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Abstract

Information may be stored or shared in one of many natural languages or one of millions of “structured”
forms that are typically defined in data or message “schema” —schema describe the structure of
information. Natural languages are, by their nature, imprecise and dependent on deep shared context to
understand meaning. Structured forms trade flexibility for a predictable structure that can be automated
and precise if the meaning is clear. Yet that meaning typically falls back on natural language definitions
that depend on programmers correctly interpreting the meaning encoded in the structure — an expensive
and risk prone process.

Data schema are, by their nature, tuned to the applications and use cases for which they are designed.
They frequently combine or “conflate” diverse concepts into an efficient data storage or message
structures, that works for their design purpose which incorporates specific assumptions, but becomes
confusing or misleading when that same information is needed for other purposes, or other stakeholders,
in other formats. The assumptions inherent in a schema design are often unstated or even inconsistent.

Ontologies are increasingly being used to establish a consistent and formal basis for meaning such that
the same “facts” can be interpreted correctly regardless of the structure, terminology, technology or
schema that encodes them. For this vision to be realized the various schema need to be mapped to a
common conceptual model expressed in an ontology.

What has proved challenging in this approach is establishing common concepts that are both sufficiently
broad and sufficiently precise to federate these different data structures. Sometimes the same
conflation of concepts that “polluted” data schema creep into supporting ontologies — either for the sake
of efficiency, limits imposed by the ontology language, or the influence of legacy. For this reason, the
search or appropriate “linking concepts” is central to a broad-based information federation, sharing or
analytics requirement.

We will discuss two such concepts which have proved valuable as essential linking concepts, what we call
“situations” and “statements”. These concepts provide a separation of concerns between the world as
we conceive it and “statements” about that conceived world. Statements include all forms of
communications and recorded information — anything that is “said about” the world. Situations are
conditions of the world it’s self; sets of relationships and properties that, together, comprise a
meaningful topic for statements. In more formal language, statements are epistemological (about what
we know or communicate) where as situations are ontological (about the world).

This approach draws on a rich tradition of situation semantics initially developed by Barwise & Perry in
the “situation underground” (Barwise J. a., 1980) paper, and further advanced by Keith Devlin in
Situation Theory and Situation Semantics (Devlin).

We argue that this separation of concerns makes ontologies used as schema concept references more
precise and more flexible by not conflating what is said with who is saying it. The result is an improved
foundation for information sharing, analytics and machine learning.
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Situations: an intuitive understanding

Situations arise when there are things conceived of as connected in a common context over a period of
time.

In their 1980 paper “The Situation Underground” (Barwise J. a., 1980), the first published work on
situation semantics, Barwise, and Perry wrote of situations:

“The world consists not just of objects, or of objects, properties and relations, but of
objects having properties and standing in relations to one another. And there are
parts of the world, clearly recognized (although not precisely individuated) in
common sense and human language. These parts of the world are called situations.
Events and episodes are situations in time, scenes are visually perceived situations,
changes are sequences of situations, and facts are situations enriched (or polluted) by
language.”

Consider these three essential distinguishing features of situations:

o That there is more than one discreet thing

e That there is a set of relationships (or properties) connecting these things

e That these relationships (or properties) hold for a time period

e That the situation provides an identifiable unifying context for the set of related things

We also relate situations to statements, initially just consider one person saying something to another. If
| were to say “that cup” (pointing to a coffee cup), there is no information —it is not a complete
sentence — “that cup” is not a situation and not a proper subject of a statement; it is just one discreet
thing, there are no relationships, there is no timeframe.

Consider “that cup is on my table”. Now we have two things — cup and table, we have a relationship
between them “on” (or on-ness) and we now the time “is” (or now). “cup on table now” meets all of the
requirements of a situation. Statements are about situations.

Consider other example situations and non-situations

Situation Not a situation

A cup falling off of a table A cup

The Novel Corona Pandemic Covid-19

The lifetime of George Washington George Washington
The height of a person (or any other physical 6 feet
characteristic) at a particular time.

The change of a person’s temperature over a 2 Degrees per hour

timeframe (or any other change)

Sue’s obligation for a person to pay for a medical | The general concept of a medical service
service

John’s healthcare appointment at 2PM John
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Parts of the world and context

Any “real world” complex/composite situation involves multiple objects, participants and relations. Each
of those may be connected to many other things. Where does a situation “end”. For example; Fred goes
for a medical checkup with Dr. Sue. Certainly Fred & Dr. Sue are part of (essential participants in) the
checkup situation. Is the medical degree of Dr. Sue a part of the checkup situation?

Situations carve-out a “part of the world” we wish to identify as a unique situation, defined by a
situation type. What is “in” the situation is guided by stakeholder requirements or evident real-world
boundaries. Whatever the “edge” of the situation is, each situation is a slice of the real-world carved out
and identified as a situation.

Situations are parts of the world and the information an agent has about a given
situation at any moment will be just a part of all the information that is theoretically
available. (Devlin)

While there may be boundaries to a situation, situations frequently are impacted by things outside it -
the context of the situation. Situations may be affected by, or contextualized by, other contexts
(including other situations). Situations are also a context for the things they relate and their parts.
Context provides a link between situations that may impact each other without being a proper part of
each other. Time, location, jurisdiction, intent, and type are other dimensions of context.
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Situation Model (Top Level)

What has been expressed above may be formalized in a model as follows.

