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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical com-
mittee has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates
closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical stan-
dardization.

—

he main task of technical committees is to prepare International Standards. Draft International Stap-
hrds adopted by the technical committees are circulated to the member bodies for voting.”Publicatipn
an International Standard requires approval by at least 75% of the member bodies casting a vote.

o o

I other circumstances, particularly when there is an urgent market requirement for, such documents{ a
tgchnical committee may decide to publish other types of normative document;

—+ an ISO Publicly Available Specification (ISO/PAS) represents an agréement between technical ex-
perts in an ISO working group and is accepted for publication if-it. is approved by more than 50%
of the members of the parent committee casting a vote;

—+ an ISO Technical Specification (ISO/TS) represents ansagreement between the members of a tech-
nical committee and is accepted for publication if s approved by 2/3 of the members of the
committee casting a vote.

>

n ISO/PAS or ISO/TS is reviewed every threeyears with a view to deciding whether it can be trans-

formed into an International Standard.

Alttention is drawn to the possibility that’some of the elements of this document may be the subject pf
phtent rights. ISO shall not be held responsible for identifying any or all such patent rights.
I$0O/TS15926-7 was prepared-by Technical Committee ISO/TC 184, Automation systems and integrqtion,
Subcommittee SC 4, Industrial data.

I$0 15926 is organized as a series of parts, each published separately. The structure of ISO 15926(is
described in ISON 5926-1.

ol

ach part.of ISO 15926 is a member of the following series: data model, reference data, implementa-
tipn methods, conformance testing methodology and framework, characterization methods, abstract tgst
sTlites. This part of ISO 15926 is a member of the implementation methods series.

A complete list of parts of ISO 15926 is available from the following URL:

http://www.tcl84-sc4.org/titles/OIL_GAS_Titles.htm

©ISO 2011 — All rights reserved vii
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Introduction

ISO 15926 is an International Standard for the representation of process plant life-cycle information.
This representation is specified by a generic, conceptual data model that is suitable as the basis for
implementation in a shared database or data warehouse. The data model is designed to be used in
conjunction with reference data: standard instances that represent information common to a number
of users, process plants, or both. The support for a specific life-cycle activity depends on the use of
appropriate reference data in conjunction with the data model.

I(" ONE 2 orgonioad oo o e of aoete ool o b liclbad canoenta FOPe a () 0 -.--...

N aw O OTfZa as—a t O O1TPAa S5 oa Poo . pata Y- e O O O SP

e template methodology and is independent of implementation methodologies and computer languaggs.

This part of ISO 15926 deals with the template methodology, which defines strict models of ISO 159262
cpnceptual model elements which can be used in data modelling, integration and interoperability met]

ofls. This part of ISO 15926 is independent of implementation languages, implementation infrastructure
and test methods.

—

his part of ISO 15926 serves as the basis for implementation languages, implementation infrastructure
nd test methods.

o

—~

his part of ISO 15926 addresses:

the method of first-order logic used;
— template syntax;

— the semantics of templates;

—+ the method of template expansion;

— the definition of proto templates;

the initial set of templates:

=

eaders of this part of ISO, 15926 require an understanding of conceptual data models and of ISO 15926-2.

—~

he target audiences-for this part of ISO 15926 are as follows:

- technicallmanagers wishing to determine whether ISO 15926 is appropriate for their business needs;

- Amplementers.

In this part of ISO 15926, the same English language word might be used to refer to a real world thing, to
an EXPRESS representation of the real world thing, or to an RDF/XML representation of the real-world
thing. These uses are distinguished by the following typographic conventions:

— if a word or phrase occurs in the same typeface as the surrounding narrative text, the word or phrase
refers to the real-world thing;

— if the word or phrase occurs in bold typeface, it refers to the EXPRESS representation from the
ISO 15926-2 data model;

viii ©ISO 2011 — All rights reserved
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EXAMPLE 1 class_of_inanimate_physical_object

— if the word or phrase occurs in bold camel case typeface, it refers to a term in the ISO 15926-2
language, as specified in 4.1;

EXAMPLE 2 ClassOfApprovalByStatus

— if the word or phrase occurs in italic camel case typeface, it refers to a template name.

EXAMPLE 3 RTriple(z, X, y)

Rleferences to identifiers in examples are fictitious.

[avnl

1 this part of ISO 15926, diagrams are occasionally used to illustrate ISO 15926-2 modelling, patterr,
he symbols used in instance diagrams are a minor modification of the symbols used in ISQ 15926-2,

—
»
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TECHNICAL SPECIFICATION ISO/TS 15926-7:2011(E)

Industrial automation systems and integration — Integration of
life-cycle data for process plants including oil and gas
production facilities —

Part 7:

Implementation methods for the integration of distributed
systems—Templtate methodotogy

1 Scope

This part of ISO 15926 is a specification for data exchange and life-cy cle information integratjon us ing
tgmplates based on the data model of ISO 15926-2. This part of ISO 15926 provides a methodology for data
ifftegration of ontologies using mathematical first-order logic, which makes it independent of dom puter
anguages.

—_

The following are within the scope of this part of ISO 15926:

—+ representation of the ISO 15926-2 EXPRESS model in formal logic;
— criteria for template definitions;

—+ methods of template expansion and verification;

— initial set of template definitions.

NIOTE For practical guidelines to information representation using templates, see Reference [17].

—~

he following are outside the scope of this-part of ISO 15926:

- implementation in computer-interpretable languages;

- storage and retrieval;

- security.

2 Terms, definitions, and abbreviated terms

21 Terms and definitions

Fpr the purposes of this document, the following terms and definitions apply.

2.1.1
base template
template with only entity types in the expansion of its template axiom

2.1.2
class
category or division of things based on one or more critera for inclusion and exclusion

NOTE 1 A class need not have any known members (things that satisfy its criteria for membership).

NOTE 2  Because of the spatio-temporal paradigm used to define individuals in ISO 15926, all classes are non-well-founded
sets.

©ISO 2011 — All rights reserved 1
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NOTE 3  Adapted from ISO 15926-1:2004, definition 3.1.1.

2.1.3
class template
template for making statements about classes

2.14

conceptual data model

data model in the three-schema architecture defined in ISO/TR 9007, in which the structure of data is
represented in a form independent of any physical storage or external presentation format

2{1.5
pre class
ass that is a commonly used subdivision corresponding to terms used in common languagé

[N <)

Z

OTE The conditions for membership are often not formally defined; understanding of the class may, bé\conveyed by exam-
ple.

EXAMPLE Pipe, floor, pump, and light bulb are all core classes.

[1SO 15926-1:2004, definition 3.1.4]

[\

1.6
bre template
DL template for which all reference data items in the expanision of its template axiom are core classg

(]

o)
173

[\

1.7
hta store
mputer system that allows data to be stored forfuture reference

o o

[1SO 15926-1:2004, definition 3.1.6]

)

1.8
hta type
dpmain of values

(=%

[1SO 10303-11:2004, definition 3.3.5]

211.9

data warehouSe
dhta store-in"which related data are merged to provide an integrated set of data containing no duplicatipn
of redundancy of information, and which supports many different application viewpoints

SO 15926-1:2004, definition 3.1.7]

—

2.1.10
document
thing serving as a representation of information by means of symbolic marks

NOTE The word “document” is used in a wider sense. Next to the information content of customary (paper) documents (not
a paper document itself, because that is an instance of PhysicalObject), such as equipment data sheets or purchase orders, it
can also be used for other sets of data, like the transaction data that are input to an engineering program or data sets that are
exchanged between systems of business partners.

2 ©ISO 2011 — All rights reserved
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2.1.11
entity
class of information defined by common properties

[ISO 10303-11:2004, definition 3.3.6]

2.1.12
entity instance
named unit of data which represents a unit of information within the class defined by an entity

NQTE 1 Itis a member of the domain established l'\“, an entity data t pe

NOTE 2  Adapted from ISO 10303-11:2004, definition 3.3.8.

[\

1.13
ist-order logic
ymbolized reasoning in which each sentence, or statement, is broken down into a subjéct and a predicdte

2 =

NOTE 1 The predicate modifies or defines the properties of the subject. In first-order logic, aspredicate can only refer t¢ a
sihgle subject.

NOTE 2  First-order logic is also known as first-order predicate calculus or first-order*functional calculus.

2(1.14
individual template
tgmplate for making statements about individuals

2|1.15
instance
npmed value

[1SO 10303-11:2004, definition 3.3.10]
2l1.16

$O 15926-2 language
fst-order language in which'the ISO 15926-2 data model is expressed

=

NOTE The ISO 15926-2-]anguage is specified in 4.1.

211.17

life-cycle-information
fformation about a possible_individual, collected at any point in time during the life-cycle of that indi-
vidual

—

NOTE In ISO 15926-2:2003, definition 3.1.6, fiindividual0 is defined as: “thing that exists in space and time”.
2.1.18

RDL template
template with at least one reference data item in the expansion of its template axiom

©ISO 2011 — All rights reserved 3
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2.1.19

reference data
process plant life-cycle data that represents information about classes or individuals which are common
to many process plants or of interest to many users

(I

SO 15926-1:2004, definition 3.1.18]

2.1.20
reference data library
RDL

1

(1

[ ) Z.

= =
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class_of _relationship.

sfatement expressed in ISO_15926-2 entity data types, equivalent to a template axiom

| H fen. nd £ Jdot
dIIdETU TUTICUTTIUIT UT TTTTITIIC T Udtd

SO 15926-1:2004, definition 3.1.19]

OTE In ISO/TS 15926-8 “RDL” and “ontology” are used interchangeably. An alternative term is “information model”.

1.21
pification
odelling style in which a relationship is expressed as an object class

KAMPLE The relation Employed-by is reified by the object Employment which is connected to the objects Employee 4
rganization. The meaning of the relation with cardinalities at both ends is “an organization has zero or more employees”.
he reified Employment object can be subject in other relations, defining it.

OTE The relational entity types of ISO 15926 are all the entity\types which have exactly two attributes, excq

1.22

mplate
bt comprising of a first-order logic predicate~for which a definition is stated as an axiom, a templg
gnature and a template axiom expansion

1.23
mplate expansion
mplate axiom expansion

tained by repeated application of template biconditionals until the template’s interpretation is expressed directly in terms
ple ISO 159262 Tanguage constructions.

1.24
mpladte-instance expansion
tof simple statements in the ISO 15926-2 language, obtained by instantiating variables in the expand

OTE The expansion ofa/template axiom refers to a typically complex, biconditional in the ISO 15926-2 language. If i

pt

te

tEmplate axionT Wit enmtity TStarces

2.1.25
template axiom
axiom in the template language defining the interpretation of template statements

2.1.26
template instance
ordered list of entity instances of which a template is true
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2.1.27
template language
axioms in first-order logic extending the ISO 15926-2 data model

2.1.28
template role

2011(E)

named and numbered argument in a template with required type given as entity type, data type, or

reference data class

EXAMPLE Template InstanceOfIndirectProperty(a, b, ¢) means that a is a ClassOfIndirectProperty, b a (temporal part of)
Possiblelndividual to which the relation applies and ¢ the instance of Property. b has an a type of ClassOfIndirectPropert
which has a c instance of Property. It has the following roles:

a role name: Property type;
b role name: Property possessor;

c role name: Property.

211.29
¢mplate signature
hmed, ordered and typed list of template roles

= e

KAMPLE  Template InstanceOfIndirectProperty(a, b, ¢) means that a is a ClassOfIndirectProperty, b a (temporal part of)
ssibleIndividual to which the relation applies and c the instance of Property:/b has an a type of ClassOflndirectPropert
hich has a ¢ instance of Property. The template signature is:

acles|

<

a role name: Property type, role type: ClassOfIndirectProperty;
b role name: Property possessor, role type: PossibleIndividual;

c role name: Property, role type: Property.

2{1.30
¢mplate statement
sfatement made by instantiating the roles of a template with entity instances

-

)

1.31
hlue
hit of data

e <

[1SO 10303-11+2004, definition 3.3.22]

2{2 Abbreviated terms

EQOL first order ]ngir‘
DL description logic
RDL reference data library
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3 Fundamental concepts and assumptions
3.1 General

The ISO 15926-2 data model is generic and highly normalized. Whilst this enables considerable flexi-
bility in what can be said, it can also give rise to complexity in how it is said. This part of ISO 15926
specifies templates that are expressions of predefined units of semantics allowing the use of the model in
a convenient way. The approach taken in this part of ISO 15926 is based on the architecture described in
ISO/TS 18876-1 and is illustrated in Figure 1.

3;2—Concepts and models

Thhe concepts and models shown in Figure 1 are implemented in this part of ISO 15926.

Figure T — An overview of the integration architecture of ISO/TS 18876-1

312.15 IS0 15926-2 data model

The foundation concepts are represented in ISO 15926-2 by a generic, conceptual data model that is
suitable as the basis for implementation in a shared database or data warehouse. The data model is
designed to be used in conjunction with reference data. The support for a specific life-cycle activity
depends on the use of appropriate reference data in conjunction with the data model (see 4.1).

The ISO 15926-2 EXPRESS model is translated in this part of ISO 15926 into first order logic (FOL),

with each entity type translated into an unary predicate, and each attribute translated into a binary predi-
cate (see 4.1).
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3.2.2 ISO/TS 15926-4 reference data

ISO/TS 15926-4 provides reference data that defines a taxonomy of core classes representing the entity
data types defined in ISO 15926-2.

For this part of ISO 15926, reference data is treated as constant terms in the sense of first order logic. The
notion of reference data instantiating the entity types of the data model is thereby reduced to truth of first
order representations of ISO 15926-2 entity types about constant reference terms, or, for ISO 15926-2
attributes, ordered pairs of terms.

EXAMPLE 1 A tpmplmp makes arelation between an instance of PUMP._an idPntifving ctring “PLI101> and an identification

ylpe TAG NUMBER.

—

Classifiedldentification(myPump, “PU101”, T agNumber)

hese three terms are reference data, and the template is defined in first order logic.
hen an implementation verifies the template, the entity types of the reference data are checked by lifting’the template, apd
hese reference data are treated as constants while testing this verification to be true or false.

3{2.3 User-defined taxonomy

<

here the ISO/TS 15926-4 taxonomy defines the general concepts in Eigure 1, a user organization oftgn
peds to define discipline-specific concepts. These are defined in the form of specializations of the
eneral concepts in the ISO/TS 15926-4 taxonomy.

=

uQ

EKXKAMPLE CP-834833 (‘Model AK/150 pump’) is a specialized classiin'the supplier catalog of the XYZ Corporation. This
Upplier-owned class resides in the RDL of the supplier, but the class must be a specialization of another class, following the
alkonomy up the tree until inside the ISO/TS 15926-4 taxonomy.

- »

[P

2.4 Templates

—

emplates (see Clauses 4 and 5), defined, in-this part of ISO 15926 and in user-defined specializatiohs
¢orm the “derived concepts” in Figure 1!

—r

F SN

Modelling basics

41 1ISO 15926-2 data model in first-order logic

is clause defines the ISO 15926-2 language, a formulation of ISO 15926-2, as standardized in EX-
ESS format;-in first order logic. This language serves for this part of ISO 15926 as the expression pof
the ISO 15926 data model.

In 4SO 15926-2 EXPRESS, names of entity types and attributes are written in lower case with thq _
character dividing the words 1n names. For the ISO 15926-2 Tanguage, entity type and atiribute names
shall be written in upper camel case, with attributes given an additional prefix “has”. For example, the
entity type class_of_class_of_relationship is named ClassOfClassOfRelationship, and the attribute
shape_dimension is named hasShapeDimension in this part of ISO 15926.

In the ISO 15926-2 language, entity types are represented as unary first-order predicates. Let a be an
EXPRESS entity type. This shall be represented in the ISO 15926-2 language as

A(x)
where A(c) is true iff (if and only if) ¢ is an instance of a.

©ISO 2011 — All rights reserved 7
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Attributes shall be represented in the ISO 15926-2 language as binary predicates: with r an EXPRESS
attribute, this becomes
hasR(x, y)

with the interpretation that hasR(c, d) is true iff the value of the attribute of r of the entity instance c is d.

NOTE 1  The reason for adding the prefix has to attributes is that some names in the EXPRESS implementation of ISO 15926-
2 are used for both entity types and attributes. The prefix is needed because entities and attributes occupy different namespaces
in EXPRESS, but the same namespace in the ISO 15926-2 language. Use of this convention allowes a consistent mapping to
be used while avoiding collisions.

In_ EXPRESS models the native datatypes are usually written in upper case, e.g., INTEGER. In the
I$O 15926-2 language these datatypes shall also be written in upper case, e.g., INTEGER. AIllI’EX-
PRESS native datatypes except LIST shall be represented as unary predicates. If A is an EXPRE$S
dhtatype, write

A(x)

=

ith the interpretation that A(c) is true iff ¢ is of datatype A.

The use of LIST in ISO 15926-2 is limited to the definition{ of the entity types
ultidimensional object and class of multidimensional_object™In this part of ISO 1592
Hese types are considered part of the definition of the template language'~Therefore LIST is not itself a
redicate of the ISO 15926-2 language.

= =
&

s=]

N

ubtyping among entity types in EXPRESS shall be represented in' the ISO 15926-2 language by condi-
ipnals. If a is a subtype of b, the ISO 15926-2 language states that all as are bs:

—

A(x) = B@)

!

he ABSTRACT entity types of ISO 15926-2 arelrepresented in the ISO 15926-2 language by stating that
bery instance of an abstract entity type als@-instantiates at least one of the immediate subtypes of the
bstract entity type. If the entity type a iSTABSTRACT and b, c and d are all the immediate subtypes of
Hen the fact that a is abstract is repuesented in FOL as follows.

o @
N

=

A(x) = (B(x) vV C(x) V D(x))
AB(x) = A(x))
AC(x) = A(x))
AD(x) = A(x))

e

$0O 10303-11 describes ONEOF statements as follows.

The"ONEOF constraint states that the populations of the operands in the ONEOF list are mu-
tually exclusive; no instance of any of the populations of the operands in the ONEOF list shall
appear in the population of any other operand in the ONEOF list. The ONEOF constraint may
be combined with the other supertype constraints to enable the writing of complex constraints.
When an ONEOF constraint occurs as an operand in another constraint, it represents the set of
entity instances that is the union of the populations of the operands in the ONEOF list.

[ISO 10303-11:2004, 9.2.5.2]

ONEOF statements are represented as disjointness axioms in the ISO 15926-2 language. The EXPRESS
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statement ONEOF (a, b, c) is represented with the following formula.

—~(A(x) A (B(x))
A=(A(x) A (C(x))
A=(B(x) A (C(x))

EXPRESS attributes are represented as binary predicates in FOL. The set of allowable values in the first
position of a binary predicate is called the domain and the set of allowable values in the second position
the range.

NOTE 2 EXPRESS attributes are often called “roles”.

—~

he set of ISO 15926-2 entity types to which an attribute applies is represented in the ISO-1592612
nguage by a restriction on the domain of the binary predicate representing the attribute:\If the attribute
is defined for the entity types a and b, write

N

hasR(x,y) — (A(x) V B(x)).

—

he set of allowable values of an attribute is represented in the ISO 15926-2 language by restrictipg
le range of the binary predicate representing the attribute. In EXPRESS, attribute values are alwajys
g¢stricted with respect to a given entity type. These restrictions are reptesented by local range restrictiohs
1} the ISO 15926-2 language, meaning that a range restriction always includes a domain restriction pf
Qe binary predicate.

—_ e et =

nn

ppose r is an attribute, for which values are limited tgrentity type £ for the entity type a, and to g for
ntity type b. In the ISO 15926-2 language this shall*be written as follows:

Q

A(x) A hasR(x,y) — F(y)
B(x)AhasR(x,y) — G(y)

very attribute in the EXPRESS impleémentation of ISO 15926-2 has a cardinality constraint [0, 1] pr
, 1]. Cardinality constraints for attributes are given per entity type, as for range restrictions. Cardinality
bnstraints on binary predicates\are represented using two axioms. Suppose that the attribute r has
nrdinality constraint [1, 1]focthe entity type a. In the ISO 15926-2 language this shall be written af a
hir of axioms:

= 60 O —

A(x) — dy(hasR(x,y)) (n
A(x) A hasR(x,y) A hasR(x,7) =y =2z ®

ss]

prmula (I represents the cardinality constraint [1,%). The second axiom represents the cardinality
nstraint* [0, 1]. Together they express the cardinality constraint [1, 1]. A cardinality constraint [0, 1]|is
gpresented by a formula of the form (2) only.

= O

Where an attribute is restricted by an EXPRESS UNIQUE rule, this shall be represented in the ISO 15926-
2 language by requiring that the predicate is inverse functional. If attribute r is UNIQUE for the entity
type A write:

A(x) A A(Y) A hasR(x, z) A hasR(y,z7) = x =Y.

The set of axioms of the ISO 15926-2 language is listed in Annex B.

NOTE 3  The set of axioms has been proven to be logically consistent by the use of an FOL model checker.
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4.2 Logical template definition

This clause defines logical templates. Templates as defined in Clause 5 additionally have signatures,
which will not be discussed here.

Given a first-order formula Xy which uses the predicate names of the ISO 15926-2 language axiomati-
sation for a basic language, a logical template definition over X is a formula of first order logic of the
form:

N(x,y,...) < ¢

where N ¢ X is a predicate symbol called the name of the template, x,y, ... are pairwise different vari-
bles called the formal arguments, and ¢ is a A-V-3I-formula over symbols in X and containing only. the
prmal arguments Xx, y, ... as free variables, and which is called the body of the template.

= D

—

he Set 7'S (Zg) of logical template sets over X is inductively defined as the least set such-that

- 0 e TS(Zo) is a logical template set over Xg.

- If S € TS(Xy) is a logical template set over Xy, and d is a logical template definition over Xo|U
names(S), then S U {d} € TS (Xy) is also a logical template set over Xg

=

here names(S) := {N | N(...) & ¢ € S} is the set of names of templates defined in S'.

NOTE The intuition behind template sets is as follows: To ensure that template expansion terminates, we want to forbid
sqts of cyclic template definitions, e.g. where a template A gets expanded\te a formula containing a template B, which in tyrn
ts expanded to a formula containing A. Our definition ensures that a\template definition N(...) <> ¢ can only be added t¢ a
tejmplate set if all templates named in ¢ have previously been defined-without reference to N.

uq

EXAMPLE The set of definitions
{ A) o I(BO) ARK,Y)),
B(x) ~ C(x vDx) }

-

s|a valid template set, but
{LAQ) o I(BO) ARG, y),
B(x) & Cx)VA®) }

is{not.

4.3 Proto-templates
Proto-templates are-a.very basic form of templates. They provide a layer of abstraction immediatgly
apove the relatienal”entity types of ISO 15926-2 by hiding the reified (see 2.1.21) relationships jof
$0 15926-2,

BEach proto-template is constructed of two FOL axioms. The first axiom provides a short form for the
r¢lational entity type. The proto-template predicate is called a proto-triple.

Suppose that R is a relational entity type in ISO 15926-2 and that R has two roles rl and r2.

The proto-triple for R, RTriple, is defined as
RTriple(z, x,y) < R(z) A hasR1(z, x) A hasR2(z,y)
If the relational entity T inherits its roles from a supertype R, the proto-triple T7Triple is defined as

TTriple(z, x,y) < T(z) A RTriple(z, x,y)
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A (binary) proto-template sentence expresses a relationship between the two role fillers of the corre-
sponding relational entity type. The proto-template for R, RTemplate, is defined as

RTemplate(x,y) < Az(RTriple(z, x,)) .

The axioms defining the proto-templates for the ISO 15926-2 relational entity types are given in Annex C.
A concise listing of all proto-templates is given in Annex D.

4.3.1 entityTriple
The predicate entitvTriple is defined in clause C.3. as the disjunction of all proto-templates given in

clauses C.1 and C.2. This triple allows for a concise expression of statements that apply to all relatienal
htity types.

Q

44 Diagrams
This clause specifies how diagrams should be interpreted.
Al class is displayed as a box with two compartments. The upper compartment shows the designatign,

thhe lower compartment the ISO 15926-2 entity type of the class. A class-with designation A and entity
ype Class is shown in Figure 2.

—

A
Class

Figure 2 — Diagram of a class

>

relation is displayed using a double diamond, with a connector to a box showing the entity type, apd
ptionally the designation of the relation’ A relation with designation R and entity type ClassOfConngc-
ionOfIndividual is shown in Figure 3/with and without designation.

(=]

& or &

R
[ClassOfConnectionOfIndividual | ClassOfConnectionOfIndividual

Figure 3 — Diagram of a relation

A relationship (an instance of a relation) is displayed similarly to a relation, but with a single diamond.
Relationships are in general not given designations. A relationship with entity type ConnectionOfIndi-
vidual is shown in Figure 4.
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&

[ClassOfConnectionOfIndividual |

Figure 4 — Diagram of a relationship

The roles of a relation or relationship are shown as connectors from the relation (relationship), annotated
with ISO 15926-2 role names. A ClassOfConnectionOfIndividual relation R between classes A and B,
withA-tr-the - hasC€lassOfSidetand B-m-the has€lassOfSide2 Lulcb, 1s-shown Figt.uc 5=

A B
hasClassOfSidel—¢>—hasClassOfSide2
Class Class
R

ClassOfConnectionOfIndividual

Figure 5 — Diagram showing relation roles

@)

ardinality that applies to a relation is attached to the role with connectors indicating which role it apply

as end_1_cardinality or end_2_cardinality. See Figure 6.
1-1
Cardinality

-

1-1

Cardinality
end_1_cardinality end_2_cardinality
A . , B
hasClassOfSidel—¢—hasClassOfSide2
Class Class
R

ClassOfConnectionOfIndividual

Figure 6 — Diagram showing cardinalities

With. the frequently used relation types Classification (membership) and Specialization (subclassing),
ﬁ C ICIdLiUllblliP b_ylll‘UUl dlld IUIC illk‘libalUib Cdll ‘UC c:hluiuawd ill favum Uf L‘lilelCd dITOWS. TIIC ICIdLiU 1S
are represented by pointed and bullet-shaped arrowheads, respectively. Figure 7 illustrates specialization
between classes A and B.
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A . A
abbreviates
Class Class
B hasSuperclass
Class

hasSubclass Specialization

Class

Figure 7 — Diagram of specialization

T

jgure 8 illustrates classification of an individual a as member of class A

A . P
abbreviates
Class Class
a hasClassifier

PossibleIndividual

hasClassified Classification

a

PossibleIndividual

Figure 8 — Diagram of classification

§ cTemplate specification

5.1 Requirements on template, general

To introduce a template, the following shall be provided.

