). The extension of a category C isthe
set X = EX(C) = {x|x:: C}.

A category is any of the broadest classes of “things’, where “thing” here means
anything that can be discussed and cannot be reduced to any other class. For
exampletaking “physical object” asacategory impliesthat physical object-hood
cannot be reduced or expressed in any other terms, such as a bundle of properties
asinsection 4.1.2.

The GOL-categories that are of concern to thisthesis are the categories of situa-
tion, situoid, and relations to some degree, as they are needed to build up facts.
We a so need to understand the concept of time and spacein GOL, aswell asthe
concept of auniversal.

Universals

Universals are sometimes used synonym to categories in [Heller et al., 20044)].
Three kinds of universals are used in GOL: immanent universals, conceptual
structures and symbolic structures. Immanent universals exist in the individuals
(inre) and not independent from them. Conceptual structures are how universals
are conceived in an agents mind, represented as symbolic structures. There is
still some research going on in the GOL-group concerning universals. We will
write more about universalsin section 5.3.6.
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Time

In GOL, time is divided in two basic entities: time boundaries and chronoids.
Chronoids are time intervals, and they always have a duration. Time boundaries
depend on chronoids: A chronoid has exactly two time boundaries, aleft and a
right time boundary. We denote chronoids with chr (i), meaning i is a chronoid,
and time-boundaries with th(b), meaning b is atime boundary.

We use therelations:

1. bl(x,y) =gef Xxisleft boundary of the chronoidy

2. br(x,y) =qef X isright boundary of the chronoid y

3. coinc(X,Y) =gef the time boundaries x and y coincide
Defined isb(X,y) =get br(x,y) v bl(x,y).
Let us view the axioms of thistheory asin [Stenzel and Hoehndorf, 2003].
The first axiom asserts the existence of a chronoid.
Axiom 4.1.

Yi(tb(i) — Fx(int(x) A b(x,i)))
The second axiom asserts the uniqueness of the left and right boundary of a
chronoid.
Axiom 4.2.
Yx(int(x) — AMu(bl(u, x) A v (br (v, X))))

The next axiom states that time boundaries and chronoids are digunct.

Axiom 4.3.
=3Ax(int(x) A tb(x))
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The next axiom asserts that time is infinite: Every left boundary of a chronoid
coincides with the right boundary of another chronoid, and vice versa.

Axiom 4.4.
¥x,u(bl(x,u) — 3y, v(br(y,v) A coinc(x,y)))

Axiom 4.5.
Yx,u(br(x,u) — Ay, v(bl(y,V) A coinc(x,Y)))
Chronoids may have internal structure.

Axiom 4.6.

vYx,y,a,b,c,d(br(b,x) Abl(c,y) A coinc(b,c) Abl(a, X) A br(d,y)
— de, f,z(bl(e,2) A br(f,2) A (coinc(a, e) A coinc(d, T)))

The last axiom asserts the linearity of time.

Axiom 4.7.

VX, y(th(x) A tb(y) A ~coinc(x,y) — A!tida, b(int(i) A b(a,i) Ab(b,i)A

coinc(a, x) A coinc(b, X)

Thistheory of time and the theory introduced by [Allen and Hayes, 1990], using
only one relation, the relation meets, are equivalent3, as shown in [Stenzel and
Hoehndorf, 2003]. Sometimes this model of time is called the “glass contin-

uum-.

Space

The theory of space in GOL is based on works of Brentano and Chrisholm
[Brentano, 1976, Chrisholm, 1983]. Space isthree dimensional, and a connected

3They are equivalent in the sense that in each theory the other is interpretable.
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region of space is called a topoid. Regions of space are mereological sums of
topoids, sums in the sense of a relation <, spatial part-of. Asfor chronoids,
regions of space have boundaries, and the boundaries of different regions of
space may coincide. However, a three-dimensional region of space has a two-
dimensional boundary, which may have one-dimension boundaries which again
has zero-dimensional boundaries or spatial points as boundaries.

Spatial regions have size and shape. Two different regions of space are congruent
if they have the same size and shape.

Endurants and Occurrents

While some philosophers as described in [Rescher, Summer 2002] believe, that
al individuals, al entities of the world have temporal parts, GOL distinguishes
between endurants and occurrants, or more recently between presentials, persis-
tants and processes. We will use both notionsin thisthesis.

Endurant are individuals that are wholly existent at a time boundary. Endurants
have no temporal parts. An example may be a physical object, likeaball. A ball
is wholly present at a point in time, a time boundary. It persists through time
as a universal with instances at time boundaries. Those universals are called
persistants.

Processes, or occurrents, are individualsthat have temporal parts.

Situations and Situoids

Many features of situations and situoids in the most recent version of GOL in
[Heller et al., 2004a] have been introduced due to the research in thisthesis, and
will be explained in detail during thisthesis.

4More on thisrelation can be found in section 5.2.9.
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Wewill only mention that situations are endurants, and situoi dsare occurrents.

Relations, Roles and Relators

Relationsin GOL are special universals with relators asits instances. Relations
have afinite number of arguments. Relations are not extensional. There are con-
crete existing entities called relators with the power of mediating other entities.
Relators have an internal structure defining the role each argument plays, asin
[Loebe, 2003].

In GOL, material and formal relations are distinguished. Material relations (and
material relators respectively) are founded in other entities than only their argu-
ments, they are inherently more. An example may be a contract, relating two
individual agents. Then the contract is viewed as a material relator, mediating
between the two agents. Formal relations hold between their arguments directly.
Examplesinclude part—of and greater —than.

The mode of being of relators is still unclear. Their existence as abstract of
concrete individuals, their relation to time and space is still discussed and open
for further research.

Relations, relators and roles can be described much more thorough and morefea-
tures can be outlined, but as thisis not relevant to our work®, please be referred
to[Heller et a., 20044a]. Factsand infons are also closely related to relations and
relators, and they will be discussed in depth in section 5.1.

S1f we need more features of relations, we will introduce them when we need them. Some of
our viewson relationswill differ fromtheviewsin GOL asexpressedin[Heller et al., 20044],
but wewill only mention this difference explicitly when we believethat it is of severeimpact.
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4.3.2 Levels

In GOL it is assumed that the world is organized into strata, which are again
organized into layers. Thisis based on [Poli, 1998]. Level are strata or layers.
There are at least three strata: a material stratum, a mental or psychological
stratum and a socia stratum. Levelsare characterized by the categoriesthey use,
and those categories imply a certain granularity, so that granularity is a derived
concept.

The mental and the social strata are founded in the material stratum. This ba-
sically means that the categories and entities of the mental and the social strata
can be reduced to categories of the material stratum, but only with a loss of in-
formation, so the reverse is not possible. The relation between the mental and
the social stratum is still unclear. Granularity and levels are discussed in section
5.2.11.
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5 Ontological situation theory

In this chapter we will introduce our situation theory, which we call “situoid
theory”. It will be mainly an extension of Barwisean situation semantics, put
into an ontological background.

5.1 Infons and states of affairs

There has been alot of discussion of what a state of affairsis. The major con-
sensusis, that states of affairs are an ontological category, afundamental kind of
entity. States of affairs have been mostly ignored in the past, so they are explic-
itly mentioned only recently. In the beginning of the 20th century, two people
have to be mentioned, who made efforts explaining the nature of states of affairs,
Bertrand Russel and Ludwig Wittgenstein, mostly in the study of facts, which
are states of affairsthat are the case, or obtain.

In [Russel, 1985], Russel writes about facts:

The first truism to which | wish to draw your attention[...]is that
the world contains facts, which are what they are whatever we may
choose to think about them, and that there are also beliefs, which
have reference to facts, and by reference to facts are either true or
falsg...]. If | say “Itisraining”, what | say istruein a certain con-
dition of weather and is false in other conditions. The condition of
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weather that makes my statement true (or false as the case may be),
iswhat | should call a“fact”.

Russel already contrasts two different things. First there are things in the world,
real, existing entities, which are called facts by Russel. Then there are other
entities, existing in an agents mind, that may or may not be true in reference to
a certain fact and in a certain environment. Here, we will call Russel’s “facts’
states of affairs, and will refer to those entities about states of affairs, which may
or may not be true or false asinfons.

An example of a state of affairs may be “John’s drinking of 500 ml beer”. The
appropriate infon is then something like “John drinks 500 ml beer.” Note, that
thefirst sentenceisnot true or false, nor could ever be, but isdescribing an event,
while the second states a belief, and could well be wrong in a certain situation,
and true in another.

The most important question that arises out of the notion of states of affairs, and
the most hotly debated one, is whether there are states of affairs, that are not the
case. Isthere a state of affairs “Robert’s drinking of 500 ml beer”, when Robert
never drinks beer??

Other questions that will have to be answered in an ontological investigation of
states of affairs are whether there are only basic states of affairs, or if we will
acknowledge a full algebra of states of affairs, using conjunction, disunction,
guantifiers or negation. Another problem is about the completeness of states of
affairs. Consider again the state of affairs “Robert’s drinking of beer”. What
about the state of affairs “Robert’s drinking”? A closely related question is how
states of affairs are individuated, namely what the identity conditions on states
of affairsare. A lot of the discussion is closely related to the acknowledgement

10bviously, the state of affairsis not this sentence, but areal event. Asit is very hard to include
real eventsin athesis of thiskind, we denote events like this with phrases of the above kind.

2Please regard this possible state of affairs as purely hypothetical. Robert is indeed drinking
beer on amore or less regular basis.
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of possible worlds, and the theory of what possible worlds are. As we are de-
veloping atheory of situations and situoids in this thesis, we have to wait until
we introduced situoids, before we can start an in depth analysis of the relation of
states of affairs and possible worlds, or possible situoids. Therefore, the part of
this section concerning possible worlds will be incomplete, and we will refer to
other sectionslike 5.2.7 and 5.2.6 at some times.

The question we will discuss here are:

What are states of affairs?

Do non-obtaining states of affairs exist?

How complex are states of affairs? Is there an algebra of states of affairs?

What are the identity conditions for states of affairs?

What are infons and what is their relation to states of affairs?

Is there an algebra of infons?

5.1.1 How states of affairs are constituted

Since Wittgenstein has been one of the most influential philosophersresearching
states of affairs, let us examine, what he wrote about states of affairs:

A dstate of affairs (a state of things) is a combination of objects
(things). [...] The configuration of objects produces states of affairs.
In a state of affairs objects fit into one another like the links of a
chain. In astate of affairs objects stand in a determinate relation to
one another.



5 Ontological situation theory

Thisis close to Barwise, who defined a state of affairs as being constituted by a
relation R holding amongst objects, the arguments of R. However, in [Barwise,
1989], states of affairs do not contain only a relation and objects, but also a
polarity, distinguishing between positive and negative states of affairs. We are
not prepared to commit ourselves to negative states of affairs yet. However, we
will commit ourselves to the belief, that a state of affairs is a configuration of
things. Therefore, a state of affairsis made up of at |east a characteristic relation
R and a number of objects, the arguments of R.

The question still is, what those objects are, that make up a state of affairs. There
are two separate ways of how to conceive states of affairs, described in [Wetzel,
Fall 2003]:

e Contingently existing, structured chunks of reality, embed-
ded in the causal net of nature, and composed of concrete par-
ticulars, the features they exhibit, and relations among them.
Call this concrete compositionalism.

o Necessarily existing abstract entities, existing outside space-
time, without concrete particulars or other contingent entities
as constituents. Call this situational abstractionism.

For an in-depth discussion of those two views, see [Wetzel, Fall 2003]. Here
we will only state the fundamental differencesin both theories, and how we will
apply their resultsin thisthesis.

Adopting the viewpoint of concrete compositionalism, we would state the fol-
lowing axiom:

Axiom 5.1. e If aisany concrete particular and F is a property a has, then
a and F are constituents of the state of affairs consisting in a having F.

¢ If an n-place relation R holds among concrete particulars ay, ...,a, then
a1,...,an and R are all constituents of the state of affairs consisting in R's
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holding among those relata.

Also, in the compositionalist view, a state of affairs S would not exist, if one of
its constituents does not exist.

Situational abstractionism views states of affairs as necessarily existing, abstract
entities, which are necessarily not dependant on contingently existing entities.
Even if there were no things, there would be infinitely many states of affairs.
An abstract entity is an entity that necessarily exists, and is not dependant on
concretethings. A possible motivation behind thisview isthe need for accepting
possible, but non-obtaining relations among things, therefore possible, but non-
actual states of affairs, and simultaneously rejecting the view on possible, but
non-actual worlds with possible, but non-actual existing objects. If rgjecting the
existence of non-actual, possible worlds, this view solves severa problems, as
discussed in length in [Wetzel, Fall 2003].

In this thesis, we will adopt another view about states of affairs. We believe,
that states of affairs exist in reality and are constituted by any existing entity,
concrete or abstract. In the terms of GOL, states of affairs are constituted by
the relation between sets, urelements or relations themselves. We will acknow!-
edge the existence of abstract, non-actual worlds in reality. Those worlds will
contain situoids, and situoids are the entities that make states of affairs factual.
Therefore, states of affairs are made up of existing entities, which may exist in
an abstract, possible world.

Using GOL -terms, we can formulate the following axiom:

Axiom 5.2. ¢ If ann-ary relation Rholdsamong entitiesay, ...,an thenay, ..., an
and therelator r :: Rare al constituents of the state of affairs consisting in
R'sholding among itsrelataand we will write ((r :: R az, ..., an)).

For simplicity reasons, we will from now on simply write (R, a1, ..., an)) for such
astate of affairs, and ignore the relator, except when we need it. We did not limit
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the arguments of the relator of a state of affairsin any way, and thereby allowing
states of affairssuch as{(r :: R as,...,r,...,an)). However, whenever the rel ator
of astate of affairs occurs as an argument, too, we will never use the short notion
for writing states of affairs.

We can, of cause, classify states of affairs further, by the entities that are its
constituents. Then we end up with a class of states of affairs that is made up by
concrete individuals, a class that is made up of abstract entities and a class of
mixed entities. However, a detailed classification is left open in thisthesis.

5.1.2 The problem on negative and non-basic states of
affairs

The question remains whether there are states of affairs that do not obtain. Are
there states of affairs, configurations of things, that do not exist? Exist non-
existant states of affairs?® Thisis closely related to the question, whether there
are things, concrete entities, that do not exist.

Imagine the state of affairs”Bugs Bunny’sbeing arabbit”. Now there are several
problems with this state of affairs (if we could call it that). The main problem
appears to be, that Bugs Bunny is a cartoon character, and does not exist in real
in our world, except perhaps as some concept of a cartoon rabbit. This concept,
however, is something different than a rabbit. Therefore, Bugs Bunny is not a
rabbit, but something else.

Some philosopher suggest, that there is another state of affairs, namely the nega-
tion of “Bugs Bunny’sbeing arabbit”, that obtains. Barwise would denote“ Bugs
Bunny’s being a rabbit” with ((Rabbit, BugsBunny; 1)) and the negative state of
affairs ((Rabbit, BugsBunny; 0)). But what does the latter mean? There are two

3We have to acknowledge here, that our choice of words s highly prejudiced.
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ways of looking at this. Either it is the absence of a configuration of things,
the non-existence of a state of affairs, or it denotes “Bugs Bunny’s being a non-
rabbit”. We rgject the first view as it contradicts our belief that states of affairs
are real, existing configurations of entities, and not the absence of such a con-
figuration. The second view seems more plausible on the first, but the question
arises, what a “non-rabbit” would be. Are there any non-rabbits in our world?
We will deny this question, too, until someone can show us a non-rabbit.

There may be occasions, when negative relations occur, as in having and non —
having or lacking, and they may perfectly make sense. Is this then some kind
of negative state of affairs, that is formed by negating the relation? We take
the standpoint, that those are fundamentally different relations, and they are not
related®.

If there were negative states of affairs, then there would be an imbalance be-
tween the number of positive and negative states of affairs, as for every posi-
tive state of affairs exists a possibly infinite number of negative states of affairs.
Image the state of affairs ((Rabbit, BugsBunny; 1)), saying Bugs Bunny’s be-
ing arabbit. Now there is only one positive state of affairs, but we could state
a number of negative ones:. ((Dog, BugsBunny;0)), ((Snake, BugsBunny;0)),
((Tree, BugsBunny; 0)), et cetera.

In thisthesis, we will deny the existence of non-obtaining states of affairs. States

41t may be possible to say, that a non-rabbit is anything, that is not a rabbit. Therefore, it
is the set containing al entities except rabbits. A non-rabbit would then be an entity, that
is contained in this set. However, at the moment we are concerned with an investigation
of ontological categories, and not abstract, set-theoretical models for rabbits, non-rabbits or
entitiesin general. The set NonRabbit does have an extensionin reality, but we do not believe
it to be a category of existence. States of affairs are not extensional entities. To illustrate this,
imagine being asked by a child “What is this thing?’, while the child is pointing towards
some strange building. Then, usually, your answer will not be “This is a non-rabbit.” or
“Thisisnot arabbit.” but rather aremark about what this building really is (perhapsin terms
of aconcept).

5This does not mean, that there may be no axioms relating these relations. We could state that
whenever some entity is non — having some property, it is lacking this property.
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of affairs exist in the configuration of entities. They are the configuration (or
relation) of real, existing objects. It is nonsensical to speak of the existence of
non-existent configurations of things. Therefore, states of affairs are made up of
exactly onerelator r :: Rand a number of entitiesay, ..., an.

We believe, this also answers the question whether there are non-basic states of
affairs, like digunctive or conjunctive states of affairs. Because states of affairs
consist of exactly onerelator (and therefore one relation) and a number of object
which this relator mediates, there are no non-basic states of affairs.

The relation may be composed of several relations. For example, consider the
location of three red dots, d1,d», d3, on awhite sheet of paper. Then each two of
those dots stand in arelation Ry, Ry or R3 to each other, designating their spacia
location to each other. There is aso another relation, maybe D, stating that
those three dots stand in a different, spatial relation to each other. The holding
of relation D is a consequence of the holding of Ry, Ry, and Rs, but only with
regard to a background theory. If we had an ontology of relations and a theory
of therelations R; and D, we could deduce the holding of D. But eventhen, D is
arelation initsown right.

States of affairs, that are constituted by only one relator holding amongst a num-
ber of objects are called basic.

We take on the viewpoint of logical atomism in this thesis, and therefore state,
that there are only basic states of affairs. We will al'so consider states of affairs of
the form ((R ay,...,KP.b1,...,bm)),...,an)), which have other states of affairs
as constituents, as basic.
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5.1.3 The problem of beliefs

A problem raised (for example in [Wetzel, Fall 2003)) is how basic states of af-
fairs can be used to account for beliefs. Let us consider the state of affairs“Kay's
believing of the coffee cup’sbeing on thetable”. First imaginethat the coffee cup
ison the table. Then the state of affairs would simply be ((Believes, Kay, ({I s—
on-—table, Cof feeCup)))). But now, what happens, if Kay is mistaken, and the
coffee cup is not on the table? As we stated that there are only states of affairs
that obtain, what is Kay believing?