Any thing or value that does or may
exist in any possible world. Thing is the
supertype of all types and may An identifiable thing is any thing that can be
therqfure participate in unbounded distinguished from ancther, it is disjoint from
relations. _ . values. lentifiable thing includes individuals,
In;tag;es !JfThII'Ig are referred to as "a types, axioms, situations, speech acts,
thing™ in thiz model. Ayt 1.+ information structures, etc.
) L ] “ ”‘{t Ingx - Extent of Context Identifiable things always have some kind of
{I[I?m}slr:l'hmg Thing contextualizes identity and may have identifiers. Note that
ng ) ) identity is an abstraction that may have
[I50 108’{] object: anything perceivable representation in models as any number of
[n’:rlacg?ﬁyahle _. ~identifiers, alzo known as a "sign”.
ing -
[Guizzardi Thing 1 - [OWL] Entity type (Implied in section [OWL]
[FUML] Element - 5.8) as an instance of rdfs:Class
{gﬁoﬂﬁﬁlﬁ;urce |Temporaf Region | |J’denﬁﬁabf@ Thing |
- ncomplete, disjoint}
Pie A
At | . hing that A <Context= is an identifiable thing that can
ha:?%ﬁ:g;%‘”_‘i‘_e‘?nggr; :'rulagg 5 :3 impact the condition or interpretation of other
. b z i things.
may have temporal relationships | Discreet Thing | |Context ':M A context may assert or negate other context.
with other temporal regions. -
Temporal regions may be o= _ Subtypes of <Context=, such as location,
identifiable or values. = . _|situation or «Type= ascribe more semantics to
[SOWA1999] Cont ; “the context as well as limit the things it
ontinuan - - contextualizes.
[Devlin] Temporal Location Situation
[CL] Sort: any subset of the universe of
.- [Hinvolved in g::’:c\s:?t% ?:ﬁ;:hmh some guantifier is
a role is a facet of an identifiable " |{subsetsin context of} N
thing involved in one or more: A situation is an identifiable entity composed [I50 1087] concept fisld: unstructured set of
situatio ns. of an arrangement of entities and the relations thematically related concepts (3.2.1)
[FIBO] Thing in r|:l|e._ _ between them over a time interval. Situations
[SOWA 1999] Relative thing +involves are may be asserted as true or false in some [S0WiA1555] Mediating thing
n context. Situations may change over time,
- 1.* {subssts contextualizes} unless otherwise constrained. As an
«Roles identifiable entity, situations may participate in
Rol relationships, thus situations are "first class”
one elements.
‘T [SBWR] "State of affairs™
Rol [SOWA1999] Nexus
el [Barwise 1399] Situation
Participant [Deviin] Situation with corresponding infen(s).

a participant is a role of an actor
involved in a situation.

NOTE ON MODEL SEMANTICS AND NOTATION: THE CONCEPT MODELING PROFILE (SMIF/CCM) oF UML IS USED
TO DEFINE SITUATIONS. AS A REFERENCE CONCEPT MODEL IT MAY BE DIFFERENT THAN UML BEING USED FOR
SOFTWARE MODELING. IN PARTICULAR, SOMETHING MAY BE CLASSIFIED BY ANY NUMBER OF TYPES (UML CLASSES,
SHOWN AS BOXES) UNLESS DISALLOWED BY A “DISJOINT” CONSTRAINT. MOST PROGRAMMING LANGUAGES DO
NOT ALLOW MULTIPLE CLASSIFICATION OR MULTIPLE INHERITANCE — BUT BOTH MAKE SENSE IN UNDERSTANDING
HOW WE CONCEIVE THE WORLD. IN ADDITION, MODELING CONCEPTS SUCH AS “ROLES”, VALUES AND
RESTRICTIONS ARE UTILIZED. IT SHOULD ALSO BE RECOGNIZED THAT CONCEPTS IN A REFERENCE CONCEPT MODEL
DO NOT IMPLY ANY REQUIREMENT TO KNOW, RECORD OR COMMUNICATE THOSE CONCEPTS FOR A PARTICULAR
PURPOSE — THOSE CHOICES ARE MADE IN DATA, PROCESS, AND SERVICES MODELS USING THE REFERENCE MODEL.

SMIF ALSO PROVIDES FOR AN OWL REPRESENTATION OF THE SAME CONCEPTS. PLEASE REFER TO (SMIF) FOR
DETAILS.
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Situation Partitions

Partitions identify distinct aspects of a situation according to some criteria. Each partition set defines
options for classifying situations. For each partition set there is a set of mutually exclusive options
(aspects). Any particular situation is defined by exactly one choice from each partition set. For each
partition set there may be multiple subtypes and subtypes may combine choices from different partition
sets.