— aname;

— an informal textual explanation of intended use and meaning;

— asignature listing roles and types of each argument (see 5.2);
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— aformal definition in the form of a biconditional in the template language.

The formal definition of the template shall expand to an ISO 15926-2 language pattern (see 4.1) that
is appropriate for the expressive purpose. The definition should be tested for consistency with the data
model (see 5.4).

5.2 Template signatures

A template signature shall specify a constraint, for each role in a template, on the permitted type of the
individuals filling the role. Each role constraint shall given by a unary predicate.

NOTE 1 The signature can be seen as a representation of the full template definition for which relations between the rofe-
fillers are not included.

Template signatures are significant for the use of templates to represent and store data. Theehoice of cop-
sfraints, from the template’s definition, to include in the signature is only determinedbylconsideratiops
[ practical usability.

o

NOTE 2  See Clause 8 for further information on the representation of templates as referencé data.

=3

template signature shall be specified as an ordered list of template roles? For each role the followipg
hall be given.

2]

a) arole name. Role names are required to be unique within\a signature;
b) atype constraint for individuals filling the role, given as an

1) entity type,

2) RDL class, or

3) data type,

—

meaning, respectively, thdtiany individual that fills the role must have the specified entity type;
classified by the specified’RDL class; is an instance of the specified data type.

S

OTE Each role in a sigmature gives a constraint on the type of individuals instantiating the role. When used in refererjce
ta implementations, Gnrary templates are in general not suitable for specifying role types, even though they may be stored|in
af) RDL as classes,. Thig 1s because templates range over ordered lists of individuals rather than individuals. A role whose type
given by a unary{€mplate may therefore only be instantiated by singleton lists.

7 = Z

9]

3 Témplate specialization

special case of template definition is the introduction of a template as a specialized version of an-
other template. Let 7 name a ternary template, with roles constrained by R, R,, and R3 and further
“modelling” requirements on the relations between arguments expressed in a formula ¢:

T(x,y,2) & Ri(x) AR (y) AR3(2) A .

Suppose that T is a specialization of T, distinguished by having R4 constraining the first role instead of
R;. The following formula suffices to capture this in a formal definition of 7”.

T - T,

R4(x) = Ri(x),

T'(x,y,2) © T(x,y,2) A Ra(x).
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It follows that 7’ is a specialized template of T: every instance of 7’ is an instance of 7', and relations
between individuals that participate in an instance will be just as implemented for 7.

NOTE This covers only the logical definition of a specialized template. For a template compliant with this part of ISO 15926,
the requirements to give an explanation and signature (see 5.1) still apply.

5.4 Verification of compliance with ISO 15926-2

Each template definition should be tested for consistency with the constraints laid down by the
ISO 15926-2 data model. It should be verified that each template can be instantiated in a way that is
consistent with the ISO 15926-2 language

NOTE 1 The following procedure can be used to test whether a template 7 is consistent with ISO 15926-2.

Instantiate 7' with pairwise distinct arbitrary individuals, then expand the statement according to its template‘axiom.
The expansion typically requires expanding other templates as well: any templates that occur in the defmition of 7',
and in definitions of further templates to which these in turn expand. Expand the template instanée}yand consider
whether the expansion contains predicates that are not in the ISO 15926-2 language (i.e., it.Contains template
language predicates)

— if it does, the template definition appeals to predicates for which formal ISO 15926-2 definition is missing,
and the definition of T is incomplete.

— if not, the expansion of the template instance is an expression in the ISO\15926-2 language. This expression
should be tested for consistency with the ISO 15926-2 model using-generic first-order proof methods.

A successful test of consistency proves that the template as defined.has ‘an interpretation in terms of the ISO 15926
data model, and thus meets a formal crierion of adequacy.

NOTE 2  Tests of suitability for a purpose are outside the scop&.of this part of ISO 15926.

=

Templates for individuals

=2}

1 Purpose

—

emplates that serve to characterise individuals, as opposed to classes, are included under the headipg
emplates for individuals’._The typical use for these templates is to record information about a sing
hysical object.

3

o

s=]

OTE 1 ISO 15926"dees not require a sharp stratification of the universe into individuals, classes, metaclasses and so forth.
hat constitutes an‘individual is accordingly not strictly defined.

= Z

6{2 Reference items needed

TheFfollowing reference data item is used in template axioms in this section. It extends the ISO 159262
language with an individual term. For practical applications of templates whose definitions refer to this
item, the item should be recorded in a reference data library.

Reference individual Entity type

ActivityLocation ClassOfRelationship WithSignature
InvolvementSuccession ClassOfRelationshipWithSignature

Table 1 — Reference items: Templates for individuals
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ActivityLocation and InvolvementSuccession are relations. RDL records for these should assign
classes to roles as required by the entity type: hasClassOfEnd1 and hasClassOfEnd2, representing do-
main and range of the relations, respectively.

For ActivityLocation, domain and range should be given by reference items representing the entity types
Activity and SpatialLocation, respectively, in accordance with the intended use in assigning locations to
activities.

For InvolvementSuccession, domain and range should be given by a reference item representing the
entity type InvolvementByReference.

6{3 Initial set

=)

3.1 Template ClassificationOfIndividual

—~

his is a template for classification of individuals (as opposed to pairs of individualsyclasses, or rela-
tipns).

(@)

lassificationOfIndividual(a, b) means that a is an individual, b is a clags~of individuals, and a is| a
ember of b.

=

—

b quote from ISO 15926-2, classification:

A jclassificationy, is type of jrelationship,, that indicates:that the classified jthing; is a member
of the classifier jclassy,.

Order Role name Role type

Individual PossibleIndividual
2 Class ClassOfIndividual

(@)

lassificationOfIndividual(xy, x2) <
PossibleIndividual(x;) A
ClassOfIndividual(x;) A

ClassificationTemplate(xT, x3)

EKAMPLE The¢lassification of Alfred as an Engineer can be expressed using this template. The expansion of the statem¢nt
(assificationOflndividual(Alfred, Person) corresponds to statements in the ISO 15926-2 language as shown in the following
djagram.

Z

pte that'the reference individuals Alfred and Engineer are not themselves defined by the template statement; each may hqve
more specialized entity type than shown in the diagram.

i)

6.3.2 Template ClassificationOfRelationship

This is a template for giving type to relationships. It is a classification template, restricted to classifying
pairs of things as members of relations.

ClassificationOfRelationship(a, b) means that a is an ordered pair, b is a relation, and a is a member of
b.
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Engineer
ClassOfIndividual

Alfred

PossibleIndividual

Figure 9 — Example template ClassificationOfIndividual

Order Role name Role type

Pair Relationship
? Relation  ClassOfRelationship

(@)

lassificationOfRelationship(xy, x;) <
Relationship(x;) A
ClassOfRelationship(x;) A

ClassificationTemplate(xy, x3)

NOTE See also InstanceOfRelation.

=

he following diagram. Note that

— the definition of the first argument (the specification of.the entity type and members for the ordered pair) is not given
part of the template statement;

— the entity type Relationship is abstract. In a Valid instantiation of this template, the ordered pair will have an entity ty
that is a subtype of Relationship;

— the use of angular brackets, (...,..,)" st0 name an ordered pair is not normative in this part of ISO 15926.

Employment
ClassOfRelationship

(Alfred, ACME Co.)
Relationship

EXKAMPLE ClassificationOfRelationship((Alfred, ACME Co.), Eniployment) expands to a representation structured as|i

2011(E)

Figure 10 — Example template ClassificationOfRelationship

6.3.3 Template InstanceOfRelation
This is a template for expressing relationships that do not have a predefined ISO 15926-2 type.

InstanceOfRelation(a, b, c) means that a is a custom-defined relation by which b is related to c.

©ISO 2011 — All rights reserved
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Order Role name Role type

1 Relation ClassOfRelationship WithSignature
2 First element Thing

3 Second element Thing

InstanceOfRelation(xy, xp, X3) &

ClassOfRelationshipWithSignature(x;) A
Thing(x,) A
Thing(x3) A

—

q

o
15

&
¢

—

=2}

Ju(OtherRelationshipTriple(u, x3, x3) A
ClassificationOfRelationship(u, x1))

OTE This template uses the template ClassificationOfRelationship. Where the latter template takes, an ordered pair|(a
lationship) as a single argument to be classified by a relation, this template takes the elements of the erdéred pair themselyes
arguments. The composition of these elements into an ordered pair is given by the template axiom.

KAMPLE Let Alfred and ACME Co. be instances of Person, and Employment a cugtom-defined relation (i.e., a Clgs-
DfRelationshipWithSignature). InstanceOfRelation(Employment, Alfred, ACME-€6.) then expands to the followipg
presentation, which may be compared to the one shown in the example for ClassificationOfRelationship. Note that

no designation for the classified ordered pair is defined;

the definition of the ClassOfRelationshipWithSignature, which should include specification of roles for the erds
of the relation, is not given in the template statement.

Employment
ClassOfRelationshipWithSignature

Alfred ACME Co.
hasEnd1 hasEnd2
Person Person

[OtherRelationship |

Figure 11 — Example template InstanceOfRelation

3.4 \Template IdentificationByNumber

T

] - h D . h 1 1 1
IS 15 a4 tCHIPIAlT TOT TIAITIIITE UIITES Uy 1edl TTUIITUCTS.

IdentificationByNumber(a, b) means that a is a real number, and a refers to b.
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Order Role name Role type

1 Identifier = ExpressReal
2 Identified Thing

IdentificationByNumber(xy, x3) <
ExpressReal(x;) A
Thing(x;) A
ClassOfldentificationTemplate(x1, x3)

NOTE T'his template 1S a spec1allzed version of the ClassUfldentificationlemplate, constrammg the type of the first argumg nt
pm ClassOfInformationRepresentation to its subtype ExpressReal.

—

EKXKAMPLE The statement that the number m is identified by the decimal number 3.14 may be/expressed [as
dentificationByNumber(3.14, ).

3.14 b
Pattern < Represented
ExpressReal Thing

[Class of Identification]

~

Figure 12 — Example template IdentificationByNumber

=2}

3.5 Template ClassifiedIdentification

—

his is a template for typed naming of things.

(@)

lassifiedldentification(a, b, c) means that'b is a string and ¢ a type of name assignment, and that b i{ a
type name for a.

)

Order Role name Role type

Object Thing
Identifier  ExpressString
Context ClassOfClassOfIdentification

(@)

lassifiedldentification(x1, X, X3) <
Thing(xt) A
ExpressString(x;) A
—ClassOfClassOfdentification(rs) 7~
Ju(ClassOfldentificationTriple(u, x5, x1) A

ClassificationTemplate(u, x3))

EXAMPLE The statement Classifiedldentification(Alfred, PN4723, Employee No. ACME Co.) (e.g., an assignment of em-
ployee number) expands as follows.
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Employee No. ACME Co.
ClassOfClassOfIdentification

Alfred PN4723
Represented Pattern

Thing ExpressString

[ClassOflIdentification |

Figure 13 — Example template ClassifiedIdentification

NOTE This template assigns names to things, and a type (a classifier) to the assignments themselvess An intended use is for
he classifier to represent a context in which the name assignment is valid.

=3

=2}

3.6 Template LocationOfActivity

—

his is a template for stating where activities take place.

h

cationOfActivity(a, b) means that a is an activity, b is a location,)and that a takes place at b.

Order Role name Role type

Activity Activity
Location  SpatialLocation

=~

pcationOfActivity(xy, xp) <
Activity(x1) A
SpatialLocation(x;) A

InstanceOfRelation(Activityllecation, x1, x,)

EKXKAMPLE The statemefit.EocationOfActivity(Site Survey #23, Site No. 11) expands to the following representation.

ActivityLocation
ClassOfRelationshipWithSignature

Site Survey #23 L Site No. 11
hasEnd1 hasEnd2——
Activity | SpatialLocation |

[OtherRelationship |

Figure 14 — Example template LocationOfA ctivity

NOTE LocationOfActivity is an RDL template because the reference individual ActivityLocation (a ClassOfRelation-
shipWithSignature) appears in its template axiom.
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6.3.7 Template BeginningOfIndividual
This is a template for stating start time of existence.

Beginning OfIndividual(a, b) means that a is an individual and b is a point in time, and that a begins to
exist at b.

Order Role name Role type

1 Individual PossibleIndividual
2 Start time RepresentationOfGregorianDateAndUtcTime

Beginning OfIndividual(xy, x,) &
PossibleIndividual(x;) A
RepresentationOfGregorianDateAndUtcTime(x;) A
Ju(PointInTime(u) A BeginningTemplate(u, x1) A
ClassOfRepresentationOfThingTemplate(x,, u)

)

=)

3.8 Template BeginningEndOfIndividual

—~

his is a template for stating start and end times of existence.

Beginning EndOfIndividual(a, b, c) means that a is an individual and b and c are points in time, and that
albegins to exist at b and ceases to exist at c.

Order Role name Role type

Individual PossibleIndividual
Start time  RepresentationOfGregorianDateAndUtcTime
3 End time  RepresentationOfGregorianDateAndUtcTime

(o]

eginningEndOfIndividual(x, X3, x3) &
PossibleIndividual(x)~A
RepresentationOfGregorianDateAndUtcTime(x;) A
RepresentationOfGregorianDateAndUtcTime(x3) A
Ju(PointInTime(u) A BeginningTemplate(u, x1) A
ClassOfRepresentationOfThingTemplate(x;, u)) A
Jdu(PointInTime(u) A EndTemplate(u, x1) A

ClassOfRepresentationOfThing Template(x3, 1))

EXAMPLE The statement BeginningEndOfIndividual(Survey # 23,2009-10-19,2009-10-21) expands to the following
representation. Note that no designation for the PointInTime instances is defined.
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|__has 0 has Survey #23 has 0 has |
PointInTime | Yart \I Whole Activity Whole " Part | p . iInTime
hasRelj;:sented hasRep<r;sented
hasPattern ClassOfRepresentation ClassOfRepresentation hasPgttern
OfThing OfThing
2009-10-19 2009-10-21
Representation Representation
OfGregorian OfGregorian
DateAndUtcTime DateAndUtcTime

Figure 15 — Example template BeginningEndOfIndividual

=2}

3.9 Template BeginningOfTemporalPart

—

his template is for stating that an individual is a temporal patt of another, initiated at a time represented
y a timestamp data value.

>x

BeginningOfTemporalPart(a, b, c) means that a is an\individual and b is an individual and ¢ is a point|in
time, that a is a temporal part of b, and that a bégins to exist at c.

Order Role name Role type

Part PossibleIndividual
Whole PossibleIndividual
Start time  RepresentationOfGregorianDateAndUtcTime

o~}

eginning OfTemporalPart(x1, x,, x3) <>
PossibleIndividual(x;) A

PossibleIndividual(x;) A
RepresentationOfGregorianDateAndUtcTime(x3) A
TemporalWholePartTemplate(xy, x2) A

Beginning Oflndividual(x, x3)

6.3.10 Template BeginningEndLocationOfA ctivity
This is a template for expressing where and when an activity takes place.

BeginningEndLocationOfActivity(a, b, c, d) means that a is an activity, b and c¢ are points in time, and d
is a location, and that a takes place at d, starting at b and ending at c.
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Order Role name Role type

Activity  Activity

Start time  RepresentationOfGregorianDateAndUtcTime
End time  RepresentationOfGregorianDateAndUtcTime
Location  SpatialLocation

B W -

BeginningEndLocationOfActivity(x1, x3, X3, X4) <
Activity(x;) A
RepresentationOfGregorianDateAndUtcTime(x,) A
R 1on0EG ianDateAndUteTime(s)

SpatialLocation(x4) A

Beginning EndOfIndividual(xy, x2, x3) A

LocationOfActivity(x1, X4)

=)

3.11 Template InstanceOfIndirectProperty

—~

his template is for expressing the classified possession by an individual of an indirect property.

~

nstanceOflIndirectProperty(a, b, c) means that a is is a ClassOfIndire¢tProperty, b a (temporal part gf)
pssibleIndividual to which the relation applies and c is the instance of Property. b has a a type pf
lassOfIndirectProperty, which has c instance of Property.

[@Mav)

Order Role name Role type

Property type ClassOfIndirectProperty.
4 Property possessor PossibleIndividual
3 Property Property

~

nstanceOfIndirectProperty(x1, X2, X3)\&>

ClassOfIndirectProperty(x;) A

PossibleIndividual(x;) A

Property(x3) A

Au(ClassificationOfRelationship(u, x1) A
IndirectPropertyTriple(u, xo, x3)

=)

3.12 _Template RealMagnitudeOfProperty

datatyped representation rather than a number object.

RealMagnitudeOfProperty(a, b, c) means that a is is an instance of Property, b is a floating point number
with the property value and d the Scale as unit of measurement.

Order Role name Role type

1 Property Property
2 Property value ExpressReal
3 Property scale Scale

©ISO 2011 — All rights reserved 23


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

Template RealMagnitudeOfProperty(x1, X2, X3) <
Property(x;) A
ExpressReal(x;) A
Scale(x3) A
du(MagnitudeOfProperty(x1, u, x3) A
IdentificationByNumber(x;, u)

=2}

3.13 Template IndirectPropertyScaleReal

—

his template is for assigning a typed indirect property to an individual, with magnitude given as a rdal
imber and a scale.

=

~

ndirectPropertyScaleReal(a, b, ¢, d) means that a is is a ClassOfIndirectProperty;b a (temporal part qf)
pssibleIndividual to which the relation applies, c is a floating point number-with the property value apd
the Scale as unit of measurement. b has a a type of ClassOfIndirectProperty, which has ¢ value and d
hit of measurement.

S S

Order Role name Role type

Property type ClassOfIndirectProperty
Property possessor PossibleIndividual

3 Property value ExpressReal

4 Property scale Scale

~

ndirectPropertyScaleReal(x1, X3, X3, X4)-6

ClassOfIndirectProperty(x;) A

PossibleIndividual(x;) A

ExpressReal(x3) A

Scale(xy) A

Au(InstanceOfIndirectProperty(xy, X2, 1) A
RealMagnitudeOfProperty(u, x3, X4)

6{3.14.. ' Template StatusApproval

This template is for stating that an approver assigns a status to a relationship.

StatusApproval(a, b, c) means that a is an relationship and b is a class of approval by status and c is a
approver and that ¢ assigns a with status b.
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Order Role name  Role type

1 Relationship Relationship
2 Status ClassOfApprovalByStatus
3 Approver PossibleIndividual

StatusApproval(xy, x3, x3) &
Relationship(x;) A
ClassOfApprovalByStatus(x,) A
PossibleIndividual(x3) A

Au(ApprovalTriple(u, x1, x3) A
ClassificationTemplate(u, x,))

=2}

3.15 Template ClassifiedInvolvement

—

his template is for stating that a thing is involved in an activity, where the kind of involvement |is
assified.

O

NOTE 1 This template is also suitable for weak kinds of involvement, “‘by reference™

(@)

lassifiedInvolvement(a, b, c) means that a is an thing and b is an.defivity and c is a type of involvement.
is involved in activity b and c is the type of involvement.

Q

Order Role name Role type

Involved Thing
Involver activity  Activity
Involvement type ClassOfInvolvementByReference

(@)

lassifiedInvolvement(xy, x2, x3) <>
Thing(x1) A
Activity(xp) A
ClassOfInvolvementByReference(x3) A
Au(InvolvementByReéferenceTriple(u, x1, x2) A

ClassificationTemplate(u, x3))

=2}

3.16 Template InvolvementStatus

—

his‘template is for stating that a thing is involved in an activity, that the involvement is classified to be
a-eertain kind. and that the involvement is approved by an approver to have a certain status.

o

InvolvementStatus(a, b, c, d, e) means that a is an thing and b is an activity and c is a type of involvement,
d is an approval status and e is the approver. a is involved in activity b and c is the type of involvement,
the activity is approved, d is type of status of the approval and e is the approver.
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Order Role name Role type

1 Involved Thing

2 Involver activity  Activity

3 Involvement type ClassOfInvolvementByReference
4 Status ClassOfApprovalByStatus

5 Approver PossibleIndividual

InvolvementStatus(xy, xp, X3, X4, X5) <

Thing(x;) A

=)

1]

=

Vi

N O O

Activity(x3 )~
ClassOfInvolvementByReference(x3) A
ClassOfApprovalByStatus(x4) A
PossibleIndividual(xs) A
Ju(InvolvementByReferenceTriple(u, x1, x2) A
ClassificationTemplate(u, x3) A
StatusApproval(u, x4, Xs))

3.17 Template InvolvementStatusBeginning

hve a certain status.

is the approver, f is the start time of the activity.

his template is for stating that starting at a certain time, a thing.is involved in an activity, and that the
volvement is classified to be of a certain kind, and that thelinvolvement is approved by an approver to

volvementStatusBeginning(a, b, c,d, e, f) means that’a is an thing and b is an activity and c is a type
[ involvement, d is an approval status and e is.the approver and f is a point in time. a is involved fin
Ctivity b and c is the type of involvement, the activity is approved, d is type of status of the approval apd

¢

Drder Role name Role type

Involved Thing
Involver activity (Activity

Involvement type) ‘ClassOfInvolvementByReference

| Status ClassOfApprovalByStatus
h] Approver PossibleIndividual
( Start time RepresentationOfGregorianDateAndUtcTime
InvolvementStatusBeginning(x, x3, X3, X4, X5) <

Thing(x1) A

ATHVIty(Xx3) 7~

ClassOfInvolvementByReference(x3) A
ClassOfApprovalByStatus(x4) A
PossibleIndividual(xs) A
RepresentationOfGregorianDateAndUtcTime(xg) A
JAu(Beginning OfTemporalPart(u, x;, xg) A

InvolvementStatus(xy, u, x3, x4, X5))

26
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6.3.18 Template SuccessionOfInvolvementByReference

This template 1is for expressing that one involvement 1is succeeded by another.
SuccessionOfInvolvementByReference(a, b) means that a is a involvement and b is an involvement, and
that a is succeeded by b.

NOTE  SuccessionOfinvolvementByReference is an RDL template because the reference individual InvolvementSuccession
appears in its template axiom.

Order Role name Role type

Predecessor InvolvementByReference
Successor  InvolvementByReference

o)

LiccessionOflnvolvementByReference(xy, xp) <
InvolvementByReference(x;) A
InvolvementByReference(x;) A

InstanceOfRelation(InvolvementSuccession, xi, x)

=2}

3.19 Template SuccessionOfInvolvementInActivity

—

his template is for expressing that in an activity, one thing that’s\involved in the activity is succeeded
y another.

o

NOTE 1 Here the involved things are arguments to the template, notthe involvement relationships themselves.

o)

LiccessionOfInvolvementInActivity(a, b, ) means that'a is a involvement and b is an involvement, and ¢
1 activity. b succeeds a, and both are involved.imactivity c.

oo

Order Role name Role type

Involved predecessor Thing
Involved successor  Thing
3 Involver Activity

ShccessionOfInvolvementinActivity(xy, xa, X3) &
Thing(x1) A

Thing(x;) A

Activity(x3),A

Juy us(

drvolvementByReferenceTriple(uy, X1, X3)A

InvolvementByReferenceTriple(us, x7, x3)A\

SuccessionOflnvolvementByReference(uy, uy))

7 Templates for classes
7.1 Purpose

Templates that serve to characterise types of entities are included under the heading “templates for
classes”. The characteristic case is to express that the (individual) members of a class, or the (ordered
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pair) members of a relation, satisfy general constraints.

NOTE ISO 15926 does not require a sharp stratification of the universe into individuals, classes, metaclasses and so forth.
What constitutes a class, a relation, etc. may be indeterminate in a given case.

7.2 Reference data items needed
The following reference data items are used in template axioms in this section. They constitute an

extension of the ISO 15926-2 language with individual terms. For practical applications of templates
whose definitions refer to these items, the items should be recorded in a reference data library.

Reference individual Entity type
EmptyClass Class
SetOf1Class ClassOfClass
SetOf2Classes ClassOfClass
SetOf3Classes ClassOfClass

End1UniversalRestriction ClassOfSpecialization
End2UniversalRestriction ClassOfSpecialization

* Cardinality INTEGER
Infinity ArithmeticNumber
—Infinity ArithmeticNumber

UomSymbolAssignment  ClassOfClassOfIdentification

Table 2 — Reference items: Templates for classes

712.1 Reference classes

—

he reference items SetOf1Class, SetOf2Classes, and SetOf3Classes are classes. Their intended uge
q as classifiers for EnumeratedSetOfClass-instances that classify precisely one, two, or three classgs,
gspectively. (Classes with higher cardinalities may be added to reference data.)

- =

NOTE The reference items SetOf1€lass, etc., are used in this part of ISO 15926 to represent that instances of the entity type
EnumeratedSetOfClass have all members “explicitly given”. For an EnumeratedSetOfClass A, membership in A|is
Apressed by classification relatienships. The classification of A by, e.g., SetOf3Classes, represents that there are precisely 3
sych members.

]

—

he reference individual EmptyClass is a class which is defined to have no members. Semantically, the
ass can be défined as the result of applying DifferenceOfSetOfClass to an EnumeratedSetOfClass cop-
dining justagingle class (which class is chosen is insignificant), as illustrated in the following diagram|

I~k el
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SetOf1Class
ClassOfClass

a EmptyClass
fa} hasInput——¢——hasResult ﬁ
EnumeratedSetOfClass €1

T1ass

a [DifferenceOfSetOfClass |

Class

Figure 16 — Use of EmptyClass

NOTE In Figure 16, the EnumeratedSetOfClass instance {a} is named using brace set notation, to emphasise its natufal
nterpretation as a set containing the element a. This pattern of naming is not inténded to be normative.

—

—~

he reference item * Cardinality is used in this part of ISO 15926 to represent unlimited maximum
hrdinality.

(¢}

—~

he reference items Infinity and —Infinity are used, int this part of ISO 15926 to represent positive apd
poative infinity, as required for the definition of @mumber ranges.

=

712.2 Reference relations

The items End1UniversalRestriction, End2UniversalRestriction, and UomSymbolAssignment are
r¢lations (their entity types are subtypes of ClassOfRelationship). This means an RDL record needs [to
sign classes to the roles of these items, as required by the respective entity types. For present purposgs,
fating general requirements.on such assignment in an RDL is sufficient.

©vooo

nd1UniversalRestriction and End2UniversalRestriction are intended to be used for characterisipg
brelation relationships. For each item, the required roles are hasClassOfSubclass and hasClassOfSupgr-
ass. The roles'should both be assigned a reference item representing the entity type ClassOfRelationship.

Gm@

-

omSymbolAssignment is intended to be used for assigning symbols to scales. The required roles are
hsClassOfRepresented and hasClassOfPattern. They should be assigned reference items representipg

i i tivel
the-ehtity types-Seale-and ExpressString, respectively.