Obvioudly it is possible that the coffee cup is on the table, it just happens not to
be the case, and therefore is not a state of affairs. But the belief is something
existing, we can even giveit ameaning. We can say that it may refer to a state of
affairs, as we can create a picture in our mind of a part of the world, where “The
coffee cup’s being on the table” is a state of affairs.

At this point, with our commitment to obtaining, basic states of affairs, we have
no way of accounting for the existence of “Kay’s believing of the coffee cup’s
being on the table”, even if it was true that the coffee cup is on the table®. So
either we change our mind, and permit, at | east to a certain degree, non-obtaining
states of affairs, or we create a new kind of ontological category, which can
account for beliefs.

We are not willing to reject our view on states of affairs so soon, due to the
reasons mentioned above. We will rather take the approach and try to investigate
some other kind of entity, closely related to states of affairs.

5The reason we cannot account for any beliefsisthefollowing: Intheexample, Kay isbelieving
something, let uscall it x. Thisentity x isacreation of Kay’smind, and thisiswhere x exists.
Let us cal the state of affairs “the coffee cup’s being on the table” y. Constituent parts of y
aresomerelator r ;: R, where Ristherelation “being-on”, the coffee cup and the table. These
entities are not present in Kay's mind, and therefore x # y.
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There is another category of existence, or some fundamentally different kind
of entity, which exists as abstract entity outside of space and time, and which
“refers’ to states of affairs. We call these entities “infons’. They are closely
related to special states of affairs, which we will call *pictural”.

5.1.4 Infons

Infons are necessarily existing, abstract entities. They contain information about
states of affairs, and therefore about how the world is. They are used to com-
muni cate knowledge about states of affairs. They are pictures of states of affairs
plus information about its existence, and therefore pictures of parts of redlity.
They are the entities that exist in an agents mind, when she perceives a state of
affairs and assignsit to some part of reality.

Infons are about states of affairs. They are close to set-theoretical constructions,
and therefore to a certain degree extensional, as they are founded upon a pictural
state of affairs, whichisapart of reality, and afunction, which is a set-theoretical
construct.

A basicinfon consistsof arelation R, anumber of objects, a, ...,a, and apolarity
p, where p € {0, 1}. We will denote basic infons as ((R,ag, ..., an; p))’.

Until now, they look quite similar to states of affairs, and in order to avoid confu-
sion about whether we just introduced infons because we did not want to commit
ourselves to non-obtaining states of affairs, we will say some things about their
ontological relationship to states of affairs.

Infons carry information about states of affairsin the world. They are supposed
to describe the states of affairs that are the case in the world or a part of it. The

"We will soon become more concrete.
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knowledge or information about the absence of a state of affairs is the kind of
information carried by a negative basic infon.

A positive infon does not say more about states of affairs in some part of the
world than a negative infon. Infons are chunks of information about models of
parts of the world in an agent’s mind. If in such a model the agent asserts a
positive infon, she believes the corresponding state of affairsto exist in the part
of the world she constructed a model for. If she asserts a negative infon, she
believes the corresponding state of affairs not to exist in this part of the world.

What does it mean, that a state of affairs “corresponds’ to an infon? We could
just say, that aninfon ¢ = ((R, az, ..., an; p)) and astate of affairss= ((P, by, ...,bn))
correspond, if R=P and for i = 1..n: @ = b;. But could we justify this? We said
that states of affairs exist in the world, in a configuration of objects, whileinfons
exist in an agentsmind, asamodel for some part of theworld. Thereforeit would
be highly implausible, if we said that R is identical to P and all the objects of
the real world are identical to objects in the agents mind. While Rand P may be
identical, aswe will seelater, as,...,a, and by, ..., b, are certainly not.

The start of the solution to the question of correspondence between states of af-
fairsand infons can be found in [Wittgenstein, 1959]. Wittgenstein distinguishes
between states of affairs and pictures of states of affairs. He wrote:

We make to ourselves pictures of facts.

The picture presents the facts in logical space, the existence and
non-existence of atomic facts.

The pictureisamodel of redlity.

To the objects correspond in the picture the elements of the pic-
ture.

The elements of the picture stand, in the picture, for the objects.

The picture consists in the fact that its elements are combined
with one another in a definite way.
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This may answer our question. There are entitiesin pictures of states of affairs®,
entities corresponding to objects. Those are the elements of the picture. We
could, therefore, say, that the objects in infons correspond to real objects. The
problemisagain with negativeinfons. Consider theinfon ((Sees, Kay, unicorn; 0)).
Then there are two possibilities, that could account for thisinfons not obtaining.
Kay and the unicorn exist, but they just do not happen to stand in the relation
Sees. Or Kay or the unicorn do not exist, and therefore they cannot stand in this
relation. It just so happens that unicorns are not part of our world, and the term
“unicorn” does not stand for an object in our world.

We could turn for infons to “soft actualism”, and state that all entities that occur
in a picture of a state of affairs do exist in the world. But we are not willing to
do this, as it would limit us too far in our further discussion about situoids and
worlds. We will instead follow another path, again laid out by Wittgenstein in
[Wittgenstein, 1959]:

That the elements of the picture are combined with one another in
a definite way, represents that the things are so combined with one
another.

This connexion of the elements of the picture is called its struc-
ture, and the possibility of this structure is called the form of repre-
sentation of the picture.

The form of representation is the possibility that the things are
combined with one another as are the elements of the picture.

We will say, that infons are about possibilities of how things could be or not
be. We will say, that an infon ¢ corresponds to a state of affairs s, if thereisa
possible world® w, such that sis afact of w, and ¢ has the same structure (the

8Here “state of affairs’ is translated as “fact”.

9We have to mention possible worlds here, but do so only briefly. We will argue in favor of
their existence later in this thesis, and will introduce them more formally and based on an
investigation of situoids. For details, see section 5.2.10.
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same characteristic relation) as s and the objects of s correspond to the elements
of ¢. Before we investigate correspondence of the relations and objects to the
elements of the picture of the state of affairs, we state, that for every infon,
positive or negative, there has to exist a state of affairs which is a fact in some
(possible) world, and the infon * corresponds” to this state of affairs. A negative
infon therefore contains the information, that the state of affairs is not present
in the part of redlity in concern. However, an infon has to be possible in the
sense, that there hasto exist aworld, in which the infon corresponds to a state of
affairs.

Now again back to infons and objects. We said that the objects correspond to
the elements of the infon. This suggests, that there is a function, or a functional
relation, between objects and the entities present in infons. The elements of the
picture are abstract entities, representing objects. For the last time now, let us
see, what Wittgenstein has to say about this relation:

According to this view the representing relation which makesit a
picture, also belongsto the picture.

The representing relation consists of the co-ordinations of the el-
ements of the picture and the things.

Therefore we state, that there is an assignment function a, assigning objects to
picture elements, elements of the infon, and therefore filling the arguments of
the constituting relation R of the infon. The assignment function is a part of the
infon. The assignment function does not necessarily have to assign an object
to every possible argument of the relation R (it may be a partia function). The
same function has been used by Barwise in [Barwise, 1989] in situation theory
as “assignment” for, what he called, states of affairs.

The elements of the picture, the parameters, are related to one another as the
objects in the state of affairs are related to one another. States of affairs consist
of arelator and its arguments are filled by objects. Pictures of states of affairs
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consist of arelator, and its arguments are filled by picture elements, parameters,
and the assignment function a.

The picture consists of its elements being in relation to one another in a determi-
nate way. Therefore, pictures of states of affairs are special states of affairs.

Something has to be identical, for the picture to be a picture of a state of affairs.
Wittgenstein called this the form of the picture: The possibility, that things are
related to one another as are the elements of the picture. Therefore, for a picture
to be a picture, the following condition has to be met: “The elements of the
picture must be related to one another as the elements of reality could be related
to one another. This means:. pictorial representation is possible at all only if the
possibilities of combination of the elements of the picture are the same as the
possibilities of combination of the elements of reality.”[Morris, 2004] This will

become clearer in the next section.

Definition 5.1 (pictural state of affairs). A picture of a states of affairs or pic-
tural state of affairs is a state of affairs. It consists of a relation R with a set
of arguments Arg(R) and an assignment function a : Arg(R) — Entity. The pic-
tural state of affairsis called complete, if aassignsevery arg € Arg(R) an object,
otherwise it is called incomplete. Pictural states of affairs are noted ((R, a)), or
(R ai,...,any) if it is clear from the context, that a pictural state of affairsis de-
noted and that ag, ..., a, are assignments. The class of all pictural states of affairs
iscalled picSOA.

The infon, as a piece of information in an agent’s mind, describes the presence
or absence of a state of affairs. Because infons exist in mind, pictures of states
of affairs have to be used, to refer to the state of affairs. An infon consists of a
function f : picSOA - {0, 1} and the picture of a state of affairs.

Definition 5.2 (Infon). An infon consists of a pictural state of affairs ¢ and a
function f : picSOA {0,1}. Let ¢ = ((R a)) be apictural state of affairs. Then
we note an appropriate infon ((R, a; p)), where p € {0, 1}.
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To obtain a compl ete description of infons and their relation to pictures of states
of affairs and states of affairs, we have to formalize the correspondence rela-
tion.

5.1.5 Correspondence of infons and states of affairs

Let usfirst consider what is meant by the correspondence of states of affairs and
pictures of states of affairs. The problem that is still open is, how we account
for relations or relators. Given two states of affairs, ¢ = ((r :: R as,...,an)) and
apictureof ¢, say p = ((p:: Pb)), and Arg(p) = {X1,...,Xa}. If p isapicture of
é, then Vi(0<iAi<n—b(x)=aVb(x)=nil. Thisisto say, that all argu-
ments of the picture p have to be either unassigned or assigned to the appropriate
objects of ¢.

But what are weto do with therelations Rand P, and the relatorsr and p for this
sake? We could just extend the assignement function to include the relators as
well, but this does not appear to be right. The pictureisalogica representation
of the state of affairs, and its elements behave in logical space as the elements
of the state of affairsin reality. This suggests that there is some similarity in the
relation of the state of affairs and the picture. We will take the point of view that
the relations are identical, and the relators of the state of affairs and its picture
are different (but still instances of the same relation).

This may not be satisfying for all philosophers. But we are dealing with a
dilemma, GOL still has to face in the future. Relations and relators in GOL
are entities, relations universals, relators its instances. GOL appears to be using
entities from reality, but it is not. Even GOL cannot state “what” some entity
is, but only “how” it is. Therefore, relations, relators and all other entities in

Owe use nil here as a keyword designating that the function is not assigned for this argument.
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GOL are symboalic structures, names, or pictures of entitiesin reality. These en-
tities are “denoted” by names. GOL takes objects from reality, denotes them by
names and describes “how” they are in logic. When GOL is talking about rela-
tions, then it isalogical description of how certain relations behave. The picture
that an intelligent agents forms of a state of affairsis similar, as it is aways a
specification of the state of affairsin the domain of logic. A pictureisalogical
representation of its corresponding state of affairs. When GOL talks about some
relation R (that does exist in reality, not as a symbolic structure), and uses the
name P (which is a symboalic structure) to characterize R, then R is character-
ized by only logica means. Hereby, the symbolic structure P “corresponds’ to
relation R, or Ris“denoted” by P. P istherefore the transation of Rinto logic.
This is the reason we are stating that the relations in a state of affairs and its
picture are identical: the state of affairs can be described in logic, and therefore
its constituting rel ation-universal, too, and thisis what creates the picture. These
are the preliminaries of a denotation relation, which is still missingin GOL.

Definition 5.3 (Strong correspondence (SOA and picSOA)). Let s= (r ::
R X1, ..., Xn)) be astate of affairs, ¢ = (p:: P,args,...,argn) be apicture of a state
of affairs and let a be the assignment function of ¢. Then corr(s,¢) < R=
PAa(arg:) = x1A...Aa(argn) = Xa. We will then say, that s and ¢ correspond
strongly.

This is a strong form of correspondence, because all argument places of ¢ are
assigned an object. But the possibility exists, that only some argument places
are filled by appropriate objects, so the picture is incomplete, but still a picture
of astate of affairs. We will define what we will call “weak correspondence” for
this case.

Definition 5.4 (Weak correspondence (SOA and picSOA)). Let s=((r:: R Xy,
be astate of affairs, ¢ = (p:: P,args,...,argn) beapicture of astate of affairsand
let a be the assignment function of ¢. Then wcorr(s,¢), if and only if R=P
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and there is anon-empty subset X C {argds, ...,argn} such that a(arg;) = x; for all
arg; € Xandfor al be{args,...,argn}
X holds a(b) = nil.

We will then say, that sand ¢ correspond weakly.

A picture of a state of affairs corresponds to a state of affairs, if they have the
same structure and the picture elements are assigned to the appropriate objects
present in the state of affairs. They correspond wesakly, if they have the same
structure, and at least one picture element is assigned an appropriate object
present in the state of affairs. When we speak about correspondence between pic-
tures and states of affairs, we usually mean weak correspondence, unless stated
otherwise.

With this formalism, we can say what is meant by an infon corresponding to a
state of affairs. Aninfon corresponds to a state of affairs, if its pictura state of
affairs corresponds to the state of affairs. Of cause, it always corresponds to its
picture of astate of affairsitself. Correspondence is our means of accessing the
state of affairsin apicture or an infon, and therefore polarity of an infonisof no
concern.

Definition 5.5 (Correspondence (Infonand SOA)). Let s= (R, Xg, ..., Xn)) bea
state of affairsandi = ((P, a; p)) beaninfon. Thencorr(i,s) < corr(s,{(P,a)))Vv
(P,ayy = sandwecorr(i,s) < corr(i,s) vwcorr(s,{(P,ay)).

Note, that this form of correspondance is not transitive. However, it will be
useful to define atrangitive relation based on correspondance. We will introduce
the relation corr* as the transitive correspondance relation.

Axiom 5.3.
VxYy¥z(corr(x,y) Acorr(y,z) — corr™(x,2)
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We can only form pictures of possible states of affairs, states of affairs that exist
in some possibleworld. Thisis asserted in the following axiom.

Axiom 5.4.
VYX(picSOA(X) — Ay(SOA(Y) A corr(X,Y)))

¥x(Infon(x) — Ay(SOA(Y) A corr(x,y)))

Whether the reverse is true or not is an open question. It may be possible that
there are states of affairs of which we cannot form a picture in our mind, and no
infon either. We will leave it open as an aternative.

Axiom 5.5 (Alternative 1).
YX(SOA(X) — y(picSOA(Y) A corr(y, X)))
Axiom 5.6 (Alternative 2).

AX(SOA(X) A =3y(picSOA(Y) A corr(y, X)))

Some other issue is, whether the correspondance relation is well-founded. Can
we construct an unlimited series of pictures of pictures, without ever ending up
with a corresponding state of affairs that is not a picture? We will deny this. We
will, however, always end up with a state of affairs that is not a picture,

Axiom 5.7. Let SOA be the set of all states of affairs. Every non-empty subset
X € SOA has acorr-minimal element in SOA. No corr*-minimal element in
the set SOA isapictural state of affairs.

5.1.6 An example on infons, states of affairs and pictures

To make things more clear, we will investigate a longer example using states of
affairs, infons and pictural states of affairs. We will use some sketches to make
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( SOA J corresponds-to
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Figure 5.1: Relations between Infons, states of affairs and pictural states of af-
fairs

things more clear.

First, what are the relations between the categories Infon, SOA and picSOA?
Figure 5.1 shows their relations. Pictural states of affairs are specialized states
of affairs. They are a part of infons. The partof relation is not specified more
closely, but we defined infons above, and believe this to be sufficient. 1t may
have been better to use “constituent part-of” in out sketch, but it does not suffice
either, so we refer to the previous definition and discussion. The correspondence
between states of affairs and their pictures is missing. This is shown in more
detal infigure 5.2.

Figure 5.2 shows the pictural representation of a state of affairs. To create a
picture of a state of affairs, an agent is needed. The box on the left represents
the agent’s mind. The circle on the right represents some part of the world*?.

11t could just as well represent the world, with the only difference, that the agent has to be a
part the world in this case.
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Agent Reality

Figure 5.2: Correspondence between pictural states of affairs and states of affairs

In reality, two objects, represented as small circles, stand in relation R. The two
objects standing in relation R are a state of affairs. In the agent’s mind, two
representations of these two objects, noted as small crossed, are created, and
the assignment function a (dotted line) assigns them the objects in reality. The
structure of the picture in the agent’s mind and the structure of the state of affairs
is isomorphic, so the relation R exists in the state of affairs and in the picture.
The dashed polygon designates the picture of the state of affairsin reality: The
picture elements, small crosses in the agent’s mind, the structure of the picture
astherelation R, and the assignment function a, but not the objectsin reality. As
can be seen, in the agents mind are al so objects standing in some relation to each
other, and therefore the picture is a state of affairs onits own.

We have mentioned, that pictural states of affairs may be about possible, but non-
actual worlds. How do they enter the actual world, or the human mind, and what
are their relations to states of affairsin the actual world? Thisis shown in figure
5.3. The box represents the agent, or more specifically the agent’'s mind. The
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small crosses are pictures of states of affairs, while the larger crosses represent
states of affairs. Dotted lines designate the correspondence relation.

The circles are worlds, and only one of them is the actual world. The agent isa
part of the actual world. Again, we do not like to define what “part of” means
in this specific case, because here it is unnecessary. It suffices to know that the
agent exists in the actual world. The other worlds are possible worlds. We do
not want to say anything about the mode of being of possible worlds, asit isstill
acontroversial issue in philosophy nowadays. For more information on possible
worlds, see [Barwise, 1989], [Lewis, 1986], [Lycan, 1979].

It suffices for usto know, that there are aternative possibilities, possible worlds,
that are accessible to a rational agent’s mind. Those worlds contain states of
affairs'?, and the agents mind has access to those states of affairs. The agent
can create pictures of states of affairsin possible but non-actual worlds. Because
the agent exists in one world, the actual world, the pictural states of affairs cor-
responding to states of affairs in possible worlds are facts of the actual world.
This is how possibilities enter the actual world: The world is as it is, without
any possibilities or alternatives, completein itself. An agent has access to alter-
native, possible worlds, and can create pictures of their states of affairs. While
the states of affairs present in possible but non-actual worlds are absent in the
actual world, pictures of them exist, if an agent able to access other worlds with
itsmind exists.

Now the only missing category we need are infons. Infons contain a pictural
state of affairs plus a function assigning it to 0 or 1. But how are they related
to worlds? How do they enter reality? Figure 5.4 demonstrates some of these
aspects. Againisthe box an agent’smind and the big circles are possible worlds.
There is a state of affairs, noted as a big cross in one world. This state of affairs

12Again, we do not want to state, that a world is the totality of their states of affairs, but only
that there are states of affairs existent in aworlds.
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Actual World

art

Agent

 Possible World 1 ".. ".. Possible World 2
. he ‘s

Figure 5.3: Pictures of states of affairs and their relation to possible worlds

iscalled s. The agent created a pictural state of affairs corresponding to s. This
picture is called p. When focusing on a part of a world or a world, the agent
perceives information present in this part. The smaller circles inside the world-
circlesrepresent parts of theworld. Some of them will later be called situoids.