Partition: Atomic Vs. Composite

Atomic situations (relationships and characteristics)

Considering the distinguishing features of situations what is the most minimal, most atomic situation?
Fundamental relationships between things, frequently just two things over a timeframe, meet the
criteria for a situation. “cup on table now” is such an atomic situation, which we call a relationship —
more formally a “material relationship”. E.g. a relationship is an atomic situation. Take away any
element and there is no longer a situation, and no relationship. Atomic situations include relationships
between discreet things, between other relationships.

Atomic situations also include characteristics (properties) of things using “values” such as “John weighs
150lbs today” — the value or quantity counts as one of the “discreet things”, so in this case there are two
discreet things — john and 150lbs, as well as the timeframe “today”. The semantic of weight is captured
as the meaning of the relationship.

Atomic situations are a context for the related things.

Composite Situations

At the other end of the scale, situations can be as “big” as needed from “the lifetime of the universe” to
an office visit to the course of a disease and its treatment. Composite situations compose (have parts) —
and are a composition of a set of other situations (which may be composite or atomic). Composite
situations may also be thought of as “collaborations” (Reenskaug, 1995) between objects.

Partition: Static Vs. Dynamic

Static Situations

Some situations, or states, compose a set of things that are static, not changing, over the lifetime of the
situation. “cup on desk” is such a situation —it is “true” as long as the cup is there. Static situations can
also be complex (if you could see my desk you would know!). A static situation could be the
arrangement of seats in a movie theater, or a person’s temperature (or other characteristic) at a given
time.

Other terms include “State”, or “State of affairs”. We will use “State” as our preferred term.

Dynamic situations
Dynamic situations represent things “happening”, some change over time — the cup falling off the desk,
the patient’s temperature changing, the progression of COVID-19. Other terms include “events”,

“Occurrences”, “activities” and more formally “perdurants”. We will use “Occurrence” as our preferred
term.
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By unifying static and dynamic concepts under situations we have a common concept that provides a
foundation for temporality, causation, dependency and (as we will see below), statements.

Partition: Ontic Vs. Epistemic

A core precept of this approach is a separation of concerns between models of the “real world” and
statements, information or opinions about the world. By “real world” we include everything that
actually exists, has existed or may exist in the future —these are called “Ontic” (or Ontological)
situations.

Contrasting Ontic situations are statements, information or opinions —these are all “about” some real-
world thing. Situations about other situations are called “Epistemic Situations”.

Partition: Actual Situations Vs. Situation Types

What we may observe in the world is specific, actual situations that are or have been current such as
Fred’s having an insulin shot at 10:30am January 2, 2019. What is also interesting is patterns of such
situations, either as history, expectations, or instructions. Fred’s shot may be part of a pattern of such
shots that happen every Monday, and have since 2009. This situation is a repeating pattern.

Situation types represents a series of like situations with some variable(s) - such as time or participants.
A situation pattern defines a “type” for each instantiation of the pattern as an actual situation. Situation
types will be discussed in more detail, below.

Model of situation partitions

1.7 whnythings
Extent of Context c es Thing

+ig about 7
1.*

in context of
«Restrictions
{redefines

categonizes}

Situation
{complete, disjeint} complete, digjoint}
{complete, digjoint} a
. +subject of
| Ontic Situati ‘ |Epistemic Situati | Composite Situati | | Relati hip | | State | |Oocurrence | |Ac1ual Situation | | Situation Type
i |
’ ey ! | A\ N
’ i ! | \

An Ontic situation P B B
15 an ontological A relationship is a material atomic situation A state iz a static An Occurrence is a situation An actual situation is an individual
situation, involving related things that are not part of the situation - a particular | |that “happens™ (aka. (particular) situation that actually
representing / A ELLLL relati ip. A relati ip may be asserted configuration of occurs). A dynamic situation exists, happened in the past or
things in the worig | / |Sfuation includes, within a context as true o false within that entities that is static | | (Past, present or future) may exist in some possible world,
- past, present, or ¥ pihershEios s context. Each relationship type has a number of for a time period composed of a set of things not a template or process
future. o= SN bindings of which do not change for the ife of including spatial and changing over a period of definition. Such situations must

[Dﬁ:h”] Srlualu;n the relationship.. jogical connections time. &.g., a rock falling. exist for a time interval, however

L BE L A relationship may be true or false within its between those things | | JCEUTENces are notlimited in | |there are no constraints on such

infon context (including a timeframe) but is atomic in its. {Snapshot of a their timeframe. Occurrences a time interval - from an instant to
A Epistemic fruth value. - . Perdurant} can have long or short the life of the universe
Situation is kind of Relationships may participate in (be bound to) Note that states may timeframes, from an instant to
T other relationships and as such bindings be of any length, from | | Mfinity and beyond. DTV: Occurrence: state of affairs
that situation iz involving a relationship may change over time. an instant to infinity that is a happening in the universe
about, or focused That ig, relationships are "first class” objects. and beyond. [DOLCE] Perdurant of discourse
on. another [BFO]Occurrent
sﬂﬁatiun as its [IDEAS] tuple: A relationship between two or [DOLCE] State [MIEM] ActivityType
topic more things.
[Hutchins, Searle] Mote: SMIF allows one end of a relationship.
aboiness [Deviin] Relation
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Note that each partition is grouped with a {complete, disjoint} constraint — meaning there are no others
in the partition and they do not overlap.