=

7.3 Representing complex classes

In ISO 15926, the class operations union, intersection, and complement are expressed by means of the
functional relations UnionOfSetOfClass, IntersectionOfSetOfClass, and DifferenceOfSetOfClass, respec-
tively. Every instance of these entity types relates a set of classes (an item of type EnumeratedSetOfClass)

in the hasInput role to a single class, in the hasResult role.

Let A be a set of classes ay, as, ..., a,. With A in the hasInput role of an instance of UnionOfSetOfClass,

©ISO 2011 — All rights reserved 29


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

IntersectionOfSetOfClass, or DifferenceOfSetOfClass, the hasResult role is a class with the following
definition.

for UnionOfSetOfClass: The union of the sets in A, i.e., the set of elements that belong to to ay, or
to ap, etc.;

for IntersectionOfSetOfClass: The intersection of the sets in A, i.e., the set of elements that belong
to ay, and also to a», etc.;

for DifferenceOfSetOfClass: The members of the union of the sets in A that do not belong to the

intarcactinn ~ftha catc 19 A

—

S -

qiﬂerenceOfSetOfClass of {a,b}is {x € aUb | x & aN b}; let ¢ designate this set. Then the relative complement of a and b
is|the IntersectionOfSetOfClass of {a, c}. This is captured in the template RelativeComplementOf2Classes.

T S CC O OTTrIC— S5 Tts 171

emplates that provide for expressing complex class definitions include UnionOf2Classes, ntersédc-
nOf2Classes, and RelativeComplementOf2Classes.

KAMPLE Let A, B, and C be entities of type EnumeratedSetOfClass: A is the class containing just.the class MOTOR.
is the class containing the classes ELECTRIC MOTOR and HYDRAULIC MOTOR. C is the class¢ontaining the clasges
[UMP and PIPE (In brace notation, we say A is {MOTOR}, B is {ELECTRIC MOTOR, HYDRAULIC MOTOR}, and C
{PUMP, PIPE}.)

oto-templates that support the set operations are UnionOfSetOfClassTemplate,(IntersectionOfSetOfClassTem-
ate, and DifferenceOfSetOfClassTemplate. Below, we abbreviate using set notation, writing |J X, () X, and [J X \ (| X
designate the value of the second argument of these respective templates, given X.as the first argument. With default intpr-
etations saying MOTOR is the class of motors, etc., we have:

A is the class of motors (the class MOTOR).

B is the class of motors that are electric or hydraulic.

B is the class of motors that are both electric and hydrauli¢:

{MOTOR, ELECTRIC MOTOR} \ N{MOTOR,ERECTRIC MOTOR} is the class of non-electric motors.
C is the (typically, empty) class of things thatare both PUMP and PIPE.

{MOTOR, | B} \ N{MOTOR, |J B}is the class of motors that are neither electric nor hydraulic.

OTE  Together with IntersectionOfSetOfClass, the DifferenceOfSetOfClass entity type is suitable for representing
e common notion of set complement. The (relative) complement of two sets a and b is defined as {x € alx ¢ b}. The

4 Relation constraints

his section accounts describes how complex constraints on classes and relations can be represented

sifig this part of ISO 15926.

7.4.1 Relations: Domain and co-domain

Introducing a relation between a pair of classes C and D doesn’t in itself apply constraints on C’s or
on D’s. We now consider how this part of ISO 15926 can be used to constrain classes according to the
relations its members can enter into.

EXAMPLE A typical set of reference data for mechanical equipment is described in Figures 17 (Permitted Ambient Temper-
ature) and 18 (Celsius). As illustrated, Permitted Ambient Temperature is a relation with Equipment in its hasClassOf-
Possessor role and Temperature in its hasPropertySpace role, and Celsius is a scale that relates Temperature properties
to numbers.
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Equipment
ClassOfInanimatePhysicalObject

hasClassQfPossessor
hasPropertySpace Permitted Ambient Temperature
ClassOfIndirectProperty
Temperature

SinglePropertyDimension

Figure 17 — Relation: Permitted Ambient Teémperature

Temperature

SinglePropertyDimension

hasDomain

) Celsius
hasCodomain I —
Scale
Real Number
RealNumber

Figure 18 — Relation: Celsius
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Figure 17 corresponds to the following set of statements in the ISO 15926-2 language.

It
di

a)

ClassOfInanimatePhysicalObject(Equipment)
SinglePropertyDimension(Temperature)
ClassOfIndirectProperty(Permitted Ambient Temperature)
hasClassOfPossessor(Permitted Ambient Temperature, Equipment)
hasPropertySpace(Permitted Ambient Temperature, Temperature)

is natural to consider the two directions (left-right and right—left) of a relation such as Permitted Ambient Temperature as
stinct, directed relations:

a relation with domain Equipment and codomain" Temperature

b

1

I ™

{

72}

s

— e
L

h

2

= O

(s

N e g =5 o3

—

q

o5}

1 this part of ISO 15926( a;conventional extension is provided for adding the expressive capabilify,

End2UniversalRestriction. The construction is interpreted according to the following convention (apd

a relation with domain Temperature and codomain Equipment.

fferent constraints may be applied to each direction.
4.2 Existential and universal constraints

xistential (“some”) and universal (“‘all”) constraints are of particular interest-for reference data. [[n
OL notation, the characteristic cases correspond to expressions of the following forms, with C and (D
anding for classes and R for a relation.

C(x) 2 Ay(R(x,y) A D(y)) (D
C(x) > Yy(R(x,y) 2 D(y)) ®

t

[

brmula (1) says that every C is related by R to at least one D; (2), that whenever a C is related by R,
related to a D.

xistential constraints serve to express that instances of a given class are required to participate fin
me minimum number of relationships. In ISO 15926, they are expressed as cardinality restrictiops
h relations. Applied to the example of<Eigure 17, the one-to-many constraint pattern (1) on the
ft-to-right direction of the relation can)be expressed as shown in Figure 19. Restriction to a mayi-
um number of related instances canalso be covered using cardinalities, as illustrated in Figure 20,
here a cardinality constraint of 1.: 1 (“precisely 1) is expressed. Universal constraints can
bt be expressed using cardinality constraints, and ISO 15926-2 doesn’t provide primitives for then.

ith the reference data/items EndlUniversalRestriction and End2UniversalRestriction. They are
sed to classify relation specialisations, one item for each direction of a ClassOfRelationship (Figure
1). The relations to which universal constraints are applied are typically subrelations of genefic
lations. To fepresent a universal constraint, the Specialization of a relation is itself classified as an

tcordingly for End1UniversalRestriction):

If, a Specialization S from R to subrelation R’, where C’ is the domain of R’, is classified by

T

End2UniversalRestriction, then €very pair (x, y) 1n R for which C (x) holds is a member of (3)
R'.

he pattern for classification of a relation specialisation by End2UniversalRestriction is illustrated in

Figure 22. By convention in this part of ISO 15926, the classification expresses that restriction (4) holds.

C’(x) 2 Vy(R(x,y) 2 D'(y)), “

DThe term “codomain” is a synonym of “range”, as used to refer to the set of second elements in a binary relation;
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1 *
INTEGER INTEGER

hasMinimum hasMaximum
Cardinalit& Cardinality

1:%

Cardinality

End2Cardinality
Equipment / Temperature
hasClassOf hasProperty
ClassOfInanimate Possessor < Space SingleProperty
PhysicalObject Dimension
Permitted Ambient
Temperature

ClassOfIndirectProperty

Figure 19 — Existential constraint: Permitted Ambient Temperature

EKAMPLE An example of the pattern is given in Figure 23, where an, (uunamed) subrelation between Type N Engine
aijd a Temperature range is given as a Specialization of the generic relationship Permitted Ambient Temperature.? The
classification as universal means that every assignment of Permitted Anibient Temperature to a Type N Engine is restricted
q properties in the range Temperature 0 to 70 degrees C.

=

~]

4.3 At-most n subrelation constraints

A common constraint pattern limits the number of relationships, of a given type, into which a given class
ay enter. Given a generic relation R from-C to D, and a subclass C” of C (Figure 24), at most cardinality
gstrictions with regard to R may be applied to C’ according to pattern (5), which says that a C’ may pe
¢lated by R to at most n things.

= = =

Vx(C'(x) D J<ny(R(x, ) ®)

As for universal (_c¢onstraints, the reference items EndlUniversalRestriction apd
nd2UniversalRestriction are used in this part of ISO 15926 to express at most constraints. To
limit the number of ‘R-relationships for a class C’, apply a cardinality restriction on a subrelation R’
for which the domain is restricted to C’. The subrelation specialisation is then classified as a univergal
r¢striction on_the¢pattern introduced above.

EXKAMPLE->"An example of the at most constraint representation pattern is given in Figure 25, according to which evéry
mber ‘of "C’ participates in between 1 and 3 R’ relationships. The End2UniversalRestriction classification ensures that
eyery.-R relationship with a C’ in the left role is an R’ relationship. Hence, C’ is related by R to at most 3 D’s.

2See ISO 15926-2, 5.2.27.6, on the representation of a property range as a subclass of a property dimension.
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1
INTEGER

" ./ .
hasMinimaom———hasMaximum

Cardinality Cardinality
1:1
Cardinality
End2Cardinality
Eaui
o ((;Li'llpmel.lt t hasClassOf has;’roperty Temperature
ass nanimate Possessor C ace . . .
PhysicalObject P SinglePropertyDimension

Permitted Ambient Temperature

ClassOfIndirectProperty

Figure 20 — Precisely-one constraint: Permitted Ambient Temperature

& 8%
End2UniversalRestriction ‘
ClassOfSpecialization ‘ Specialization

Figure 21 — Classification for universal constraint
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C D
Class ‘ Class

R
ClassOfRelationship

hasSuperclass

End2UniversalRestriction

ClassOfSpecialization A
hasSubclass
C | D’
@
Class e Class
R’
ClassOfRelationship

Figure 22 — Universal constraint pattern

Equipment hasClassOf hasProperty Temperature
i i i Possessor ) Space : ; ;
ClassOfInanimatePhysicalObject P SinglePropertyDimensipn

Permitted
Ambient Temperature

ClassOfIndirectProperty

hasSuperclass
End2UniversalRestriction
ClassOfSpecialization _
Specialization
hasSubclass
Type N Engine HasClassOf HasProperty Temperature 0 to 70DegrC
ClassOfInanimatePhysicalObject Possessor ’ Space Property Range

[ClassOfIndirectProperty |

Figure 23 — Universal constraint: Equipment, Temperature
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C D
Class hg Class
R
C’ ClassOfRelationship
Class

Figure 24 — Example for at most constraints

Class Class

R

ClassOfRelationship
hasSuperclass

End2UniversalRestri¢tion

ClassOfRelationship
hasSubclass
Specialization
C | A
Class ‘
hasEnd2
Cardinality

1:3
Cardinality

R’
ClassOfRelationship

Figure 25 — Combining universal constraints and cardinalities
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7.5 Initial set
7.5.1 Template ClassificationOfClass
This is a template for classifying classes.

ClassificationOfClass(a, b) means that a is a class, that b is a class of classes, and that a is a member of
b.

Order Role name Role type

Class Class
2 Class Classifier ClassOfClass

(@)

lassificationOfClass(x, xp) &
Class(x1) A
ClassOfClass(x;) A

ClassificationTemplate(x1, x3)

EKAMPLE Typical uses of this template is in classification of classes that ar€ used by particular entities or which are defined
n domain standards. No restriction on the order of the classes is imposed.€As ‘an example of classification of a second-order
clpss by a third-order class, consider “the types of drill string belong to the drilling domain”. This could be expressed py
(JassificationOfClass(Drilling Domain Class, Drill String Type), which/expands to statements in the ISO 15926-2 language
4 shown in the following diagram.

—

o

Drilling Pomain Class
ClassOfClass

Drill String Type
Class

Figure 26 — Example template ClassificationOfClass

~

5.2 Template ClassificationOfClassOfIndividual

—~

his ista.template for classifying classes that only have individuals as members.

Innn;f,‘nnﬁnmﬂff’lnno/)flmrlin;,lnnl(n l-n) meansthat o 1¢ o frct ordar olace that b 1c a canand ordar ola S
T HECCHOH oty TIerty Tyt Gy - O e - C et Yttt Pt e O RO r e oD >,

and that a is a member of b.
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Order Role name Role type
1 Class ClassOfIndividual
2 Class Classifier ClassOfClassOfIndividual

ClassificationOfClassOfIndividual(x1, x3) &
ClassOfIndividual(x;) A
ClassOfClassOfIndividual(x,) A
ClassificationOfClass(x1, x2)

NOTE This template is a specialised version of ClassificationOfClass, with the added restriction that the first argument i a
figst-order class (a ClassOfIndividual), and the second argument is a second-order class (a ClassOfClassOfIndividual).

EKXKAMPLE The expansion of the statement ClassificationOfClass(Drilling Class, Drill String) is showncin the following
djagram.

Drilling Class
ClassOfClassOfIndividual

Drill String
ClassOfIndividual

Figure 27 — Example template ClassificationOfClassOfIndividual

|

5.3 Template ClassificationOfClassOfRelationship

—

his is a template for classifying relatiofis:

(@)

lassificationOfClassOfRelationship(a, b) means that a is a relation and b a class of relations, and thaf a
4 a member of b.

— e

Order Role name Role type

Class ClassOfRelationship
Class Classifier ClassOfClassOfRelationship

(@)

lassificationOfClassOfRelationship(x1, x3) <
ClassOfRelationship(x) A

|_ClassOfClassOfRelationship(os) A
ClassificationOfClass(x1, x3)

NOTE This template is a specialised version of ClassificationOfClass, with the added restriction that the first argument is a
relation (a ClassOfRelationship), and the second argument is a class of relations (a ClassOfClassOfRelationship).

EXAMPLE The expansion of the statement ClassificationOfClass(Shaft Seal Connection, Machinery Relation) is shown
in the following diagram.
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Machinery Relation
ClassOfClassOfRelationship

Shaft Seal Connection
ClassOfRelationship

Figure 28 — Example template ClassificationOfClassOfRelationship

~

5.4 Template RelationOfIndividualsToIndividuals

—

his is a template for expressing that a relation relates individuals only.

=

elationOfIndividualsTolndividuals(a) means that a is a relation of ong ‘of-the subtypes of ClassOfRela-
’rnship, and that its domain and range (as determined by attributes according to the entity type) are both
st-order classes.

-
=

Order Role name Role type

Relation  ClassOfRelationship

=

elationOfIndividualsToIndividuals(x) <
ClassOfRelationship(x) A

Ay yz(entityTriple(x, y1, y2) A
ClassOfIndividual(y;) A ClassOfIndividual(y;))

NOTE The purpose of this unarytemplate is in expressing a constraint on relations. The use of the disjunctive entityTriple
mplate (annex C.3) in the defining axiom means this template is not suitable for introducing relations.

=
Q

NOTE The templatedanguage lacks the expressive power to fully capture the constraint intended for this template. A fpll
expression would requir€ universal quantification, stating that for every entity type to which the subject relation belongs, the
afributes of the relation are first-order classes. Universal statements are beyond the scope of template definitions (cf. 412,
afnex H). The.teniplate still captures a useful approximation, because the intended constraint is satisfied given that the the
ybject relationhas only one pair of attributes (i.e., has unique domain and range). This requirement is not captured in the I$O
926-2%or.template languages.

—_ »

e e a Z vidua ha £ onnection) is a disjunctive atemen hat
Shaft Seal Connection belongs to one of the subtypes of ClassOfRelationship, with the appropriate attributes filled by
first-order classes. This statement is not properly suited for representation in a single diagram, but the following is offered as

an informal illustration (where connectors have not been annotated with attribute names).
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(end 2 acc. to (end 1 acc. to
entity type) O entity type)

ClassOfIndividual ClassOfIndividual

Shaft Seal Connection
(ClassOfRelationship subtype)

Figure 29 — Example template RelationOfIndividualsToIndividuals

g

5.5 Template SpecializationOfIndividualRelation

his is a template for expressing that one relation is a subrelation of another, constrained to relatio
ptween individuals.

o~

becializationOfindividualRelation(a, b) means that a and b are relations betweén individuals, and th
is a subrelation of b.

]

S

Order Role name Role type

Subrelation  ClassOfRelationship
Superrelation ClassOfRelationship

]

becializationOfIndividualRelation(xy, x,) &
ClassOfRelationship(x;) A
ClassOfRelationship(x;) A
RelationOfIndividualsTolndividuals(x| )\
RelationOfIndividualsTolndividuals(%y) N

SpecializationTemplate(xy, x3)

EKXKAMPLE The expansion of SpecializationOfindividualRelation(Shaft Seal Connection, Seal Connection) is a disjunct
sthtement: cf. the example for RelationOfIndividualsTolndividuals for an explanation. The following diagram is offered as
nformal illustration.

-

ns

an
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‘ (end 1 acc. to A (end 2 acc. to
ClassOfIndividual ‘ entity type) entity type) ClassOfIndividual
Seal Connection
ClassOfRelationship subtype
(end 1 acc. to (end 2 acc. to
ClassOfIndividual i HRRT AP ClassOfIndividugl

|

st

Shaft Seal Connection

ClassOfRelationship

5.6 Template EnumeratedSetOf2Classes

Figure 30 — Example template SpecializationOfIndividualRelation

humeratedSetOf2Classes is a template for collecting two classes into a third.

HnumeratedSetOf2Classes(a, b, c) means that a, b, and ¢ are classes, and that a has precisely b and ¢ ps
njembers.
Order Role name Role type
Classified 1 Class
2 Classified 2 Class
3 Enumerated Set Of Class EnumeratedSetOfClass
HnumeratedSetOf2Classes(xj, x2, x3) &

Class(x1) A

Class(xp) A

EnumeratedSetOfClass(x3) A
ClassificationTemplate(x1, x3) A
ClassificationTemplate(x,, x3) A
ClassificationTemplate(xs, SetOf2Classes)

NOTE The order in which the first two arguments is given is insignificant. The numbering in role names (“Classified 17,
“Classified 2”) is only applied in order to distinguish the roles from each other.

NOTE See 7.2.1 for further information on the representation used in this template.

EXAMPLE The statement EnumeratedSetOf2Classes(Pump, Pipe, {Pump, Pipe}) expands to the following representation.
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SetOf2Classes
ClassOfClass

{Pump,Pipe}
EmmeratedSetOfClass T

Pump Pipe
Class Class

Figure 31 — Example template EnumeratedSetOf2Classes

|

5.7 Template EnumeratedSetOf3Classes

sl

humeratedSetOf2Classes is a template for collecting thrée-€lasses into a fourth.

HnumeratedSetOf2Classes(a, b, ¢, d) means that a, b, ¢, and d are classes, and that a has precisely b,|c
and d as members.
Order Role name Role.type
Classified 1 Class
Classified 2 Class
] Classified 3 Class
4 Enumerated Set Of-Class EnumeratedSetOfClass
HnumeratedSetOf3Classes(xy, x3, X3, X4) ©

Class(x1) A
Class(x2) A
Class(x5) A
EnumeratedSetOfClass(x4) A

ClassificationTemplate(x1, x4) A

ClassificationTemplate(x,, x4) A
ClassificationTemplate(xs, x4) A
ClassificationTemplate(xy, SetOf3Classes)

NOTE See 7.2.1 for further information on the representation used in this template.

7.5.8 Template UnionOf2Classes

UnionOf2Classes is a template for expressing that a class is the union of two classes.
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UnionOf2Classes(a, b, c) means that a, b, and c¢ are classes, and that c¢ is the union of a and b.

Order Role name Role type

1 Class 1 Class
2 Class 2 Class
3 Class Union Class

UnionOf2Classes(x1, xp, x3) <

o

Class(x1) A

—Class(ea)-A

Class(x3) A
Ay(EnumeratedSetOf2Classes(xy, x2,y) A
UnionOfSetOfClassTemplate(y, x3))

OTE  See 7.3 for further information on the representation used in this template.

KAMPLE The statement UnionOf2Classes(Pump, Pipe, PumpUPipe) expands to the foHowing representation. Note: The
signation of the item {Pump,Pipe} is included to make the diagram more readable, butsis.het defined by the expansion.

X

SetOf2Classes ‘ {Pump,Pipe}
ClassOfClass ‘ EnumeratedSetOfClass
Pump PRipe
Class Class

5.9 Template IntersectionOf2Classes

Figure 32 —Example template UnionOf2Classes

%haslnputﬁ

hasResult

[UnionOfSetOfClass

PumpUPipe

Class

IntersectionOf2ClassesAs a template for expressing that a class is the intersection of two classes.
IntersectionQf2Classes(a, b, c) means that c is the intersection of a and b.
OrderRole name Role type
Class 1 Class
Class 2 Class
3 Class Intersection Class

IntersectionOf2Classes(xy, xp, x3) <

Class(x1) A
Class(xp) A
Class(x3) A
Ay(EnumeratedSetOf2Classes(xy, x2,y) A
IntersectionOfSetOfClassTemplate(y, x3))

©ISO 2011 — All rights reserved
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NOTE  See 7.3 for further information on the representation used in this template.
7.5.10 Template DifferenceOf2Classes

DifferenceOf2Classes is a template for expressing that a class is the difference, as given in ISO 15926-2,
of two classes.

DifferenceOf2Classes(a, b, c) means that c is the difference of a and b.

Order Role name Role type
Class 1 Class
Class 2 Class

Class Difference Class

!

ifferenceOf2Classes(x1, X2, X3) &
Class(x1) A
Class(x2) A
Class(x3) A
dy(EnumeratedSetOf2Classes(x1, x3,y) A
DifferenceOfSetOfClassTemplate(y, x3))

NOTE ISO 15926-2 defines the difference of two classes a and b as (a U b)n(a N b). See 7.3 for further information on the
gpresentation used in this template.

—

X

5.11 Template RelativeComplementOf2Classes

=

elativeComplementOf2Classes is a-template for expressing that a class is the relative complement pf
Wwo classes.

—

RelativeComplementOf2Classes(a, b, c) means that c is the relative complement of a and b.
Order Role name Role type
Class 1 Class
Class-2 Class

3 Class'Relative Complement Class

=

elativeComplementOf2Classes(x1, X2, x3) <>
Class(x1) A
Class(x2) A
Class(x3) A
dy(DifferenceOf2Classes(xy, x2,y) A
IntersectionOf2Classes(x1,y, x3))

NOTE The relative complement of two classes a and b is commonly written anb. See 7.3 for further information on the
representation used in this template.

44 ©ISO 2011 — All rights reserved


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

EXAMPLE The following diagram shows the expansion of RelativeComplementOf2Classes(a, b, a\b). Note: The designa-
tions of the items {a,b}, (a U b)n(a N'b), and {a, (a U b)n(a N b)} are included here to make the diagram more readable, but are
not defined by the expansion.

a,b) ‘ hasInput————>
EnumeratedSetOfClass ‘
[DifferenceOfSetOfClass |
hasResult
SetOf2Classes a b (aub)n(anb)
ClassOfClass Class Class Class

{a,(aUub)n(anb)} anb

EnumeratedSetOfClass

%haslnput—(}hasResult

Class

[IntersectionOfSetOfClass|

Figure 33 — Example template RelativeComplementOf2Classes

N

5.12 Template DisjointnessOf2Classes

—~

his template expresses that twe_classes have no members in common (that the classes are disjoin}).
isjointnessOf2Classes(x, y)imeans that the intersection of x and y is empty.

!

Order Role name Role/type

Class 1 Class
2 Class 2 Class

!

isjointnessOf2Classes(xy, x3) &
Class(x1) A
—Class(xa)-A
IntersectionOf2Classes(x1, x,, EmptyClass)

NOTE See 7.3 for further information on the representation used in this template. See 7.2.1 for a description of the item
EmptyClass used in this template.

EXAMPLE The statement DisjointnessOf2Classes(Pump, Pipe, EmptyClass) expands to the following representation.
Note: The designation of the item {Pump,Pipe} is included to make the diagram more readable, but is not defined by the
expansion.

©ISO 2011 — All rights reserved 45


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

SetOf2Classes ‘ {Pump,Pipe} hasInput
ClassOfClass ‘ EnumeratedSetOfClass
hasResult
[IntersectionOfSetOfClass |
Pump Pipe EmptyClass
Class Class Class

Figure 34 — Example template DisjointnessOf2Classes

|

5.13 Templates SpecializationAsEnd1UniversalRestriction,
pecializationAsEnd2UniversalRestriction

|9/]

A

pecializationAsEnd1 UniversalRestriction and SpecializationAsEnd2 UniyérsalRestriction are templates
dr expressing relation specialisations with the force of universal restriction.

—r

These templates have the same roles, and similar definitions ex€ept for the use of reference items
Knd1UniversalRestriction, resp. End2UniversalRestriction{

N

pecializationAsEndl UniversalRestriction means that a-and b are relations, that a is a subrelation of |b,
nd that the specialization relation between a and b is:d& member of End1UniversalRestriction.

o

Order Role name Role type

Subrelation  ClassOfRelationship
Superrelation ClassOfRelationship

(%)

pecializationAsEnd 1 UniversalRestriction(xy, xp) <
ClassOfRelationship(x;)A

ClassOfRelationship(£73) A

Jy(SpecializationTriple(y, x1, x2)A
ClassificationTemplate(y, End1UniversalRestriction))

N

pecializationAsEnd2UniversalRestriction(xy, x3) <
ClassOfRelationship(x;) A
—ClassOfRetatiomshiptry)

Ay(SpecializationTriple(y, x1, X2)A

ClassificationTemplate(y, End2UniversalRestriction))

NOTE A statement SpecializationAsEnd1UniversalRestriction(a, b) implies that the specialization of b to a has the force of
a universal restriction on the class that is the domain of a: any pair in b for which the first element is a member of the domain
of a is a member of a. (Accordingly, SpecializationAsEnd2UniversalRestriction(a, b) constrains the range of a).

See 7.4 for further information on the representation used in this template.
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EXAMPLE The expansion of the statement SpecializationAsEnd2 UniversalRestriction
(Allowed Ambient Temp. 330A-3-874, Allowed Ambient Temperature) is shown in the following diagram.

Allowed Ambient Temperature
ClassOfRelationship

hasSuperclass

End2UniversalRestriction ‘

ClassOfSpecialization ‘

Specialization

Ambient Temperature for 330A-3-874
ClassOfRelationship

Figure 35 — Example template SpecializationAsEnd2UniversalRestriction

|

5.14 Templates CardinalityMin, CardinalityMax, CardinalityMinMax

(@)

ardinalityMin, CardinalityMax, and CardinalityMinMax are €emplates for expressing the values pf
hrdinalities.