Information present in the world or its partsisinformation about the presence or
absence of states of affairs. Thisinformation is expressed through infons. Those
are sketched in the dotted boxes. The agent then recognizes the presence of this
information in some parts of redlity. There are two parts of which the agent
believes the positive infon to obtain, the small circle around the state of affairs s
and theworld sisapart of, while the agents believes the negative infon to obtain
in the entire other world with its parts and some part of the world sisapart of.
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-------------------

Figure 5.4: How infons enter reality

5.1.7 States of affairs and their relation to time

Let us consider a number of states of affairs:
t'sbeing green

Mary’s walking uphill

Mary’s climbing the hill

Mary’s reaching the top of the mountain

o  w N P

Robert’s knowing Kay

Are those states of affairs different and in what way? How do they behave in
time?
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The first expresses the property of an object, t. Thisisafact at a point in time
or during sometimeinterval. This state of affairs may persist over several time-
points, or exist at only one point intime. Or it may be viewed as existing through
some time-interval, and cease to exist in the following.

The second expresses a property of an object, too. It states that Mary iswalking
uphill. A detailed analysis, using the ontology of GOL as a reference, reveales
the following: There is an individual process p, the movement of an object in
upward direction (towards the top of the hill). Mary is participating on this
process p through her act of walking, z. Now this participation-relation is a
universal in GOL, say R. The state of affairsisformed by arelator r withr :: R,
the process p and the activity that relates Mary to p, z So the state of affairs
would be ({r :: R, p, Mary,z)). This state of affairs may exist in atime-interval,
but not at a point in time At sub-intervals of this time, Mary is still walking
uphill, so the state of affairs exists at any given sub-interval. Also, there is no
natural end-point of this activity, there is no culmination.

Thethird state of affairsisdifferent from the second. There may be sub-intervals,
where Mary is not climbing the hill. Also, there is an end-point, a culmination.
But again, this state of affairs exists at atime-interval.

The fourth state of affairsisinstantaneous, it can only exist at apoint in time. It
isinherently culminating, because the underlying processis.

Thefifth state of affairs expresses a state. It exists during some time interval, but
it makes no sense to ask, how long it lasted or whether it culminated.

There may be even more distinctions between states of affairs. We wanted to
show, that states of affairs may be related in a variety of different ways to time.
Also, they are neither only occurrents nor only endurants, they may be both. We
may classify states of affairs by this distinction.
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Some philosophers would disagree with us and deny, that states of affairs have
atemporal extension. They would rather call those entities events, while states
of affairs are the combination of objects at a point in time. Some philosophers
like Ingarden would prefer to call some of the above relations between objects
processesin agenera sense, and only statesof affairs of the fourth type* events’.
Others, like [Lombard, 1995] or [Kim, 1973] refer to events as special states
of affairs. All discussion about events is mainly done under the question of
causality. Events may be causes or effects of others. But then, the problem
arises. “Sometimes an event is described as the cause of some quality in an
object [...], or asthe cause of a state of affairs[...]. Sometimes, again, an object
or state of affairs is described as the cause of a quality in an object, or as the
cause of a state of affairs, or as the cause of some event; and there are perhaps
other sorts of causally related pairs” [Harris, 1981] Some of these problems are
avoided when events are regarded as states of affairs, or at least constituted by
states of affairs. Aswe do not wish to discuss causality further, please bereferred
to [Riker, 1957] for agood account of causality, that is close to our approach.

We subsume “events’ (and “processes’, in another terminology) under states of
affairs. “Complex events’ involving multiple states of affairs like “the Second
World War” or a “marathon” do not exist in states of affairs, but rather in the
domain of situoids and situations. “Primitive events’, like the movement of an
object a from the spatial point p; to p (or, to use the proper GOL -terminology,
the participation of the object a in the process consisting in the movement of an
object from the points p; to p») or the states of affairs in the beginning of this
section exist in the domain of states of affairs [Casati and Varzi, Fall 2002].

This leaves us with the problem of distinguishing different kinds of states of
affairs; there are instantaneous and enduring states of affairs, some, that exist at
asingle point in time, some that exist during sometimeinterval. States of affairs
have atemporal extension. Their temporal extension isthe set of time points (or
time boundaries) or time intervals at which they exist.
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Definition 5.6 (Temporal Extension of Statesof Affairs). Thetemporal exten-
sion of a state of affairs sisthe set S of time boundaries and time intervals, at
which s exists. The temporal extension of the state of affairs s is denoted by
TEXt(9).

Now we can say, what instantaneous and enduring states of affairs are.

Definition 5.7 (Instantaneous, enduring and ambiguous states of affairs). A
state of affairs siscalled instantaneous, INnstSOA(S), if every element of the tem-
poral extension of sisatimeboundary: ¥Yx(x € TEXxt(s) — th(x)). siscalled en-
during, EndSOA(s), if every element of the temporal extension of sisachronoid
(timeinterval): Yx(x € TEXt(s) — chr(X)). sis caled ambiguous, AMbSOA(S),
if it is neither instantaneous nor enduring.

There may be two kinds of ambiguous states of affairs, without atemporal exten-
sion and with time boundaries as well as time intervals as a temporal extension.
States of affairs without atemporal extension may be viewed as abstract entities,
or somewhere existing outside of time, like, maybe, ((<, 1, 2)). We believe that a
better interpretation is that this state of affairs exists throughout all time. States
of affairs, like ((Green,t)) may be viewed as existing at time points and time
intervals. We rather believe, that there are two different states of affairs with
different relations, one relating some property to an object at a point in time,
another relating this property over some time interval. We take on the point of
view that there are no ambiguous states of affairsin reality.

Axiom 5.8. All states of affairs are either instantaneous or enduring:

YX(SOA(X) — (InstSOA(X) v EndSOA(X)) A =AMbSOA(X))

Another distinction may be between static and dynamic states of affairs; consider
the states of affairs ((Rest,Kay)) and ((Walk, Kay)), Kay’s resting and Kay’'s

67



5 Ontological situation theory

walking. The first involves a state, and no property is changed by it, while the
second inheres achange. Changes are ordered pairs of instantaneous states of af-
fairs. For adetailed discussion of processes and how they can be used to classify
infons, please be refered to [Heller et al., 20044].

We assume that pictural states of affairs are always wholly present at a point in
time, at atime boundary®3. Therefore, infons are also aways wholly present at
apoint intime.

Infons, taking pictural states of affairs as constituting parts, may have another
argument, specifying a time boundary or atime interval. This infon describes
the information about presence or absence of a state of affairs at sometime entity
(boundary or interval).

Definition 5.8 (Timed infon). A timed infon consistsof apictural state of affairs
¢, afunction f : picSOA~ {0,1} and atimeentity t. Let ¢ = ((R a)) beapictural
state of affairs. Than we note an appropriate timed infon ((R, a; p;t)), where
p € {0,1} and tb(t) v chr(t).

Now we can extend the correspondence relation between infons and states of
affairs to atimed correspondence.

Definition 5.9 (Timed Correspondence of infon and state of affairs). Let s
be a state of affairsand i = ((P,a; p;t)) be atimed infon. Then sand i stand in
the relation of timed correspondence, tcorr (i, s), if for the infon i’ = ((P,&; p))
corr(i’,s) obtainsand t € TEXxt(s).

Now we have a rich enough formalism to start our discussion of situoids and
situations. But before we start this, we will have to make some remarks about
features we omitted here, because they can only be fully understood in the do-
main of situations and situoids.

13Thisis due to the nature of how concepts are kept in mind. For more detail, see the discussion
of the mental stratum in [Heller et al., 20044].
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5.1.8 Conclusive remarks on infons

Pictural states of affairs and infons as well use the notion of an assignment func-
tion. This function does not have to be necessarily complete, some, or perhaps
even al the arguments may be unassigned. We did not note the arguments as a
function here, because for a huge part of thisthesisit isirrelevant and less intu-
itiveto read. However, keep in mind that the arguments are in fact asingle, per-
haps partial, function mapping parameters, or arguments, to entities. Sometimes
this function is called an anchor for an infon. However, this will not become
relevant until section 5.3.4. Parametric infons are also called situation types,
because their arguments can be filled by severa different entities, at different
times. So there may be an infon ((Eating, x, Karen; 1)), which is the type of all
situations (or situoids) where Karen is eating. We also ignored the distinction
between relations and relators when we felt this distinction is not necessary.

Also, we did not answer the question whether we admit an algebra of infons,
because we cannot give it a semantic at this point. However, we will admit
conjunction, negation and even existential quantification of infonslater in section
5.3.5.

Please keep in mind for the rest of this thesis, that infons are not truth-bearers.
They are information carrying entities. They are never true or false, but can be
asserted to be either present or absent in some part of reality. The assertion of
their presence or absence will be a proposition, and only propositions may be
true or false.

5.2 Situoids

Let us now consider Situoids and Situations. Our intention is, that situoids and
situations are entities, that do exist in the real world. They are entities, that
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stand in relation to other entities, they have qualities and properties. Situations
and situoids are made up of states of affairs. Infons can be asserted to obtain in
situations and situoids. Situations and situoidsare parts of theworld, in the sense
that they are temporal, spatial or granular fragments of the world. If welimit our
view of the world to a spatially or temporally finite region, we will eventualy
end up with a situoid or situation.

Barwise and others argued, that a situation is some part of the world that can be
comprehended as awhole. So they are not just a part of the world, but a special,
closed part of it. Just what those closure conditions are is not mentioned. There
are some ideas mentioned in [Menzel and Sowa, 1993]. One should consider a
situation (or situoid, in our vocabulary) as confined to a finite space and time.
Since we believeit impossible to comprehend entities, that are separated in time
or space, as awhole, we will restrict situoids and situations to connected space
and time locations. Now one is tempted to think of situationsasfinitein a sense,
that there isonly afinite number of objectsor states of affairsin asituation. This
isnot the case. Thereisstill the possibility for an infinite number of objects that
are contained in situations and situoids.

After all we noted about our understanding of situations and situoids until now,
the reader familiar with modal logics is reminded of possible worlds. Possible
worlds, too, can be comprehended as a whole, they can be infinite, and they
may even be bounded in time and space, although they are usually not. There
isamajor difference between worlds and situations and situoids. In aworld, all
states of affairs are settled. Worlds are complete, total. In a situation or situoid
there may be open issues, infons that are unsettled. It is possible, that neither
an infon nor its complement* obtains in a situation, while in a world one of
them hasto obtain. Thisisthe main difference between worlds and situations (or
situoids): Totality versus partiality. We may even permit spatially and temporally
unbounded situations. Then the question arises, whether the world asawholeis

14The complement of an infon is a change of polarity.
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a situation, fulfilling one extra condition, namely completeness. Or if, at least,
every proper part of the world is a situation. We will attempt to answer this
guestion later in thiswork.

The main issue of concern to us will be the concept of being a comprehensive,
whole part or reality. The last paragraph does not help us at all in answering the
guestion how, in what sense, we can comprehend a situation or a situoid as a
whole. Their partiality suggests the contrary. Let us examine some of the struc-
ture of situations and situoids closer before we come back to this question.

5.2.1 The difference between situations and situoids

Situoids are basic entities, while situations depend on situoids. According to
[Heller and Herre, 2002], situoids “are the most complex integrated wholes of
the world, and they have the highest degree of independence.” Situoids do not
need other entities in order to exist. Situoids exist in time and space. Every
situoid isframed by a chronoid and atopoid. Therefore, situoids extend in time.
Two other properties of situoids are mentioned. Situoids have to be coherent,
and, again, comprehensible asawhole. An association relation between situoids
and certain universalsis supposed to assure this notion.

Definition 5.10 (Situoid). A situoid isan entity that does not need other entities
in order to exist. Situoids are coherent and spatially and temporally connected.
They have atemporal and spatial extent. Situoid isthe class of all situoids.

Thisisavery preliminary definition, and still needs some refinement. The main
purpose for this definition is that we can refer to the class Situoid | ater.

We can postul ate the first axiom about situoids.
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Axiom 5.9. Every situoid is framed by a chronoid and a topoid. The relation
top(s,y) has the meaning “the situoid s occupies the topoid y” and prt(s,y) has
the meaning “the situoid sis framed by the chronoid y”. Then

Yx(Situoid(x) — AtAs(Topoid(s) A Chronoid(t) Atop(X, s) A pri(x,t)))

Situations are endurants. They are projections of situoids on time-boundaries of
their framing chronoid. [Heller and Herre, 2002] states that situations have to
fulfill certain principles of unity and must be comprehensible as a whole, which
is again assured using a relation between situations and universals. We will not
pose this restriction, but merely state, that every projection of a situoid on a
time-boundary of itsframing chronoid is a situation.

Definition 5.11 (Situation). A situationisthe projection of asituoid on abound-
ary of itsframing chronoid. Situation isthe class of all situations.

Again, thisisapreliminary definition, that needsrefinement. But, contrary to our
definition of situoids, this definition is much closer to our final version. Because
situations depend existentially on situoids, some of their features and properties
can be deduced from the properties of situoids.

5.2.2 The “Supports” relation

Weintroduce abinary relation between states of affairsand situoids, EC Situoid x
Infon. If sisasituoid and ¢ an infon, [ (S,¢) reads ¢ obtains in the situoid
s. We will use infix notation for this relation: sk ¢, and write s} ¢ for

—SE (s ¢).
With the help of thisrelation, we can say what we mean by afact of asituoid.
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Definition 5.12 (Fact). Aninfon ¢ isafact, E ¢, if and only if thereisasituoid
s, suchthat sk ¢. If SE ¢, ¢ iscaled afact of s.

Thefirst part of this definition may be ambiguous. Infons contain a pictural state
of affairs and a function, mapping this picture to O or 1. Because there has to be
a state of affairs, that corresponds to the picture, the infon has to correspond to
a state of affairsin some world. One could argue, that this state of affairs would
have to be part of some situoid. Since situoids have to fulfill more conditions
than merely being a part of reality, it is unclear at this stage of this thesis, if
there are states of affairs that are not part of any situoid, and we will not give an
answer here'®.

The second part of the definition is apparently more clear, and we will constantly
useit. Situoids, as special parts of the world, are comprehended, and then infons
are asserted to obtain in situoids. If an infon ¢ with polarity p is a fact of the
situoid s, then the state of affairs x with corr (¢, X) is present?® in sif p= 1, and
itisnot presentinsif p=0.

5.2.3 Parts of situoids

Now we can introduce formally what we mean by one situoid being part of
another.

To capture formally what is meant by a situoid being a part of the world, we
introduce the binary relation <c Situoid x Situoid. s; < s if and only if all
infons that are facts of s; are facts of s,. By using the operator S : Situoid —

B5gince this is a controversial issue, we will not give an answer at all, but rather leave it open.
Wewill, however, give two aternative axioms, and leave it to the user of our theory to decide
which one suits his needs and beliefs.

16\We could use “is part of” here, but since we have not said what we mean by a part of asituoid
yet, we will use thisinformal notion of “presence”’ in some situoid.
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Set satisfying S(s) = {¢|Infon(¢) A SE ¢} we can define this particular part-of
relationass; < < S(s1) € S().

This is the most basic part-of-relation for situoids. We will mention two other
cases of a part-of relation. Let sbe a situoid, and ¢ = chron(s) with prt(s,c) its
framing chronoid. The projection s; of sonc; < ¢, s = prt(s,c1) iscaled a
temporal part of s. 51 <; sif and only if 5 = prts(s,c;) andcy <c.

The spatial part-of-relation is similar. Let t be the topoid framing the situoid s
with top(st). s1 <s sif and only if sy = prsg(s,ty) and t; < t.

A question that arisesis, if s1 <t s— s <sand s; <sS— 1 < S, thisisto say,
if one situoid being atemporal or spatia part of another situoid impliesit being
a part-of in the sense of the infons being afact in it.

While this may seem plausible at first, there are some severe problemsinvolved.
Consider thefollowing example: A railroad track over somefixed period of time
viewed as a situoid s. Imagine, there is no train present in the fixed part of the
world. Then s ((Present, Train;0)). But at times, there are trains traveling
through this part of the world, and if we extend our spatial region, there may
also betrainspresent. Let s<; s, then ' E ((Present, Train; 1)) may betrue.

But not only negative infons will be reverted in extensions of situoids. Consider
the above example again. Then s ((Number-of, Train,0; 1)) is true, but the
extension s’ does not support thisinformation, but rather the inverse.

Generally we will deny arelationship between the different part-of relations.

Other variants of part-of relations are discussed in more detail in section 5.2.9.

17We use the suffix f to show that we use an already introduced relation of GOL as afunction.
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5.2.4 Axioms of situoid theory

Before we can advance any further and show some of the results and further
properties of this situoid theory, we will have to formalize our work done so far.
The best way to do this is to write down axioms. Our theory will be far from
complete at this stage, but to proceed we will need some axioms.

Our first axioms state that there is a state of affairs and thereis asituoid and there
isan infon.

Axiom 5.10.
AX(SOA(X))

Ax(Situoid(x))
Ax(Infon(x))

The next axiom concern the =-relation and asserts that situoids are not incoher-
ent.

Axiom 5.11. For dl situoids sand infons ¢ = ({(R, &; p)), the following istrue: If
sk ¢, then s} ¢, where ¢ = ((R & 1- p)).

Now we can define an ordering relation on situoids. All infons that obtain in a
situoid s; that is part of another situoid s also obtainin sp.

Axiom 5.12.
VsiVp(s1 <82 = (Vo(sL ¢ — 2 ¢)))

Now we can state that two situoids are identical, if and only if they are part of
each other, and their framing chronoid and topoids are identical. The reason we
have to assert the identity of the framing chronoid and topoid are ontological in
nature: It will be possible to descibe two different situoids, say, two different
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marathons, with exactly the same information. So both situoids are information-
ally equivalent, but present at different space-time coordinates.

Axiom 5.13.

S1=% & S1 <A< S AV C,tr, to(top(Sy, tr) Atop(s,t2) Aty =t

Aprt(sy,c1) A pri(sz, €2) Ac1 = Cp)

Let us emphasize at this point, that the identity of the situoids framing chronoid
and topoid may not be asufficient criterion for identity. Thisisdueto granularity
considerations. We may descibe some scene from a birds-eye view, with only
the basic information present, but we could descibe the same scene very detailed,
adding waste amounts of information. As an example, consider a marathon.
From abirds-eye view, the duration of the marathon, the position of the runners
and maybe the names of the runners are the facts of this situoid. On the other
hand, there is another situoid framed by the same topoid and the same chronoid,
but with much moreinformation available: The mood of the runners, the scenery,
the altitude of the track, the weather, et cetera. We will consider this indeed a
different situoid, and although both situoids are framed by the same chronoid and
topoid, they are not identical. Therefore, situoids are not only spatio-temporal
parts of the world, but also granular parts.

Thisis only the very beginning of a theory of situoids, but before we proceed,
we will turn back out attention to infons.

5.2.5 More relations for infons

Now, that we understand what a state of affairs, an infon and what a situoid is,
we will mention how an infon behaves, how it can enter into relations. There
are relations between situoids or situation and infons, and relations between in-
fons.
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We will consider arelation =|C Infonx Infon. We want to understand ¢ = ¢’
as“¢ isasstrong as ¢’”. This relation is reflexive and transitive, and if ¢ =)
¢’ and ¢ are facts of a situoid, so is ¢’. We can capture this in the following
axioms.