Temporality

“Existing over a time period” has been asserted as a necessary component of situations. That time
period could be instantaneous or extended, it may be known or unknown — but it exists. Even the
existence of the earth has a time period — nothing lasts forever. More formally, we say that a situation is
a “temporal region” —it is bounded by a start and an end, now, in the past, or in the future.

In the ontology world there is a challenge to understand time and change over time in a way that is both
precise and understandable. By attaching time to situations, and to atomic situations, we can
understand how the same things may have different characteristics and relationships at different times
—yet remain the same thing. Things change because the situations they are involved in become “true” at
different times. My weight in January 2001 and my weight in February 2020 are both valid
representations of my weight, true at different times.

Another aspect of temporality is the temporal relationships between situations — before, after, during,
etc. Anything that exists in time can be related to the timeframe of other situations.

Temporal regions can also be used to identify specific periods of time — time intervals and time points.
Time intervals represent “just time”, e.g. the year 2020. As such time intervals are considered values
that may have a “data type” representation.

As both situations and time intervals are temporal regions, the “Allen relations” (e.g. before, after, etc.)
may be stated between situations, between situations and time intervals, or between time intervals.
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s after Temporal Region
overlaps from
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* by Duration
{incemplete, disjoint}
wWalugn A time int lis at | B
Time Interval ime interval iz a temporal region Situation

-
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[
#Walues ™

Time Point .

{
/

AN

A time point iz a time interval deemed atomic on
a time =scale. As all points in time may be further
subdivided into a finer granularity of time, each
point in time is alzo a time interval on =ome
other zcale.

The duration of a time point i= the zame as the
granularity of the time zcale of the time point.

[DT] time point: concept that specializes the
concept time interval and that iz a member of a
time scale.

[IDEAS] CalendarPeriod: A Period that
corresponds to a recognized date or time.

~

and a value that is onlhy segment
of time and may have a value
reprezentation.

[DTY] “time interval® . segment of
the time axiz, a location in time.

Mote:Every time interval has a
beginning, an end, and a duration,
even if not known. Every time
interval ig “finite”, a bounded
segment of the Time Axis. The
beginning or end of a

time interval may be defined by
reference to events that occur for
a time interval that iz not known.

Mote:Time intervals may be
‘indefinite’, meaning that their
beginning is ‘primordiality’ or their
end is ‘perpetuity’, or both
(“eternity’}. This vocabulary
assumes that indefinite

time intervals exist and have some
duration, but their duration is
unknown.

[IDEAS] PeriodOrinstant: An
Individual whose spatial extent is
infinite, but whose temporal extent
iz finite or zero.

[UKL] Timelnterval
[MIEM] DateRangeType

[DOLCE] Temporal Region
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Occurrences

Occurrences; situations involving change over time, may be instantaneous (sometimes called an event)
or a process of any duration. A process may also be considered to have an instantaneous start and end.
Activities are processes performed by one or more performers for some purpose. When someone or
something is “doing” the process we consider it an activity.

Thing

wAnythings

+produces

{zubzets affects} — tl} -
4|Fdentmabfe Thing |
t
£

Situation

kN

An Occurrence is a gituation that "happens™ (a.
k.a. occurs). A dynamic situation (past, present
or future} composed of a set ofthings

changing over a pericd of time. e.g., a rock
falling.

Occurrences are not limited in their timeframe.
Ccecurrences can have long or short
timeframes, from an instant to infinity and
beyond.

[OLCE] Perdurant

7 -~ [BFO]Occurrent
+produced by - [MEN] ActivityType
{subsets affected by}
An occurrence with zero duration on a A . B
relevant time scale representing an atomic w%ﬁ?ﬁgﬁi‘:rg ndﬂﬁiliJUrI:ence
unit of change, sometimes called an event. frequently having
T sub-processes (paris).
[BFO] Event. perdurant that is
A\ related to exactly two states (its
jsﬂl.;t;?:t;is.lt_;rts aty — | pre-state and its post-state).
Atomic Occurrence 3 — Process - = ,tf;nfevent ids. r?tlat&'rtdhtu tl;le statesd
{has duration = 0} uREStI’IC‘tIIJII'In thas duration=0} efore and after it has happened.
! AN
Actor A process performed by one or
- more actors intended to meet a
wFacet Of» need.
— = [UKIL] Activity
«Roles | Ry [
Participant +performs [1.%
T {subsets impacts, subsets involved in}
«Holes +performed by
Performer [{ = -

~

A performer iz role of an actor

the performer of activities.

that is a resource to an entity as

{subsets impacted by, subsets involvesy -

Performance
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Epistemic Situations & Statements

Above we discussed the separation of concerns between situations and statements. Statements are
information about situations. Statements include “speech acts” (any communication), records,
documents, information, data, messages, etc. Any time information that is communicated or “written
down” (physically or virtually), it is a statement about one or more situations as stated or recorded by
some author (real or virtual). Statements are our link to the world of information, information about
situations.