[¢)

(@)

ardinalityMinMax(a, b, c) means that a is a cardinalityzand b and ¢ are integers, and that b is the mip-
thal, ¢ the maximal, constraint of a. CardinalityMin‘and CardinalityMax are similar, and apply to jyst

—

the minimal, resp. the maximal constraint.
JardinalityMin
Order Role name Role type
Cardinality Cardinality
Minimum Cardinality) INTEGER
dardinalityMax
Order Role name Role type

Cardinality Cardinality
Maximum Cardinality INTEGER

C = Lo Ad - A
our ULILMLLL)/IVI LILIVIUA

Order Role name Role type

1 Cardinality Cardinality
2 Minimum Cardinality INTEGER
3 Maximum Cardinality INTEGER
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CardinalityMin(x1, x2) &

Cardinality(x;) A
INTEGER(x,) A

hasMinimumCardinality(x;, x)

CardinalityMax(x1, x) &

Cardinality(x;) A
INTEGER(x2) A

(@)

(&)
Q

» o =

1

o

~

(@)

)
ti

hasMaximumCardinality(x;, x)

ardinalityMinMax(x1, X2, x3) <
Cardinality(x;) A
INTEGER(x») A
INTEGER(x3) A
CardinalityMin(x1, x2) A
CardinalityMax(x, x3)

OTE In ISO 15926, cardinalities are first-class objects. In ISO 15926-2,.it.is/stated that an absence of specified minim
maximum values for a cardinality should be interpreted as a absence, of{constraints (clause 5.2.13.1). The nature of §
presentation of ISO 15926-2 in first-order logic, with an open world assumption, mandates that both lower and upper boun

given explicitly. Where no minimal constraint applies, the value 0-should be assigned. Where no maximum constra
plies, the reference item * Cardinality should be assigned (see.7:2-1).

KAMPLE  The statement CardinalityMin(2:*, 2, * Cardinality), as suitable for a cardinality with minimum 2 and unlimif
aximum, is shown in the following diagram..

2 hasMinimury 27 hasMaximum__| * Cardinality
INTEGER Cardinality Cardinality Cardinality INTEGER

Figure/36 — Example template CardinalityMinMax

5.15 Cardinality Assignment Templates

ardinalityEndIMin, CardinalityEndIMax, CardinalityEndIMinMax, CardinalityEnd2Min, Cardina
End2Meax, and CardinalityEnd2MinMax are templates for expressing cardinality constraints on rel
p1Ss.

m
he

nt

led

;-

CardinalityEnd1MinMax(a, b) means that a is a relation and b and c are integers, and that the first role
of a has b as minimum, ¢ as maximum cardinality. The other templates in this group follow the same

pattern.
CardinalityEndIMin
Order Role name Role type
1 Relationship ClassOfRelationship
2 Minimum cardinality INTEGER
48 ©ISO 2011 — All rights reserved


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

CardinalityEnd1Max
Order Role name Role type
1 Relationship ClassOfRelationship
2 Maximum cardinality INTEGER
CardinalityEndIMinMax
Order Role name Role type
Relationship ClassOfRelationship
Minimum cardinality INTEGER
Maximum cardinality INTEGER
dardinalityEnd2Min
Order Role name Role type
Relationship ClassOfRelationship
Minimum cardinality INTEGER
dardinalityEnd2Max
Order Role name Role type
Relationship ClassOfRelationship
Maximum cardinality INTEGER
dardinalityEnd2MinMax
Order Role name Role type
Relationship ClassOfRelationship
Minimum cardinality SINTEGER
3 Maximum cardinality” INTEGER

(@)

ClassOfRelationship(x;) A
INTEGER(x;) A

ardinalityEnd IMin(xy, x;) <

Jdu( CardinalityMin(u, x,) A hasEnd1Cardinality(x, u«))

CardinalityEndIMax(x1, xp) <

ClassOfRelationship(x;) A
INTEGER(x,) A

Ju(CardinalityMax(u, x;) A hasEnd1Cardinality(x, u))
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CardinalityEndIMinMax(x1, X2, X3) <
ClassOfRelationship(x;) A
INTEGER(x,) A
INTEGER(x3) A
Au(CardinalityMinMax(u, x, x3) A
hasEnd1Cardinality(xi, ©))

CardinalityEnd2Min(x1, x2) &

—ClassOfRelationship( x1) ~
INTEGER(x,) A
Au(CardinalityMin(u, x3)A
hasEnd2Cardinality(x1, ©))

(@)

ardinalityEnd2Max(xy, x3) <
ClassOfRelationship(x;) A
INTEGER(x») A
Ju(CardinalityMax(u, x3)A\
hasEnd2Cardinality(x1, u))

(@)

ardinalityEnd2MinMax(x1, X2, X3) <
ClassOfRelationship(x;) A
INTEGER(x,) A

INTEGER(x3) A
Ju(CardinalityMinMax(u, x, x3)A
hasEnd2Cardinality(x;, «))

NOTE For unlimited minimum or maximum cardinalities, assign the values 0 and * Cardinality, respectively. See {
finitions of templates CardinalityMin, etc., above.

o

NOTE What constitutes,the first and second roles of a relation is stated in the table of proto-templates (D.1, page 95).

= Z

his means that'(1) each instance of the first role is R-related to at least n, and at most m, distinct instances of the second ro
and (2) each.instance of the second role is related to at least n; and at most m; distinct instances of the first role.

OTE Let R belaxelation to which a cardinality n, : m, is assigned to the first role, and a cardinality n, : m, to the second.

EKXKAMPLE The statement CardinalityEndIMinMax(6 M8 bolt assembly, 6, 6) is suitable for expressing an example of

le,

a

(e}

nstraint given in ISO 15926-2, clause 4.10.3, that “[t]he class_of_relationship_with_signature ‘6 M8 bolt assembly’ ha

a

cardinality such that each ‘6 of M8 bolts’ is linked by exactly 6 relationships to different M8 bolts at all times”. The expansion

of this statement is shown in the following diagram.
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hasMaximum
Cardinality —__

6:6
Cardinality

6
INTEGER

hasMinimum_—"
hasEnd1Cardinality Cardinality

6 M8 bolt assembly
ClassOfRelationship

~

—

=~y

1]

[

Figure 37 — Example template CardinalityEnd1MinMax

5.16 Template TimeRepresentation
his is a template for stating the coordinates of points in time.
intinTime(a, b, c,d, e, f,g) means that a is a representation of a point.in time, b, c, d, e, and f are

teger numbers, and g a real number, and that the coordinates of a ar€)given by b representing the year,
the month, d the day, e the hour, f the minute, and g the second-of a.

¢

Drder Role name Role type

Time RepresentationOfGregorianDateAndUtcTime
? Year INTEGER
3 Month INTEGER
4 Day INTEGER
h) Hour INTEGER
(] Minute INTEGER

3
~3

Second REAL

meRepresentation(xy, %, X3, X4, X5, X6, X7)
RepresentationOfGregorianDateAndUtcTime(x|) A
INTEGER(x2) A
INTEGERGS) A
INTEGER(x4) A
INTEGER(x5) A

INTEGER(xg) A

REAL(x7) A
hasYear(x;, x3) A
hasMonth(x{, x3) A
hasDay(xy, x4) A
hasHour(x, xs5) A
hasMinute(x1, xg) A

hasSecond(x, x7)
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NOTE This template provides a pattern for defining points in time. While the entity type RepresentationOfGregorian-
DateAndUtcTime has all attributes except hasYear optional, none are optional in the template.

7.5.17 Template MagnitudeOfProperty
MagnitudeOfProperty is a template for stating magnitude of properties.

MagnitudeOfProperty(a, b, c) means that a is a property, b is a number, and c is a scale, and that b is the
value of a as measured on the scale c.

Order—Rolaname Roletupa

PTroOCT —IXOTCTIarnic XOTIC Ty pT

Property Property
Property value ArithmeticNumber
3 Property scale Scale

MagnitudeOfProperty(xy, X2, X3) &
Property(x;) A

ArithmeticNumber(x,) A

Scale(x3) A
Ju(PropertyQuantificationTriple(u, x1, x2) A
ClassificationTemplate(u, x3))

KAMPLE The expansion of the statement MagnitudeOfProperty(Mass 2 kg, 2, Kilogramme) is shown in the following
agram.

o m

.- 0000
Kilogramme
Scale
Mass 2.k 2
Input Result—
Property Arithmetic Number

[Property Quantification|

Figure 38 — Example template MagnitudeOfProperty

7.5.18 Template LowerUpperOfNumberRange

LowerUpperOfNumberRange is a template for stating what the upper and lower bounds of a number
range are.

LowerUpperOfNumberRange(a, b, c) means that a is a number range and b and ¢ are numbers, and that
b is the lower, c the upper bound of a.
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Order Role name  Role type

1 Range NumberRange
2 Lower bound ArithmeticNumber
3 Upper bound ArithmeticNumber

LowerUpperOfNumberRange(x1, x5, x3) <
NumberRange(x) A
ArithmeticNumber(x;) A
ArithmeticNumber(x3) A

LowerBoundOfNumberRangeTemplate(x,, x1) A
UpperBoundOfNumberRangeTemplate(xs, x1)

NOTE To represent number ranges which are not bounded, use the reference items Infinity and —Infigityl(see 7.2.1).

EKXKAMPLE The expansion of the statement LowerUpperOfNumberRange([-273.1 to Infinity],<273.1, Infinity) is shown|in
e following diagram.

f=s
=

-273.1 Infinity
ArithmeticNumber ArithmeticNumber
hasClassified - hasClassified
[-273.1 to Bifinity] |
hasClassifier hasClassifier
NumberRange ‘
[LowerBoundOfNumberRange| [UpperBoundOfNumbérRange |

Figure 39,— Example template LowerUpperOfNumberRange

X

5.19 Template’'LLowerUpperOfPropertyRange

h

pwerUpperOfPropertyRange is a template for stating what the upper and lower bounds of a propeity
gnger are:

—

LowerUpperOfPropertyRange(a, b, c) means that a 1s a property range and b and c are properties, and
that b is the lower, ¢ the upper bound of a.

Order Role name Role type

1 Property Range PropertyRange
2 Lower Bound  Property
3 Upper Bound  Property
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LowerUpperOfPropertyRange(x1, X2, X3) <

PropertyRange(x;) A
Property(x;) A
Property(x3) A

LowerBoundOfPropertyRangeTemplate(xy, x1) A

UpperBoundOfPropertyRangeTlemplate(xs, x1)

= ™

it) is shown in the following diagram.

) Fahrenheit
Property

hasClassified
&hasClassiﬁer

0 to 20 Fahrenheit ‘

KAMPLE The expansion of the statement LowerUpperOfPropertyRange(0 to 20 Fahrenheit,0 Fahrenheit, 20 FahrJn-

20 Fahrenheit
Property

hasClassified
hasClassiﬁer%

[LowerBoundOfPropertyRange |

X

h

B I~

ale b.

72]

Property Range ‘

Figure 40 — Example template LowerUpperOfPropertyRange

5.20 Template LowerUpperMagnitudeOfPropertyRange

pwerUpperMagnitude OfRropertyRange is a template for expressing the extent of a property range, [in
tgrms of maximum and ‘minimum values on a scale.

pwerUpperMagnitide OfPropertyRange(a, b, c,d) means that a is a property range, b is a scale, and ¢
hd d are numbers, and that @ has ¢ and d as, respectively, lower and upper bounds, as measured on the

[UpperBoundOfPropertyRange|
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Order Role name Role type

Property range PropertyRange
Scale Scale

Lower bound  ArithmeticNumber
Upper bound  ArithmeticNumber

B W -

LowerUpperMagnitudeOfPropertyRange(xy, x3, X3, X4) <
PropertyRange(x;) A

Scale(x;) A

ArithmeticNumber(x3) A

ArithmeticNumber(x4) A

3y1, y2(LowerUpperOfPropertyRange(xy, y1,y2) A
MagnitudeOfProperty(yy, x3, x3) A
MagnitudeOfProperty(y2, X4, X3))

EKXKAMPLE The expansion of the statement LowerUpperMagnitudeOfPropertyRange(-407to 85 Celsius,Celsius,-40,85) is
sijown in the following diagram. Note: The designations of items Temperature -40° C and Temperature 85° C are included
tq make the diagram more readable, but are not defined by the expansion.

UpperBoundOf
PropertyRange

LowerBoundOf
PropertyRange

-40 to 85 Celsius

hasClassifier hasClassifier
PropertyRange ‘
hasClassified hasClassified
Temperature -40° C Temperature 85° C
Property Property
hasInput hasInput
Celsius
Scale
hasResult hasResult
[PropertyQuantification | [PropertyQuantification |
-40 85
ArithmeticNumber Arithmetic Number

Figure 41 — Example template LowerUpperMagnitudeOfPropertyRange
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7.5.21 Template PropertyRangeRestrictionOfClass

PropertyRangeRestrictionOfClass is a template for stating about a class of individuals that the magnitude

of a property is restricted to a range of values.

PropertyRangeRestrictionOfClass(a, b, c) means that a is a class, b is a property relation, and c is a range
of properties, and that every b property assignment to an a belongs to a subrelation of b for which the

range is restricted to c.

Order Role name Role type

Class ClassOfIndividual
4 Property  ClassOfIndirectProperty
3 Range PropertyRange

vl

ClassOfIndividual(x;) A
ClassOfIndirectProperty(x;) A
PropertyRange(x3) A

—

gpresentation.

ropertyRangeRestrictionOfClass(x1, X2, X3) <

Au(ClassOfIndirectPropertyTriple(u, x1, x3) A

SpecializationAsEnd2 UniversalRestriction(u, x3))

Working Pressure

ClassOfIndirectProperty

Specialization

330A-3-874 ’ hasClassOf

ClassOfIndividual ‘ Possessor

hasSuperclass

EXAMPLE The statement PropertyRangeRestrictionOfClass(330A%3-874, Working Pressure, 0-300 psi) (as might rep
sqnt the statement, “pumps of the type 330A-3-874 have an allowedworking pressure of 0-300 psi”) expands to the followi

a

End2UniversalRestriction

[ClassOfIndirectProperty |

ClassOfSpecialization
hasSubclass
hasProperty 0-300 psi
Space Property Range

Figure 42 — Example template PropertyRangeRestrictionOfClass

7.5.22 Template PropertyRangeMagnitudeRestrictionOfClass

PropertyRangeMagnitudeRestrictionOfClass is a template for stating which range of values of a property

can apply to a class of individuals.

56
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PropertyRangeMagnitudeRestrictionOfClass(a, b, c,d, ) means that a is a class of individuals, b is a
property relation, c is a scale, and d and e are real numbers, and that every b property of an a has a value
in the d to e range, measured on the ¢ scale.

Order Role name Role type

1 Class ClassOfIndividual

2 Restricted Property ClassOfIndirectProperty

3 Scale Scale

4 Upper Bound ExpressReal

5 Lower Bound ExpressReal
PropertyRangeMagnitudeRestrictionOfClass(xy, X2, X3, X4, X5) <

ClassOfIndividual(x;)A

ClassOfIndirectProperty(x;)A

Scale(x3)A

ExpressReal(x4)A

ExpressReal(x5)A
Ju(PropertyRangeRestrictionOfClass(xy, X2, u)A

Ay, Ay, (IdentificationByNumber(xg, y1)A
IdentificationByNumber(xs, yy)A
LowerUpperMagnitudeOfPropertyRange(u, x3,v1,¥2)))

e

KAMPLE The statement PropertyRangeMagnitudeRestrictionOfClass(330A-3-874, Working Pressufe,
und-force per square inch, 0, 300) has the following expafsion.

=
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330A-3-874
ClassOfIndividual
End2UniversalRestriction
ClassOfSpecialization
hasClassOfPossessor
Working
Pressure hasSuper hasSub y
ClassOfIndirect class class >\
Property |ClassOfIndirectProperty |
hasPropertySpace
Specialization
[LowerBoundOfPropertyRange| [UpperBoundOfPropertyRange |
has | has
Classifier PropertyRange Classifier: % )
hasClassified
Property Property
hasInput hasInput
pound-force per square inch
Scal
Property hasResult . hasResult Property
Quantification Quantification
ArithmeticNumber ArithmeticNumber
hasRepresented hasRepresented
ClassOf hasPattern hasPattern ClassOf
Identification Identification
0 300
ExpressReal ExpressReal
Figure 43 — Example template PropertyRangeMagnitudeRestrictionOfClass

7.5.23 Template SymbolOfScale

SymbolOfScale is a template for expressing that a symbol represents a scale.

SymbolOfScale(a, b, c) means that a is a scale, b is a string and that b is an identifier for a designated as

a unit of measure symbol.

58
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Order Role name Role type

1 Scale Scale
2 Symbol ExpressString

SymbolOfScale(x1, x3) &
Scale(x;) A
ExpressString(x;) A
Classifiedldentification(x,, x;, UomSymbolAssignment)

N#TE This template uses the reference item UomSymbolAssignment, a relation introduced for symbol assignment ag a
distinguished kind of naming. See 7.2.2.

EKXKAMPLE The expansion of the statement SymbolOfScale(Celsius, DegrC) is shown in the following diagram.

Scale

hasRepresented
UomSymbolAssignment ‘
ClassOfClassOflIdentification ‘
hasPattern

[ClassOfIdentification |

DegrC

ExpressString

Figure 44 — Example template SymbolOfScale

~1

5.24 Template DimensionUnitNumberRangeOfScale

DimensionUnitNumberRangeQfScale is a template for stating which dimension, number range and syin-
bl applies to a scale.

o

DimensionUnitNumbetRangeOfScale(a, b, ¢, d) means that a is a scale, b is a string, ¢ is a propernty
mension, and g-is-a number range, that b is a unit of measure symbol for the scale and that c is the
mension and{d-the number range of the scale.

e o

©ISO 2011 — All rights reserved 59


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

Order Role name Role type

1 Scale Scale

2 Symbol ClassOfIdentification

3 Dimension SinglePropertyDimension
4 Number Range NumberRange

DimensionUnitNumberRangeOfScale(x1, x3, X3, X4) <
Scale(x1) A
ExpressString(x) A

SinglePropertyDimension(x3) A
NumberRange(x4) A
SymbolOfScale(x, x3) A

ScaleTriple(x1, x4, X3)

fes

KAMPLE The expansion of the statement DimensionUnitNumberRangeOfScale(Celsitis;y DegrC, Temperatufe,
P73.1 to Infinity] is shown in the following diagram.

—
]

Celsius

Scale

Temperature ‘ has has [-273.1 to Infinity]

Domain Codomain

SinglePropertyDimension ‘ NumberRange

hasRepresented

hasPgttern [ClassOfIdentification |

DegrC
ExpressString

UomSymbolAssignment ‘
ClassOfClassOflIdentification ‘

Figure 45 — Example template DimensionUnitNumberRangeOfScale

7.5.25 Template ClassInvolvementStatusBeginning

This template specializes template InvolvementStatusBeginning by restricting the thing involved in an
activity to be a class.

ClassInvolvementStatusBeginning(a, b, c,d, e, f) means that a is a class and b is an activity and c is a
type of involvement, d is an approval status and e is the approver and f is a point in time. a is involved
in activity b and c is the type of involvement, the activity is approved, d is type of status of the approval
and e is the approver, f is the start time of the activity.
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Order Role name Role type

1 Involved class Class

2 Involver activity  Activity

3 Involvement type ClassOfInvolvementByReference

4 Status ClassOfApprovalByStatus

5 Approver PossibleIndividual

6 Start time RepresentationOfGregorianDateAndUtcTime

ClassInvolvementStatusBeginning(xy, x2, X3, X4, Xs) <>
—Classe)A

ISO/TS 15926-7:2011(E)

Activity(xp) A

ClassOfInvolvementByReference(x3) A
ClassOfApprovalByStatus(x4) A
PossibleIndividual(xs) A
RepresentationOfGregorianDateAndUtcTime(xg) A

InvolvementStatusBeginning(x1, u, X3, X4, X5, Xg)

|

5.26 Template ClassInvolvementSuccession

—

sfatus e to a’s involvement, status f to b’s involvement.

Z

syccession with an activity, approver and time stamp.

dlassInvolvementSuccession(a, b, c,d, e, f, g, h) means two classes u, b are involved in the same capacity
1} activity c. From time £, the involvement of a is succeeded.by involvement of b; and approver g assighs

OTE 1 In the phylosophy of ISO 15926 classes are eternal; &&. can have no life-cycle. However some highly specialized
classes can get to be “revised” (“to revise” is an Activity). Thi§‘template is used to connect succeeding classes and qualify the
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Order Role name Role type

1 Predecessor class Class

2 Successor class Class

3 Involver activity Activity

4 Involvement type ClassOfInvolvementByReference

5 Status of predecessor ClassOfApprovalByStatus

6 Status of successor  ClassOfApprovalByStatus

7 Status approver PossibleIndividual

8 Start time RepresentationOfGregorianDateAndUtcTime

lassInvolvementSuccession(xy, xa, X3, X4, X5, X6, X7, Xg) <>

Class(x1) A

Class(x2) A

Activity(x3) A

ClassOfInvolvementByReference(xs) A

ClassOfApprovalByStatus(xs) A

ClassOfApprovalByStatus(xg) A

PossibleIndividual(x7) A

RepresentationOfGregorianDateAndUtcTime(xg) A

oy Juy Aus(
BeginningOfTemporalPart(u,, x3, Xg)A
InvolvementByReferenceTriple(uy, x1, u1)A
InvolvementByReferenceTriple(us, xp, uy)A
ClassificationTemplate(uy, x4) A
ClassificationTemplate(usz, x4) A
StatusApproval(uy, xs, x7)A
StatusApproval(us, xg, x7) A

SuccessionOfInvolvementByRéference(us, u3))

8 Templates as reference data

When recordinga témplate in an ISO 15926 reference data library (RDL), it is provided with fn
I$0O 15926 identifier. Storage in an RDL enables efficient sharing of ISO 15926 information repre-
gntation patterns.

2]

81 <Template signatures and template axioms

An ISO 15926 RDL stores reference data expressed in the language of ISO 15926-2. The ISO 15926-
2 and template languages used in this part of ISO 15926 to express template axioms include logical
operators and quantifiers. The expressive power of these languages goes beyond what is covered in
ISO 15926-2. Formal requirements on the representation of templates in an RDL are therefore limited to
the signature aspect of templates.

An RDL representation of a template should include the template axiom as an annotation. No rigid
requirement is imposed on the syntax in which axioms are expressed, beyond standard adequacy of ex-
pression as first-order formulae in accordance with the ISO 15926-2 language for this part of ISO 15926,
as given in annex B.
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8.2 Representation as class_of multidimensional object

When represented as reference data, a template should have the entity type ClassOfMultidimensionalOb-
ject (ISO 15926-2). Instances of templates have, accordingly, the entity type MultidimensionalObject.

A template signature as defined in this part of ISO 15926 is a restricted form of ClassOfMultidimension-
alObject. As given in the EXPRESS specification, the attributes of this entity type are the following lists:
cardinalities, optional_element, parameters, parameter_position, and roles. Of these, the
optional attributes cardinalities, parameters, and parameter_position are not in use for tem-
plate signatures. An RDL representation should leave these attributes empty.

Fpr requirements on the introduction of roles in a template, see clause 5.2. In an RDL, each role ShOlJ]d
e represented by a reference item of type RoleAndDomain.

g

NOTE The entity type RoleAndDomain is defined in ISO 15926-2 as follows (p. 142): “A role_and_domaif is a class that
pecifies the domain and role for an end of a class_of_relationship, or class_of_-multidimensional_object.”

72}

[¢-]
]

Fpr each role, the role name is given as the designation of the requisite RDL item of entity type Ro
AlndDomain. The fype of the role, which serves to constrain the range of petmitted values, is given by
the constraints that apply to that RDL item.

The roles of a template signature should be recorded in the roles attribute, as an ordered list of referenfe
tems of type RoleAndDomain. A template as defined in this partofISO 15926 has no optional roles, so
the optional_element attribute of a template signature shotld be a list of length equal to that of the
bles attribute, with the value TRUE in every element.

— e

[

8{2.1 Roles constrained by RDL constructs

ol

ach role for which type constraints are given.by constructs using RDL items should be represented by
reference item, of entity type RoleAndDonjain, that is subject to the requisite constraints.

o

8{2.2 Roles constrained by entity type only

—~

his part of ISO 15926 permits the definition of template roles which are constrained by entity type only.
1 the signature of a base tgmplate, every role is constrained this way.

o]

Als defined in ISO 15926-2, every role in a ClassOfMultidimensionalObject is constrained by a class pf
ype RoleAndDomain. There is no provision for constraining roles directly by entity type. Therefoge,
ah RDL that répreSents templates defined according to this part of ISO 15926 should provide a repre-
¢ntation pattern for entity types as RoleAndDomain reference classes. For each role that is constraingd
y entity=type only, an RDL should represent that entity type as a RoleAndDomain reference item. The
gpresentation should follow the method of “punning” used in knowledge representation (cf. [9]).

—

- o ®w

NOTE  This approach is also employed in ISO/TS 15926-4. In that part of ISO 15926, a selection of entity types is given as
a set of classes, suitable for use as superclasses for standardized core reference classes.
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Annex A
(normative)

Information object registration

A.1 Document identification

To provide for unambiguous identification of an information object in an open system, the object identi-
fier

{iso standard 15926 part(7) version(1) }

— e

q assigned to this part of ISO 15926. The meaning of this value is defined in ISO/IEC 8824-1and|is
pscribed in ISO 10303-1.

o
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Annex B
(normative)
Listing: ISO 15926-2 in first-order logic

B.1 General

This annex lists the set of FOL axioms representing the EXPRESS implementation of ISO 15926-2 used
throughout this part of ISO 15926. The translation from the EXPRESS implementation of ISO 15926-2
to this FOL representation is explained in 4.1.