Axiom 5.14.
V(o =1 ¢)

Voo " (0 =1 9" N =1 9" — ¢ =1 ¢")
VYoV (Sl ((=1,0,¢" ) ASE ¢ = SE ¢)
This axiom will be needed when we write more about parameters of infons and
the anchor function.

Barwise introduced another operation on infons, allowing us to merge or unify
compatible infons. What does it mean for two infons to be compatible?

Definition 5.13 (Compatibility of infons). Two infons ¢ = (R, f;i)) and ¢’ =
(R, 1’,”yy arecompatible, if and only if R=R’,i =1’ and f and f’ are compat-
ible as functions.

Now we can state what is meant by merging two compatible infons.

Axiom 5.15. If ¢ = (R, f;i))y and ¢’ = ((R, f’; 1)) are compatible infons, than

pa¢ = (R FUT]i))

Thisfunction is mainly used to fill missing arguments of infons, and we will not
useit further.

At last, we will assert that every infon has a complement.

Axiom 5.16. For al infons ¢ = ((R,a; p)) exists another infon denoted as ¢ with
¢ =(Ral-p).
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5.2.6 Dependence relations of situoids and states of
affairs

An interesting aspect is whether infons or situoids can exist on their own, or
if they need other entities, before they can come into existence. This relation
between entitiesis called existential dependence.

Definition 5.14 (Existential dependence). An entity A is existentially depen-
dent upon the entity B if and only if it islogically impossible for A to existif B
does not exist. The category C is existentially dependent upon the category D if
and only if for every instance of C itislogically impossibleto exist if not at |east
one instance of the category D exists.

Now, what is the relation between situoids and states of affairs, and the relation
between situoids and infons. One part of this question can be answered by re-
searching whether there could be an empty situoid, namely asituoid sg, such that
Yo(—(so E ¢)). What would such a situoid behave like? Let us consider some
region of empty space over some chronoid. Are there any infons that obtain in
this situoid8?

Is there a special class of infons, that does obtain in every part of existence, in
every part of theworld, of reality? Those would belogical tautologies. Asan ex-
ample, consider the infon ((=, p, p; 1)), stating the logical tautology p = p. This
infon would betruein every part of reality. Wherever thereis existence, the laws
of logic obtain. However, consider the following excerpt from Wittgenstein's
Tractatus:

Tautologies and contradictions are not pictures of reality. They
do not represent any possible situations. For the former admit all
possible situations, and latter none. In atautology the conditions of

18N ote that we are still undecided, whether this can be asituoid at all.
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agreement with the world — the representational relations — cancel
one another, so that it does not stand in any representational relation
to reality. [Wittgenstein, 1959]

This explains our — suspicious — feeling when we considered the infon ((—
,p,P;1)). Inthisinfon is no information about a situoid, but it rather defines
a frame for any possible situoid. Even worse, there is no state of affairs corre-
sponding to thisinfon. However, if it was an infon, it would obtain in every part
of reality, in every situoid in every possible world.

We believe that there is no such thing as an empty situoid, there are always
states of affairs present in every part of reality. The reason for this are again due
to Wittgenstein. If reality isthe collection of all the facts, all the states of affairs,
then any part of reality, which we believe situoids are, must contain some states
of affairs.

Axiom 5.17.
Vs(Situoid(s) — J¢(sE ¢))

This answers one part of our question: Situoids are existentially dependant on
infons.
Now we will focus on another question.

Can infons exist outside a situoid? Are there states of affairs, that do exist in
reality, but not in any situoid?

If weusealternative5.5in section 5.1.5 and assume that there are states of affairs
that cannot be pictured, then certainly the above is true. But what if we use the
other alternative, 5.6?

States of affairs mediating abstract entitieslike numbers or setswould be another
possibility for states of affairsthat are not part of any situoid.
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We will leave again two aternatives here, and leave it open for the user of this
theory to choose amongst them. The first asserts that al states of affairs exist
in some situoid. The second assumes that there is at least one state of affairs
outside all situoids. Note the similarity to the alternative axioms 5.5 and 5.6.

Axiom 5.18. Alternative 1
Yo(Infon(¢) — AS(Situoid(s) A SE ¢))

Axiom 5.19. Alternative 2

d¢(Infon(g) — Vs(st ¢))

Thereisanother classof infonsthat never obtains (and their negationsalways ob-
tain). Those are infons about natural sciences. The infon stating that the gravity
constant is 1.5, ({(=,gravity— constant, 1.5; 1)) is never true in the current world.
In this sense, it could serve as a class of never-obtaining infons. However, it is
possible to obtain in some world™®, it does not deny existence. Therefore there
could be some part of reality, some world made up of situoids, where it obtains.
Therelation between situoids and worldswill become clear later. For now we as-
sume that these are infonswith pictural states of affairs and corresponding states
of affairs.

5.2.7 About the structure of situoids

We will now discuss a central issue of thisthesis —what is meant by a compre-
hensible whole that is a part of reality.

1 it was not possible, then only due to the laws of physics, which are of little concern to
philosophers and ontologists.
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To fully understand the form of existence of a situoid we will have to answer
some questions. First, we will state what we mean by an act of “comprehension”.
Then we will say what we mean by “comprehended as a whole”, and then we
will say what we mean by situoids being a“part of reality”.

5.2.8 Comprehension

Any experiences come to us serialy in time. Experiences here may be the steps
of an inference, a proof, a melody or the words of a sentence, all of which can
be embedded in asituoid. Any of those events are experienced one after another,
but must be considered in a single mental act, before they can bear any mean-
ing at all. Such an act is what we will call “comprehension”. This act differs
from inference or judgement, it comes before both. Judgement, the assertion or
denial of a relation between concepts, presupposes considering both concepts
together. Where inference refers to the drawing of conclusions from premises,
comprehension refers to considering the premises together with the conclusion,
as in mathematics, where we do not see a proof as a series of manipulations
according to rules, but rather as something whole.

In [O.Mink, 1987], Mink writes:

[...] comprehension operates on all levels of reflection and in-
quiry. At the lowest level, it is a grasping of the data of experience
and issues in the perception and recognition of objects. At an inter-
mediate level, it is the classification together of a set of objects and
issues in the formation of concepts. At the highest level, it is the
attempt to order our knowledge of the world into a single object of
understanding.

This suggests, that there are fundamentally different modes of comprehension.
A number of entities may be comprehended as instances of the same law or
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formulaor generalization. Thiskind of comprehension refersto some entitiesin
virtue of their possession of certain common characteristics, omitting everything
else. This specific kind of comprehension, that Mink in [O.Mink, 1987] called
“theoretical” or “hypothetico-deductive comprehension”, lets us understand all
instances of the consequence of some hypothesis.

Another mode of comprehension is understanding a number of entities as e-
ements of a single complex of concrete relations. It is this mode, that lets us
understand the multiple lines, multiple images of a song or poem, or a sentence
in this thesis. Mink called this “configurational comprehension”, described by
Pascal as “the ability to hold together a number of elementsin nice balance”.

Plato envisioned another mode of comprehension: “to hold together a number of
things as examples of some category, and in fact asystem of categoriesincapable
of abstraction from each other.” The question arises, if this subsumption under
categories falls together with deduction from hypotheses. As Mink points out,
there are a number of differences why these two views are not identical. First,
hypotheses are meaningful even independent of each other, while the meaning
of categories is dependant on their interconnection. Also, according to Kant,
categorical connections are not falsifiable by experience, since they giveform to
experience itself. This mode of comprehension is called “categorical compre-
hension”.

Theoretical comprehension therefore is the understanding of relations between
universalsand particulars. Comprehending a particular at this mode lets usiden-
tify an universal, of which this particular isan instance. Theoretical comprehen-
sion of a universal lets us identify the class of al particulars, that are instances
of this universal. Configurational comprehension is understanding of the rela-
tion between particular and particular. Configurational comprehension of some
particular lets us identify the roles this particular takes in the relations to other
entities in some whole, as well as the relations this particular is in. Categori-
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cal comprehension is understanding the relations holding between universal and
universal. It letsusidentify relationslike part —of or existential dependence of
categories. Comprehending a number of categories is understanding them as a
web of categories with relations holding amongst them.

None of these modesis primal to ancther. They are self-justifying, and when we
speak of comprehension we will have to consider all three modes.

Let us apply our knowledge of comprehension to situoids, now. What is meant
by comprehending a situoid in the various senses?

Let us start with theoretical comprehension. For a situoid to be comprehensible
in this sense we have to be able to find a universal this situoid is an instance of.
Therefore we state that a situoid is an instance of at least one universal. We can
formulate this as an axiom:

Axiom 5.20.
¥s(Situoid(s) — Ju(Universal(u) A s:: u))

Objects can be treated as situoid. Therefore a universal “house” may have
situoids aswell as substances, processes, concepts, etc. asitsinstances. Because
universalsin our background ontology General Formal Ontology are intentional
entities, all those universals are different, because they have different intentions.
There exists only one universal “house” with house-situoids as its instances.

In [Heller and Herre, 2002], situoids are associated with a set of universals.
Therefore, if we consider a house as a situoid, it may be associated with the
universals Building, House, Window, Door, et cetera. However, in [Heller
and Herre, 2002] it never becomes clear what this association relation between
situoids and sets of universalsredlly is, in an ontological sense.

It is obvious, that these universals are needed to describe a situoid of some kind,
and that there are entitiesin the situoid, that are instances of these universals. We
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consider the descriptionin [Heller and Herre, 2002] insufficient and unnecessary.
We cannot deny the existence of a set of universalsin a situoid, so we state
that every situoid is an instance of the complex universal that is formed by all
universals, that are said to be associated withitin [Heller and Herre, 2002]. After
all, universals are intentional entities, and they define properties and structure of
thelr instances.

However, we will associate with situoids what we will call “categorization de-
vices'. A categorization device is a universal with universals as its instances,
and they specify a context for a situoid. They are needed to give semantic to
natural language, especialy referring terms, in situoid theory, and are discussed
in section 6.1.1.

Let us turn our attention to the second kind of comprehension, configurational
comprehension. For asituoid to be comprehensible in this sense, we have to be
able to identify the relations it is in with other entities “in some whole”. We
will proceed with a discussion of wholes in the next section. For now we will
consider at least every situoid as some whole. We state, that every situoid can
be embedded in another situoid, in which more infons obtain. This captures the
ability of the human mind and speech, to add more and more qualities, properties
or entities, and therefore more information, to some whole. Image astone laying
in a desert as a situoid. We can add, in mind or speech, more and more infor-
mation about this situoid. We could start by stating the color, shape or weight of
the stone. Then we can add some other entities, maybe the stoneis part of apile
of stones. We can go on by adding information about the desert or the history
of the stone, up to its position in the universe. Let us summarize this with the
following axiom:

Axiom 5.21.

Vs(Situoid(s) — t(Situoid(t) AS<t)At#9)
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Now the remaining problem is, finding the relations of some entity in the larger
situoid. If thisis possible our task is done, because then we can identify the
relations and roles a situoid playsin some whol e by identifying the relations that
obtain in some larger situoid. How can we assure that thisis possible? Thereis
aset having al the infons that obtain in some situoid as elements. If we are able
to decide, if someinfonisan element of this set, we can identify all the relations
that hold for any entity in astructured whole (situoid). Therefore, we request the
following to be true for situoids:

Axiom 5.22. The set S(s) of all infons obtaining in asituoid sis decidable.

Thisaxiom is required for comprehending a situoid. It also captures the feeling
we had, when the phrase “can be comprehended as a whole” came into being.
Because infons are the means we use to express knowledge about situoids, we
have to be able to say what these infons are for a particular situoid. If we are not
able to do this, then we have not comprehended the situoid. And even stronger,
if we are not able to say what infonsin the relevant part of reality exist, then this
part of reality cannot be regarded a situoid.

Categorical comprehension can be disregarded in this discussion, because uni-
versals and categories are not at issue here. However, let us point out, that this
entire work is dedicated to comprehension of the categories “situoid” and “situ-
ation” in the system of the General Formal Ontology.

We will proceed with a discussion of wholes in general and whole situoids in
specific.

5.2.9 Whole situoids

Before we can proceed with our discussion of the meaning of “can be compre-
hended asawhole”, the basic feature of situoids, we will haveto draw our atten-
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tion to the nature of wholesin general. Investigation of part-whole relationships
dates back as far as Aristotle. In our investigation of comprehending situoids as
a whole we will refer to more recent work, namely [Rescher and Oppenheim,
1955]. Their investigation of wholes and their parts is gestalt theoretical in ori-

gin.

Since gestalt theory presupposes a subject capable of comprehension, it is most
suited for our theory. We will regard gestalten with situoids as their instances.
Gestalt is a German word and refers to the concept where an entities proper-
ties cannot be discovered from the total properties of its parts aone [The Inter-
net Community]. There are similar but different views on the part-whole rela-
tionship, the most influential probably being those of phenomenologicians like
Husserl [Sokolowski, 1968, Krecz, 1986], who uses the term “figural moment”
instead of “gestalt”. More differences between both approaches can be found in
[Gurwitsch, 1955].

Alternative theories of the part-of relation, of parts and wholes can be used in an
integrated top-level ontology parallel to our theory of whole situoids and their
parts, as there may be other categories in the top-level ontology, that do not
behave like situoids, as comprehensible wholes.

The philosophy of Brentano, Meinong and Husserl eventually led to the devel-
opment of gestalt theory [Reiser, 1930]. The founder of the gestalt theoretical
movement is Max Wertheimer, although the term “gestalt theory” has first been
introduced by Christian von Ehrenfels, a disciple of Brentano. Another root of
gestalt theory isErnst Mach [Becher, 1905], whose work “Beitraege zur Analyse
der Empfindung” (Contributionsto the Analysis of Sensations, 1886) influenced
gestalt theorists like Ehrenfels, but also phenomenol ogists like Husserl.

In [Rescher and Oppenheim, 1955], three conditions are stated as prerequisites
for awhole entity:
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1. The whole must possess some attribute in virtue of its status as a whole,
an attribute peculiar to it and characteristic of it asawhole.

2. The parts of the whole must stand in some specia and characteristic re-
lation of dependence with one another. They must satisfy some special
condition in virtue of their status as parts of awhole.

3. The whole must possess some kind of structure in virtue of which certain
specifically structural characteristics pertain toit.

All those three conditions have to be regarded concerning a specific part-of rela-
tionship, and therefore a specific decomposition.

Definition 5.15 (Decomposition). Let w be a specific object and Pt a specific
part-of relation, then the class D of Pt-parts of wisadecomposition of wif every
Pt-part of w has some Pt-part in common with at least one element of D.

There are attributes of awhole, that can be shared or unshared by its parts. An at-
tribute, a quality, the whole possesses and none of its partsdo is called unshared,
and shared if all parts of the whole possess the attribute.

Definition 5.16 (unshared attributes, shared attributes). An attribute or qual-
ity Q is called a D-unshared attribute of a whole w relative to a decomposition
D of winto Pt-parts, if Q isan attribute of w which isinhered by no Pt-part of w
belonging to the decomposition D. Q is called a D-shared attribute of w relative
to D, if Qisinhered by all Pt-parts of w belonging to D.

It is clear, that if some attribute is not D-unshared, it does not necessarily have
to be D-shared, and vice versa.

Underivable attributes of a whole are attributes, that are not a logical conse-
guence of some set of attributes of a set of parts of the whole. Underivable
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attributes, again, have to be regarded relative to a specific set of parts and at-
tributes. An example of some underivable attribute is the weight of a pile of
stones. Of course every part of this pile of stones has a weight, but summoning
up the weight of the pile by using the weight of the parts requires the additional
natural law that weight is additive. An attribute or quality is derivableif itisa
logical consequence of the attributes of some set of parts. Rescher and Oppen-
heim gave the following definition in [Rescher and Oppenheim, 1955]

Definition 5.17 (underivable attributes, G-characterization). An attribute Q
of awhole w is a D-G-underivable attribute of w relative to a decomposition D
of w and to a set G of attributes if "Q(w)’ is not a logical consequence of the
characterization of the elements of D with respect to G. By ’characterization of
the elements of D with respect to G’, or briefly ' G-characterization’, is meant a
sentence which, for any n-adic relation g of G, and any n elementsdy, ...,d, of D
states whether or not the relation holds between these n elements.

Definition 5.18 (derivable attribute). An attribute Q of a whole w is a D-G-
derivable attribute of w relative to a decomposition D of w and to a set G of
attributesif "Q(w)’ isalogical consequence of the G-characterization of the D-
parts of w.

As mentioned, the weight of a pile of stones is not derivable by purely logical
means from the weight of the stones alone. However, we could add a theory
of some kind, and derive this attribute with the help of this theory. We will
call this attribute then D-G-T-derivable, if T is the theory concerned, or D-G-
T-underivable, if it isimpossible to deduce the attribute of the whole with the
means of T. We will call D-G-T-underivable attributes smply “underivable”
attributes.

The existence of an underivable attribute correspondsto the First Ehrenfelscrite-
rion, that has been formulated in Christian von Ehrenfels' first study of Gestalt-
theory, “Ueber Gestaltqualitaten”: “ The wholeis more than the sum of its parts.”

88



5 Ontological situation theory

Sometimes those attributes, that only come into existence when the parts are as-
sembled, are called emergent attributes.

Considering the second condition for wholes, the dependence of certain charac-
teristics of one part upon those of other parts, we will have to consider config-
urations. “An ordered set of objects, p1, p2, ..., pn, Which stand in the relation R
to each other, i.e. for which R(P1, p2, ..., pn) holds, will be said to form a config-
uration of kind R”[Rescher and Oppenheim, 1955] As we can see, Rescher and
Oppenheim’s configurations are certain kinds of states of affairs, in our terminol-
ogy, and the kind of the configuration, the kind of the state of affairs is defined
by the relation universal.

For the easier part of quantitative attributes, an attribute f of a part p1 iscaled
¢-dependant upon some class G of quantitative attributes of the objects p;, if
the f-value of p; in every configuration of kind R is related by ¢ to the values
of the attributesin G of p;. ¢ may be strong or weak, defining the value of f
completely, or just statistically. It is possible for the configuration to consist
only of one object, or the class G consisting only of the attribute f.

For non-quantitative attributes, similar observations can be made. The perceived
impression may depend on other parts surrounding or the whole, as can be seen
infigure 5.5.

For the requirement that the parts of the whole must stand in some special, char-
acteristic relation of dependence with one another, wholes may form dependence
systems, that are defined as followsin [Rescher and Oppenheim, 1955]:

Definition 5.19 (Dependence system). A configuration isa¢-dependence-system
relative to a set G of attributes if each part of the configuration has some G-
attribute which is ¢-dependent upon the G-attributes of the remaining parts.

The third criterion refers to some kind of structure the whole must possess in
virtue of its status as awhole. Thisinvolvesthree things:
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Figure 5.5: Zoellner Illusion, parallel lines
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1. The parts of the whole.
2. A domain of positionsin some kind of topological structure.
3. An assignment assigning the parts to positions of the domain.