Prepare for a bit of a mind-loop; statements are also “things in the world”, they happen at a particular
time, they involve multiple things (at least a situation and the author). So, statements are situations
themselves, but a particular kind of situation that is “about” another — an “epistemic situation”.
However, the situation that is the statement may have a different time, context, source, trust or other
factors that differ from similar factors in the situation it is about. For example, At 3pm Nurse Jane told
Dr. Sue that John’s temperature was 112 degrees at 1pm based on an observation by Frank, using an
electronic thermometer. That temperature was recoded by Sam at 3:10pm in the EHR. Based on this
evidence, Dr. Sue concluded that John needed an intervention and ordered an ice bath at 3:15 pm which
was subsequently performed from 3:30 to 4:30 on the same day.

Count the situations! By understanding that each situation has its own timeframe, participants, and
characteristics we can accurately record and decompose exactly what happened and connect related
“chains of events”. We have a basis for recording dependencies, for provenance, for trust (e.g. what if
the thermometer was later found to be faulty). When these different situations are “mixed together” in
a data record, important basis for decision making can be lost or misconstrued.

The essential take-away is that the statement and the situation it is about it is about are different but
related things.

In formalizing statement we separate the concept of aboutness as a “epistemic situation” where
aboutness captures any kind of situation that is about another. Statements are but one kind of epistemic
situation. We differentiate epistemic situation from “Ontic Situations”; ontic situations represent things
in the “actual world”, not something about it. So John’s temperature at 3:10 PM is real — Ontic, where as
the record of that temperature is “about” — epistemic.

Refining further: Statements may be utterances, communications between an author and a listener.
Statements may also be records, stored or remembered authored information.
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Diagram of aboutness and statements

whnythings 1.2 Extent of Context
Thing contextualizes
the tepic of some statement, fact,
T record, or opinion
_ [Deviin] Focal Situation
‘ . A= 7
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An Ontic situation
iz an entological
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‘ Discreet Thing HGontext }W
*

representing
things in the world
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statements from
authors in the form
of utterances.

statement with the immediate:
context of an author transmitting
information to a listener.

[Devlin] Utterance situation
[Searle] Speech Act

future. - {complete, disjoint}
",
«Roles ~ | | subject of
Ontic Situation istemic Situation
Participant Ep *
arnbuies . . - - . . . .
- ; — — __ _|AEpistemic Situation is kind of situation
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«Roler |stated by states topic.
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Arecord is a statement about one or maore
situations preserved in some form of information
=storage including but not limited to paper records,
computer recerds, drawings on cave walls, and
human memory.
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Classification of statements

There are different kinds of statements, the most simple being some assertion — an assertive statement.
John Searle (Searle, 1975) identified five classifications of “speech acts” which correspond to kinds of
statements, as defined below. We apply these classifications to all statements (records as well as speech

acts). Note that a statement may combine more than one speech act classification.

Have to investigate: Searle does not include interrogatives?

«Rolex
Author

stated by
1.+

£

Epistemic Situation

+is negated ; Bbdl_e_an [o.1]

states

a statement is a kind of Epistemic Situation
representing the communication or
recording of an author's intention

— — ~|concerning a situation.

[BFO] Representational artifact

complete, overlapping}

| Directive Statement | |Asserlive

Statement| |Declaritive Statement| |Expressive Statement| |Commissive 5tatement|
v T T

Interrogative Statement |

«Literal Annotation»
An interrogative is
a directive
statement that asks
a guestion or asks
for information.

particular <is

requests,
commands and
advice

Statements that
are to cause the
hearer to take a

about= action, e.g.

[Searle] directives

Statement that
commit an author to
the truth of the
expressad <is
about> situation.
[Searle] agsertives

kN

Statements that
change the reality in
accord with the
proposition of the <is
about= situation, e.g.
baptizms, pronouncing
someone guilty or
pronouncing someone
husband and wife
[Searle] declarations

AN
Statements that
express on the

author's attitudes and
emotions towards the
situation, .g.
congratulations,
excuses and thanks.
[Searle] expressives

Statements that
commit a speaker to
some future action as
represented by the <is
about> situation, e.g.
premises and oaths.
[Searle] commissives
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Qualitative Positions

The other kind of “epistemic situation”, something about something else, are qualitative positions.
Qualitative positions represent the opinion or mode of some authority with respect to something else.
This can include but is not limited to opinions, diagnoses, and evaluations.

Situation .
+has position on

«Rolex 1.* {subsets is about}
Resource
Fas /
f/_‘,./"" wFacet Oty {complete, disjoint}
xRolex «Rolex
Evidence Participant
+based on |* Ontic Situation Epistemic Situation T
<Foles +iz negated : Boolean [0..1] <Roles
Participant State Author
+held by |1..* T +stated by (1..*
+as basis for | Qualitative Position Statement *states
*
* confidence : Metric 1.
+holds iz subject of position
*
+supersedes {subsets subject of}
M,
Fiy e
+superseded by e

L a qualitative position iz a kind of
{complete, disjoint} epistemic situation where a judgment <is
about= a situation <held by= some
participant <based on>= other situations

Exclusion Conclusion as evidence.