B.2 Universe axiom
VFCThINGx))

.3 Subtype axioms
bstractObject(x) — Thing(x)
ctivity(x) — PossibleIndividual(x)
ctuallndividual(x) — PossibleIndividual(x)

proval(x) — Relationship(x)
rithmeticNumber(x) — ClassOfClass(x)
rrangedIndividual(x) — PossibleIndividual(x)
rrangementOfIndividual(x) —» CompositionOfIndividual(x)
ssemblyOfIndividual(x) — ArrangementOfIndividual(x)

ginning(x) — TemporalBounding(x)

undaryOfNumberSpace(x) — Specialization(x)

undaryOfPropertySpace(x) — Specialization(x)
(Uardinality(x) — Class(x)
(auseOfEvent(x) — Relationship(x)
(lass(x) — AbstractObject(x)
(lassOfAbstractObject(x) — Class(x)
(lassOfA ctivity(x) — ClassOfArrangedIndividual(x)
(lassOfApproval(x) — ClassOfRelationship(x)
(lassOfApprovalByStatus(x) — ClassOfRelationship(x)
(lassOfArrangedIndividual(x) — ClassOfIndividual(x)
(lassOfArrangementOfIndividual(x) — ClassOfCompositionOfIndividual(x)
(lassOfAssemblyOfIndividual(x) — ClassOfArrangementOfIndividual(x)
(lassOfAssertion(x) — ClassOfRelationship(x)
(lassOfAtom(x) — ClassOfArrangedIndividual(x)
(lassOfBiologicalMatter(x) — ClassOfArrangedIndividual(x)
(lassOfCauseOfBeginningOfClassOfIndividual(x) — ClassOfRelationship(x)
(lassOfCauseOfEndingOfClassOfIndividual(x) — ClassOfRelationship(x)
(lassOfClass(x) — ClassOfAbstbactObject(x)
(lassOfClassOfComposition(s) — ClassOfClassOfRelationship(x)
(lassOfClassOfDefinition(yy — ClassOfClassOfRepresentation(x)
(lassOfClassOfDescription(x) — ClassOfClassOfRepresentation(x)
(lassOfClassOfldentification(x) — ClassOfClassOfRepresentation(x)
(lassOfClassOfIndividual(x) — ClassOfClass(x)
(lassOfClassOfInformationRepresentation(x) — ClassOfClassOfIndividual(x)
(lassOfClassOfRelationship(x) — ClassOfClass(x)
(lassOf€ClassOfRelationshipWithSignature(x) — ClassOfClassOfRelationship(x)
(lassOf€ClassOfRelationshipWithSignature(x) — ClassOfRelationship WithSignature(x)
(lassOfClassOfRepresentation(x) — ClassOfClassOfRelationship(x)
(lassOfClassOfRepresentationTranslation(x) — ClassOfClassOfRelationship(x)
ClassOfClassOfResponsibilityForRepresentation(x) — ClassOfClassOfRelationship(x)
ClassOfClassOfUsageOfRepresentation(x) — ClassOfClassOfRelationship(x)
ClassOfClassification(x) — ClassOfRelationship(x)
ClassOfCompositeMaterial(x) — ClassOfArrangedIndividual(x)
ClassOfCompositionOfIndividual(x) — ClassOfRelationship(x)
ClassOfCompound(x) — ClassOfArrangedIndividual(x)
ClassOfConnectionOfIndividual(x) — ClassOfRelationship(x)
ClassOfContainmentOfIndividual(x) — ClassOfRelativeLocation(x)
ClassOfDefinition(x) — ClassOfRepresentationOfThing(x)
ClassOfDescription(x) — ClassOfRepresentationOfThing(x)
ClassOfDimensionForShape(x) — ClassOfClassOfRelationship(x)
ClassOfDirectConnection(x) — ClassOfConnectionOfIndividual(x)
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ClassOfEvent(x) — ClassOfIndividual(x)

ClassOfExpressInformationRepresentation(x) — ClassOfInformationRepresentation(x)
ClassOfFeature(x) — ClassOfArrangedIndividual(x)

ClassOfFeatureWholePart(x) — ClassOfArrangementOfIndividual(x)
ClassOfFunctionalMapping(x) — ClassOfRelationship(x)

ClassOfFunctionalObject(x) — ClassOfArrangedIndividual(x)

ClassOflIdentification(x) — ClassOfRepresentationOfThing(x)
ClassOfInanimatePhysicalObject(x) — ClassOfArrangedIndividual(x)
ClassOfIndirectConnection(x) — ClassOfConnectionOfIndividual(x)
ClassOfIndirectProperty(x) — ClassOfRelationship(x)

ClassOfIndividual(x) — Class(x)

ClassOfIndividualUsedInConnection(x) — ClassOfRelationship(x)

Cl finformationObject(x) — Cl fArrangedIndividual(x)
(lassOfInformationPresentation(x) — ClassOfArrangedIndividual(x)

(lassOfInformationRepresentation(x) — ClassOfArrangedIndividual(x)
(lassOfIntendedRoleAndDomain(x) — ClassOfRelationship(x)
(lassOfInvolvementByReference(x) — ClassOfRelationship(x)
(lassOfIsomorphicFunctionalMapping(x) — ClassOfFunctionalMapping(x)
(lassOfLeftNamespace(x) — ClassOfNamespace(x)
(lassOfLifecycleStage(x) — ClassOfRelationship(x)
(lassOfMolecule(x) — ClassOfArrangedIndividual(x)
(lassOfMultidimensionalObject(x) — ClassOfAbstractObject(x)
(lassOfNamespace(x) — ClassOfClassOfRelationship(x)
(lassOfNumber(x) — ClassOfClass(x)

(lassOfOrganism(x) — ClassOfArrangedIndividual(x)
(lassOfOrganization(x) — ClassOfArrangedIndividual(x)
(lassOfParticipation(x) — ClassOfCompositionOfIndividual(x)
(lassOfParticulateMaterial(x) — ClassOfArrangedIndividual(x)
(lassOfPeriodInTime(x) — ClassOfIndividual(x)

(lassOfPerson(x) — ClassOfOrganism(x)

(lassOfPointInTime(x) — ClassOfEvent(x)
(lassOfPossibleRoleAndDomain(x) — ClassOfRelationship(x)
(lassOfProperty(x) — ClassOfClassOfIndividual(x)
(lassOfPropertySpace(x) — ClassOfClass(x)

(lassOfRecognition(x) — ClassOfRelationship(x)
(lassOfRelationship(x) — ClassOfAbstractObject(x)
(lassOfRelationshipWithRelatedEnd1(x) — ClassOfRelationship(x)
(lassOfRelationshipWithRelatedEnd2(x)=> ClassOfRelationship(x)
(lassOfRelationship WithSignature(x)—.ClassOfRelationship(x)
(lassOfRelationshipWithSignature(x)= Relationship(x)
(lassOfRelativeLocation(x) — ClassOfRelationship(x)
(lassOfRepresentationOf Thing(r) — ClassOfRelationship(x)
(lassOfRepresentationTranslation(x) — ClassOfRelationship(x)
(lassOfResponsibilityForRepresentation(x) — ClassOfRelationship(x)
(lassOfRightNamespaee(x) — ClassOfNamespace(x)

(lassOfScale(x) — ClassOfClassOfRelationship(x)
(lassOfScaleConversion(x) — ClassOfIsomorphicFunctionalMapping(x)
(lassOfShape(x) = PropertySpace(x)

(lassOfShapeDimension(x) — ClassOfClass(x)
(lassOfSpecialization(x) — ClassOfRelationship(x)

(lassOfStatus(x) — ClassOfClassOfIndividual(x)
(lassOfSubAtomicParticle(x) — ClassOfArrangedIndividual(x)

— ionship(x)
ClassOfTemporalWholePart(x) — ClassOfCompositionOfIndividual(x)
ClassOfUsageOfRepresentation(x) — ClassOfRelationship(x)
Classification(x) — Relationship(x)

ComparisonOfProperty(x) — Relationship(x)
CompositionOfIndividual(x) — Relationship(x)
ConnectionOfIndividual(x) — Relationship(x)
ContainmentOfIndividual(x) — RelativeLocation(x)
CoordinateSystem(x) —» MultidimensionalScale(x)
CrystallineStructure(x) — ClassOfArrangedIndividual(x)
Definition(x) — RepresentationOfThing(x)

Description(x) — RepresentationOfThing(x)
DifferenceOfSetOfClass(x) — FunctionalMapping(x)

@
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DimensionOfIndividual(x) — ClassOfRelationship(x)
DimensionOfShape(x) — ClassOfClassOfRelationship(x)
DirectConnection(x) —» ConnectionOfIndividual(x)
DocumentDefinition(x) — ClassOfClassOfInformationRepresentation(x)
Ending(x) — TemporalBounding(x)

EnumeratedNumberSet(x) — ClassOfNumber(x)
EnumeratedNumberSet(x) — EnumeratedSetOfClass(x)
EnumeratedPropertySet(x) — ClassOfProperty(x)
EnumeratedPropertySet(x) » EnumeratedSetOfClass(x)
EnumeratedSetOfClass(x) — ClassOfClass(x)

Event(x) — PossibleIndividual(x)

ExpressBinary(x) — ClassOfExpressInformationRepresentation(x)
ExpressBoolean(x) — ClassOfExpressInformationRepresentation(x)
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fIxpressInteger(x) — ClassOfExpressInformationRepresentation(x)
fIxpressLogical(x) — ClassOfExpressInformationRepresentation(x)
fixpressReal(x) — ClassOfExpressInformationRepresentation(x)
fIxpressString(x) — ClassOfExpressInformationRepresentation(x)
FegatureWholePart(x) —» ArrangementOfIndividual(x)
FunctionalMapping(x) — Relationship(x)
FunctionalPhysicalObject(x) — PhysicalObject(x)
Identification(x) — RepresentationOfThing(x)
IpdirectConnection(x) — ConnectionOfIndividual(x)
ImdirectProperty(x) — Relationship(x)
IndividualDimension(x) — ClassOfIndividual(x)
IndividualUsedInConnection(x) — Relationship(x)
ImtegerNumber(x) — ArithmeticNumber(x)
IntendedRoleAndDomain(x) — Relationship(x)
ImtersectionOfSetOfClass(x) — FunctionalMapping(x)
InvolvementByReference(x) — Relationship(x)
anguage(x) — ClassOfClassOfInformationRepresentation(x)
eftNamespace(x) — Namespace(x)
ifecycleStage(x) — Relationship(x)
owerBoundOfNumberRange(x) — Classification(x)
owerBoundOfPropertyRange(x) — Classification(x)
aterializedPhysicalObject(x) — PhysicalObject(x)
ultidimensionalNumber(x) — ArithmeticNumber(x)
ultidimensionalNumber(x) — MultidimensionalObject(x)
ultidimensionalNumberSpace(x) — MultidimensionalObject(x)
ultidimensionalNumberSpace(x) —/NumberSpace(x)
ultidimensionalObject(x) — AbstractObject(x)
ultidimensionalProperty(x) —.MultidimensionalObject(x)
ultidimensionalProperty(x) & \Property(x)
ultidimensionalPropertySpace(x) — MultidimensionalObject(x)
ultidimensionalPropertySpace(x) — PropertySpace(x)
ultidimensionalScalé¢r) — MultidimensionalObject(x)
ultidimensionalScalée(x) — Scale(x)
amespace(x) —. ClassOfArrangementOfIndividual(x)
umberRange(x)= NumberSpace(x)
umberSpaee(x) — ClassOfNumber(x)
(QtherRelationship(x) — Relationship(x)
ParticipatingRoleAndDomain(x) — ClassOfIndividual(x)
PhrticipatingRoleAndDomain(x) —» RoleAndDomain(x)
Participation(x) — CompositionOfIndividual(x)

PeriodInTime(x) — PossibleIndividual(x)

Phase(x) —» ClassOfArrangedIndividual(x)
PhysicalObject(x) — PossibleIndividual(x)
PointInTime(x) — Event(x)

PossibleIndividual(x) — Thing(x)
PossibleRoleAndDomain(x) — Relationship(x)
Property(x) — ClassOfIndividual(x)
PropertyForShapeDimension(x) — ClassOfRelationship(x)
PropertyQuantification(x) — FunctionalMapping(x)
PropertyRange(x) — PropertySpace(x)
PropertySpace(x) — ClassOfProperty(x)

PropertySpaceForClassOfShapeDimension(x) — ClassOfClassOfRelationship(x)
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RealNumber(x) — ArithmeticNumber(x)

Recognition(x) — Relationship(x)

Relationship(x) — AbstractObject(x)

RelativeLocation(x) — Relationship(x)

RepresentationForm(x) — ClassOfClassOfInformationRepresentation(x)
RepresentationOfGregorianDateAndUtcTime(x) — ClassOfInformationRepresentation(x)
RepresentationOfThing(x) — Relationship(x)
ResponsibilityForRepresentation(x) — Relationship(x)
RightNamespace(x) —» Namespace(x)

Role(x) — RoleAndDomain(x)

RoleAndDomain(x) — Class(x)

Scale(x) — ClassOfIsomorphicFunctionalMapping(x)

Shape(x) — Property(x)

ShapeDimension(x) — ClassOfClassOfIndividual(x)
SinglePropertyDimension(x) — PropertySpace(x)

atialLocation(x) — PhysicalObject(x)

ecialization(x) — Relationship(x)

ecializationByDomain(x) — Specialization(x)

ecializationByRole(x) — Specialization(x)
ecializationOfIndividualDimensionFromProperty(x) — Specialization(x)
atus(x) — ClassOfIndividual(x)

ream(x) — PhysicalObject(x)

mporalBounding(x) —» CompositionOfIndividual(x)
mporalSequence(x) — Relationship(x)

mporalWholePart(x) — CompositionOfIndividual(x)
nionOfSetOfClass(x) — FunctionalMapping(x)
pperBoundOfNumberRange(x) — Classification(x)
pperBoundOfPropertyRange(x) — Classification(x)
sageOfRepresentation(x) — Relationship(x)

holeLifeIndividual(x) — PossibleIndividual(x)

.4 Abstract axioms

bstractObject(x) — (Class(x) v MultidimensionalObject(x) v Relationship(x))

lassOfAbstractObject(x) —

(ClassOfClass(x) v ClassOfMultidimensionalObject(x) v ClassOfRelationship(x))
lassOfConnectionOfIndividual(x) — (ClassOfDirectConnection(x) v ClassOfIndirectConnection(x))
lassOfExpressInformationRepresentation(x)=» (ExpressBinary(x) v ExpressBoolean(x) v
pressinteger(x) v ExpressLogical(x) v ExpressReal(x) v ExpressString(x))

amespace(x) — (LeftNamespace(x) v RightNamespace(x))

elationship(x) — (Approval(x) v CauseOfEvent(x) v ClassOfRelationshipWithSignature(x) v
lassification(x) v ComparisonOfProperty(x) v CompositionOfIndividual(x) v ConnectionOfIndividual(x)
FunctionalMapping(x) v IndirectProperty(x) v IndividualUsedInConnection(x) v
IntendedRoleAndDomain(x)-AInvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v
ssibleRoleAndDomain(x) \.Recognition(x) v RelativeLocation(x) v RepresentationOf Thing(x) v
esponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(
pmporalBounding(x).=/(Beginning(x) v Ending(x))

hing(x) — (AbstractObject(x) v PossibleIndividual(x))

T
T
B.5 Disjointaxioms

NN NN

<

N

IntegerNumber(x) A (MultidimensionalNumber(x)))

RealNuniber(x) A (IntegerNumber(x) v MultidimensionalNumber(x)))
AssemblyOfIndividual(x) A (FeatureWholePart(x)))
ClassOfIndividual(x) A (ClassOfAbstractObject(x)))
-[ClassOfAtom(x) A (ClassOfBiologicalMatter(x) v ClassOf CompositeMaterial(x) v ClassOfCompound(x)|v
ClassOfFunctionalObject(x) v ClassOfInformationPresentation(x) v

ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v ClassOfParticulateMaterial(x) v
ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—-(ClassOfBiologicalMatter(x) A (ClassOfCompositeMaterial(x) v ClassOfCompound(x) v
ClassOfFunctionalObject(x) v ClassOfInformationPresentation(x) v

ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v ClassOfParticulateMaterial(x) v
ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

-(ClassOfCompositeMaterial(x) A (ClassOfCompound(x) v ClassOfFunctionalObject(x) v
ClassOfInformationPresentation(x) v ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v
ClassOfParticulateMaterial(x) v ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))
-(ClassOfCompound(x) A (ClassOfFunctionalObject(x) v ClassOfInformationPresentation(x) v
ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v ClassOfParticulateMaterial(x) v
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ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—-(ClassOfFunctionalObject(x) A (ClassOfInformationPresentation(x) v

ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v ClassOfParticulateMaterial(x) v

ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—-(ClassOfInformationPresentation(x) A (ClassOfInformationRepresentation(x) v ClassOfMolecule(x) v

ClassOfParticulateMaterial(x) v ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—(ClassOfInformationRepresentation(x) A (ClassOfMolecule(x) v ClassOfParticulateMaterial(x) v

ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—(ClassOfMolecule(x) A (ClassOfParticulateMaterial(x) v ClassOfSubAtomicParticle(x) v

CrystallineStructure(x) v Phase(x)))

—-(ClassOfParticulateMaterial(x) A (ClassOfSubAtomicParticle(x) v CrystallineStructure(x) v Phase(x)))

—(ClassOfSubAtomicParticle(x) A (CrystallineStructure(x) v Phase(x)))

CrystallineStructure(x) A (Phase(x)))

ClassOfOrganism(x) A (ClassOfInanimatePhysicalObject(x)))

ClassOfAssemblyOfIndividual(x) A (Namespace(x)))

ClassOfFeatureWholePart(x) A (ClassOfAssemblyOfIndividual(x) v Namespace(x)))

ArithmeticNumber(x) A (ClassOfClassOfIndividual(x) v ClassOfClassOfRelationship(x) v

lassOfNumber(x) v ClassOfPropertySpace(x) v ClassOfShapeDimension(x)))

ClassOfClassOfIndividual(x) A (ClassOfClassOfRelationship(x) v ClassOfNumber(x) v

lassOfPropertySpace(x) v ClassOfShapeDimension(x)))

ClassOfClassOfRelationship(x) A (ClassOfNumber(x) v ClassOfPropertySpace(x) v

lassOfShapeDimension(x)))

ClassOfNumber(x) A (ClassOfPropertySpace(x) v ClassOfShapeDimension(x)))

ClassOfPropertySpace(x) A (ClassOfShapeDimension(x)))

ClassOfClassOfInformationRepresentation(x) A (ClassOfProperty(x) v ClassOfStatus(x) v

hapeDimension(x)))

ClassOfProperty(x) A (ClassOfStatus(x) v ShapeDimension(x)))

ClassOfStatus(x) A (ShapeDimension(x)))

Language(x) A (DocumentDefinition(x)))

RepresentationForm(x) A (DocumentDefinition(x) v Language(x)))

ClassOfClassOfComposition(x) A (ClassOfClassOfRelationshipWithSignature(x) v

lassOfClassOfRepresentation(x) v ClassOfClassOfRepreséntationTranslation(x) v

lassOfClassOfResponsibilityForRepresentation(x) v ClassOfClassOfUsageOfRepresentation(x) v

lassOfDimensionForShape(x) v ClassOfNamespace(x) v ClassOfScale(x) v DimensionOfShape(x) v

ropertySpaceForClassOfShapeDimension(x)))

ClassOfClassOfRelationshipWithSignature(x) A (ClassOfClassOfRepresentation(x) v

lassOfClassOfRepresentationTranslation(x)w ClassOfClassOfResponsibilityForRepresentation(x) v

lassOfClassOfUsageOfRepresentation(xy) v ClassOfDimensionForShape(x) v ClassOfNamespace(x) v

lassOfScale(x) v DimensionOfShape(x)\V PropertySpaceForClassOfShapeDimension(x)))

ClassOfClassOfRepresentation(x). A (ClassOfClassOfRepresentationTranslation(x) v

lassOfClassOfResponsibilityForRepresentation(x) v ClassOfClassOfUsageOfRepresentation(x) v

lassOfDimensionForShape(x) v ClassOfNamespace(x) v ClassOfScale(x) v DimensionOfShape(x) v

ropertySpaceForClassOfShapeDimension(x)))

ClassOfClassOfRepresentationTranslation(x) A (ClassOfClassOfResponsibilityForRepresentation(x) v

lassOfClassOfUsageOfRepresentation(x) v ClassOfDimensionForShape(x) v ClassOfNamespace(x) v

lassOfScale(x) v DimensionOfShape(x) v PropertySpaceForClassOfShapeDimension(x)))

ClassOfClassOfResponsibilityForRepresentation(x) A (ClassOfClassOfUsageOfRepresentation(x) v

lassOfDimensionForShape(x) v ClassOfNamespace(x) v ClassOfScale(x) v DimensionOfShape(x) v

ropertySpaceéForClassOfShapeDimension(x)))

ClassOf€lassOfUsageOfRepresentation(x) A (ClassOfDimensionForShape(x) v ClassOfNamespace(x) v

lassOfScale(x) v DimensionOfShape(x) v PropertySpaceForClassOfShapeDimension(x)))

ClassOfDimensionForShape(x) A (ClassOfNamespace(x) v ClassOfScale(x) v DimensionOfShape(x) v
ropertySpaceForClassOfShapeDimension(x)))

—-(ClassOfNamespace(x) A (ClassOfScale(x) v DimensionOfShape(x) v

PropertySpaceForClassOfShapeDimension(x)))

-(ClassOfScale(x) A (DimensionOfShape(x) v PropertySpaceForClassOfShapeDimension(x)))

—-(DimensionOfShape(x) A (PropertySpaceForClassOfShapeDimension(x)))

—-(ClassOfArrangementOfIndividual(x) A (ClassOfParticipation(x) v ClassOf TemporalWholePart(x)))

-(ClassOf TemporalWholePart(x) A (ClassOfParticipation(x)))

-(ClassOfDirectConnection(x) A (ClassOfIndirectConnection(x)))

-(ExpressBoolean(x) A (ExpressBinary(x)))

-(ExpressInteger(x) A (ExpressBinary(x) v ExpressBoolean(x) v ExpressLogical(x) v ExpressReal(x)))

-(ExpressLogical(x) A (ExpressBinary(x) v ExpressBoolean(x)))

-(ExpressReal(x) A (ExpressBinary(x) v ExpressBoolean(x) v ExpressLogical(x)))

-(ExpressString(x) A (ExpressBinary(x) v ExpressBoolean(x) v ExpressInteger(x) v ExpressLogical(x) v
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ExpressReal(x)))

—-(ClassOfArrangedIndividual(x) A (ClassOfPeriodInTime(x) v IndividualDimension(x) v Property(x) v
Status(x)))

-(ClassOfEvent(x) A (ClassOfArrangedIndividual(x) v ClassOfPeriodInTime(x) v IndividualDimension(x) v
Property(x) v Status(x)))

-(ClassOfPeriodInTime(x) A (IndividualDimension(x) v Property(x) v Status(x)))
—(IndividualDimension(x) A (Property(x) v Status(x)))

-(Property(x) A (Status(x)))

-(ClassOfExpressInformationRepresentation(x) A (RepresentationOfGregorianDateAndUtcTime(x)))
—(Scale(x) A (ClassOfScaleConversion(x)))

—-(ClassOfLeftNamespace(x) A (ClassOfRightNamespace(x)))

—(NumberSpace(x) A (EnumeratedNumberSet(x)))

- x) A (EnumeratedPropertySet(x)))

—[ClassOfApproval(x) A (ClassOfApprovalByStatus(x) v ClassOfAssertion(x) v
(lassOfCauseOfBeginningOfClassOfIndividual(x) v ClassOfCauseOfEndingOfClassOfIndividual(x) \»
(lassOfClassification(x) v ClassOfCompositionOfIndividual(x) v ClassOfConnectionOfIndividual(x)-/
(lassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
(lassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
(lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
(lassOfRelativeLocation(x) v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x)
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
-[ClassOfApprovalByStatus(x) A (ClassOfAssertion(x) v
(lassOfCauseOfBeginningOfClassOfIndividual(x) v ClassOfCause OfEndingOfClassOfIndividual(x) v
(lassOfClassification(x) v ClassOfCompositionOfIndividual(x) v ClassOfCennectionOfIndividual(x) v
d
d
q
q
d
d
d
d
d

lassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
lassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassQfRelationshipWithSignature(x) v
lassOfRelativeLocation(x) v ClassOfRepresentationOfThing(x)"/ ClassOfRepresentationTranslation(x)
lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOfTemporalSequence(x) v
lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
ClassOfAssertion(x) A (ClassOfPossibleRoleAndDomain) v ClassOfRecognition(x) v
lassOfRelationshipWithSignature(x) v ClassOfRelativeL.ocation(x) v ClassOfRepresentationOf Thing(x)
lassOfRepresentationTranslation(x) v ClassOfResponsibilityForRepresentation(x) v
lassOfSpecialization(x) v ClassOfTemporalSequence(x) v ClassOfUsageOfRepresentation(x) v
DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—[ClassOfCauseOfBeginningOfClassOfIndividual(x) A (ClassOfAssertion(x) v
(lassOfCauseOfEndingOfClassOfIndividual(x) v ClassOfClassification(x) v

(lassOf CompositionOfIndividual(x) y"ClassOfConnectionOfIndividual(x) v
(lassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
(lassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
(lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
(lassOfRelativeLocation(x)(v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x)
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOfTemporalSequence(x) v
(lassOfUsageOfReprésentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—[ClassOfCauseOfEndingOfClassOfIndividual(x) A (ClassOfAssertion(x) v ClassOfClassification(x) v
(OlassOfCompositionOfIndividual(x) v ClassOfConnectionOfIndividual(x) v
(lassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
(lassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
(lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
(lassOfRelativeLocation(x) v ClassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x)
lassOfResp0n51b1lltyF0rRepresentatlon(x) v ClassOfSpecnallzatlon(x) \Y ClassOiTemporalSequence(x) \

ﬁ(ClassOfCla551ﬁcat10n(x) A (ClassOfAssertlon(x) v ClassOfC0mp0s1t10nOfInd1v1dual(x) v
ClassOfConnectionOfIndividual(x) v ClassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v
ClassOfIndividualUsedInConnection(x) v ClassOfIntendedRoleAndDomain(x) v
ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v ClassOfPossibleRoleAndDomain(x) v
ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v ClassOfRelativeLocation(x) v
ClassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
-(ClassOfCompositionOfIndividual(x) A (ClassOfAssertion(x) v ClassOfConnectionOfIndividual(x) v
ClassOfFunctionalMapping(x) v ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
ClassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
ClassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
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ClassOfRelativeLocation(x) v ClassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—(ClassOfConnectionOfIndividual(x) A (ClassOfAssertion(x) v ClassOfFunctionalMapping(x) v
ClassOfIndirectProperty(x) v ClassOfIndividualUsedInConnection(x) v
ClassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
ClassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
ClassOfRelativeLocation(x) v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-(ClassOfFunctionalMapping(x) A (ClassOfAssertion(x) v ClassOfIndirectProperty(x) v
ClassOfIndividualUsedInConnection(x) v ClassOfIntendedRoleAndDomain(x) v