Often, we are not interested in the specific parts of some whole, but only the
types of the parts and the position they occupy in thewhole. Thisleadsusto the
concept of a complex:

Definition 5.20 (Complex). A complex is characterized by the following three
features:

1. A set G of topologically structured attributes.
2. A topologically structured space X, constituting the domain of positions.

3. Anassignment f of exactly one G-attribute to each X-position.

Different complexes may have the same structure, they are isomorphic. For two
complexesto beisomorphic, their topological domains must have the same struc-
ture, the sets of attributes of the two complexes must have the same structure and
the attributes of both complexes have to be assigned to corresponding positions
of the domains?.

Isomorphic complexes are related by transformations. Different but isomorphic
complexes possess certain structural similarities. Consider a piece of music and
another, different piece of music, that is a transposition of the first. They are
certainly different, but isomorphic, and they share the same melody. Therefore,
there are attributes that are shared by all complexes of a group of isomorphic
complexes. They are called complexial features, attributes that are invariant un-
der isomorphic transformations. As Rescher and Oppenheim point out, those

20For a more detailed discussion of complexes and isomorphisms between them, see [Rescher
and Oppenheim, 1955] or Russel’s “Human Knowledge”.
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attributes may even be underivable. The possession of attributes that are invari-
ant under those transformationsis stated as the Second Ehrenfels-criterion.

Let us now apply thisformalism to situoids. First we examine what kinds of de-
compositions of situoids exist. We will examine some possible decompositions
shortly, without much discussion and motivation, before we concentrate on one
specific decomposition which we will examine further.

Since situoids exist in time and space, our first possible decomposition is a
spatio-temporal one. We will denote this part-of relation with <g. For this
we project the situoid on parts of its framing chronoid or topoid or both?L. The
attributes we may consider are the duration or spatial size the resulting enti-
ties have. Then we do have a derivable attribute, namely the new duration and
spatial extent the whole situoid has. The spatio-temporal parts of the situoid,
possibly, but not necessarily, situoids on its own, may be cause and result of
each other, however, this does not always have to be the case, especidly if the
spatio-temporal parts are not situoids.

We could also decompose one situoid in multiple sub-situoids, all of which are
part of one situoid. We call this a situoidal decomposition and denote the ap-
propriate part-of relation <s. The parts form aweb of situoids, influencing each
other and being cause or result of each other. However, the structure of thewhole
situoid is generally derivable by the structure of its subsituoids.

Because situoids are described by infons, we can consider an infonic decom-
position of situoids, formed by the relation <j,¢+ or simply <. The entities that
are part of a situoid in this sense behave much like situoids and sometimes are
situoids, but they contain less information. They may provide a more abstract
view on a situoid, or a more limited. Consider a situoid w of a specific plaza.

21p|ease note, that the result of this projection may be a situoid, but in the general caseit is not.
We could end up with some empty region of space over aperiod of time. In the most general
sense, the parts of asituoid in this sense are processes.
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Then the infonic parts of this situoid may contain a single human, a fountain,
atree, one square meter of concrete plate, and so on. When all those parts are
assembled, the situoid w is an instance of the universal Plaza, but none of its
parts are. The attribute of “being a plaza’ emerged, when the parts where put
together. The second condition however will fail. There is no interdependence
between infons in a situoid. Each infon describes some basic information of a
situoid by stating a relation, a configuration of objects. They may be informa-
tional equivalent, or one is entailing another (logically or with respect to some
theory), but many infons obtaining in situoids are independent of each other, and
are describing different aspects of the situoid.

We have not discussed all the possible decompositions in detail, as we just
wanted to get the idea. There is another decomposition that we will discuss
in more detail, namely decomposing the situoid into situations by using the re-
lation <gt, entities that exist at time points. This can be achieved by projecting
the situoid on the boundaries of its framing chronoid. As aresult, we get a se-
guence of situations. We will now examine this decomposition in detail and try
to find out, whether situoids fulfil al three conditions of wholes regarding this
decomposition.

First we have to examine whether the relation <g; defines a decomposition of
situoids. A situation is the projection of a situoid on one of the time boundaries
of its framing chronoid. Therefore, sit <g; w, iff sit is a situation, w a situoid,
chr the chronoid framing w and sit is the projection of w on one of the time
boundaries of chr. Let D be the class of all situations of the situoid w. We can
see, that < isnot reflexive, so we will consider it an irreflexive part-of relation.
Then, D is a decomposition of w regarding the part-of relation <g; if every <g-
part of w overlaps with some <g¢-part of D. However, our understanding of the
relation <g defies the usual understanding of a part-of relation, asitisarelation
between two distinct classes of entities, situations and situoids, and cannot be
applied to the parts. For the sake of the argument, we will make the relation <

93



5 Ontological situation theory

reflexive: YX(X <gt X).

Now we can show, that D, the class of all situations defined by a situoid w, isa
decomposition of w. Let overlaps(x,y) = 3z(z <gt XA Z<gt Y). Then it can be
easily shown, that Yx(x € D — 3y(y <t WA overlaps(x,y))), because D contains
all the situational parts of w.

Theresult is pretty trivial, but will become more useful when we start extending
therelation <gt. The class D of all situations of the situoid w is still a decompo-
sition of therelation <4t U <s. We can also extend thisrelation further, by adding
an infonic part-of relation on situations, and D will still be a decomposition of
W.

Obviously, the sum of all situationsin chronological order is a sequence of en-
tities, that can be described by states of affairs, just like in situation theory, or
situation calculus. Our second condition for wholes is satisfied, because situa-
tionsmay be causes of their following situations, or results of previoussituations.
Therefore, the infons obtaining in one situation may depend on the infons ob-
taining in previous situations and with this, the perception of one situation may
depend on their neighboring situations and the whole.

Let us consider an example to illustrate this idea. Imagine a 100 meter race
as a situoid. Two people are running, A and B. So we will have a situoid s
with atopoid t and top(s,t). The runners start at the location Xgart and finish at
Xtinish- The race lasts 20 seconds, so there is a chronoid cpg with prt(s,c). A
needs 10 seconds to reach the finish line, therefore running during the chronoid
C10, B needs 20 seconds. We will express this with the timed infons ¢a =
((Runs, A, Xstart, Xtinish; 1; €10)) and ¢ = ((RUNS, B, Xstart, Xfinish; 1; C20)) and S|=
¢oa and sk ¢p. Projecting s on the right boundary of c;0 we will obtain a sit-
uation sa where A is finishing the entire race, s. sa E ((Finishes, A, s;1)). The
second situation will be the projection of s on the right boundary of ¢, sg. A
similar infon obtains here, sg = ((Finishes, B, s; 1)), but due to the position of
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sa in swe know, that he did not win the race: sg E ((Wins, B, s;0)). However, a
detailed investigation of causality in the framework of GOL, and therefore also
in the framework of situoids and situationsis still an open research topic.

The situoid is structured into situations as the chronoid is in time boundaries,
because we are only projecting the situoid on its framing chronoids time bound-
aries. For the third condition — that the situoid must possess some kind of struc-
ture, in virtue of which certain structural characteristics pertain to it — to be
satisfied we will need to identify the parts, a domain of positions the parts may
occupy and an assignment function assigning each part to a position. The parts
are the situations, the positions the time boundaries and the assignment function
is our projection of the situoid on the time boundaries. As Rescher and Oppen-
heim point out in [Rescher and Oppenheim, 1955], we usually do not care about
the individual parts, but rather about the types of the parts. Doing so, they call
the entity of concern a“complex”, whilewe will talk about “universal” inamore
general approach.

We assumed that every situoid is an instance of some universal. Universals de-
fine the structure whose possession is required of wholes in [Rescher and Op-
penheim, 1955]. Universals may require the existence of certain situationsin a
situoid. These are the parts that are assigned to spatio-temporal locationsinside
the situoid by the universal. Then, a*“transposition” in the sense of [Rescher and
Oppenheim, 1955] is nothing more than another instance of the same universal.
And usually, there are features of a situoid which are solely due to its being an
instance of a specific universal.

For example, the universal “100 meter race” will require the existence of certain
situations, at least a starting and an ending situation, which are assigned to the
left respectively the right boundary of the chronoid framing the situoid w. The
other parts (situations) required by an universal which wisan instance of, if any,
behave as well and are accordingly assigned to certain spatiotemporal locations.
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Figure 5.6: Flying bird example

It is this structure — the assignment of situations to proper space-time locations
— which makes some situoid a 100 meter race?? and which makes it an instance
of the universal “100 meter race’.

Now the question is, whether a situoid is more than just a mere sequence of
situations. Thisisthe case, because situoids are continuous. Just like chronoids
cannot be understood as sets of time boundaries, but are inherently more, situoids
are inherently more than collections of situations. There are even processes,
that can never be fully understood in the domain of situations, but only in a
continuous structure like situoids.

Let us consider an example, illustrated in figure 5.623. There are two people, A
and B 100 meter apart. Both are walking towards each other in a straight line

22p|ease note, that this statement is valid only with regard to the specific part-of relation which
we have used.
2Theillustration is due to Karen Wal zer.
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with a velocity of one meter per second. A bird flies between A and B, starting
from A, with 100 meters per second. When the bird reaches A or B, it turns
around in no time, and flies the other way. There are three concurrent processes,
one depending on two others. These processes can be embedded in asituoid, but
cannot be understood in the domain of situations. In the domain of situationsthis
example would be modelled by a sequence of situations, at least one for every
occurring change. So whenever the bird reaches A or B, a situation is needed to
state that the bird is changing direction. But when we would ask which direction
the bird would be facing when A and B meet, we cannot get an answer if these
processes are modelled as sequences of situations. We will not get an answer
either in the domain of situoids, but there we cannot ask the question. There are
just three processes, one depending on two others, and the changes of heading
are of no concern.

There are more Zeno-like paradoxa which can be used to argue in favor of
situoids being more than a mere sequence of situations. Imagine Zenos arrow,
which is not moving at any point in time, but still changing position. In the do-
main of situoids, this arrow is indeed moving in a straight line with a velocity
v, while in the domain of situationsthis arrow may be changing positions while
its velocity is zero. However, more research has to be done with respect to ex-
amples such as the above flying-bird example, as the explanation of why it is
impossible to determine the direction in which the bird is flying at the end is
somewhat awkward.

But still we believe the first condition for wholes satisfied. The whole situoid is
more than the sum of its <g-parts.

We have found a decomposition and discussed a set of attributes, that fulfills all
our conditions for wholes, and can therefore regard situoids as “whole” at least
with regard to the <q; relation.
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5.2.10 Being part of reality

It may be puzzling to raise the question of what is meant by something being a
part of reality, since it appears so obvious. However, in order to specify what
situoids are and what they are not, we pursue this path.

“Being apart of reality” suggests, that reality can be comprehended as something
whole. According to Wittgenstein in [Wittgenstein, 1959], the world, reality
or al there is, consists of al the facts and their being all the facts. Situoids,
however, are parts of redlity, that can be comprehended as wholes. Therefore,
their internal structure should correspond to the one of reality, namely being a set
of facts. We will, as Barwise did in [Barwise, 1989], use (hyper-)sets of infons
for modelling situoids and situations.

We can ask the question whether redlity, all thereis, can be considered a situoid.
Reality would have to be a maximal situoid, with all states of affairs settled.
However, due to our axiom 5.21, this cannot be the case. We could always objec-
tify one situoid, and embed it in another, even larger situoid, a situoid with more
information. Therefore, there is no largest situoid and redlity is not a situoid.
Reality cannot be comprehended as awhole.

We assume that there exists a world and reality independent of our mind and
beliefs. Thisreality can be decomposed in situoids, that can be comprehended as
totalities?*. We will sometimes refer to thiskind of situcids as“rea” or “actual”
situoids. Then there is a second class of situoids, that we will call “intentional”.
They exist in a different mode of reality. They exist as entitiesin mind. Asan
example of asituoid of thiskind, consider a situoid, where a unicorn standsin a
forest.

2%\We have to emphasize, that these situoids do not come into existence through our act of com-
prehension. They do exist independently, with the property of being comprehensible. They
would exist even without any subject with the ability of comprehension.
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The question is, whether intentional situoids are a part of reality, or in what
sense they exist. To clarify this, we will have to state the following definition.
Remember the beginning of this chapter, where we defined a partial part-of order
for situoids, regarding the infons that obtain in those situoids.

Our intention is, that all of reality can be structured in two classes, situoids and
worlds. We will simply state the existence of a class of all parts of reality, and
define apartial order on thisclass. The order relation isindeed theinfonic part-of
we have been using throughout this chapter, although thisis not explicitly stated
here. Most things should become clear after axiom 5.23.

Definition 5.21 (World). Let S bethe set of all situoids. Let T 2 S be the set of
all parts of reality. The relation < defines a partial order on T. Every maximal
element of the <-order on T is called aworld.

The idea behind this definition is perhaps not obvious. Of concern to us are
situoids, either real or imagined. These situoids can be informationally extended
in various ways. Usually, we can add either an infon or its complement as in-
formation. This gives rise to various different ways the situoid behaves, and
therefore to various different ways of how readlity is. What we obtain is a partial
order. Now, if this partial order has some kind of maximal element, we will call
it aworld. However, the idea behind a world was that al issues are settled. So
we need another axiom to ensure this.

We can then state the following axiom:

Axiom 5.23. Let S be the set of al situoidsand T 2 S the set of all parts of
reality. partof definesapartial order on T. Every totally ordered subset A of T
has a unique upper bound min T, such that Yx(x € AAX# m— XeS).

What worlds are and how we can model them will become clear with the follow-
ing theorems.
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Theorem 5.1. Thereisa world.

Proof. Because of axiom 5.23, every totally ordered subset of the set of al parts
of reality T has an upper bound. Therefore, according to Zorn's lemma, the
partial order (T,<) hasamaximal element. |}

We do not only know, that worlds exist, we can say what they ook like, because
we defined the <-Relation as referring to sets of states of affairs. For this, we
need to extent therelation = to all elements of the set T of all parts of redlity.

Definition 5.22 (Supports relation for worlds). Let w be aworld, and i be a
state of affairs. Thenw i — ds(Situoid(s) A S<WASE .

Then every chain of situoids in the partial order of parts of reality defines a
world, namely an entity, in which every state of affairsthat obtainsin any situoid
of thischain obtains. With this, we are again back to Wittgenstein, where aworld
consists of all the facts, and their being all the facts [Wittgenstein, 1959].

We also know, that worlds are not situoids, they are always more, according to
axiom 5.21.

This view on worlds and their correspondence to situoids gives us the liberty of
choosing, whether we want to accept the existence of multiple, possible worlds
or only asingle, real world. This choice has to be formulated in another axiom.
We therefore have to choose between the following two axioms:

Axiom 5.24. Thereisonly one world.

Axiom 5.25. There is more than one world.

There is another view on worlds. Let X be afinite set of infons. Then aworld w
isabinary partition of Z, (I',A). Theideais, that I is the set of infons that holds
of theworld w, and A isthe set of infons that does not hold: Y¢(¢ € I' = w = ¢)
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and Y¢(¢ € Delta —» w £ ¢). Thisis a useful limitation of our view, because
in many applications only a finite set of infons is of concern. Let us see if it
converges to the previous view on worlds.

Definition 5.23 (Consistence of setsof infons). A set of infons X is consistent,
if the following istrue: If someinfon ¢ € X with ¢ = ((R,a; p)), then 595 > with

¢=(Ral-p).

We need one more axiom in order to obtain our desired result.

Axiom 5.26. Every consistent, finite set of infons X definesasituoid s, such that
Vo(p € — sk ¢).

Please note that the situoid may support more infons, for example due to certain
constraints.

Theorem 5.2. Let ¥ be the set of all infons. A partition (I',A) of X, ' and A
consistent, definesaworld wintheway that Vo(¢p e I' - Wi ¢) and Vo(¢p € A —

Proof. First we provethat wismaximal coherent. Now’ withw <w’ andw # w
is coherent. Let us assume, there was such aw’. Let us assume that W | ¢ and
w i ¢. Since (I', A) is a partition of the set of al infons, ¢ € A. The complement
of ¢, ¢, isinT, ¢ €T, because A is consistent. But W k= ¢ and, becausew < w/,
asow E ¢, sow isincoherent.

Every finite subset I of I" definesasituoid ssuch that Vo¢(¢ € T” — sk ¢). There
isasituoid sp defined by afiniteset I'” c I' such that S(sp) CT'. If thiswas not the
case, then therewould bea¢ € A and so = ¢ for all sy defined by I. But ¢ €T,
and I U {¢} defines a situoid, so there is a situoid s; defined by I” and s; = ¢,
which isacontradiction.

Thereisasituoid sp with sp < w. wisthe maximal element in the part-of order,
So ispart of reality, therefore wisaworld. |
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5.2.11 Granularity and levels of reality

Let us revisit section 5.2.8. We want to investigate further how a human agent
comprehends something. This time, we are more interested in a psychological
view, and therefore more focused on the comprehensive abilities of the agent
but on the ontological properties of situoids. For this we will investigate some
results of modern cognitive psychology, linguistics and discourse analysis. The
goal will be to distinguish real from intentional entitiesin situoid theory.

Whenever a human, intelligent agent uses its cognitive abilities to gather infor-
mation, for example to read atext, watch a soccer game or follow the steps of
a proof, small chunks of information are placed into short term memory, like a
singleword, acertain moveor setting on agamefield or aformula. Thisinforma-
tion is forgotten after approximately 30 seconds, unless rehearsed [ The Internet
Community]. Short term memory has only a limited capacity. The number of
chunksthat can be stored in short term memory has been identified by George A.
Miller in his article ” The magical number Seven, plus or minus Two” as approx-
imately seven. This refers to the amount of meaningful pieces of information or
chunks people can reliably remember for afew minutes.

In [van Dijk, a], the steps for discourse production are summarized as follows,
and they can be, dightly modified, applied to comprehension of entitiesin gen-
eral.

e Text/talk isread/heard and interpreted on line, unit by unit (e.g., word for
word)

¢ On the basis of world knowledge, as well as knowledge of words, syntac-
tic structure, overall meaning (topics), discourse structures and aspects of
context (goals, etc) such units are assigned provisional meaning
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Meanings of smaller units are combined (and where necessary corrected)
into those of bigger units, such as propositions, and sequences of proposi-
tions, until the Short Term Memory buffer is (nearly) full.

The thus interpreted bigger chunks are stored in a Textual Representation
(TR) in Episodic Memory.

Parallel to this understanding of the respective units of the text and the
formation of a TR in Episodic Memory, language users activate an old, or
construct a new (mental) model of the events or situation the text is aboui.

Understanding a text means the construction of such a model: A text is
meaningful or understandable when arecipient isableto construct amodel
for it.

Apart from meaning elements from the (mental representation of the) text,
also information from previous (old) models (= earlier experiences), as
well as specific instances of general (socialy shared) knowledge help to
build up such models.

Models are both personal (featuring individual knowledge, beliefs, opin-
ions of language users) as well socia (applying general, socially shared
knowledge), but each model is unique. The same person may construct a
different model (=adifferent interpretation) of the same text tomorrow.