Situation Types and Definitions

The situation examples thus far have been what we call “actual situations” — a single thing “happening”
over a specific timeframe. It is also important to be able to understand patterns of situations — be they
the same kind of situation over and over (a shot administered daily for one year) or a pattern of
different kinds of related situations, a situation definition.

Situation types differ from actual situations in that situation types have one or more “variables” in their
composition, each such variable is a “Role Type” — something that can change when the type is realized
in an actual situation. Actual situations have real individuals attached to each role. In that a situation
types describes a set of actual situations, it can be considered a situation “type” where a <Type>is a
categorization of a thing based on specific criteria {reference to type theory}. The criteria in this case is
that the actual situation “fits the pattern” of the situation type by the assignment of actual things to the
variables.
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Two basic kinds of situation types are defined — repetitive situations and situation definitions. Repetitive
situations are the same except for the time each actual situation is realized. Situation definitions define
new “patterns” of roles, relationships and constraints.

The semantics of situation definitions draw strongly on “collaborations” as defined in (Reenskaug, 1995)
and utilized in UML-2. A situation definition is a collaboration of objects behaving in specific ways, filling
specific roles. Collaboration synthesis defines how composite situations can be built up, synthesized
from, other atomic (relations) and composite situation types.

wAnythings Extent of Type

Thing

kcategorizes  {subsets contextualizes}
+iz played by x

1.
ontextualizes

Extent of Context

Meta types

+has type
{subsets in context of}
| 1.*
Type

facetof 0.1
fredefines has supertype}

+has subtype

Fhas supertype l—

*

Situation
Generalization

rinwolved in
" |{subsets in context of}

|

|

|

|

Facet Constraint I

|

|

|

complete, disjoint} |
|

T

External Type Reference
has reference id : Unigue Iden@ff

stlfl?sceeitseﬂabg subtype}

|

I

|

I

I

|

tredeﬁnes categorizes} |
0.* |
|

|

I

|

Actual Situation

Phase Type

I
|
|
|

{subsets has type} | e +has base role Role Type
+repeats s il {subsets has supertype}
+involves {subsets has supertype} Situation Type ivation ® T
1.+ {subsets cor : lizes} 4 SIERTEEETALY +has derived role
. ]
Wn | ‘T‘ i {subsets has subtype}
+defines | 1.%
+plays role Role | i . ksiibsets has type}
{D..*b ts categorizes) l Repeditive Situati Bench k i e I
subsets categorizes) ive Situation nchmarl e
Situation Use
l has repetition frequency : Duration i I
| |has repetition separation : Duration i |
has repetition duration : Duration Sy +defined in

| |has repetition count : Count | LEITE s |
| . |
_____________ 1 {redefines I

Process ) defined in}
{has duration=0} {redefines categorizes} tsubsets has type,\l Process Type | |Composi‘t Situation Typg |
0. 1.5 i — |
) | {subsets has type} |
Composite Situation iredefines categorizes} t |

0.*

| |
N J
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2 Term

Description

Owner

15

16

17

18

19

] Benchmark

;l Compaosit Situation Type

O defined in

C defines

O derived in

O has base role

O repeats

O has derived role
O has repetition count
O has repetition duration

) has repetition frequency

has repetition separation

has role derivation

=] Repeditive Situation

é Role Derivation

] role Type

] situation Definition

Q Situation Type

;l Situation Use

A benchmark is a situation type for comparison against expected patterns or values.

A composite situation type is a Situation Definition that uses (synthesizes) other situation
definitions as its parts. [Reenskaug 1995] Collaboration

definition is which the role is defined

roles defined as meaningful within the situation type

role that will supertype of derived role and synthesized into the composite pattern.
role that is defined as being a subtype of a base role

number of times the situation should repeat

how long each repetition should last

how often each actual repetition should happen

time between actual situations

a role derived from a situation that is used by a composite situation.

situation type that is repeated (if any)

a situation that repeats. Repetitive is a "mixin" class, any situation may be repetitive unless
otherwise restricted.

A role derivation "synthesizes" a base role into a role within the context of a situation use
based on the synthesis pattern described in

[Reenskaug 1995] Derived Role Constraint.

[UML] Role binding

A role type is a facet type that defines a specific purpose or behavior of a class of things.
E.g. teacher, policeman, or employer.

[Reenskaug 1995] Role

[FIBO] Role. Note that partyInRole or thingInRole are implied by classification of a thing.

A Situation Definition is a kind of Situation Type that defines roles and constraints
describing situations. A situation definition is also a situation in that it has a lifetime and
may involve Roles to bind individuals playing roles to situation definitions.

A situation type defines a kind of identifiable arrangement of individuals, assertions and the
relations between them over a timespan.

[DTV] situation kind: state of affairs that may or may not happen in some possible world
[Barrwise 1999] Situation Type

Situation use is a kind of role type that uses another situation type within a defining
composite situation type based on the synthesis pattern described in [Reenskaug 1995]
(Synthesis).

[ situation Types
Ij__| Situation Types

=] Role Type
] situation Definition

é Role Derivation[has base role:Rol...