C finvolvementByReference(x) v Cl fLif leSt x) v Cl fPossibleRoleAndDomain(x) v
(lassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v ClassOfRelativeLocation(x) v
(lassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—[ClassOfIndirectProperty(x) A (ClassOfAssertion(x) v ClassOfIndividualUsedInConnection(x)’v
(lassOfIntendedRoleAndDomain(x) v ClassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v
(lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
(lassOfRelativeLocation(x) v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x)
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-[ClassOfIndividualUsedInConnection(x) A (ClassOfAssertion(x) v ClassOfIntendedRoleAndDomain(x)
(lassOfInvolvementByReference(x) v ClassOfLifecycleStage(x) v ClassOfPassibleRoleAndDomain(x) v
(lassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v ClassQfRelativeLocation(x) v
(lassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x) v
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) "WPropertyForShapeDimension(x)))
—[ClassOfIntendedRoleAndDomain(x) A (ClassOfAssertion(x) «ClassOfInvolvementByReference(x) v
(lassOfLifecycleStage(x) v ClassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v
(lassOfRelationshipWithSignature(x) v ClassOfRelativeliocation(x) v ClassOfRepresentationOfThing(x)
(lassOfRepresentationTranslation(x) v ClassOfResponsibilityForRepresentation(x) v
(lassOfSpecialization(x) v ClassOfTemporalSequence(x) v ClassOfUsageOfRepresentation(x) v
DimensionOfIndividual(x) v PropertyForShapeDiménsion(x)))

-[ClassOfInvolvementByReference(x) A (ClassOfAssertion(x) v ClassOfLifecycleStage(x) v
(lassOfPossibleRoleAndDomain(x) v ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v
(lassOfRelativeLocation(x) v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x)
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
-[ClassOfLifecycleStage(x) A (ClassOfAssertion(x) v ClassOfPossibleRoleAndDomain(x) v
(lassOfRecognition(x) v ClassOfRelationshipWithSignature(x) v ClassOfRelativeLocation(x) v
(lassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOfTemporalSequence(x) v
(lassOfUsageOfRepreésentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—[ClassOfPossibleRoleAndDomain(x) A (ClassOfRecognition(x) v ClassOfRelationshipWithSignature(x)
(lassOfRelativel‘ocation(x) v ClassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x)
(lassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
(lassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
-[ClassOfRecognition(x) A (ClassOfRelationshipWithSignature(x) v ClassOfRelativeLocation(x) v
(lassOfRepresentationOf Thing(x) v ClassOfRepresentationTranslation(x) v
lassOfResp0n51b1lltyF0rRepresentatlon(x) v ClassOfSpecnallzatlon(x) \Y ClassOiTemporalSequence(x) \

ﬁ(ClassOfRelatlonshlpWlthSlgnature(x) A (ClassOfRelatlveLocatlon(x) \Y
ClassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-(ClassOfRelativeLocation(x) A (ClassOfRepresentationOfThing(x) v ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-(ClassOfRepresentationOf Thing(x) A (ClassOfRepresentationTranslation(x) v
ClassOfResponsibilityForRepresentation(x) v ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-(ClassOfRepresentationTranslation(x) A (ClassOfResponsibilityForRepresentation(x) v
ClassOfSpecialization(x) v ClassOfTemporalSequence(x) v ClassOfUsageOfRepresentation(x) v

©ISO 2011 — All rights reserved 71


https://standardsiso.com/api/?name=1044fe14831c1c99aa8424cb952bc17d

ISO/TS 15926-7:2011(E)

DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—-(ClassOfResponsibilityForRepresentation(x) A (ClassOfSpecialization(x) v ClassOf TemporalSequence(x) v
ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—(ClassOfSpecialization(x) A (ClassOfTemporalSequence(x) v ClassOfUsageOfRepresentation(x) v
DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
-(ClassOfTemporalSequence(x) A (ClassOfUsageOfRepresentation(x) v DimensionOfIndividual(x) v
PropertyForShapeDimension(x)))
—-(ClassOfUsageOfRepresentation(x) A (DimensionOfIndividual(x) v PropertyForShapeDimension(x)))
—(DimensionOfIndividual(x) A (PropertyForShapeDimension(x)))
—(ClassOfRelationshipWithRelatedEnd1(x) A (ClassOfRelationshipWithRelatedEnd2(x)))
-(ArrangementOfIndividual(x) A (Participation(x) v TemporalBounding(x) v TemporalWholePart(x)))
—-(Participation(x) A (TemporalBounding(x)))
—(TemporalWholePart(x) A (Participation(x) v TemporalBounding(x)))
—[DirectConnection(x) A (IndirectConnection(x)))
-[MultidimensionalNumber(x) A (MultidimensionalNumberSpace(x) v MultidimensionalProperty(x).V
ultidimensionalScale(x)))
—/MultidimensionalNumberSpace(x) A (MultidimensionalScale(x)))
-/MultidimensionalProperty(x) A (MultidimensionalNumberSpace(x) v MultidimensionalScale(x)))
-[MultidimensionalPropertySpace(x) A (MultidimensionalNumber(x) v MultidimensionalNumberSpace(x) v
ultidimensionalProperty(x) v MultidimensionalScale(x)))
—-|RightNamespace(x) A (LeftNamespace(x)))
-[NumberRange(x) A (MultidimensionalNumberSpace(x)))
-[Approval(x) A (CauseOfEvent(x) v ClassOfRelationshipWithSignature(x) v Classification(x) v
(JomparisonOfProperty(x) v CompositionOfIndividual(x) v ConnectionOfIndividual(x) v
FunctionalMapping(x) v IndirectProperty(x) v IndividualUsedInConnection(x) v
IntendedRoleAndDomain(x) v InvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v
PpssibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v RepresentationOfThing(x) v
ResponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))
—-[CauseOfEvent(x) A (ClassOfRelationshipWithSignature(x) v Classification(x) v
JomparisonOfProperty(x) v CompositionOfIndividual(x) v ConnectionOfIndividual(x) v
FunctionalMapping(x) v IndirectProperty(x) v IndividualUsédInConnection(x) v
IntendedRoleAndDomain(x) v InvolvementByReference(:)2 LifecycleStage(x) v OtherRelationship(x) v
PpssibleRoleAndDomain(x) v Recognition(x) v RelativeL.ocation(x) v RepresentationOfThing(x) v
RlesponsibilityForRepresentation(x) v Specializationt)v TemporalSequence(x) v UsageOfRepresentation(x)))
-[ClassOfRelationshipWithSignature(x) A (Classification(x) v ComparisonOfProperty(x) v
JompositionOfIndividual(x) v ConnectionOfIndividual(x) v FunctionalMapping(x) v IndirectProperty(x)
IndividualUsedInConnection(x) v IntendedRoléAndDomain(x) v InvolvementByReference(x) v
ifecycleStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x) v Recognition(x) v
RelativeL.ocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v Specialization(x)|v
emporalSequence(x) v UsageOfRepresentation(x)))
—[Classification(x) A (ComparisonOQfProperty(x) v CompositionOfIndividual(x) v ConnectionOfIndividual(x) v
FunctionalMapping(x) v IndiréctProperty(x) v IndividualUsedInConnection(x) v
IntendedRoleAndDomain(x) vjInvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v
PpssibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v RepresentationOfThing(x) v
ResponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))
—[ComparisonOfProperty(x) A (CompositionOfIndividual(x) v ConnectionOfIndividual(x) v
FunctionalMapping(x) v IndirectProperty(x) v IndividualUsedInConnection(x) v
IntendedRoleAndDomain(x) v InvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v
PpssibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v RepresentationOfThing(x) v
RlesponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))
—-[ComppositionOfIndividual(x) A (ConnectionOfIndividual(x) v FunctionalMapping(x) v
ImdireetProperty(x) v IndividualUsedInConnection(x) v IntendedRoleAndDomain(x) v
InvolvementByReference(: ife eStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x
Recognition(x) v RelativeLocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v
Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))
—-(ConnectionOfIndividual(x) A (FunctionalMapping(x) v IndirectProperty(x) v
IndividualUsedInConnection(x) v IntendedRoleAndDomain(x) v InvolvementByReference(x) v
LifecycleStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x) v Recognition(x) v
RelativeLocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v Specialization(x) v
TemporalSequence(x) v UsageOfRepresentation(x)))
—(FunctionalMapping(x) A (IndirectProperty(x) v IndividualUsedInConnection(x) v
IntendedRoleAndDomain(x) v InvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v
PossibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v RepresentationOfThing(x) v
ResponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))
—(IndirectProperty(x) A (IndividualUsedInConnection(x) v IntendedRoleAndDomain(x) v
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InvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x) v

Recognition(x) v RelativeLocation(x) v RepresentationOf Thing(x) v ResponsibilityForRepresentation(x) v

Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))

—(IndividualUsedInConnection(x) A (IntendedRoleAndDomain(x) v InvolvementByReference(x) v

LifecycleStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x) v Recognition(x) v

RelativeLocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v Specialization(x) v

TemporalSequence(x) v UsageOfRepresentation(x)))

—-(IntendedRoleAndDomain(x) A (InvolvementByReference(x) v LifecycleStage(x) v OtherRelationship(x) v

PossibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v RepresentationOf Thing(x) v

ResponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))

-(InvolvementByReference(x) A (LifecycleStage(x) v OtherRelationship(x) v PossibleRoleAndDomain(x) v

Recognition(x) v RelativeLocation(x) v RepresentationOf Thing(x) v ResponsibilityForRepresentation(x) v
ialization(x) v Temporal nce(x) v fRepresentation(x)))

—[LifecycleStage(x) A (OtherRelationship(x) v PossibleRoleAndDomain(x) v Recognition(x) v

elativeLocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v Specialization(x)v

mporalSequence(x) v UsageOfRepresentation(x)))

—-[OtherRelationship(x) A (PossibleRoleAndDomain(x) v Recognition(x) v RelativeLocation(x) v

epresentationOfThing(x) v ResponsibilityForRepresentation(x) v Specialization(x) v

mporalSequence(x) v UsageOfRepresentation(x)))

-[PossibleRoleAndDomain(x) A (Recognition(x) v RelativeLocation(x) v RepresentationQfThing(x) v

esponsibilityForRepresentation(x) v Specialization(x) v TemporalSequence(x) v UsageOfRepresentation(

Recognition(x) A (RelativeLocation(x) v RepresentationOfThing(x) v ResponsibilityForRepresentation(x} v

pecialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))

RelativeLocation(x) A (RepresentationOfThing(x) v ResponsibilityForRepresentation(x) v

pecialization(x) v TemporalSequence(x) v UsageOfRepresentation(x)))

RepresentationOfThing(x) A (ResponsibilityForRepresentation(x) v Specialization(x) v

pmporalSequence(x) v UsageOfRepresentation(x)))

ResponsibilityForRepresentation(x) A (Specialization(x) v TemportalSequence(x) v

sageOfRepresentation(x)))

Specialization(x) A (TemporalSequence(x) v UsageOfRepresentation(x)))

TemporalSequence(x) A (UsageOfRepresentation(x)))

BoundaryOfNumberSpace(x) A (BoundaryOfPropertySpace(x) v SpecializationByDomain(x) v

pecializationByRole(x) v SpecializationOfIndividualDimensionFromProperty(x)))

BoundaryOfPropertySpace(x) A (SpecializationByDomain(x) v SpecializationByRole(x) v

pecializationOfIndividualDimensionFromProperty(x)))

SpecializationByDomain(x) A (SpecializationByRole(x) v

pecializationOfIndividualDimensionFromProperty(x)))

SpecializationByRole(x) A (SpecializationOfIndividualDimensionFromProperty(x)))

Ending(x) A (Beginning(x)))

PossibleIndividual(x) A (AbstractObjéct(x)))

.6 Role axioms
hsApproved(x,y) — (Approyval(x))
proval(x) A hasApproved(xsy) — Relationship(y)
proval(x) — Jy(hasApproved(x, y))
proval(x) A hasApproved(x, y) A hasApproved(x,z) » y =z
hhsApprover(x,y),={Approval(x))
proval(x) A hasApprover(x,y) — PossibleIndividual(y)
proval(x) -s-dy(hasApprover(x, y))
proval(x) A hasApprover(x,y) A hasApprover(x,z) > y=z
hpsCardinalities(x, y) — (ClassOfMultidimensionalObject(x))
lassOfMultidimensionalObject(x) A hasCardinalities(x, y) A hasCardinalities(x,z) > y =z
sCaused(x,y) — (CauseOfEvent(x))
uacd\A,y} = Evvut\y)
CauseOfEvent(x) — Jdy(hasCaused(x, y))
CauseOfEvent(x) A hasCaused(x, y) A hasCaused(x,z) > y =z
hasCauser(x, y) — (CauseOfEvent(x))
CauseOfEvent(x) A hasCauser(x,y) — Activity(y)
CauseOfEvent(x) — Jy(hasCauser(x, y))
CauseOfEvent(x) A hasCauser(x, y) A hasCauser(x,z) >y =z
hasClassOfApproved(x, y) — (ClassOfApproval(x))
ClassOfApproval(x) A hasClassOfApproved(x, y) — ClassOfRelationship(y)
ClassOfApproval(x) — Jy(hasClassOfApproved(x, y))
ClassOfApproval(x) A hasClassOfApproved(x, y) A hasClassOfApproved(x,z) >y =z
hasClassOfApprover(x,y) — (ClassOfApproval(x))
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ClassOfApproval(x) A hasClassOfApprover(x, y) — ClassOfIndividual(y)

ClassOfApproval(x) — Jy(hasClassOfApprover(x, y))

ClassOfApproval(x) A hasClassOfApprover(x, y) A hasClassOfApprover(x,z) » y = z

hasClassOfBegun(x, y) — (ClassOfCauseOfBeginningOfClassOfIndividual(x))
ClassOfCauseOfBeginningOfClassOfIndividual(x) A hasClassOfBegun(x, y) — ClassOfIndividual(y)
ClassOfCauseOfBeginningOfClassOfIndividual(x) — Jy(hasClassOfBegun(x, y))
ClassOfCauseOfBeginningOfClassOfIndividual(x) A hasClassOfBegun(x, y) A hasClassOfBegun(x,z) » y =z
hasClassOfCauser(x, y) —

(ClassOfCauseOfBeginningOfClassOfIndividual(x) v ClassOfCauseOfEndingOfClassOfIndividual(x))
ClassOfCauseOfBeginningOfClassOfIndividual(x) A hasClassOfCauser(x, y) — ClassOfA ctivity(y)
ClassOfCauseOfBeginningOfClassOfIndividual(x) — Jy(hasClassOfCauser(x, y))
ClassOfCauseOfBeginningOfClassOfIndividual(x) A hasClassOf Causer(x, y) AhasClassOfCauser(x,z) » y =z
fEndingOfCl findividual(x) A hasCl f er(x.v) — ClassOfActivity(v)
lassOfCauseOfEndingOfClassOfIndividual(x) — Jy(hasClassOfCauser(x, y))
lassOfCauseOfEndingOfClassOfIndividual(x) A hasClassOfCauser(x, y) A hasClassOfCauser(x, z) ='»= 3
hsClassOfClassOfControlled(x, y) — (ClassOfClassOfResponsibilityForRepresentation(x))
lassOfClassOfResponsibilityForRepresentation(x) A hasClassOfClassOfControlled(x, y) —
lassOfClassOfRepresentation(y)

lassOfClassOfResponsibilityForRepresentation(x) — Jy(hasClassOfClassOfControlled(x,y))
lassOfClassOfResponsibilityForRepresentation(x) A hasClassOf ClassOfControlled(x, )~A&
hsClassOfClassOfControlled(x,z) » y =z

hsClassOfClassOfPart(x, y) — (ClassOfClassOf Composition(x))

lassOfClassOfComposition(x) A hasClassOfClassOfPart(x, y) — ClassOfClassOfIndividual(y)
lassOfClassOfComposition(x) — Jy(hasClassOfClassOfPart(x, y))

lassOfClassOfComposition(x) A hasClassOfClassOfPart(x, y) A hasClassOfClassOfPart(x,z) - y =z
hsClassOfClassOfUsed(x, y) — (ClassOfClassOfUsageOfRepresentation(y))
lassOfClassOfUsageOfRepresentation(x) A hasClassOfClassOfUsed(x, y) —
lassOfClassOfRepresentation(y)

lassOfClassOfUsageOfRepresentation(x) — Jy(hasClassOfClassOfUsed(x, y))
lassOfClassOfUsageOfRepresentation(x) A hasClassOfClassQfUsed(x, y) A hasClassOfClassOfUsed(x, ) {-
=7

hsClassOfClassOfWhole(x, y) — (ClassOfClassOf Compesition(x) v ClassOfNamespace(x))
lassOfClassOfComposition(x) A hasClassOfClassOf Whole(x, y) — ClassOfClassOfIndividual(y)
lassOfClassOfComposition(x) — Jy(hasClassOfClassOfWhole(x, y))

lassOfClassOfComposition(x) A hasClassOfClassOfWhole(x, y) A hasClassOfClassOfWhole(x,z) - y =z
lassOfNamespace(x) A hasClassOfClassOfWhole(x, y) — ClassOfClassOfInformationRepresentation(y)
lassOfNamespace(x) — Jy(hasClassOfClassOfWhole(x, y))

lassOfNamespace(x) A hasClassOfClassOfWhole(x, y) A hasClassOfClassOfWhole(x,z) — y = z
hsClassOfClassified(x, y) — (ClassOfClassification(x))

lassOfClassification(x) A hasClassOfClassified(x, y) — Class(y)

lassOfClassification(x) — Jy(hasClassOfClassified(x, y))

lassOfClassification(x) A hasClassOfClassified(x, y) A hasClassOfClassified(x,z) » y =z
hsClassOfClassifier(x, y) —{(CGlassOfClassification(x))

lassOfClassification(x) A hasClassOfClassifier(x, y) — ClassOfClass(y)

lassOfClassification(%)~> Jy(hasClassOfClassifier(x, y))

lassOfClassification¢t) A hasClassOfClassifier(x, y) A hasClassOfClassifier(x,z) — y =z

nsClassOf Connéction(x, y) — (ClassOfIndividualUsedInConnection(x))
lassOfIndividualUsedInConnection(x) A hasClassOfConnection(x, y) — ClassOfConnectionOfIndividual(y)
lassOfIndividualUsedInConnection(x) — Jy(hasClassOfConnection(x, y))
lassOfIndividualUsedInConnection(x) A hasClassOfConnection(x, y) A hasClassOfConnection(x,z) —» y =|z
hsClassOf Controlled(x, y) — (ClassOfResponsibilityForRepresentation(x))
lassOfResponsibilityForRepresentation(x) A hasClassOfControlled(x, y) —
ionOfThing(v)
ClassOfResponsibilityForRepresentation(x) — Jy(hasClassOfControlled(x, y))
ClassOfResponsibilityForRepresentation(x) AhasClassOf Controlled(x, y) AhasClassOf Controlled(x,z) » y =z
hasClassOfDimension(x, y) — (ClassOfDimensionForShape(x))

ClassOfDimensionForShape(x) A hasClassOfDimension(x, y) — ClassOfShapeDimension(y)
ClassOfDimensionForShape(x) — Jy(hasClassOfDimension(x, y))

ClassOfDimensionForShape(x) A hasClassOfDimension(x, y) A hasClassOfDimension(x,z) - y = z
hasClassOfEnd1(x, y) — (ClassOfRelationship WithSignature(x))

ClassOfRelationshipWithSignature(x) A hasClassOfEnd1(x, y) —» RoleAndDomain(y)
ClassOfRelationshipWithSignature(x) A hasClassOfEnd1(x, y) A hasClassOfEnd1(x,z) > y =z
hasClassOfEnd2(x, y) — (ClassOfRelationship WithSignature(x))

ClassOfRelationshipWithSignature(x) A hasClassOfEnd2(x, y) —» RoleAndDomain(y)
ClassOfRelationshipWithSignature(x) A hasClassOfEnd2(x, y) A hasClassOfEnd2(x,z) > y =z

eleol-Heololeol-Heololol-Heloleol-Helololololol -2k ﬁﬁﬁﬁ:‘ﬁﬁﬁ?‘?‘ﬁﬁﬁﬁ:‘ﬁﬁg
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hasClassOfEnded(x, y) — (ClassOfCauseOfEndingOfClassOfIndividual(x))
ClassOfCauseOfEndingOfClassOfIndividual(x) A hasClassOfEnded(x,y) — ClassOfIndividual(y)
ClassOfCauseOfEnding OfClassOfIndividual(x) — Jy(hasClassOfEnded(x, y))
ClassOfCauseOfEndingOfClassOfIndividual(x) A hasClassOfEnded(x, y) A hasClassOfEnded(x,z) - y =z
hasClassOfFirst(x,y) —

(ClassOfClassOfRepresentationTranslation(x) v ClassOfRepresentationTranslation(x))
ClassOfClassOfRepresentationTranslation(x) A hasClassOfFirst(x, y) —
ClassOfClassOfInformationRepresentation(y)

ClassOfClassOfRepresentationTranslation(x) — Jy(hasClassOfFirst(x, y))
ClassOfClassOfRepresentationTranslation(x) A hasClassOfFirst(x, y) A hasClassOfFirst(x,z) » y =z
ClassOfRepresentationTranslation(x) A hasClassOfFirst(x, y) — ClassOfInformationRepresentation(y)
ClassOfRepresentationTranslation(x) — JythasClassOfFirst(x, y))

ntationTranslation(x) A hasCl fFirst(x. v) A hasClassOfFirst(x.z) —» v =
hsClassOfInvolved(x, y) — (ClassOfInvolvementByReference(x))
lassOfInvolvementByReference(x) A hasClassOfInvolved(x, y) —» RoleAndDomain(y)
lassOfInvolvementByReference(x) — Jy(hasClassOfInvolved(x, y))
lassOfInvolvementByReference(x) A hasClassOfInvolved(x, y) A hasClassOfInvolved(x,z) — y =%
hsClassOfInvolver(x, y) — (ClassOfInvolvementByReference(x))
lassOfInvolvementByReference(x) A hasClassOfInvolver(x, y) — ClassOfA ctivity(y)
lassOfInvolvementByReference(x) — dy(hasClassOfInvolver(x, y))
lassOfInvolvementByReference(x) A hasClassOfInvolver(x, y) A hasClassOfInvolver(x,z) — y = z
hsClassOfLocated(x, y) — (ClassOfRelativeLocation(x))

lassOfRelativeLocation(x) A hasClassOfLocated(x, y) — ClassOfIndividual(y)
lassOfRelativeLocation(x) — Jy(hasClassOfLocated(x, y))

lassOfRelativeLocation(x) A hasClassOfLocated(x, y) A hasClassOfLocated(x;/z) —» y = z
hsClassOfLocator(x, y) — (ClassOfRelativeLocation(x))

lassOfRelativeLocation(x) A hasClassOfLocator(x, y) — ClassOfIndividual(y)
lassOfRelativeLocation(x) — Jy(hasClassOfLocator(x, y))

lassOfRelativeLocation(x) A hasClassOfLocator(x, y) A hasClassQfLocator(x,z) —» y =z
hsClassOfPart(x, y) — (ClassOfCompositionOfIndividual(x) V.ClassOfNamespace(x))
lassOfCompositionOfIndividual(x) A hasClassOfPart(x, y) ='ClassOfIndividual(y)
lassOfCompositionOfIndividual(x) — Jy(hasClassOfPart(+, y))
lassOfCompositionOfIndividual(x) A hasClassOfPart(x,y) A hasClassOfPart(x,z) - y =z
lassOfNamespace(x) A hasClassOfPart(x, y) —» ClassOfInformationRepresentation(y)
lassOfNamespace(x) — dy(hasClassOfPart(x, y))

lassOfNamespace(x) A hasClassOfPart(x, y) AhasClassOfPart(x,z) - y =z

hsClassOfPattern(x, y) — (ClassOfClassOfRepresentation(x))

lassOfClassOfRepresentation(x) A hasClassOfPattern(x, y) —
lassOfClassOfInformationRepresentation(y)

lassOfClassOfRepresentation(x) — Jy(hasClassOfPattern(x, y))
lassOfClassOfRepresentation(x)'n hasClassOfPattern(x, y) A hasClassOfPattern(x,z) —» y = z
hsClassOfPlayer(x, y) — (ClassQfIntendedRoleAndDomain(x) v ClassOfPossibleRoleAndDomain(x))
lassOfIntendedRoleAndDomain(x) A hasClassOfPlayer(x, y) — ClassOfIndividual(y)
lassOfIntendedRoleAndDomain(x) — dythasClassOfPlayer(x, y))
lassOfIntendedRoleAndDomain(x) A hasClassOfPlayer(x, y) A hasClassOfPlayer(x,z) —» y = z
lassOfPossibleRoleAndDomain(x) A hasClassOfPlayer(x, y) — ClassOfIndividual(y)
lassOfPossibleRoleAndDomain(x) — dy(hasClassOfPlayer(x, y))
lassOfPossibleRoleAndDomain(x) A hasClassOfPlayer(x, y) A hasClassOfPlayer(x,z) — y = z
hsClassOfPossessor(x, y) — (ClassOfIndirectProperty(x))

lassOfIndirectProperty(x) A hasClassOfPossessor(x, y) — ClassOfIndividual(y)
lassOfIndirectProperty(x) — Iy(hasClassOfPossessor(x, y))

lassOfIndirectProperty(x) A hasClassOfPossessor(x, y) A hasClassOfPossessor(x,z) » y =z

- e(x))

ClassOfTemporalSequence(x) A hasClassOfPredecessor(x, y) — ClassOfIndividual(y)
ClassOfTemporalSequence(x) — Jy(hasClassOfPredecessor(x, y))

ClassOfTemporalSequence(x) A hasClassOfPredecessor(x, y) A hasClassOfPredecessor(x,z) - y =z
hasClassOfRecognized(x, y) — (ClassOfRecognition(x))

ClassOfRecognition(x) A hasClassOfRecognized(x,y) — Class(y)

ClassOfRecognition(x) — Jy(hasClassOfRecognized(x, y))

ClassOfRecognition(x) A hasClassOfRecognized(x, y) A hasClassOfRecognized(x,z) —» y =z
hasClassOfRecognizing(x, y) — (ClassOfRecognition(x))

ClassOfRecognition(x) A hasClassOfRecognizing(x, y) — ClassOfActivity(y)
ClassOfRecognition(x) — Jy(hasClassOfRecognizing(x, y))

ClassOfRecognition(x) A hasClassOfRecognizing(x, y) A hasClassOfRecognizing(x,z) - y = z
hasClassOfRepresented(x, y) — (ClassOfClassOfRepresentation(x))