The whole process of understanding is coordinated by the model language
users have of the communicative situation, namely their context model
(or simply: context). The context model tells the language user what the
aims of the discourse are, who the participants and their roles are, what
they know and do not yet know, in what setting the discourse is being
understood, and so on. Such crucial information is necessary to understand
such diverse properties of discourse asits intonation, lexical and syntactic
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style, which meanings are expressed or left implicit and what speech acts
are being performed.

e Onceformed —or updated—a (mental) model of adiscourse, language users
may generalize such models and thus construct more general, more ab-
stract knowledge structures. It isin thisway that language users may learn
from their experiences. Of course, they may also make false generaliza-
tions, and thus, form prejudices.

In cognitive psychology, these principles are reflected by the concept of chunk-
ing. Short term memory with a limited capacity is the place where al incoming
information from our senses is analyzed and interpreted first. Chunks of infor-
mation are assigned a conceptual meaning in short term memory. Perception,
comprehension or reasoning takes place in short term memory. The information
from short term memory is then stored in the long term memory. However, it
cannot always be retrieved. Because short term memory has a limited capacity,
the process of assigning conceptual meaning to some whole happens in several
chunks. We do not just read in a whole text and start assigning a meaning to
it. And we do not perceive all the states of affairsin a situoid at once and start
assigning a meaning to the situoid.

This process has to happen in several chunks. Cognitive interpretation, some-
times referred to as comprehension, begins immediately with the perception of
the information. The appropriate concepts are then transported to long term
memory as soon as the memory capacity of short term memory requiresit. Also,
the chunks of information have to be semantically connected, in order to assign
ameaning to them. We do not simply give some meaning to a state of affairs and
place this concept in long term memory, and remove it from short term memory
right after. We must assume, that the state of affairs, or at least its interpretation,
is still available in short term memory when we start interpreting the next.

This semantic interpretation is purely local. It consists of perceiving chunks of
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information one after another, and assigning meaning to them and their relations
to each other. However, this does not lead us to a conceptual meaning of some
whole, atext or asituoid. It does not let us assign the chunk its appropriate role
or place in the whole. In cognitive discourse analysis, this concept of global in-
terpretation is made explicit in terms of a semantic macro-structure[van Dijk, b].
In cognitive psychology, it is explained through consecutive chunking up?.

Assituoidsare comprehensive entities, the same principles apply to them. There-
fore, situoids can be described on different levels, from different perspectives, in
alot of different ways. Different ways of describing a situoid result in different
models of the situoid.

Imagine asituoid of a plaza. First this situoid is the instance of a universal, say,
plazay. This universal requires of its instances certain features, say, the exis-
tence of certain infons like ((Treg, x; 1)), ((Fontaine, x;1)) or ({(Person, x; 1)),
stating that there must be a tree, afountain and a person on the plaza®®.

2With the chunks of information possessed and comprehended, we can generalize the infor-
mation, and therefore move to some higher, more abstract concepts. This s referred to as
“chunking up”. On the other hand, if we already possess high-level information and assigned
it an appropriate conceptual meaning, we can particularize these concepts, and move to more
concrete, lower-level chunks. Thisisreferred to as*“chunking down”. When chunking down,
we could ask question like
How did this happen?
Why did this happen?
What is the root cause of this?
What specificaly isit about?
What is an instance of this concept?
e What are the parts of this?
When chunking up, we may ask the following questions:
e What does this mean?
e How isthisrelated to...?
e What isthisapart of?
e What isthisfor?

2\We are aware of the fact that there are plazas without people, trees and fountains, but we
suppose Plazay isthe universal for plazas of thiskind.
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Now we imagine to stand on this plaza and describe it to our blind friend, B, and
cal thissituoid s;. We state that

e 5 :: Plazay

e 51 = ((Person, persong; 1))

e 5 F ((Has-red— hair, persong; 1))

e 5  ((Is—attractive, persong; 1))

e 5 E ((Fontaine, fontaineg; 1))

e 51 E ((Is—high, fontainey; 0))

e 51 = ((Person, persony; 1))

e 5 F ((Walks— from-—to, per sonp, X1, X2; 1;C1))
e 51| ((Sees B, s1;0))

e andsoon...

Now this may be a detailed description of the plaza ahead, with a description
of the persons, the fountain and even a process that involves a person. The
existence of atreeis not further described but already acknowledged by stating
that s1 :: Plazay. Individuals are referred to by name.

Now time has passed, we are back home and recall the plaza to write a report
about it in our diary. Let uscal the situoid described there s,. Certain features
will be lost. We will probably still remember that s; :: Plazay. Maybe we also
remember that there was this attractive red haired person. But the fountain was
of nointerest to us, so we forgot whether it was high or not. Therefore the situoid
sy isdifferent from s;.

However, there is another view on granularity. In the ontology of GOL it is be-
lieved that reality existsin at |east three different strata, that can be distinguished
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by the categories they incorporate. The physical stratum is the most fundamen-
tal, and the mental and social strata are founded on this stratum. Properties of
the entities in the mental and social strata are supervenient?’ on properties of the
physical stratum.

We believe that the physical stratum defines a continuous reality, and situoids
may exist in the physical stratum. Entities existing at a point in time, endurants,
are constructions of amind, and do not belong to the physical stratum. They be-
long to themental or socia stratum. Situationsare entities of thiskind. However,
situoids may participate in the mental stratum, too.

5.3 Situations

Situations are entities in the realm of endurant. They are projections of situoids
on time boundaries. They are wholly present at a point in time. Otherwise,
mostly the same principles apply to situations as they do to situoids. They are
comprehensible entities that exist in redlity.

27supervenienceis awell defined property in philosophy. A group of properties of some higher
level, such asthe mental stratum, X supervene on the properties of some lower level, such as
the physical stratum, Y, if and only if the followingis true for al objectsa and b:
e aand b cannot differ in their X-group properties without also differing in their Y-group
properties.
e |f aand b haveidentical Y-group properties, then they also have identical X-group prop-
erties.
e If aand b do not have identical X-group properties, then they also do not have identical
Y-group properties.
Note that if a and b have the same properties on the higher level, X, they do not necessarily
have to have identical lower level (Y) properties
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5.3.1 Axioms for situations

Of course, situations are much simpler than situoids. There can be no progress,
no change in situations. Only instantaneous states of affairs exist in a situation.
Let us state, without much discussion, the first axioms for situations. Most of
them should be clear from our previous discussion of situoids.

Let us remember our definition for situations.

Definition 5.24 (Situation (2)). A situation isacomprehensible entity in redlity,
that exists at a point in time. It is the projection of asituoid on a point of time.
The class of al situationsis denoted by Situation.

Axiom 5.27.
IxSituation(x)

Situations exist at time boundaries. There is a function tbs : Situation — TB,
where TB isthe set of al time boundaries.

Axiom 5.28.
VX, b(Situation(x) A tbs(x) = b — th(b)A
Ay(Situoid(y) A chrs(y) = cAtb(c, b))
We can now define the relation, first mentioned in section 5.2.9, that a situation
sispart of asituoid w.

Definition 5.25 (<4, Situational part-of).

S<gtW <= Situation(s) A Situoid(w) A tbs(s) = bAchrs(w) =c
Atb(b, c) A Ft(topoid(t) Atop(s,t) Atop(w,t))

We define the supports relation from section 5.2.2 for situations as follows.
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Definition 5.26 (Supportsrelation for situations). Let SInfon be the class of
al infons except timed infons. The relation =C Situationx Sinfon is called
obtains relation. We use infix notation to denote this relation: sk ¢, whichis
read as“ Theinfon ¢ obtainsin the situation s.

Timed infons do not make sense in situations, as situations exist at precisely one
point in time, a single time boundary, and the states of affairs that correspond
to the obtaining infons have to exist at the same point in time. This does not
mean, that the entities participating in the states of affairs have to exist at time-
boundaries, too. As an example, consider the state of affairs “ The process p's
being earlier than the process q".

Aswe did for situoids, we can now define another, basic part of relation.
Axiom 5.29.
Vs Vsp(Situation(sy) A Situation(s)) As < s =

Vo(siE ¢ — S2F ¢))

And also, two situations are identical, if and only if the same infons obtain in
them, that is, if they are part of each other. Again, thisisinsufficient. They also
have to exist at the same time boundary, and they have to be a situational part of
the same situoid.

Axiom 5.30.
Y1V sp(Situation(sy) A Situation(s))As =S & S <A< SIA

As(Situoid(s) A s1 <gt SA S <gt Aths(s1) = ths(s)))

We extend the function S(s), taking situoids into sets, to accept situations as its
arguments.
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Axiom 5.31. Thereisafunction S : Situoid U Situation — Set, such that

X=5(S) & Vo(SE ¢ o peX)

Again, the same as for situoids, we do not want to permit empty situations.
Axiom 5.32.
Y s(Situation(s) — d¢(Infon(¢) A sk ¢))

Now we said that situations are comprehensible entities. Some of the axioms of
section 5.2.8 have to be adapted and applied to situations. The first important
condition is, that every situations has to be the instance of at least one univer-
sal.

Axiom 5.33.

VYs(Situation(s) — Ju(Universal(u) A s:: u))

Again, given a certain situation, we can add more and more information to it, in-
finitely. Thisis different to situoids, as they can also be more and more extended
in time, while situations cannot.

Axiom 5.34.

VY(Situation(s) — At(Situation(t) A sS<tAS#1))

The last axiom needed for situations to be comprehensible entitiesis the follow-
ing:

Axiom 5.35. The set S(s) of al infons obtaining in asituation sis decidable.
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5.3.2 Are situations part of reality?

Note, that we did not consider situations as parts of reality. Thisis a brake with
Barwisean situation theory. Motion, actions, events are without beginning or
end. Reality isacontinuous process. Although motion, actions and events occur
over time, and therefore are not instantaneous or eternal, every action, motion
or event succeeds and precedes another. One may argue, that motion and action
have a start, a beginning, a so-called first cause, but this cause is beyond reach
of human understanding. The same applies to the end of all actions and events.
We exist therefore in a continuous reality.

Although reality is continuous, our perception is not. We seem to be unable to
comprehend the whole of this continuous reality. Therefore we brake up reality
into discrete pieces, with starts and stops. We believe certain entities to exist
between those pieces, entities we described as situoids, and sometimes they are
called events. This braking up into pieces is totally subjective. The starts and
stops is what we call “situations’. “These boundaries of events are, of course,
even more artificial and contrived than events themselves. Events do contain a
portion of reality. Situations, on the other hand, do not. Asboundaries, they have
time-space | ocations, but while the space locations are necessarily extended |[...],
the time dimensions are not extended. Situations are, indeed, motion and action
imagined to a standstill, movers and actors occupying space but deprived of their
denoted characteristics.”[Riker, 1957]

As aresult of this, we end up with another axiom, namely that every situoid
defines at least two situations, an initial situation and aterminal situation.

Axiom 5.36.

VYx(Situoid(x) A chrs(X) = ¢ — ds13s, (Situations(sz) A Situation(sp) A
tbs(s) = b1 Aths(sp) = ba Alb(c,b1) Arb(c,by)
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5.3.3 Changes

Two situations are said to coincide, if the time-boundaries at which they exist
coincide. Two situoids are called “successive situoids’ if the terminal situation
of thefirst coincided with theinitial situation of the second.

Now let us define what we mean by a change.

Definition 5.27 (Change). A change c is an ordered pair of situations, s, and
Sp, such that S(s1) # S(sp) and ths(sy) < ths(s,)?8. We will note a change of this
kind asc = (s1,sp). Theclassof al changesis called Change.

There are two kinds of changes, instantaneous changes and eventual changes.

Thefirst type appears for example, when we consider alamp that is being turned
on as asituoid. Intheinitial situation, the lamp is off. Then there is the process
of turning the lamp on. Let us end this situoid and the process of turning on
the lamp with the lamp still being off. Thisis the terminal situation of the first
situoid. A successive situoid starts with the lamp being on. The initia situa-
tion of the second, sp, coincides with the terminal situation of the first, s;. At
least one infon changed polarity, and therefore S(s1) # S(s), and (s1,S) isa
change.

Let us consider the same process of turning on a lamp in a somewhat larger
situoid. Then, the lamp isturned off in the initial situation, s;, but turned on in
the terminal situation, s;. Those two situations do not exist on coinciding time
boundaries, but again, at least one infon changed polarity, and therefore (s1, S)
isagain a change.

Considering two situations, s; and s,. What happens, if there is an infon ¢ that
obtainsin s1, but neither ¢ nor its complement obtainsin s,. Would we consider

2t js assumed here that right boundaries are before (<) |eft boundaries.
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this a change? Our answer is yes, because somehow, information appears to
have got lost. If we start out knowing the lamp is turned oft, but we end up with
a situation in which no information about the lamp’s being on or off is present,
certainly something changed.

Another problem appears, when we consider two seemingly unrelated situations,
for example one, s1, with the lamp being turned off, and another one, s, with
John kissing Mary. Most people would not consider this a proper change, al-
though both situations are totally different. This may even be the case with
coinciding situations. As changes happen in the frame of situoids, we will state
another axiom, in order to prevent these types of changes.

Axiom 5.37.

Yc(Change(c) A ¢ = (s1, S) — AS(Situoid(s) A s1 <gt SA S <4t 9))

Changes therefore have to be considered with respect to a situoid.

5.3.4 Anchors

Situations as well as situoids are instances of at least one universal. Universals
are intensional, they determine the properties of its instances. Unfortunately,
we have no means of describing those properties, and the language GOL does
not provide those means either. Because there is no plausible formalism how
to specify universals, we will develop one ourselves, but just for situations and
situoids. This may be generalized to other categories, but we will not take our
approach that far.

Before we do this, we have to change our perspective a bit. While we have
been concerned with ontological properties of situations, situoids, infons and
states of affairs until now, we will need to focus more on formal details of those

113



5 Ontological situation theory

entities than we have done before. We omitted those details because they were
not relevant in our previous discussion.

Remember that relations in the General Formal Ontology are specia types of
universals. Instances of those universals are called relators. Every relation R
comes with a set of argument roles, Arg(R). For example, the relation eating
comes with the role of the eater, the eaten, and the location the eating takes
place. Those roles are filled with objects of appropriate sort. The eater has to
be some kind of living organism, the eaten some physical entity, the location
a spatio-temporal one, specified by a chronoid or time-boundary and a topoid.
Aninstance of the relation universal, the relator, connects entities of appropriate
sort. The connection between those individual objectsthrough the relator iswhat
we called astate of affairs. Pictural states of affairs are determined by an instance
of arelation R, the relator r, and an assignment function assigning appropriate
objects to the set of arguments of R, Arg(R). The assignment function may be
partial. Let Rbearelation, f the assignment function and {xy, ..., X, ..., Xn} be the
set of arguments of therelation Rin the pictural state of affairs¢ = ((R, ..., X, ...)).
Then (R, ..., X;,. 0[] = (R ..., T(X),...)). Sometimes, in situation theory, this
function f iscalled an anchor.

We will use a similar notion for infons. Let i be an infon with the pictural
state of affairs ¢ = ((R X1,...,X,..., Xn)). Let f be an assignment function: f :
{X1,...,Xa} — Entity. Then f satisfies the infon i relative to a situation s iff
SEI[f] iff sk i’ and f isthe assignment function of the pictural state of affairs
of i’. Because we will need the assignment function more often in the future, we
introduce the following definition.

Definition 5.28 (Anchor function). Let i be an infon with the pictural state of
affairs ¢, and let f be the assignment function that is part of ¢. Then anchor (i) =
f.
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5.3.5 Compound infons

There are three kinds of compound infons, the meet of a set of infons and the
existentialization of an infon respectively an argument X, and the negation of an
infon.

Definition 5.29 (Meet of a set of infons, existentialization and negation of
infons). Let | beaset of infonsand i be an infon. Then A I iscalled the meet of
aset of infons, and 3Ax(i) the existentialization of i with respect to x. —i iscalled
the negation of i.

This leads to another axiom.

Axiom 5.38. Let | beaset of infonsand i be an infon and sasituation or situoid.
Then

e sEAliffskifordliel

e sk dx(i) iff for some object a, sk i’, where i’ isidentical to i except for
the anchor of i” anchor(i”) = f and f(x) = a.

e SE-iiff SEI.
Using this axiom leaves the ontological status of infons unchanged. They till
correspond to pictural statesof affairswhich correspond to states of affairs. Com-
pound infons do not correspond to pictural states of affairs, but we do not need

to introduce such a notion, because we just use compound infons as a convenient
way to express more complicated propositionsin an easy fashion.

5.3.6 Universals

Now to universals. How can a universal with situations as itsinstances be speci-
fied? What would have to be specified? A universal specifies certain properties
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and relations of its instances. This may only be done using relations where at
least one argument, one role has to befilled by the individua that is the instance
of the universal. For example, the universal Humans, human being as a social
being, would have to be specified by the relations the instances of this univer-
sal have to other human beings. On the contrary, Humanp, human being as a
biological entity, would be described by its anatomical parts and their spatial po-
sition, and maybe the function of those parts. In general, every universal defines
atheory about itsinstances.

Let us assume, this theory is defined in standard first order logic?®. Then X =
(F,R,C;ar) is the signature with a set of function symbols F, a set of rela-
tion symbols R and a set of constant symbols C, with C C F. ar is a func-
tionar : FUR— w and is caled arity. The aphabet over X, Al(X) consists of
a set of individual variables Var, the symbols given by the signature X F(X),
R(X) and C(X), and the symbols 3,-,A,),(. The set Tm(X) of terms is the
smallest set containing Var U C(X) and closed under F(X) (that is, if t1,...,th €
Tm(Z), f € F(X),ar(f) = n, then f(t1,...,t,) € TMZX)). An atom formulais a
string of the form R(t1,...,t), where Re R(Z),t1,...,th e Tm(X),ar(R) = n. The
set Fm(X) of formulas is the smallest set of strings over Al(Z) containing the
atom formulas and being closed under the conditions: if A,B € Fm(X), then
{=A,AAB} C Fm(X). If A(X) e Fm(Z) and x isfreein A, then IxA(X) € Fm(Z).
Let T(X) € Fm(Z), then T(X) iscalled atheory. If the signature isfixed, we omit
¥ and writejust T for theory.

Aninterpretation over asignatureX = (F,R,C; ar) isastructure (called X-structure)
A = (U, (f) ek, (R)Rer, (¢%)cec) Which is defined by a set of individuals U,
fo.Uur(M 5 U, RcUT® deC. Letpu: TME) - U, u(t) e U if t e Var,
u(f(te,....t0)) = fO@u(ty),. .., u(tn)) otherwise.

PThisis actually alimitation, as there may be universals requiring more powerful formalisms,
such as higher order logics.
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A universal defines a theory and perhaps a signature. Therefore, we note a uni-
versal uby u= (X, T), where X isasignatureand T atheory. T hasto fulfill the
following condition: All formulas F € T have at most one free variable, at least
one formula has one free variable.