] Role Type

= Roale Type

] repeditive Situatian
] Repeditive Situation
=] Repeditive Situation
] Rrepeditive Situation
] situation Use

] Repeditive Situation

r__l Situation Types

Ij__| Situation Types

[ situation Types

tl Situation Types

r__l Situation Types

I:'__l Situation Types
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Supporting concepts

The following are concepts supporting and refining situation concepts.

Extent of Context

Context
whAnythings |+contextualizes
Thing "
Identifiable Thing
Context #in context of
&
+holds within +negated within
& &
Assertion "
+azzerts [* | * pnegates
| Megation
wdocumentations

A =Context= is an identifiable thing that can impact
the condition or interpretation of other things.
A context may assert or negate other context.

subtypes of =<Context=, such as location, situation
or =Type= ascribe more semantics to the context
as well as limit the things it contextualizes.

[CL] Sort: any subset of the universe of discourse
over which some guantifier iz allowed to range

[I50 10&87] concept field: unstructured set of
thematically related concepts (3.2.1)

[SOVVA1998] Mediating thing
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Example: Radar detectors are illegal in the context of Virginia

Types

Types and the type-categorizes (instance) relationship is a foundational concept. Types discriminate one
kind of thing from another. Types in domain models are used for any form of classification or “pre-
coordination” of concepts — such as kinds of processes, information, diseases, or treatments.

Example: Fido (Thing) has type Dog (Type)

whnythings categorizes
Thing isubsets contextualizes}
* Extent of Type |
+contextualizes
£|}' 1.% Extent of Context

| Identifiable Thing |
Fay

Context Itin context of

*

has supertype e has type J
* 1 ..*
{zubsets in context of}
has zu t:-typeJ * A
Generalizafion Y

4

N

A <Type= iz a categorization of any thing based on specific criteria. The specific criteria may or may not be
formalized in a model.

A <Type= =categorizes>= a 2et of <Thing=s which comprizes the "extent” of the type.

A <Type= iz a <Context= where the things it <categorizes= are <in the context= of the <Type=.

Types may participate in a taxenomy based on generalizations.

[IS0 1087] general concept: concept (3.2.1) which correzponds to two or more objects (3.1.1) which form
a group by reason of common properties

[FIBO] Classifier: a standardized classification or delineation for something, per some scheme for such
delineation, within a specified context

[FUML] Type

[CL] Type:: logical framework in which expressions in the logic are classified into syntactic or lexical
categories (types) and restricted to apply only to arguments of a fixed type

[Guarino1594] Universal

[OWL] Unioni{rdfz:Class, rdfz:Datatype)

Similar to:
[IDEAS] Type: A =et (or class) of Things. (Mote that SMIF defines the extent ofa type a a set, the type is
the intent of that =et which forms a predicate for which all members of the et is true)
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Qualities

Qualities define some characteristic of something within a timeframe. Qualitied “reify” a predicate

(property) such that it may have a timeframe, other context and relationships.

As something that may be “true” within a timeframe qualities are situations and more specifically a
“State” of something and an Ontic Situation.

Qualities “as quality value” some Value, which may be a primitive value or a complex value. Qualities are
immutable except for the possible addition of an end date where the end date may be unknown at

instantiation.

Temporal Region

Identifiable Thing

+=tate of

&

Ly
T {subsets relates to}
Context
Situation
Ontic Situation State | os stale
*  {subsets related from}

Quality

has quality value : Value

AN

The predicate defining
the guality instance

which alzo serves to
identify the "zense™ of [
the guality, e.g. actual,
scheduled, projected.

H+predicﬂte

a quality i= an ontic state

reprezenting a characteristic of an

entity at a point in time or over a

range of time. Examples include the

temperature or height of a person
at a particular time.

AN

0.1

Property
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Values and units

wAnythings
Thing
7

«Representss

fsubsets has type} | Value
{redefines categorizes}
= Valuen
Unit T .
ybe Unit Value

ratio : Real Valug [0..%]

\ offset : Real Value [0..7]
symbol : String Value [0..%]

| unit reference : Definition [0..1]

hasValue : Measurement Value [0.

A

{redefines categorize®} ~

| a

'||I Base Unit Type

unit ulf system

N

= 1 {subsets hastype} N

v & Sufficients
cRestrictions

defined within system
0.1

System of Units

I
|
I
I
|

[/CGM 200:2008] 4 Quantity Kind is an aspect
commen to mutually comparable quantities
represented by one or more units. Units with a
commen guantty kind may be algorithmically
converted to any other unit of that quantity kind
e.g. temperature.

Quantty kinds are a supertype of unit types
which are then a type of all guantity values,
Quantity values are mutually comparable with all
other quantity values categorized by the same
-quantity kind

[FIBO] QuantityKind: a categorization type for
“guantity” that characterizes guantities as being
mutualy comparable

[DOLCE] Quality Space

hN

AN

A Unit type is a type of a quantity value referencing a specific unit. A
Unit Type a reguired type of a property representing a quantity.

Each quantity value has a reference as defined by the "unit reference”
property of the quantity value's type.

[JCGM 200:2008] A Unit is a real scalar quantity, defined and adopted
by convention, with which any other quantity of the same quantity kind
can be compared to express the ratio of the two guantities as a
number. &.g. Degrees Centigrade, Miles.