:"ﬁﬁﬁ:"ﬁﬁﬁﬁﬁﬁ:‘ﬁﬁﬁﬁTﬁﬁﬁﬁﬁﬁ?‘ﬁﬁﬁ:‘ﬁﬁﬁ?‘ﬁﬁﬁ?‘ﬁﬁﬁ:‘g
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ClassOfClassOfRepresentation(x) A hasClassOfRepresented(x, y) — Class(y)
ClassOfClassOfRepresentation(x) — Jy(hasClassOfRepresented(x, y))
ClassOfClassOfRepresentation(x) A hasClassOfRepresented(x, y) A hasClassOfRepresented(x,z) » y =z
hasClassOfSecond(x, y) —
(ClassOfClassOfRepresentationTranslation(x) v ClassOfRepresentationTranslation(x))
ClassOfClassOfRepresentationTranslation(x) A hasClassOfSecond(x, y) —
ClassOfClassOfInformationRepresentation(y)
ClassOfClassOfRepresentationTranslation(x) — Jy(hasClassOfSecond(x, y))
ClassOfClassOfRepresentationTranslation(x) A hasClassOfSecond(x, y) A hasClassOfSecond(x,z) —» y = 7
ClassOfRepresentationTranslation(x) A hasClassOfSecond(x, y) — ClassOfInformationRepresentation(y)
ClassOfRepresentationTranslation(x) — Jy(hasClassOfSecond(x, y))
ClassOfRepresentationTranslation(x) A hasClassOfSecond(x, y) A hasClassOfSecond(x,z) - y =z
hasClassOfShape(x. v) — (ClassOfDimensionForShape(x))
lassOfDimensionForShape(x) A hasClassOfShape(x, y) — ClassOfShape(y)
lassOfDimensionForShape(x) — Jy(hasClassOfShape(x, y))
lassOfDimensionForShape(x) A hasClassOfShape(x, y) A hasClassOfShape(x,z) —» y =z
hsClassOfShapeDimension(x, y) — (PropertySpaceForClassOfShapeDimension(x))
ropertySpaceForClassOfShapeDimension(x) A hasClassOfShapeDimension(x, y) —
lassOfShapeDimension(y)
ropertySpaceForClassOfShapeDimension(x) — Jy(hasClassOfShapeDimension(x, y))
ropertySpaceForClassOfShapeDimension(x) A hasClassOfShapeDimension(x, y) A
hsClassOfShapeDimension(x,z) » y = z
hsClassOfSidel(x,y) — (ClassOfConnectionOfIndividual(x))
lassOfConnectionOfIndividual(x) A hasClassOfSidel(x, y) — ClassOfIndividual(y)
lassOfConnectionOfIndividual(x) — Jy(hasClassOfSidel(x, y))
lassOfConnectionOfIndividual(x) A hasClassOfSidel(x, y) A hasClassOfSidel(x,z) - y =z
hsClassOfSide2(x, y) — (ClassOfConnectionOfIndividual(x))
lassOfConnectionOfIndividual(x) A hasClassOfSide2(x, y) — ClassOfIndividual(y)
lassOfConnectionOfIndividual(x) — Jy(hasClassOfSide2(x, y))
lassOfConnectionOfIndividual(x) A hasClassOfSide2(x, y) A hasClassOfSide2(x,z) —» y =z
hsClassOfSubclass(x, y) — (ClassOfSpecialization(x))
lassOfSpecialization(x) A hasClassOfSubclass(x, y) — ClassOfClass(y)
lassOfSpecialization(x) — Jy(hasClassOfSubclass(x, y))
lassOfSpecialization(x) A hasClassOfSubclass(x, y) ahasClassOfSubclass(x,z) —» y = z
hsClassOfSuccessor(x, y) — (ClassOfTemporalSeguence(x))
lassOf TemporalSequence(x) A hasClassOfSuecessor(x, y) — ClassOfIndividual(y)
lassOf TemporalSequence(x) — JdythasClassOfSuccessor(x, y))
lassOfTemporalSequence(x) A hasClassOfSuccessor(x, y) A hasClassOfSuccessor(x,z) > y =z
hsClassOfSuperclass(x, y) — (ClassOfSpecialization(x))
lassOfSpecialization(x) A hasClassOfSuperclass(x, y) — ClassOfClass(y)
lassOfSpecialization(x) — Jy(has€lassOfSuperclass(x, y))
lassOfSpecialization(x) A hasClassOfSuperclass(x, y) A hasClassOfSuperclass(x,z) - y =z
hsClassOfUsage(x, y) — (ClassOfIndividualUsedInConnection(x))
lassOfIndividualUsedInCGonnection(x) A hasClassOfUsage(x, y) — ClassOfIndividual(y)
lassOfIndividualUsedInConnection(x) — Jy(hasClassOfUsage(x, y))
lassOfIndividualUsedInConnection(x) A hasClassOfUsage(x, y) A hasClassOfUsage(x,z) » y =z
hsClassOfUsed (%, ) — (ClassOfUsageOfRepresentation(x))
lassOfUsageOfRepresentation(x) A hasClassOfUsed(x, y) — ClassOfRepresentationOfThing(y)
lassOfUsageOfRepresentation(x) — Jy(hasClassOfUsed(x, y))
lassOfUsageOfRepresentation(x) A hasClassOfUsed(x, y) A hasClassOfUsed(x,z) > y =z
hsClassOfWhole(x, y) — (ClassOfCompositionOfIndividual(x))
lassOf CompositionOfIndividual(x) A hasClassOfWhole(x, y) — ClassOfIndividual(y)

iti ivi - ()
ClassOfCompositionOfIndividual(x) A hasClassOfWhole(x, y) A hasClassOfWhole(x,z) —» y =z
hasClassified(x, y) — (Classification(x))
Classification(x) A hasClassified(x, y) — Thing(y)
Classification(x) — Jy(hasClassified(x, y))
Classification(x) A hasClassified(x, y) A hasClassified(x,z) - y =z
hasClassifier(x, y) — (Classification(x))
Classification(x) A hasClassifier(x, y) — Class(y)
Classification(x) — Jy(hasClassifier(x, y))
Classification(x) A hasClassifier(x, y) A hasClassifier(x,z) - y =z
hasCodomain(x, y) — (ClassOfFunctionalMapping(x))
ClassOfFunctionalMapping(x) A hasCodomain(x, y) — Class(y)
ClassOfFunctionalMapping(x) — Jdy(hasCodomain(x, y))

eololi-lololol-lelolol-leololol-lololol-Hololol-leololol-Neololol -l il -lolk-I-lolole)
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ClassOfFunctionalMapping(x) A hasCodomain(x, y) A hasCodomain(x,z) - y =z
hasConnection(x, y) — (IndividualUsedInConnection(x))

IndividualUsedInConnection(x) A hasConnection(x, y) —» ConnectionOfIndividual(y)
IndividualUsedInConnection(x) — Jy(hasConnection(x, y))
IndividualUsedInConnection(x) A hasConnection(x, y) A hasConnection(x,z) —» y =z
hasContent(x, y) — (ExpressBinary(x) v ExpressBoolean(x) v ExpressInteger(x) v ExpressLogical(x) v
ExpressReal(x) v ExpressString(x))

ExpressBinary(x) A hasContent(x,y) -» BINARY(y)

ExpressBinary(x) — Jy(hasContent(x, y))

ExpressBinary(x) A hasContent(x, y) A hasContent(x,z) —» y =z

ExpressBinary(x) A ExpressBinary(y) A hasContent(x, z) A hasContent(y,z) » x =y
ExpressBoolean(x) A hasContent(x,y) - BOOLEAN(y)

ExpressBoolean(x) — Jy(hasContent(x. v))

[IxpressBoolean(x) A hasContent(x, y) A hasContent(x,z) >y =z

fIxpressBoolean(x) A ExpressBoolean(y) A hasContent(x, z) A hasContent(y,z) » x =y
fixpressInteger(x) A hasContent(x,y) —» INTEGER(y)

fIxpressInteger(x) — dy(hasContent(x, y))

[IxpressInteger(x) A hasContent(x,y) A hasContent(x,z) - y =z

fixpressInteger(x) A Expressinteger(y) A hasContent(x, z) A hasContent(y,z) - x =y
fIxpressLogical(x) A hasContent(x,y) - LOGICAL(y)

FixpressLogical(x) — Jy(hasContent(x, y))

EixpressLogical(x) A hasContent(x, y) A hasContent(x,z) - y =z

fxpressLogical(x) A ExpressLogical(y) A hasContent(x, z) A hasContent(y,z) —» x.=\y
fixpressReal(x) A hasContent(x,y) - REAL(y)

[ixpressReal(x) — Jy(hasContent(x, y))

fIxpressReal(x) A hasContent(x, y) A hasContent(x,z) » y =z

FixpressReal(x) A ExpressReal(y) A hasContent(x, z) A hasContent(y, 7)& x=y
fixpressString(x) A hasContent(x, y) —» STRING(y)

[IxpressString(x) — Jy(hasContent(x, y))

fixpressString(x) A hasContent(x, y) A hasContent(x,z) - y =z

[IxpressString(x) A ExpressString(y) A hasContent(x, z) A hasContent(y,z) » x=y
hsControlled(x, y) — (ResponsibilityForRepresentation(x))
YesponsibilityForRepresentation(x) A hasControlled(x, y)— RepresentationOfThing(y)
YesponsibilityForRepresentation(x) — Jy(thasControlled(x, y))
YesponsibilityForRepresentation(x) A hasControlled(x, y) A hasControlled(x,z) —» y = z
hpsController(x, y) — (ClassOfClassOfResponsibilityForRepresentation(x) v
(lassOfResponsibilityForRepresentation(x) V*ResponsibilityForRepresentation(x))
(lassOfClassOfResponsibilityForRepresentation(x) A hasController(x, y) — PossibleIndividual(y)
(lassOfClassOfResponsibilityForRepresentation(x) — Jy(hasController(x, y))
(JlassOfClassOfResponsibilityForRepresentation(x) A hasController(x, y) A hasController(x,z) —» y =z
(lassOfResponsibilityForRepresentation(x) A hasController(x, y) — PossibleIndividual(y)
(lassOfResponsibilityForRepresentation(x) — Jy(hasController(x, y))
(lassOfResponsibilityForRepresentation(x) A hasController(x, y) A hasController(x,z) —» y =z
RlesponsibilityForRepresentation(x) A hasController(x, y) — PossibleIndividual(y)

hasDomaln(x, y) = (ClassOfFunctlonalMapplng(x))
ClassOfFunctionalMapping(x) A hasDomain(x, y) — Class(y)
ClassOfFunctionalMapping(x) — JythasDomain(x, y))
ClassOfFunctionalMapping(x) A hasDomain(x, y) A hasDomain(x,z) —» y =z
hasElements(x, y) —» (MultidimensionalObject(x))
MultidimensionalObject(x) — Jy(hasElements(x, y))
MultidimensionalObject(x) A hasElements(x, y) A hasElements(x,z) » y =z
hasEnd1(x,y) — (OtherRelationship(x))

OtherRelationship(x) A hasEnd1(x,y) — Thing(y)

OtherRelationship(x) — JythasEnd1(x, y))

OtherRelationship(x) A hasEnd1(x, y) A hasEnd1(x,z) > y =z
hasEnd1Cardinality(x, y) — (ClassOfRelationship(x))
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ClassOfRelationship(x) A hasEnd1Cardinality(x, y) — Cardinality(y)

ClassOfRelationship(x) A hasEnd1Cardinality(x, y) A hasEnd1Cardinality(x,z) >y =z

hasEnd2(x, y) — (OtherRelationship(x))

OtherRelationship(x) A hasEnd2(x, y) — Thing(y)

OtherRelationship(x) — JythasEnd2(x, y))

OtherRelationship(x) A hasEnd2(x, y) A hasEnd2(x,z) —» y =z

hasEnd2Cardinality(x, y) — (ClassOfRelationship(x))

ClassOfRelationship(x) A hasEnd2Cardinality(x, y) — Cardinality(y)

ClassOfRelationship(x) A hasEnd2Cardinality(x, y) A hasEnd2Cardinality(x,z) -y =z

hasGreaterElement(x, y) — (ComparisonOfProperty(x))

ComparisonOfProperty(x) A hasGreaterElement(x, y) — Property(y)

ComparlsonOfProperty(x) - Hy(hasGreaterElement(x, y)
fP h

reaterElement(x.2) —» v =
sHour(x,y) — (RepresentatlonOfGregorlanDateAndUtcTime(x))
epresentationOfGregorianDateAndUtcTime(x) A hasHour(x, y) - INTEGER(y)
epresentationOfGregorianDateAndUtcTime(x) A hasHour(x, y) A hasHour(x,z) - y =z
hhsId(x,y) — (Thing(x))

Thing(x) A hasId(x,y) -» STRING(y)

Thing(x) — Jythasld(x, y))

Thing(x) A hasld(x,y) A hasld(x,z) >y =z

T

h

hing(x) A Thing(y) A hasId(x, z) A hasld(y,z) - x=y

hsIndividual(x, y) — (DimensionOfIndividual(x))

imensionOfIndividual(x) A hasIndividual(x, y) — PossibleIndividual(y)
imensionOfIndividual(x) — Jy(hasIndividual(x, y))
imensionOfIndividual(x) A hasIndividual(x, y) A hasIndividual(x,z) —» y = 2
sIndividualDimension(x, y) — (DimensionOfIndividual(x))
imensionOfIndividual(x) A hasIndividualDimension(x, y) — IndividualDimension(y)
imensionOfIndividual(x) — Jy(hasIndividualDimension(x, y))
imensionOfIndividual(x) A hasIndividualDimension(x, y) A hasIndividualDimension(x,z) —» y =z
hpsInput(x,y) —» (FunctionalMapping(x))

FunctionalMapping(x) A hasInput(x, y) — Thing(y)

FunctionalMapping(x) — Jy(hasInput(x, y))

FunctionalMapping(x) A hasInput(x, y) A hasInput(x, z) >y =z

sInterest(x, y) — (LifecycleStage(x))

fecycleStage(x) A hasInterest(x,y) — PossibleIndividual(y)

fecycleStage(x) — Fy(hasInterest(x, y))

fecycleStage(x) A hasInterest(x, y) A hasInterest(x,z) —» y =z
sInterested(x,y) — (LifecycleStage(x))

fecycleStage(x) A hasInterested(x, y)/= PossibleIndividual(y)
fecycleStage(x) — Jy(hasInterested(x;Y))

fecycleStage(x) A hasInterested(x;y) A hasInterested(x,z) - y =z
hpsInvolved(x, y) — (InvolveméntByReference(x))
volvementByReference(x)(A hasInvolved(x, y) — Thing(y)
volvementByReference() — Jy(hasInvolved(x,y))
volvementByReferenee(x) A hasInvolved(x, y) A hasInvolved(x,z) - y =z
sInvolver(x,y) —» (InvolvementByReference(x))

volvementByRéference(x) A hasInvolver(x,y) — Activity(y)
volvementByReference(x) — Jy(hasInvolver(x, y))
volvementByReference(x) A hasInvolver(x, y) A hasInvolver(x,z) -y =z
hpsLesserElement(x, y) — (ComparisonOfProperty(x))
(omparisonOfProperty(x) A hasLesserElement(x, y) — Property(y)
(omparisonOfProperty(x) — Jy(hasLesserElement(x, y))
ClomparisonOfProperty(x) A hasLesserElement(x, y) A hasLesserElement(x.z) — v =
hasLocated(x,y) — (RelativeLocation(x))

RelativeLocation(x) A hasLocated(x, y) — PossibleIndividual(y)
RelativeLocation(x) — Jy(hasLocated(x, y))

RelativeLocation(x) A hasLocated(x, y) A hasLocated(x,z) > y =z
hasLocator(x,y) — (RelativeLocation(x))

RelativeLocation(x) A hasLocator(x, y) — PossibleIndividual(y)
RelativeLocation(x) — Jy(hasLocator(x, y))

RelativeLocation(x) A hasLocator(x, y) A hasLocator(x,z) - y =z
hasMaximumCardinality(x, y) — (Cardinality(x))

Cardinality(x) A hasMaximumCardinality(x, y) —» INTEGER(y)
Cardinality(x) A hasMaximumCardinality(x, y) A hasMaximumCardinality(x,z) —» y = z
hasMinimumCardinality(x, y) — (Cardinality(x))
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Cardinality(x) A hasMinimumCardinality(x, y) —» INTEGER(y)

Cardinality(x) A hasMinimumCardinality(x, y) A hasMinimumCardinality(x,z) —» y = z
hasMinute(x,y) — (RepresentationOfGregorianDateAndUtcTime(x))
RepresentationOfGregorianDateAndUtcTime(x) A hasMinute(x, y) » INTEGER(y)
RepresentationOfGregorianDateAndUtcTime(x) A hasMinute(x, y) A hasMinute(x,z) - y =z
hasMonth(x, y) — (RepresentationOfGregorianDateAndUtcTime(x))
RepresentationOfGregorianDateAndUtcTime(x) A hasMonth(x,y) -» INTEGER(y)
RepresentationOfGregorianDateAndUtcTime(x) A hasMonth(x, y) A hasMonth(x,z) - y =z
hasOptionalElement(x, y) — (ClassOfMultidimensionalObject(x))
ClassOfMultidimensionalObject(x) — Jy(hasOptionalElement(x, y))
ClassOfMultidimensionalObject(x) A hasOptionalElement(x, y) A hasOptionalElement(x,z) - y = z
hasParameterPosition(x, y) — (ClassOfMultidimensionalObject(x))
ClassOfMultidimensionalObject(x) A hasParameterPosition(x. v) A hasParameterPosition(x.z) > v =
hsParameters(x, y) — (ClassOfMultidimensionalObject(x))
lassOfMultidimensionalObject(x) A hasParameters(x, y) A hasParameters(x,z) - y =z
hsPart(x, y) — (CompositionOfIndividual(x))

ompositionOfIndividual(x) A hasPart(x,y) — PossibleIndividual(y)
ompositionOfIndividual(x) — JythasPart(x, y))

ompositionOfIndividual(x) A hasPart(x, y) A hasPart(x,z) -» y =z

hsPattern(x, y) — (ClassOfRepresentationOfThing(x))

lassOfRepresentationOfThing(x) A hasPattern(x, y) — ClassOfInformationRepresentation(y)
lassOfRepresentationOfThing(x) — Jy(hasPattern(x, y))

lassOfRepresentationOfThing(x) A hasPattern(x, y) A hasPattern(x,z) - y =z

hsPlayed(x, y) — (ClassOfIntendedRoleAndDomain(x) v ClassOfPossibleRoleAndDomain(x) v
itendedRoleAndDomain(x) v PossibleRoleAndDomain(x))
(lassOfIntendedRoleAndDomain(x) A hasPlayed(x,y) — RoleAndDomain(y)
(lassOfIntendedRoleAndDomain(x) — Jy(hasPlayed(x, y))
(lassOfIntendedRoleAndDomain(x) A hasPlayed(x, y) A hasPlayed(,2)'— y =z
(lassOfPossibleRoleAndDomain(x) A hasPlayed(x, y) —» RoleAndDomain(y)
(lassOfPossibleRoleAndDomain(x) — JythasPlayed(x, y))
(lassOfPossibleRoleAndDomain(x) A hasPlayed(x, y) A hasPlayed(x,z) - y =z
IntendedRoleAndDomain(x) A hasPlayed(x, y) —» RoleAndBémain(y)
IntendedRoleAndDomain(x) — Jy(hasPlayed(x, y))

IntendedRoleAndDomain(x) A hasPlayed(x, y) A hasPlayed(x,z) —» y =z
pssibleRoleAndDomain(x) A hasPlayed(x, y) —» RoleAndDomain(y)
pssibleRoleAndDomain(x) — Jy(hasPlayed(x,y))

pssibleRoleAndDomain(x) A hasPlayed(x, y) AhasPlayed(x,z) - y =z

hsPlayer(x,y) — (IntendedRoleAndDomain(x) v PossibleRoleAndDomain(x))
tendedRoleAndDomain(x) A hasPlayer(x, y) — PossibleIndividual(y)
tendedRoleAndDomain(x) — Jy(hasPlayer(x, y))

tendedRoleAndDomain(x) A hasPlayer(x, y) A hasPlayer(x,z) > y =z
pssibleRoleAndDomain(x) A hasPlayer(x, y) — PossibleIndividual(y)
pssibleRoleAndDomain(x)(—)dy(hasPlayer(x, y))

=li-leleolol-Hololol- Mol -3

ultidimensionalObjeet(x) A hasPosition(x, y) A hasPosition(x,z) - y =z
hsPossessor(x, y)'—) (IndirectProperty(x))
directProperty(x) A hasPossessor(x,y) — PossibleIndividual(y)
IndirectPropexty(x) — Jy(hasPossessor(x, y))
ImdirectProperty(x) A hasPossessor(x,y) A hasPossessor(x,z) » y =z
hpsPredecessor(x, y) — (TemporalSequence(x))
pmporalSequence(x) A hasPredecessor(x, y) — PossibleIndividual(y)
emporalSequence(x) — JvhasPredecessor(x, v))
TemporalSequence(x) A hasPredecessor(x, y) A hasPredecessor(x,z) - y =z
hasProperty(x,y) — (IndirectProperty(x) v PropertyForShapeDimension(x))
IndirectProperty(x) A hasProperty(x,y) — Property(y)
IndirectProperty(x) — Jy(hasProperty(x, y))
IndirectProperty(x) A hasProperty(x, y) A hasProperty(x,z) - y =z
PropertyForShapeDimension(x) A hasProperty(x,y) — Property(y)
PropertyForShapeDimension(x) — Jy(hasProperty(x, y))
PropertyForShapeDimension(x) A hasProperty(x, y) A hasProperty(x,z) > y =z
hasPropertySpace(x, y) — (ClassOfIndirectProperty(x) v PropertySpaceForClassOfShapeDimension(x))
ClassOfIndirectProperty(x) A hasPropertySpace(x, y) — PropertySpace(y)
ClassOfIndirectProperty(x) — Jy(hasPropertySpace(x, y))
ClassOfIndirectProperty(x) A hasPropertySpace(x, y) A hasPropertySpace(x,z) >y =z

I
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PropertySpaceForClassOfShapeDimension(x) A hasPropertySpace(x,y) — PropertySpace(y)
PropertySpaceForClassOfShapeDimension(x) — Jy(hasPropertySpace(x, y))
PropertySpaceForClassOfShapeDimension(x) A hasPropertySpace(x, y) A hasPropertySpace(x,z) —» y =z
hasRecognized(x, y) — (Recognition(x))

Recognition(x) A hasRecognized(x, y) — Thing(y)

Recognition(x) — Jy(hasRecognized(x, y))

Recognition(x) A hasRecognized(x, y) A hasRecognized(x,z) > y =z

hasRecognizing(x, y) — (Recognition(x))

Recognition(x) A hasRecognizing(x,y) — Activity(y)

Recognition(x) — Jy(hasRecognizing(x, y))

Recognition(x) A hasRecognizing(x, y) A hasRecognizing(x,z) >y =z
hasRecordCopyCreated(x,y) — (Thing(x))

hing(x) A hasRecor reated(x. y) — RepresentationOfGregorianDateAndUtcTime(y)
hing(x) A hasRecordCopyCreated(x, y) A hasRecordCopyCreated(x,z) >y =z
hsRecordCreated(x,y) — (Thing(x))

hing(x) A hasRecordCreated(x,y) — RepresentationOfGregorianDateAndUtcTime(y)
hing(x) A hasRecordCreated(x, y) A hasRecordCreated(x,z) >y =z

psRecordCreator(x, y) — (Thing(x))

hing(x) A hasRecordCreator(x, y) — PossibleIndividual(y)

hing(x) A hasRecordCreator(x, y) A hasRecordCreator(x,z) > y =z
hsRecordLogicallyDeleted(x, y) — (Thing(x))

hing(x) A hasRecordLogicallyDeleted(x, y) — RepresentationOfGregorianDateAndUtcTime(y)
hing(x) A hasRecordLogicallyDeleted(x, y) A hasRecordLogicallyDeleted(x,z) = =z
hsRelated(x, y) — (ClassOfRelationshipWithRelatedEnd1(x) v ClassOfRelationshipWithRelatedEnd2(x))
lassOfRelationshipWithRelatedEnd1(x) A hasRelated(x, y) — Thing(y)
lassOfRelationshipWithRelatedEnd1(x) — Jy(hasRelated(x, y))
lassOfRelationshipWithRelatedEnd1(x) A hasRelated(x, y) A hasRelated(x,z) - y =z
lassOfRelationshipWithRelatedEnd2(x) A hasRelated(x, y) — Thing(y)
lassOfRelationshipWithRelatedEnd2(x) — Jy(hasRelated(x, y))
lassOfRelationshipWithRelatedEnd2(x) A hasRelated(x, y) A hasRelated(x,z) > y =z
hsRepresented(x, y) — (ClassOfRepresentationOfThing(x) Vi\RepresentationOfThing(x))
lassOfRepresentationOfThing(x) A hasRepresented(x, )%’ Thing(y)
lassOfRepresentationOfThing(x) — Jy(hasRepresented(x, y))
lassOfRepresentationOfThing(x) A hasRepresented(r, y) A hasRepresented(x,z) » y =z
epresentationOfThing(x) A hasRepresented(x, y)\>>-Thing(y)

Hololol-Holololololol-N_l-E-N_L_ - _L_E-A_1_

PropertyForShapeDlmenswn(x) — Hy(hasShapeDlmensmn(x, )
PropertyForShapeDimension(x) A hasShapeDimension(x, y) A hasShapeDimension(x,z) -y =z
hasSidel(x,y) — (ConnectionOfIndividual(x))

ConnectionOfIndividual(x) A hasSidel(x,y) — PossibleIndividual(y)
ConnectionOfIndividual(x) — Jy(hasSidel(x, y))

ConnectionOfIndividual(x) A hasSidel(x, y) A hasSidel(x,z) - y =z

hasSide2(x, y) —» (ConnectionOfIndividual(x))

ConnectionOfIndividual(x) A hasSide2(x, y) — PossibleIndividual(y)
ConnectionOfIndividual(x) — Jy(hasSide2(x, y))

ConnectionOfIndividual(x) A hasSide2(x, y) A hasSide2(x,z) >y =z

hasSign(x, y) — (RepresentationOfThing(x))

RepresentationOfThing(x) A hasSign(x, y) — PossibleIndividual(y)
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RepresentationOfThing(x) — Fy(hasSign(x, y))

RepresentationOfThing(x) A hasSign(x, y) A hasSign(x,z) > y =z
hasSubclass(x,y) — (Specialization(x))

Specialization(x) A hasSubclass(x, y) — Class(y)

Specialization(x) — Jy(hasSubclass(x, y))

Specialization(x) A hasSubclass(x, y) A hasSubclass(x,z) >y =z
hasSuccessor(x,y) — (TemporalSequence(x))

TemporalSequence(x) A hasSuccessor(x,y) — PossibleIndividual(y)
TemporalSequence(x) — Jy(hasSuccessor(x, y))