Let Xont be the signature of an ontology such as GFO, L(Zont) be the ontological
language and T be atheory defined in the language L(Zont UZT UZ2), where Xt
may contain additional symbols for relations and functions and - = {=}. Let
Ax(Ont) be ontological axioms, such as the axioms of GFO, T U Ax(Ont) = S.
Let S* be the deductive closure of S. Then we do the following expansion: Let
Univ be the set of all occurrences of a string of theform x:: u in elements of the
set S", where xisanindividual and u; = (Zy;, Ty;) isan universal, where zis the
free variablein Ty, (with 1 <i < |Univ]). Then S;; = S"UU{FZ A\ Ty, AX=2):
1<i<|Univi).

Another way to achieve the same result is by extending the deduction relation
FC 2FME) x Fm(Z) by ({A}, A’), where the following obtains:

e If the string A does contain a substring of the form x:: u for any x and u,
andu= (X, Ty) isauniversal and zisthefree variable of T, then A’ isthe
string which is the result of the replacement of x:: uby (3zA TyAzZ=X)

o A=A otherwise.

Sometimes this will lead to an infinite loop (if T, contains itself a string of the
form x:: u), which does not concern us at thistime. A more detailed explanation
of universals and how they are specified will be developed soon by the GOL-
Group. We, however, believe, that any such explanation will have to satisfy at
least the formalism described above.

There will be certain properties which the theories specified by universals will
haveto fulfill, for example, that the free variable in those theories can only occur
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as the argument in such relations, that take an appropriate® entity as its argu-
ment. There may be more restrictions imposed on those theories, either because
it is necessary from an ontological perspective or from a computational. For ex-
ample, we may assume, that all theories defined by universals are 3-theories®!.
We may even impose restrictions on the theory, for example when we want to
assert, that one and only one relation isused init. Again, afurther analysis will
be left open to the GOL -researchers.

When the signature is known, clear from the context or unimportant, we will
denote universals as follows:

Definition 5.30 (Notation for universals). A universal u= (X, T) isdenoted as
follows:
u=[XP(x)]

5.3.7 Situation types

Before we can proceed to a preliminary semantic for situations, we will need the
notion of atype.

Definition 5.31 (Type of a situation, conditioning infon). Let i be an infon.
Then T =[9gsE i] isatype of asituation, and i is the conditioning infon of T,
i =cond(T). A situation sis of the type T relativeto f if sk i, cond(T) =1,
anchor (i) = f and f isdefined on all the parameters of i.

Situation types are universals, and we believe that this notation for situations
types is sufficient for all situations. Similarly, universals can be specified for
situoids.

30«Appropriateness” is here defined by roles.
313-theories are theories, where all formulas are of the form Jx13x,... Ix,F(X), where F(x) is
without quantifier.
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5.3.8 Constraints and Involvement

Now, after defining universals, or situation types, we can show how to use this
formalismin practise.

We will use constraintsasin [Isragl and Perry, 1990], infonswith a pictural state
of affairs, whose relation relates amongst situation types.

Definition 5.32 (Constraint). A constraint is an infon i = ((R,a1,...,an; p)),
such that ay, ..., a, are assigned to situation types.

We will use two specia types of constraints. There are more, the most basic
being ((T,a,b; 1)) (({L,a,b;1))), stating that if a situation is of type athanitis
also (not) of type b. However, some more complicated types of constraints are
of concernto us.

We can define what we mean by the involvement of two situations. We dis-
tinguish between simple involvement, which is a binary relation, and relative
involvement, which isaternary relation.

Definition 5.33 (Smple and relative involvement). Simple involvement is a
binary relation. If the type of a situation T involves the type of a situation T,
then for every situation of type T there isone of type T’, noted as

{Involves, T,T’;1))

Relative involvement is aternary relation. If T involves T’ relative to T”, then
for any pair of situations of type T and T” there is a situation of type T’, noted
as

{Involvesg, T, T, T”; 1))

The theory defined by a universal can assert constraints to situations. Let C be
aconstraint, then s C will assert the constraint C to a situation s (which isthe
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free variable in the theory defined by the universal the situation is an instance
of).

Now we express the information carried by an infon. Information here is a
proposition relative to some constraint of the form ({Involves,...;1)).

Axiom 5.39. Let C be some constraint. Theinfon i carries the pure information
that P relativeto C iff

1. C={Involves T,T’;1))
2. For any assignment f such that i = cond(T), anchor (i) = f, P isthe propo-

sition P =35 (s’ E day,...,an(cond(T")[ f])).

The assignment function for the conditioning infon of T has to be the same as
for the conditioning infon of T’, and al other parameters of cond(T’) are exis-
tentially quantified. Note also, that it is not required, that if sk i and therefore
sisof thetype T, it itself has to be of type T’, but there only has to exist some
situation of type T”.

We need another axiom for relative involvement.

Axiom 5.40. Let C be some relative constraint. Then the infon i carries the
incremental information that P relativeto C and theinfon i’ iff

1. C={Involvesy, T,T’,T”; 1))
2. For any assignment f suchthat i = cond(T), anchor (i) = f andi’ = cond(T"”)[ f],
P isthe proposition P = 3s'(s' E Jay,...,an(cond(T’)[ f])).

Now let us assume, that for a universal u with situations as its instances, u =
(T,Y2),and T ={sE Cq,...,sSEC,SE By,...,SE Bn}, where Cq,...,C,, are con-
straintsand By,..., By are basic infons. Of course are constraints only a special
type of basic infons.

We will seein an example, how thisformalismis applied.
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5.3.9 A situation example

This exampleisdueto John Perry [Isragl and Perry, 1990]. The dog Jackie hasa
broken leg. Thereisan x-ray taken of Jackie, and thisx-ray has a certain pattern,
indicating that Jackie has a broken leg.

There are two types of situations of concern. The first is one with an x-ray, X,
at atimet, that has a certain pattern ®. This pattern is the pattern of a broken

leg.
T =[9skE ((X-ray, x,t; 1)) A ((Has-pattern-®, x,t; 1))]

The second type is one with the x-ray x of some object y and this object has a
broken leg, al at a certain time.

T’ = [dsE (Isxray-of, x,y,t; 1)) A ((Has-broken-leg,y, t; 1))

Our constraint will now state the following: If there is an x-ray x and it has a
certain pattern @, the pattern of abroken leg, then it isan x-ray of some object y
and this object has a broken leg.

C = {{Involves T,T’;1))

We define a universal us, the universal of situations with an x-ray of a broken
leg, in the following way:

uS = (ZaTS)
L=(F)
Ts=[9skE X-ray, x,t; 1)) A sk ((Has-pattern-®, x, t; 1))

The situation sisthen defined as follows, where aisthe x-ray and t’ the time the
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x-ray has been taken.

S:iUs
sk (X-ray,a,t’; 1))

sk ((Has-pattern-®, a, t’; 1))
seC

Now f isan anchor defined on x and t, such that f(x) =aand f(t) =t’. Now we
obtain

¢ = (Xray,at’;1)) A((Haspattern-@,a,t’; 1))
= ((X-ray, f(x), f(t); L)) A ((Has-pattern-®, f(x), f(t); 1))
= (((X-ray,xt; 1)) A ((Has-pattern-@, x, t; 1)))[ f]
= cond(T)[f]

Then P is the following proposition:

A5 (s E dy((Is-xray-of, x,y,t; 1)) A ((Has-broken-leg,y,t; )))[ f])
A5 (s’ E y((Is-xray-of, f(X),y, f(t); 1)) A ((Has-broken-leg,y, f(t); 1))))
A5 (s’ E Ay((Is-xray-of,a,y,t’; 1)) A ((Has-broken-leg,y,t’; 1))))

This proposition is the pure information carried by the situation s, namely the
proposition, that in some situation s’ there has to be a dog y, and a is the x-ray
of yattimet’.

Let us now see what we will obtain using the second type of constraint. Let the
type T be the same as before, T’ = [gsE ((Has-broken-leg,y,t;1))] and T” =
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[Ssk (Isxray-of, x,y,t; 1))], and C" = ({Involvesg, T, T’, T”; 1)).
The universal ug isthe same as above.

We could state that the described situation is the instance of another universal,
a universal of situations with an x-ray of a broken leg of some person. Or we
could define an additional universal and say that this situation is also an instance
of another universal, the universal of situations with an x-ray of an individual.
Again for the sake of simplicity we omit this.

The situation sr is then defined as follows, where aand t” are as before, and b is
assigned to the dog Jackie.

Sl U
Sk ((X-ray,a,t’; 1))

sk ((Has-pattern-®, a, t’; 1))
sk ((Is-xray-of,a,b,t’; 1))
sk {(Involvesg, T, T, T"; 1))

Now f isan anchor defined on x and t as well asy, with f(x) = a, f(t) =t’ and
f(y) = b, f hasto assigny to the dog Jackie, b.
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Now we obtain the following.

¢ = ((X-ray,at’;1)) A ((Has-patern-®,a,t’; 1))
= ((X-ray, f(x), f(t); 1)) A ((Has-pattern-®, f(x), f(t); 1))
= (((X-ray, xt; 1)) A ((Has-pattern-®, x, t; 1)))[ f]
= cond(T)[f]
¢" = ((sxray-of,a b,t’; 1))
= ((Isxray-of, f(X), f(y), f(t); 1))
= ((Isxray-of, x,y,t; D[ f]
= cond(T"")[f]

Now we will obtain the proposition

As”(s” E ((Has-broken-leg, b,t"; 1)))

Thisisthe information we wanted to obtain out of the described situation.

5.4 Models for situations

In this section we will discuss how to model situations. We want to be able to
talk about situations, and validate, whether propositions about them aretrue, or if
certain infons obtain in situations. Therefore we try to express knowledge about
situations using some mathematical structure. Because situations are described
by sets of infons, we will use setsto model situations. However, situations pos-
sess certain features that are hard to model in classical set theory. Especialy
inherently circular situations require close attention. Therefore, we will first in-
troduce an alternative set theory, one with the axiom of foundation replaced.
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Then we will see how we can model situations using this set theory.

The models constructed for situations here can be used for situoidsaswell. How-
ever, we believe that other means of modelling situoids are better. For example,
there may be concurrent processes in situoids, or parallel processes that have a
certain temporal extension. The temporal extension of these processes should
be reflected in the model of situoids. Therefore, some graphical representation
should be considered.

5.4.1 Aczel’'s ZFC/AFA

The set of axiomsfor classical set theory created by Zermelo-Fraenkel is called
ZF. ZFC isthe set theory of Zermelo-Fraenkel with the axiom of choice:

Axiom 5.41.

YX(0 ¢ XxAYuv(u,ve XAVEU—-UNV=0) - JuvVz(ze X —

zN u has exactly one element))

The axiom that is on question in this section is the axiom of foundation. This
axiom states, that every set has an e-minimal element:

Axiom 5.42.
AX(x# 0 — Ay(y € XA XNy =0))

The foundation axiom assures that sets cannot contain themselves as el ements
and that the class of all setsisnot a set. It makes sure, that the universe of sets
is hierarchical structured and can be created by iterated power-set construction.
Thisisthe axiom in question.

A setiswell-founded, if it does not have an infinite descending membership se-
guence, otherwise non-well-founded. This notion is quite old, and well-founded
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Figure 5.7: The set a = {b}

as well as non-well-founded sets have been studied for decades. The notion
has been introduced 1917 by Dmitry Mirimanov. Although there have been a
number of attempts to replace the foundation axiom of ZFC, there has not been
a major breakthrough in applications for non-well-founded sets until the revo-
lutionary work of Peter Aczel in 1988[Aczel, 1988]. Before Aczel, there have
been afew anti-foundation axioms, due to M. Forti and F. Honsell, P. Finder, or
Dana Scott. The axiom AFA by Forti and Honsell has been adopted by Aczel.

Peter Aczel used a graph representation of sets, where an arrow between the
nodes a and b denotes the membership relation a € b. A set in graph representa-
tion is called well-founded, if it does not have any cycles or infinite descending
branches. Figure 5.7 shows the ssmple well-founded set a = {b}. The more com-
plex set a= {{b,{c,d}},e} isshow in figure 5.8.

The anti-foundation axiom AFA states, that every set, well-founded or not, pic-
tures a unigue set. Removing the foundation axiom from ZFC and adding AFA
instead leads to the hyperset theory ZFC/AFA. Now, the so-called Quine atom
X = {x} can be pictured by a graph, as can be seen in figure 5.9. However, the
same unique set can be pictured by many different graphs, as can be seen in
figure 5.10.

Aczel stated, that there has to be a fundamental structural difference between
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Figure5.8: Theset a = {{b,{c,d}}, e}

D

Figure 5.9: The set x = {x}
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D

Figure 5.10: The set x = {x} as different graphs

graphs to model different sets. He introduced the notion of a bisimulation be-
tween two graphs.

Definition 5.34 (Bisimulation of two graphs). A bisimulation between two
graphs G; with point p1 and G, with point p2 isarelation RC G1 x Gy satis-
fying

1. R(p1, p2)
2. if R(n,m) then

e for every edge n — n’ of G; there exists an edge m — nv of Gy
such that R(n’, nY).

e for every edge m — m' of G, there exists an edge n — n’ of G
such that R(n’, ).

Two graphs are called bisimilar, if a bisimulation exists between them.
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If two graphs are bisimilar, they picture the same set. Therefore, a set is com-
pletely determined by a graph that pictures it. This solves some problems with
equality of sets, and shows someinteresting properties of extensionality. In clas-
sical set theory two sets are equal if and only if they have the same elements.
But let a={0,a} and b = {0,b}. Then a=b if and only if a=b. In the the-
ory ZFC/AFA, aand b are indeed equal, because their corresponding graphs are
bisimilar.

5.4.2 Hyperset-based model theory

We will now show how to model situations with hypersets. As Barwise has
shown in [Barwise, 1989], there are inherently circular situations, and the best
way to model them is by using hypersets.

We will use the same notion as did Barwise in [Barwise, 1989] of a state model:
A state model isan ordered triple < R,a, p >, where Risarelation, a afunction
and p € {0,1}. A situation model isintroduced as a set of state models.

Axiom 5.43. Thereis an operation M : Entity — Set, satisfying the following
equations:

e If bisnot asituation or infon, then M(b) = b.

o If o = ((Ra;i)), then M(¢) =< R b,i >, where b isthe function on dom(a)
satisfying b(x) = M(a(x)).

e If sisasdituation, then M(s) = {M(¢) : Sk ¢}.
We believe that more research has to be done concerning situation models. For

example constraints and the semantic of the two types of constraints we dis-
cussed are not reflected by this approach to model situations.
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Another approach of modelling situoids has been published by the GOL re-
searchersin [Heller et a., 20044].
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Before we compare thetheory laid out in thelast chapter with the situation theory
by Barwise and Perry, we will have to remark on some semantic issues. Then
we will compare it to Barwisean situation theory, and finally critically reflect on
our framework laid out in the last chapter.

6.1 Semantic Issues

Historically, situation theory was supposed to provide a semantic for natural
language, Situation Semantic as in [Barwise and Perry, 1981]. For this, the so-
called relational theory of meaning has been developed, expressing the meaning
of an utterance as a relation between an utterance situation and a described situ-
ation. In this section we will comment on the relational theory of meaning and
describe how it can be incorporated in our approach. Afterwards, we will show
how modalities can be expressed in our framework.

6.1.1 The Relational Theory of Meaning

Barwisean situation theory provided a semantic for utterances in natural lan-
guage. Situoid theory does the same. Because utterances are always temporally
extended, they have to be viewed in the domain of situoids, and not situations.
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Before we can explain how the meaning of aterm is modelled in situation the-
ory, we have to explain the “categorization devices’ we introduces in section
5.2.8. A categorization deviceis auniversal. Only universals are instances of a
categorization device, so it is a universal of universals. It has been introduced
by Sacksin [Sacks, 1972] as a non-empty collection of categories together with
rules of application. As an example there may be a categorization device “gen-
der” with two universals asitsinstances, “maley” and “ femaleq”. The index H
means here that these universals are applied to humans. Now we could formu-
late rules of application, like in [Devlin, 2003]: “If some population of persons
is being categorized, and if a category from some device has been used to cate-
gorize one member of the population, then that category, or other categories of
the same device, should preferentially be used to categorize further members of
the population.” or Sack’s Economy rule: “A single category from any device
can be referentially adequate.” Several more preferential rules, for example for
category-bound activities, can be found in [Devlin, 2003].

The meaning of areferring word or term ¢ is arelation ||¢|| between pairs (d, u)
of situoids and pairs (T4, Tgev) Of universals. The situoid u contains the utterance
of ¢, whilethe situoid d isthe context in which ¢ has been uttered. The universal
Ty isthe universal that ¢ is an instance of, while Tqey IS a " categorization device
determined by the contextual features in d."[Devlin, 2003]. T, is a member of
Tgev- Asin [Devlin, 2003], we will call Tqe, the outer device, the connection
between the context d and T ey the outer link, the universal T, the inner type and
the connection between u and T4 the inner link.

Categorization devices are associated with situoids using the relation ass, with
ass C Univer sal x Situoid.

How can this be used to give meaning to areferring word, such as*“man”? There
are several meaning for the term “man”, such as husband, human being with a
certain gender or astagein life.
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Let usfocus asituoid d. We know the following things about d:

e d [ ((Student, John; 1))

d | ((Sits—in— biology — class, John; 1))

d | ((Teacher, Mary; 1))

d | ((Teaches— about — sexual — reproduction, Mary; 1))

d = ((Movie—of —reproduction,m; 1))

d E ((Watches, John,m; 1))

d E ((Utters, John,u; 1))

S0 our context is a situoid with at least two people, John and Mary. John is
attending Mary’s biology class about sexual reproduction. Apparently some
kind of instructive movie has been shown to the class, and John is giving a
report on what he saw. This context establishes a categorization device Ty,
and Than i Tsex. The categorization device Tgx has universals as instances
that are relevant in the context of sexual reproduction. Tpgn IS Such a uni-
versal. When John utters “The man is more muscular than the woman” (u =
((More-muscular, man, womany)), the meaning of theword “man” is expressed
as (d, u)|lman||(Tman, Tsex). The same would hold for “woman”.

Adjectival termslike “muscular” can be given a meaning, too. The meaning of
an adjectival term ¢ isthe relation (d, u)|l¢l|(T4, Titem) between pairs of situoids
d and u and pairs of types, T4 and Titem. Asin[Devlin, 2003], T, isthe universal
with al the entitiesthat can be referred to as ¢ asinstances. Titem iSthe universal
the item referred to by the utterance u in d is an instance of. So in our previous
example, the meaning of “muscular” would be (d, u)||muscular||(T musculars Tman)
and (d, u)|imuscular||(Tmuscular» Twoman) respectively.
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(d,U) ”Word ” (Tword ;Tdev)

| |

utterance of _ _ determines
inner link

outer link

contextual constraints

Figure 6.1: Word meaning (from [Devlin, 2003])

The relation between the context, the utterance, the uttered term, the universal
of the uttered term and the categorization device has been illustrated in figure
6.1.

6.1.2 Situoid theory and modality

Jon Barwise showed in [Barwise, 1997] how to introduce modality into situation
theory, while keeping a strictly realistic point of view. We will show how thisis
done and how to incorporate his approach in our framework.