Each unit type represents refinement of a quantity kind using
generalization and is thus substitutable for that quantity kind. Typically
quantity kinds are used in conceptual models and unit types in physica
or logical models.

Unit types may only subtype quantity kinds or other units.

Mote that unit types are not units, but the type of quantity values
expressed with respect to a common unit as defined in [JCGM 200
2008]

[IDEAS] MeasureCategory: A MeasureType whose members are
recognized types of Measureinstance.

AN

A Value is an atomic. immutable piece of information without a
specific liietime or identity independent of the value. Values
include numbers, strings and other atomic "primitive” data. Values
also include structured values, which are immutable.

In UML values may be defined by the name of an instance
specification with a value type.

[IDEAS] Representation: A SignType where al the individual Signs
are intended to signify the same Thing.

[IS011404] The identification of members of a datatype family,
subtypes of a datatype, and the resulting datatypes of datatype
generators may require the syntactic designation of specific
values of a datatype.

[OWL] data values

AN

A unit value is a numeric magnitude with a unit type that may
be used as the value of a quantity property as defined by
[JCGM 200:2008]. The reference of the quantity is defined by
the "unit reference” property of the Unit Type.

&.g. 5cmis an instance of the unit type "Centimeter”
Each unit value has exactly one UNit Type as a type.

In a physical model a quantity value must have a type that
specifies its unit (e.g. "Gram”}. The magnitude shall be
expressed using "has\Value™

[JCGM 200:2008] A quantty is a property of a phenomenon,
body, or substance, where the property has a magnitude that
can be expressed as a number and a reference.

Note: A gquantity as defined here is a scalar. However, a
vector or a tensor, the compenents of which are guantities, is
also considered to be a quantity.

[IDEAS] ScaleMapping: A CoupleType whose members are all

the couples linking MeasurePoints to RealNumbers. The
CoupleType (i.e. the set of couples) represents the scale.

[FIBO] QuantityValue: number and measurement unit together
giving magnitude of a quan-tity

[Guizzardi] (guale): A point in a n-dimensional qualty demain

20 Lets discuss the situation Copyright © 2023-2024 Model Driven Solutions, Inc.



package Cuantity Kinds [ Quantity Kinds ]J
«Values
Unit Value
haswalue : l.1c;a”suré“ent Value [0..%]
«Quantity Kind» «Quantity Kind» «Values
Physical Quantity Calar Scalar Quantity
[ atiribufy
«Restrictions : Number [0..
I Ba_seauaﬁity_l{ind_s ______________ B
I | | | | | |
| «Quantity Kind» | [«Quantity Kind» | |«Quantity Kind» «Quantity Kind» «Quantity Kind» «Quantity Kind» «Quantity Kind»
| Length Mass Duration Amount of Substance | | Temperature | |Electric Current Luminosity
|
«Quantity Kind» | |[«Quantity Kind» «Quantity Kinds TR
Area Volume Ener Qessure
«Quantity Kinds ay
Speed «Quantity Kinds
«Quantity Kinds «Quantity Kinds Angle
=Ty T = «Quantity Kinds
. = Electric Potential
LT A «Quantity Kindx» e,
Concentration «Quantity Kind» Frequency
= Acceleration
| | T «Quantity Kinds «Quantity Kind»
ity Ki it [ Quantity Kind
«Quantity Kind» «Quantity Kindx e o Absorbed Dose (Radiation) Radioactivity
Concentration (Volume) Concentration (Mass) | |Radiation Exposure
«Quantity Kinds wQuantity Kinds
Concentration (amount of substance) Dose Equivalent (Radiation)
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«Quantity Kind»
Length

See Also

Common Units 2

e

wQuantity Kind»
Duration

wQuantity Kinds
Mass

(Us)
_ aValues
LELE Compound Duration Quantity Kinds
fines 4 atinbuies peed
—_ B +sums : Scalar Duration Value [1..%] =
wQuantity Kind» «Quantity Kinds wQuantity Kind» «Quantity Kinds
Electric Current | |Amount of Substance Luminosity Volume
Valuews Values T
«Quantity Kinds
} Liquid Volume
«Quantity Kinds
EEs «Quantity Kinds
Acceleration
Valuexn
Meter Feet
«Quantity Kinds
Temperature
wQuantity Kind» wQuantity Kind» wQuantity Kind» wQuantity Kind»
See Also Electric Potential Pressure Mass Density Power
I
=
Common Units 1 ic meter
wQuantity Kind» «Cluantity Kinds wQuantity Kinds
Frequency Angle Energy
Values wQuantity Kinds Walugn
Concentration
?I
«Quantity Kinds wQuantity Kinds «Quantity Kinds «Quantity Kinds
Concentration (Volume) Concentration (amount of substance) | |Concentration (Mass) Dose Equivalent (Radiation)
Values Values Values Values
Percent ic Meter cubic meter [ Sv), Man (REM)
wQuantity Kinds «Quantity Kinds «CQuantity Kind:
Radioactivity Radiation Exposure Absorbed Dose (Radiation)
2
Values Values Values
(Ci) (R) (Clkg). Dose (rad) (Gy)
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