Definition 6.1 (Classification, Boolean Classification). A classification A =
(S,%,E) isaset of sSituoids or situations S, a set of infons X and the relation
EC SxZ.

A Boolean classification A= (S, X, E, A, —) isaclassification together with A and
-, defined on infons, and satisfying the following:

o SEd1NP2iff SE ¢1 and SE ¢
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o SE-¢iff St

Barwise used Gentzen-type sequents to model information.

Definition 6.2 (Sequent). A sequent | isapar | =T = A, whereI” and A are
sets of infons.

A sequent | =T = A holdsof asituation (or situoid) s, SET'= A, if thefollowing
istrue: If sk ¢ foral ¢ eI, then sk p for somep € A.

A sequent | isinformation about a set of situoids or situations S if si= | for all
seS.

The following propositions about sequents hold, just as for classical sequent
calculus, such as LK [Gentzen, 1969].

Theorem 6.1. Let sbeany situation or situoid.
1. sk {A} = {A} (Identity)
2. IfseI'=AthenseTUl” = AUA’ (Weakening)

3. If sETUXy= AUZ, for each partition (£o,X1) of some set of infons ¥/,
then sk T = A (Global Cut)

4, IfseTU{A} = A, thensETU{AAB} => AandalsosETU{BAA} = A
(AL)

5. fseI'=> AUu{AlandskET" = A’U{B}thensETUI" = AUA’U{AAB}
(AR)

6. If SET = AU{A} then SE TU{-A} = A (-L)

7. If SETU{A} = Athen sSE T = AU{-A} (-R)
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Proof. 1. Toshow isthat if sk Athen sk A, thatis sk A — Al whichisa
tautol ogy.

2. Fordl ¢ €T, sk ¢, and for some ¢’ € A, sk ¢’. To show is, if for al
oel'Ul” sk ¢, thereissome§” e AUA” with sk ¢’. If thiswas not the
case, therewould benosuch &’ e AUA’, buta¢’ e ACAUA’, whichisa
contradiction.

3. Proof can befound in [Barwise, 1997].

4. To show is, that if sk ¢ for all ¢ € I'U{AA B} then there is some ¢’ € A
so that s ¢’. If thiswas not the case, then sl T'U{A} = A whichisa
contradiction. The proof is similar for the other direction.

5. GivenisskEI'=> AU{Aland sET" = A U{B}. If s TUI" = AUA'U
{AAB}, thenforall ¢ eTUT” butfor no¢’ e AUA"U{AAB} sk ¢’. There
issomed e AU{A} andsome ¢’ e A U{B}withsEsdandskEd§. If 6€A
then thereisa¢’ € AUA" U{AA B} with sk ¢’ which is a contradiction.
Thesame holdsfor ¢’ e A’. Sod =Aand ¢’ =B and sk A and sk B. But
then sk AA B, which isagain a contradiction.

6. GivenissET = AU{A}. Assume sl T'U{=A} = A, then for al ¢ €
I'U{-A} sk ¢, butfor no ¢’ € A sk ¢’, whilethereisa s € AU {A} with
sk o. If § € A we have a contradiction, so § = A and sk A, while at the
sametime s —-A, which isacontradiction.

7. The proof issimilar to the previous.

These rules taken as inference rules are complete [Barwise, 1997]. Barwise
introduces information contexts, also called local logics.

IWe take A v B as an abbreviation of —-(—~AA =B) and A — B as an abbreviation of ~AV B.
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Definition 6.3 (I nfor mation context, Boolean infor mation context). Aninfor-
mation context C = (A,=,N) isa classification A, a binary relation = relating
sets of infonsand aset N C S of situations? called normal situations. N isclosed
under identity, weakening and global cut, and for all se Nandadl | e=: sE 1.

A boolean information context is one where N is also closed under the rules

(AL), (AR), (-L) and (—=R).

The idea is that %, the set of infons from A, represents the relevant issues, =
the information present, while N are the situations supporting this information.
They may, but do not have to be all the situations.

Barwise continues by introducing possible worlds, which he calls “states’ to
distinguish them from Lewisian possible worlds in [Lewis, 1986]. We will call
them possible worlds anyway.

Definition 6.4 (Possible and impossible wor lds, realization of worlds, possi-
ble and impossible situations). Let C be an information context.

1. A possibleworldisabinary partition (I', A) of theinfonsin C, Q the set of
all worlds.

2. The possible world of asituation sisthe partition (I's, As) whereI's = {¢ €
Y|sk ¢} and As =X —T's. Theworld is denoted world(s).

3. A possibleworld w e Q isrealized by the situation s if world(s) = w.

4. A worldw = (I',A) isimpossible, if ' = A, otherwise possible. Q¢ isthe
set of all possible worldsin the context C.

5. A dituation sis possibleiff world(s) is possible.

2For the rest of this section we will use “situation” when we mean a situation or a situoid.
Barwise subsumed both ontol ogical categories under the term “situation”, and we will use his
terminology in this section. But keep in mind that we are not solely talking about situations,
but situoids as well.
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Now it can be shown, that every normal situation is possible, and if the infor-
mation context is sound, every situation is possible as well asif the information
context is complete, then every possibleworld isrealized by some normal situa-
tion.

Before we can introduce modalities, we need one more definition, defining what
is meant by one information context being less informative than another.

Definition 6.5 (Less and more informative information contexts). Let A =
(S,Z,F) be afixed classification, and C; = (A,=¢,,N1) and C; = (A, =c,,N2)
be information contexts. Then C1 E Cs iff

1. for al setsof infonsI" and A, if I' =¢, A, thenT =¢, A and

2. foral se S, if se Ny then se N;j.

Now modalities can be introduced.

Definition 6.6 (Informational modal framework). An informational modal
framework M is a classification A = (S, X, ), and an information context Cg =
(A,=s,Ns) for each situation s € S, satisfying the condition: If world(s) =
world(s’) thenCsC Cy and Cy C Cs. All t € Ng are called s-normal. All worlds
possible relativeto Cs are called s-possible.

Now propositions are taken as sets of possible worlds. It follows the final defi-
nition in [Barwise, 1997], modified to fit our terminology.

Definition 6.7 (Accessibility of worlds, ¢p, Op). Let M be afixed information
frame.

1. A possibleworld w’ is accessible from the world w provided that for some
situation s with world(s) = w, w’ is s-possible. (It follows that w’ is s
possible for every swith world(s) = w.)
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2. Given aproposition p, let
op = {we Q|some statew’ € pisaccessible from w}

and
Dp:—|<>—|p

With these definition, Barwise showsin [Barwise, 1997] several theoremsknown
from modal logics, and we will name the more important ones.

A proposition is valid in the informational modal framework M, written M = p
iff sk p for al situations sin M. Then for any modal information frame M
and any propositionspand g, o(p— q) —» (Op— 0Q), p— opandop — p are
valid.

Severa other theorems are proven in [Barwise, 1997], and all of them can be
adapted to the framework of situoids and situation of thisthesis. Therefore, this
may be an elegant way of introducing modalitiesin the ontology of GOL.

6.2 Comparison to Barwisean Situation Theory

We developed atheory of situoids and situations on approximately the last hun-
dred pages. First we introduced Barwisean situation theory, and then started to
develop our own theory. Now we will have to ask what we have accomplished.

The main difference between Barwisean situation theory and what we called
situoid theory is our distinction of situations and situoids as entitiesexisting at a
point in time and entities having atemporal extension. Especially in the last sec-
tion one may have noticed that this distinction may not have been such a good
idea after all. Situations and situoids appear to behave similar in many ways.
And we have to admit, that the distinction of Barwisean situations into situoids
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and situations did not enrich the theory at all. If we would take Barwisean sit-
uation theory and write “situation or situoid” every time he writes “ situation”,
we would pretty much obtain what we have developed, from a functiona point
of view. Also our distinction of Barwisean states of affairs into states of affairs,
pictures of states of affairs and infons gives not rise to a richer theory of situa-
tions.

But our goal was not to enrich situation theory, especially since most issues in
situation theory are aready answered. We integrated situations and situoids in
atop level ontology, GFO, and to do this, several philosophical questions about
the nature of situoids, situations and states of affairs had to be answered that
were of no concern to Barwise and hisfollowers.

Contrary to Barwise, we distinguished states of affairs, pictures of states of af-
fairs and infons. Most of this distinction is based on [Wittgenstein, 1959]. For
this purpose, a new ontological category had to be found, the category of infons,
information-carrying entities. This has an ontological impact, because infons
and states of affairs behave differently. The sameistrue for states of affairs and
their pictures. The pictures are specia states of affairs, and they behave differ-
ently than states of affairs. While thisisan ontological difference, our infons are
asrich as Barwisean's, so we kept their expressive power needed for the various
applications of situation theory, while adding ontological richness to the GOL -
ontology. The decisions made by us are not the only possible, but we believe
we tried to defend and support our views sufficiently to justify this change from
situation theory.

The distinction of situations and situoids we made arose from some very basic
assumptions in the GOL -ontology about time, a concept which situation theory
is lacking, and the distinction between endurants and occurrents. This adds ex-
pressive power to the top level ontology we used as a background and provides
us with the means of drawing fine-grained characterizations on the model of the
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world. In situation theory, a theory of time would have to be added to achieve
the same level of modelling-opportunities.

While in situation theory, the phrase that situations “are parts of the world that
can be comprehended asawhole” istaken as given and not explained further, we
explained thisphrase in great detail. Also, theimplications of these explanations
are only ontological in nature and motivation. They describe how situoids and
situations behave in the world we want to describe with the means of the GOL-
ontology. The axioms we developed reflect some of this knowledge about the
behavior of situoids.

We showed how situoid theory in GOL can be applied to problems situation the-
ory has been devel oped for, the most important being the meaning of natural lan-
guage terms and phrases. And we have shown how the concept of modality can
be introduced in the GOL -ontology based on situoids, situations and infons.

We believe that the expressive power of situation theory has not been lost, and
that for every application of situation theory, situoid theory can be used as well,
sometimes more easy because the background ontology of situoid theory pro-
vides additional knowledge, additional categoriesfor characterizing problems.
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We discussed situations as an ontological category in thisthesis. Our research
has been greatly influenced by the GOL-ontology, but also other works like Jon
Barwise and John Perry [Barwise, 1989] or Ludwig Wittgenstein [Wittgenstein,
1959]. Most parts of this thesis are ontological, and in this sense philosophical
discussions, but these are a necessary predecessor of a successful application of
atop level ontology as the basis of knowledge representation systems. There-
fore, most of our contributions are essentially of philosophical nature. We will
summarize the contributions made in this thesis, and give some ideas to proceed
the research of the ontology of situations.

7.1 Summary of contributions

¢ A distinction between infons, states of affairs, pictural states of affairs has
been drawn. In GFO, only facts existed. In situation theory all relevant
entities were infons. We devel oped a fine-grained distinction between the
three categories, and supported and justified this distinction with reference
to widely accepted philosophers such as Wittgenstein and our own argu-
mentation.

¢ \We accounted for the concept that some entity “ can be comprehended as a
whole”. Because [Barwise, 1989] referred to situations as “ parts of reality
that can be comprehended as a whole”, without further explanation, and
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[Degen et al., 2001] used the same description, without giving a sufficient
explanation, the clarification of this concept is one central part of thisthe-
sis. We investigated “comprehension” in general and comprehension of
situoids specifically. Then we analyzed the part-whole relationship from a
gestalt-theoretical point of view. We believe, this view should be adopted
by the researchers of the GOL-group for their entire work, but we applied
it only to situoids and situations. Finally, we analyzed the structure of re-
ality, to show, how and in what sense situoids may be a part of it. We have
shown how situoids can be extended to worlds. Multiple possible worlds
arise naturally from our view on situoids as incompl ete parts of redlity.

¢ We showed how to introduce modality into GOL by using methods from
situation theory. Jon Barwise himself showed how modalities can be in-
troduced into situation theory, and we followed his work in most parts.
Because the category of situoids in the ontology of GOL is one of the
most fundamental, and most of the other entities of concern in GOL can
be embedded in situoids, modality has been introduced in the entire ontol-
ogy of GOL when introduced for situoids. As modalities were missing in
GOL until now, we encourage the GOL researchers to use the results of
this thesisto introduce modalitiesinto GOL.

¢ We accounted for granularity in the domain of situoids and situations.

¢ \We showed how to use situoid theory for the semantic of natural language.
This has been a classical application for situation theory, one for which
situation theory has been developed, and many work has been done to re-
fine and improve the work of Barwise and Perry in thisfield. We followed
avery recent paper on thisissue, [Devlin, 2003], and the ontology of GOL
and the theory on situoids introduced in this thesis are powerful enough
to incorporate the results of [Devlin, 2003]. Together with the power of
a top-level ontology in the background, an account for natural language
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semantic may be given, that is richer than the account given by situation
theory.

¢ \We have shown how to incorporate processes and eventsinto situoids. This
isstill adebated issue by the GOL researchers, and they do indeed disagree
with us at this point. They believe that processes are something different
than situoids or states of affairs, something even more basic. However,
we tried to justify our point of view, and gave examples, which the GOL
researches have to explain. Thisis not a central issue in this thesis, and
the research on processes and events has been mainly motivated by the
lack of away of describing processes and eventsin GOL. So if the GOL
researchers follow a different path than we have done, it is possible to
ignore our statements on these issues entirely.

e \We discussed the part-of relationships concerning situoids and situations,
and the relationship between parts and wholesin general.

7.2 Future research

There are still some issues unresolved, and extensions and amendments to be
made to this theory.

7.2.1 Causality

Causdlity, the relationship between causes and effects, is of importance in a
knowledge representation system. The causation relation will be arelation be-
tween states of affairs, events, situations or situoids. A situoid, situation or state
of affairs A is the cause of the situoid, situation or state of affairs B if A isthe
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reason that brings about the effect B. However, this is somewhat circular, as it
has to be clarified what it really meansthat A is the reason that B occurs.

David Hume held that causes and effects are not existent or at least not know-
able, but imagined by our mind. Only correlations can be observed, but not
causations.

But there are many philosophers that believe in causation. If one event! A isthe
cause of B, then A and B occur usually in atemporal sequence, B after A. But it
is not the case that a situoid A causes the situoid B just because B follows right
after A. Thereis even alogical falacy, known as “post hoc ergo propter hoc”
(after this, therefore because of this).

Strictly speaking, if A causes B, then A must always be followed by B2. A
major problemis, that correlation does not imply causation. If two events occur
usually together, they are correlated, but it is not necessary that one event causes
the other eventS.

We believe that states of affairs, situations and situoids provide enough structure
to give an account for causality. There are theoriesthat allow only eventsto enter
into causal relationship with each other. We believe, that, at least on the men-
tal stratum, instantaneous states of affairs and situations may enter into causal
relation with each other or situoids and other states of affairs.

However, more research has to be done on causality.

IWe will write “event” for “situation, situoid, state of affairs or event”.

2Therefore, smoking does not cause cancer, and sex does not cause pregnancy.

3This is another logical falacy, known as “cum hoc ergo propter hoc”, an argument of false
cause.
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7.2.2 Natural Language Semantic

We have shown a single application of situoid theory for natural language se-
mantic. Many more applications of classical situation theory can be found in
[Barwise, Gawron, Plotkin, and Tutiya, 1991]. However, using a philosophi-
cally well-founded top-level ontology as a background for a theory of natural
language semantic may prove promising, because more knowledge about the
world is available to such a theory. All the knowledge about reality in the on-
tology of GOL would have to be added to situation theory in order to reach the
same expressive power.

More research is due to be donein this area, as thisis an important application,
and one way for GOL to show its power.

7.2.3 Classification of situoids

It will be shown that there are several classes of situoids (and situations, too), all
with certain characteristic properties. Some are closely related to processes and
a classification of processes, that is still missing in the ontology of GOL, too.
Others may be related to issues of completeness, or closure regarding certain
rules. With a detailed classification of situoids in GOL more information can
be deduced from situoids, representation of knowledge concerning situoids is
more detailed and precise. When applying situoidsto natural language semantic,
a classification can be made by the described entity, or by the kind of uttered
statement.

While some distinctions can be made relatively easy, many useful classes of
situoids and their relations to other classes will be difficult to find, especially in
the field of natural language semantic.

146



7 Conclusion

7.2.4 Semantic of Situoids

What we have not done is given a semantic for situoids, except, of course, for
the usual set theoretic semantic that follows from the axioms. But as this ax-
iom system is far from being complete, it would be useful to construct models
for situoids that incorporate all the discussed features and represent the other
categories of the GOL ontology without the loss of their ontological features.
Conceptual graphs [Sowa, 1999, Delugach, 2004] have been used to model sit-
uations [Ghosh and Wuvongse, 1996] in situation theory. We believe, that a
graphical representation can be used to model the world [Dipert, 1997] and its
parts, and therefore also situoids. A graph-representation of a situoid s has to
be able to model the chronoid as well as all the relevant sub-chronoids and the
topoid and its relevant sub-topoids of s. Concurrent, parallel and independent
processes in a situoid have to be modelled as well as situations and the entities
present in the situoid.

It should be possibleto deduce certain properties of asituoid by graph—theoretical
means. Also, if there are processes, states of affairs with a temporal extension,
and their precise location inside the situoid is unknown (so the duration of the
process is known, but not its temporal location), it may be possible to deduce its
temporal location inside the situoid by the relation of these processesto other en-
tities present in the situoid. Several possibilitieswill exist, and again by graph—
theoretical means it may be possible to determine the set of possibilities.

However, conceptual graphswill probably be too weak to model all the richness
of the categoriesin GOL, and therefore also the richness of a single situoid, so
new means of modelling situoids by graphs will have to be investigated.
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7.3 Final Remarks

We tried to give an account for situoids and situations in the ontology of GOL.
Our attempt isincompl ete, and can perhaps never be completed. Because situoids
are complex, integrated entities, part of a world that can be comprehended as a
whole, many properties depend on fundamental philosophical views that have
been debated for centuries and will probably never be uniformly resolved.

In order to discuss some of the features of situoids, we had to take sideinthedis-
cussion about the problem of universals. We did not take side in this debate for
the classical beliefs of realists, nominalists or other fractions, but acknowledged
the existence of different types of universals: universalsexistingin re, universals
as concepts and even gestalten.

We acknowledge the existence of substances, and believe they are more than a
bundle of properties.

We believe that there are several strata of reality, and they are different in that
they define different categories. The physical stratum consists of temporally ex-
tended entities, sometimes called processes, here situoids. But on other strata,
the mental and perhaps the socia stratum, entities may exist at time points,
boundaries of time intervals. Again, this decision is not in agreement with all
philosophers.

Many more decisions of this kind had to be made by us, for example regard-
ing states of affairs and infons, events and processes, and probably hoards of
philosophers would criticize us harshly, and perhaps they would be right.

This was our first attempt of a mainly philosophical work. We hope, there are
not too many errors in this thesis, so it will withstand some criticism, and may
be be useful for some research, and at least parts of the ideas develop here can
be integrated into the ontology of GOL, because this was our goal.
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