TemporalSequence(x) A hasSuccessor(x, y) A hasSuccessor(x,z) - y =z
hasSuperclass(x, y) — (Specialization(x))

Specialization(x) A hasSuperclass(x, y) — Class(y)

ialization(x) — Jy(h rclass(x. v))

Specialization(x) A hasSuperclass(x, y) A hasSuperclass(x,z) - y =z
hpsUsage(x,y) — (IndividualUsedInConnection(x))
ImdividualUsedInConnection(x) A hasUsage(x, y) — PossibleIndividual(y)
IndividualUsedInConnection(x) — Jy(hasUsage(x, y))
ImdividualUsedInConnection(x) A hasUsage(x, y) A hasUsage(x,z) —» y =z
hpsUsed(x,y) — (UsageOfRepresentation(x))

sageOfRepresentation(x) A hasUsed(x, y) — RepresentationOfThing(y)
sageOfRepresentation(x) — Jy(hasUsed(x, y))

sageOfRepresentation(x) A hasUsed(x, y) A hasUsed(x,z) >y =z

hpsUser(x, y) — (ClassOfClassOfUsageOfRepresentation(x) v ClassOfUsageOfRepresentation(x) v
sageOfRepresentation(x))

lassOfClassOfUsageOfRepresentation(x) A hasUser(x, y) — PossibleIndiyidual(y)
lassOfClassOfUsageOfRepresentation(x) — JythasUser(x, y))
lassOfClassOfUsageOfRepresentation(x) A hasUser(x, y) A hasUser(£,2) = y = z
lassOfUsageOfRepresentation(x) A hasUser(x, y) — PossibleIndividual(y)
lassOfUsageOfRepresentation(x) — Jy(hasUser(x, y))
lassOfUsageOfRepresentation(x) A hasUser(x, y) A hasUser(x,2))— y = z
sageOfRepresentation(x) A hasUser(x, y) — PossibleIndividual(y)
sageOfRepresentation(x) — JythasUser(x, y))

sageOfRepresentation(x) A hasUser(x, y) A hasUser(x, 2> y = 7

hsWhole(x, y) — (CompositionOfIndividual(x))

ompositionOfIndividual(x) A hasWhole(x, y) — PossibleIndividual(y)
ompositionOfIndividual(x) — Jy(hasWhole(x;+))

ompositionOfIndividual(x) A hasWhole(x, y)'A hasWhole(x,z) - y =z
hsWhyDeleted(x, y) — (Thing(x))

hing(x) A hasWhyDeleted(x,y) — ClassOfInformationRepresentation(y)
hing(x) A hasWhyDeleted(x, y) A hasWhyDeleted(x,z) >y =z

hsYear(x, y) — (RepresentationOfGregorianDateAndUtcTime(x))
epresentationOfGregorianDateAndUtcTime(x) A hasYear(x,y) - INTEGER(y)
epresentationOfGregorianDateAndUtcTime(x) — Jy(hasYear(x, y))
epresentationOfGregorianDateAndUtcTime(x) A hasYear(x, y) A hasYear(x,z) > y =z

.7 Additional range restriction axioms

lassOfParticipation(x) A hasClassOfPart(x, y) — ParticipatingRoleAndDomain(y)

amespace(x) /hasClassOfPart(x, y) — ClassOfInformationRepresentation(y)
lassOfArrangementOfIndividual(x) A hasClassOfWhole(x, y) — ClassOfArrangedIndividual(y)
lassOfParticipation(x) A hasClassOfWhole(x, y) — ClassOfActivity(y)

amespace(x) A hasClassOfWhole(x, y) — ClassOfInformationRepresentation(y)
owerBoundOfNumberRange(x) A hasClassified(x, y) — ArithmeticNumber(y)

ower BoundOfPropertyRange(x) A hasClassified(x, y) — Property(y)

-l eleoleol-Nw

o=l

[elalel dolelW doll--|

Wﬂﬂmmmrqulubcl 192
UpperBoundOfPropertyRange(x) A hasClassified(x, y) — Property(y)
LowerBoundOfNumberRange(x) A hasClassifier(x,y) —» NumberRange(y)
LowerBoundOfPropertyRange(x) A hasClassifier(x, y) — PropertyRange(y)
UpperBoundOfNumberRange(x) A hasClassifier(x,y) — NumberRange(y)
UpperBoundOfPropertyRange(x) A hasClassifier(x,y) — PropertyRange(y)
ClassOfScaleConversion(x) A hasCodomain(x, y) — Scale(y)

Scale(x) A hasCodomain(x, y) —» NumberSpace(y)
ClassOfScaleConversion(x) A hasDomain(x, y) — Scale(y)

Scale(x) A hasDomain(x, y) — PropertySpace(y)
DifferenceOfSetOfClass(x) A hasInput(x,y) —» EnumeratedSetOfClass(y)
IntersectionOfSetOfClass(x) A hasInput(x, y) —» EnumeratedSetOfClass(y)
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PropertyQuantification(x) A hasInput(x,y) — Property(y)

UnionOfSetOfClass(x) A hasInput(x,y) - EnumeratedSetOfClass(y)

TemporalBounding(x) A hasPart(x, y) — Event(y)

ClassOfDefinition(x) A hasRepresented(x, y) — Class(y)

Definition(x) A hasRepresented(x, y) — Class(y)

DifferenceOfSetOfClass(x) A hasResult(x, y) — Class(y)

IntersectionOfSetOfClass(x) A hasResult(x, y) — Class(y)

PropertyQuantification(x) A hasResult(x,y) — ArithmeticNumber(y)

UnionOfSetOfClass(x) A hasResult(x, y) — Class(y)

BoundaryOfNumberSpace(x) A hasSubclass(x, y) — NumberSpace(y)

BoundaryOfPropertySpace(x) A hasSubclass(x, y) — PropertySpace(y)

SpecializationByDomain(x) A hasSubclass(x, y) — RoleAndDomain(y)

SpecializationByRole(x) A h 1 — RoleAndDomain(y)

SpecializationOfIndividualDimensionFromProperty(x) A hasSubclass(x, y) — IndividualDimension(y)
undaryOfNumberSpace(x) A hasSuperclass(x,y) — NumberSpace(y)
undaryOfPropertySpace(x) A hasSuperclass(x,y) — PropertySpace(y)

SpecializationByRole(x) A hasSuperclass(x,y) — Role(y)

SpecializationOfIndividualDimensionFromProperty(x) A hasSuperclass(x,y) — Property(y)

rrangementOfIndividual(x) A hasWhole(x,y) — ArrangedIndividual(y)
Pprticipation(x) A hasWhole(x, y) — Activity(y)
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Annex C
(normative)

Listing: proto-templates

This annex lists the complete set of proto-templates defined in this part of ISO 15926. See also 4.3.
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C.1 Proto-templates for relational entity types

ApprovalTriple(x,y, z) <> Approval(x) A hasApproved(x, y) A hasApprover(x, z)

ApprovalTemplate(y, 7) <> u(ApprovalTriple(u,y, z))

BoundaryOfNumberSpaceTriple(x, y, z) <> BoundaryOfNumberSpace(x) A hasSubclass(x, y) A hasSuperclass(x, z)
BoundaryOfNumberSpaceTemplate(y, z) <> u(BoundaryOfNumberSpaceTriple(u,y, 7))

BoundaryOfPropertySpaceTriple(x, y, z) < BoundaryOfPropertySpace(x) A hasSubclass(x, y) A hasSuperclass(x, z)
BoundaryOfPropertySpaceTemplate(y, z) < u(BoundaryOfPropertySpaceTriple(u,y, z))

CauseOfEventTriple(x,y, z7) < CauseOfEvent(x) A hasCaused(x,y) A hasCauser(x, 7)

CauseOfEventTemplate(y, z) < Ju(CauseOfEventTriple(u,y, z))

ClassOfApprovalTriple(x,y, z) <> ClassOfApproval(x) A hasClassOfApproved(x, y) A hasClassOfApprover(x, z)
ClassOfApprovalTemplate(y, z) <> u(ClassOfApprovalTriple(u,y, z))
ClassOfCauseOfBegmmngOfClassOﬂndtwdualTrtple(x .2 &

assOfCauseOfBegmnzngOfClassOﬂndlwdualTemplate(y, 7) ©

(ClassOfCauseOfBeginning OfClassOfIndividualTriple(u, y, z))

assOfCause OfEnding OfClassOfIndividualTriple(x,y, z) <

lassOfCauseOfEndingOfClassOfIndividual(x) A hasClassOfCauser(x, y) A hasClassOfEnded(x;c)
assOfCauseOfEnding OfClassOfIndividualTemplate(y, z7) < Ju(ClassOfCauseOfEnding OfClassOfIndividiaiTriple(u,y, z
assOfClassOfCompositionTriple(x,y, z7) <

lassOfClassOfComposition(x) A hasClassOfClassOfPart(x, y) A hasClassOfClassOfWhole¢x, z)
assOfClassOfCompositionTemplate(y, z) < Ju(ClassOfClassOfCompositionTriple(u, y, z))
assOfClassOfRepresentationTriple(x,y,z) <

lassOfClassOfRepresentation(x) A hasClassOfPattern(x, y) A hasClassOfRepresented(x, z)
assOfClassOfRepresentationTemplate(y, z) < Ju(ClassOfClassOfRepresentationTripletuyyyz))
assOfClassOfRepresentationTranslationTriple(x,y, z7) &

lassOfClassOfRepresentationTranslation(x) A hasClassOfFirst(x, y) A hasClassOfSecond(x, z)
assOfClassOfRepresentationTranslationTemplate(y, z) <> Ju(ClassOfClassOfRepresentationTranslationTriple(u,y, 7))
assOfClassOfResponsibilityForRepresentationTriple(x,y, z) <
lassOfClassOfResponsibilityForRepresentation(x) AhasClassQf€lassOfControlled(x, y) AhasController(x) z)
assOfClassOfResponsibilityForRepresentationTemplate(y, 7) <
(ClassOfClassOfResponsibilityForRepresentationTriple(u, y, 7))
assOfClassOfUsageOfRepresentationTriple(x,y,z) <

lassOfClassOfUsageOfRepresentation(x) A hasClassOfClassOfUsed(x, y) A hasUser(x, z)
assOfClassOfUsageOfRepresentationTemplate(y, z) < u(ClassOfClassOfUsageOfRepresentationTriple(u, y, 7))
assOfClassificationTriple(x, y, z) <

lassOfClassification(x) A hasClassOfClassified(x, y) A hasClassOfClassifier(x, z)
assOfClassificationTemplate(y, z) <> Ju(ClassOfClassificationTriple(u,y, 7))
assOfCompositionOfindividualTriple(x, y, 7). <5

lassOfCompositionOfIndividual(x) £ hasClassOfPart(x, y) A hasClassOfWhole(x, z)
assOfCompositionOfIndividualTemplate(y,7) < Ju(ClassOfCompositionOfindividualTriple(u,y, z))
assOfConnectionOfIndividualTriple(x,y, z) <>

lassOfConnectionOfIndividaal(x) A hasClassOfSidel(x, y) A hasClassOfSide2(x, z)
assOfConnectionOfIndividualTemplate(y, z) < Ju(ClassOfConnectionOfindividualTriple(u,y, 7))
assOfDimensionForShapeTriple(x, y, z) <

lassOfDimensionForShape(x) A hasClassOfDimension(x, y) A hasClassOfShape(x, z)
assOfDimensionForShapeTemplate(y, 7) < Ju(ClassOfDimensionForShapeTriple(u,y, 7))
assOfFunctionalMappingTriple(x, y, z7) <> ClassOfFunctionalMapping(x) A hasCodomain(x, y) A hasDomain(x,|z)
assOfFunctionalMappingTemplate(y, 7) <> Ju(ClassOfFunctionalMappingTriple(u,y, 7))
assOfIndirectRropertyTriple(x,y, z) <

lassOfIndirectProperty(x) A hasClassOfPossessor(x, y) A hasPropertySpace(x, z)
assOfladirectPropertyTemplate(y, z) <> u(ClassOfIndirectPropertyTriple(u,y, z))
assOfindividualUsedInConnectionTriple(x, y, z) <
lassOfIndividualUsedInConnection(x) A hasClassOfConnection(x y) A hasClassOfUsage(x )
ClassOfIndividualUsedInConnectionTemplate(y, z) < Ju(ClassOfindividualUsedInConnectionTriple(u,y, 7))
ClassOfintendedRoleAndDomainTriple(x,y,z) <

ClassOfIntendedRoleAndDomain(x) A hasClassOfPlayer(x, y) A hasPlayed(x, z)
ClassOfIntendedRoleAndDomainTemplate(y, 7) < Ju(ClassOfintendedRoleAndDomainTriple(u,y, z))
ClassOflnvolvementByReferenceTriple(x,y, z) <

ClassOfInvolvementByReference(x) A hasClassOfInvolved(x, y) A hasClassOfInvolver(x, z)
ClassOfInvolvementByReferencelemplate(y, z) < Ju(ClassOflnvolvementByReferenceTriple(u,y, z))
ClassOfNamespaceTriple(x,y, 7) < ClassOfNamespace(x) A hasClassOfClassOfWhole(x, y) A hasClassOfPart(x, z)
ClassOfNamespaceTemplate(y, z) <> Ju(ClassOfNamespaceTriple(u,y, 7))

ClassOfParticipationTriple(x,y, 7) < ClassOfParticipation(x) A hasClassOfPart(x, y) A hasClassOfWhole(x, z)
ClassOfParticipationTemplate(y, z) <> Ju(ClassOfParticipationTriple(u, y, z))

ClassOfPossibleRoleAndDomainTriple(x,y, z) <>

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁ
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ClassOfPossibleRoleAndDomain(x) A hasClassOfPlayer(x, y) A hasPlayed(x, z)
ClassOfPossibleRoleAndDomainTemplate(y, z) <> Ju(ClassOfPossibleRoleAndDomainTriple(u,y, z))
ClassOfRecognitionTriple(x,y,z7) <
ClassOfRecognition(x) A hasClassOfRecognized(x, y) A hasClassOfRecognizing(x, z)
ClassOfRecognitionTemplate(y, z) <> Ju(ClassOfRecognitionTriple(u,y, z))
ClassOfRelationshipWithSignatureTriple(x, y, z) <
ClassOfRelationshipWithSignature(x) A hasClassOfEnd1(x, y) A hasClassOfEnd2(x, z)
ClassOfRelationshipWithSignatureTemplate(y, z) <> Ju(ClassOfRelationshipWithSignatureTriple(u,y, 7))
ClassOfRelativeLocationTriple(x,y,z) <
ClassOfRelativeLocation(x) A hasClassOfLocated(x, y) A hasClassOfLocator(x, z)
ClassOfRelativeLocationTemplate(y, z) <> Ju(ClassOfRelativeLocationTriple(u,y, z))
ClassOfRepresentationOfThingTriple(x, y, z) <
ClassOfRepresentationOf Thing(x) A hasPattern(x. y) A hasRepresented(x. 7)
assOfRepresentationOfThingTemplate(y, z) <> Au(ClassOfRepresentationOfThingTriple(u, y, z))
assOfRepresentationTranslationTriple(x, y, 7) <
lassOfRepresentationTranslation(x) A hasClassOfFirst(x, y) A hasClassOfSecond(x, z)
assOfRepresentationTranslationTemplate(y, z7) < Au(ClassOfRepresentationTranslationTriple(u, y, z))
assOfResponsibilityForRepresentationTriple(x,y, 7) <>
lassOfResponsibilityForRepresentation(x) A hasClassOfControlled(x, y) A hasController(, 7)
assOfResponsibilityForRepresentationTemplate(y, z) <> Ju(ClassOfResponsibilityForRepresentationdxiple(u, y, z))
assOfScaleConversionTriple(x, y, z) < ClassOfScaleConversion(x) A hasCodomain(x, y) A hasDomain(x, z)
assOfScaleConversionTemplate(y, z7) < Ju(ClassOfScaleConversionTriple(u,y, z))
assOfSpecializationTriple(x,y, z) <
lassOfSpecialization(x) A hasClassOfSubclass(x, y) A hasClassOfSuperclass(x)z)
assOfSpecializationTemplate(y, z) < Ju(ClassOfSpecializationTriple(u, y, 7))
assOfTemporalSequenceTriple(x,y,z) <
lassOf TemporalSequence(x) A hasClassOfPredecessor(x, y) A hasClassOfSuccessor(x, z)
assOfTemporalSequenceTemplate(y, z) <> u(ClassOfTemporalSequenceTriple(u, v, z))
assOfUsageOfRepresentationTriple(x, y, z) <
lassOfUsageOfRepresentation(x) A hasClassOfUsed(x, y) A hasUser(x, z)
assOfUsageOfRepresentationTemplate(y, z) <> Au(ClassOfUsageOfRepresentationTriple(u, y, 7))
assificationTriple(x,y, z7) < Classification(x) A hasClassified(«/y) A hasClassifier(x, z)
assificationTemplate(y, z) < Ju(ClassificationTriple(u,y, 7))

mparisonOfPropertyTriple(x,y, z) <
omparisonOfProperty(x) A hasGreaterElement(x,y) A hasLesserElement(x, z)
bmparisonOfPropertyTemplate(y, 7) < Ju(ComparisenOfPropertyTriple(u,y, z))
mpositionOfindividualTriple(x, y, z7) < CompositionOfIndividual(x) A hasPart(x, y) A hasWhole(x, z)
bmpositionOfindividualTemplate(y, z7) < Ju(CompositionOfindividualTriple(u,y, 7))
bnnectionOfIndividualTriple(x, y, z) < ConnéectionOfIndividual(x) A hasSidel(x, y) A hasSide2(x, z)
nnectionOfIndividualTemplate(y, z7) < du(ConnectionOfindividualTriple(u,y, 7))
ifferenceOfSetOfClassTriple(x, y, 7) <>\ DifferenceOfSetOfClass(x) A hasInput(x, y) A hasResult(x, z)
ifferenceOfSetOfClassTemplate(y(z)y¢> Au(DifferenceOfSetOfClassTriple(u,y, z))
imensionOfindividualTriple(x,Yy, 7) <
imensionOfIndividual(#) hasIndividual(x, y) A hasIndividualDimension(x, z)
imensionOfIndividualTemplate(y, z7) < u(DimensionOfindividualTriple(u,y, 7))

imensionOfShapeTriple(, y, z) < DimensionOfShape(x) A hasDimension(x, y) A hasShape(x, z)
imensionOfShapeTemplate(y, z) < Ju(DimensionOfShapeTriple(u,y, z))

nctionalMappingTriple(x,y, z7) < FunctionalMapping(x) A hasInput(x, y) A hasResult(x, z)
nctionalMappingTemplate(y, z) < Ju(FunctionalMappingTriple(u,y, z))
directPropertyTriple(x,y, z) < IndirectProperty(x) A hasPossessor(x,y) A hasProperty(x, z)
directRropertyTemplate(y, z) <> Ju(IndirectPropertyTriple(u,y, z))

QOO0 QQQOQQOQQOQQQQOQQOQQ

ST 0000000Q

IdividualUsedInConnectionTriple(x, y, z) < IndividualUsedInConnection(x) A hasConnection(x, y) AhasUsage(x|z)
IndividualUsedInConnectionTemplate(v, z) < Ju(IndividualUsedInConnectionTriple(u, v, z))

IntendedRoleAndDomainTriple(x,y, 7) <> IntendedRoleAndDomain(x) A hasPlayed(x, y) A hasPlayer(x, z)
IntendedRoleAndDomainTemplate(y, z) <> Ju(IntendedRoleAndDomainTriple(u, y, z))
IntersectionOfSetOfClassTriple(x, y, z) < IntersectionOfSetOfClass(x) A hasInput(x, y) A hasResult(x, z)
IntersectionOfSetOfClassTemplate(y, z) < Ju(IntersectionOfSetOfClassTriple(u,y, z))
InvolvementByReferenceTriple(x,y, z7) <> InvolvementByReference(x) A hasInvolved(x, y) A hasInvolver(x, z)
InvolvementByReferenceTemplate(y, z) <> Ju(InvolvementByReferenceTriple(u,y, 7))

LifecycleStageTriple(x,y, z) < LifecycleStage(x) A hasInterest(x, y) A hasInterested(x, z)
LifecycleStageTemplate(y, z) <> Ju(LifecycleStageTriple(u,y, z))

LowerBoundOfNumberRangeTriple(x,y,z) <

LowerBoundOfNumberRange(x) A hasClassified(x, y) A hasClassifier(x, z)
LowerBoundOfNumberRangeTemplate(y, z) < Ju(LowerBoundOfNumberRangeTriple(u,y, z))
LowerBoundOfPropertyRangeTriple(x,y,z) <
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LowerBoundOfPropertyRange(x) A hasClassified(x, y) A hasClassifier(x, z)
LowerBoundOfPropertyRangeTemplate(y, z) < Ju(LowerBoundOfPropertyRangeTriple(u,y, z))
OtherRelationshipTriple(x, y, z) < OtherRelationship(x) A hasEnd1(x, y) A hasEnd2(x, z)
OtherRelationshipTemplate(y, z) <> Ju(OtherRelationshipTriple(u,y, 7))

PossibleRoleAndDomainTriple(x,y, z) <> PossibleRoleAndDomain(x) A hasPlayed(x, y) A hasPlayer(x, z)
PossibleRoleAndDomainTemplate(y, z) < u(PossibleRoleAndDomainTriple(u,y, z))
PropertyForShapeDimensionTriple(x,y, z) <

PropertyForShapeDimension(x) A hasProperty(x, y) A hasShapeDimension(x, z)
PropertyForShapeDimensionTemplate(y, z) <> Ju(PropertyForShapeDimensionTriple(u,y, 7))
PropertyQuantificationTriple(x, y, z) <> PropertyQuantification(x) A hasInput(x, y) A hasResult(x, z)
PropertyQuantificationTemplate(y, z) < Ju(PropertyQuantificationTriple(u, y, z))
PrapertySpaceForClassOfShapeDlmenswnTrlple(x, ¥,2) &

opertySpaceForClassOfShapeDzmenszonTemplate(y 7) © 3u(PropertySpaceForClassOfShapeDzmenszonTrzple(u v, 2))
cognitionTriple(x,y, z7) <> Recognition(x) A hasRecognized(x, y) A hasRecognizing(x, z)
cognitionTemplate(y, z) < Ju(RecognitionTriple(u, y, z))

lativeLocationTriple(x, y, z) < RelativeLocation(x) A hasLocated(x, y) A hasLocator(x, 7)
lativeLocationTemplate(y, z) < Ju(RelativeLocationTriple(u,y, z))

presentationOfThingTriple(x, y, 7) <> RepresentationOfThing(x) A hasRepresented(x, y) A hasSign(x, z)
presentationOfThingTemplate(y, z) < Ju(RepresentationOfThingTriple(u,y, 7))
sponsibilityForRepresentationTriple(x,y,z) <

esponsibilityForRepresentation(x) A hasControlled(x, y) A hasController(x, z)
RpsponsibilityForRepresentationTemplate(y, z) <> Au(ResponsibilityForRepresentationTriple(i, y,z))
StaleTriple(x,y,z) < Scale(x) A hasCodomain(x, y) A hasDomain(x, z) ScaleTemplate(y,z) < Ju(ScaleTriple(u,y, 7))
SpecializationTriple(x, y, 7) < Specialization(x) A hasSubclass(x, y) A hasSuperclass(x, z)
SpecializationTemplate(y, z) < Ju(SpecializationTriple(u,y, 7))

SpecializationByRoleTriple(x,y, z7) < SpecializationByRole(x) A hasSubclass(x,y) A hasSuperclass(x, z)
SpecializationByRoleTemplate(y, z) <> du(SpecializationByRoleTriple(u, y, 7))
SpecializationOfIndividualDimensionFromPropertyTriple(x,y,z) <
SpecializationOfIndividualDimensionFromProperty(x) A hasSubclass(x, y) A hasSuperclass(x, z)
SpecializationOfIndividualDimensionFromPropertyTemplate(y, z) <
Al(SpecializationOfindividualDimensionFromPropertyTriple(u, y,z))

T¢mporalSequenceTriple(x,y, z7) < TemporalSequence(x) A hasPredecessor(x, y) A hasSuccessor(x, z)
TgmporalSequenceTemplate(y, z) < Ju(TemporalSequenceTriple(u,y, z))

ionOfSetOfClassTriple(x, y, z) < UnionOfSetOfClasstx) A hasInput(x, y) A hasResult(x, z)
ionOfSetOfClassTemplate(y, z) <> Ju(UnionOfSetQfClassTriple(u,y, z))
perBoundOfNumberRangeTriple(x,y, z) <

pperBoundOfNumberRange(x) A hasClassified(x, y) A hasClassifier(x, z)
perBoundOfNumberRangeTlemplate(y, z)(& Ju(UpperBoundOfNumberRangeTriple(u, y, 7))
perBoundOfPropertyRangeTriple(x,y, z) <

pperBoundOfPropertyRange(x) A hasClassified(x, y) A hasClassifier(x, z)
pperBoundOfPropertyRangeTemplate(y, z) <> Ju(UpperBoundOfPropertyRangeTriple(u,y, z))
sageOfRepresentationTriple(x,y, 3) < UsageOfRepresentation(x) A hasUsed(x, y) A hasUser(x, z)
ageOfRepresentationTemplate(y, z) <> Ju(UsageOfRepresentationTriple(u,y, z))

U
U
U
(.2 Proto-templates for subtypes of relational entity types
AtrangementOfindividualTriple(x,y, z) <> ArrangementOfIndividual(x) A CompositionOfindividualTriple(x, y, 7)
A

A

A

B

B

I e -y -

rangementOfIndiyidualTemplate(y, 7) < Ju(ArrangementOfindividualTriple(u,y, z))

semblyOfindividnalTriple(x,y, z) <> AssemblyOfIndividual(x) A ArrangementOfindividualTriple(x,y, 7)
bsemblyOffudividualTemplate(y, z) < Ju(AssemblyOfindividualTriple(u,y, 7))

boinningTriple(x, y, z) < Beginning(x) A TemporalBoundingTriple(x, y, 7)

ginping Template(y, z) < Ju(BeginningTriple(u,y, z))

NassQfArrangementOfindividualTriple(x, y, z) <
Cmef*ﬂaﬂgmeﬁﬂ&rﬁﬁuﬁwmefaﬂm%ﬁMAu”pw\A V. 2)
ClassOfArrangementOfindividualTemplate(y, z) <> Ju(ClassOfArrangementOfIndividualTriple(u,y, 7))
ClassOfAssemblyOfindividualTriple(x, y, z) <

ClassOfAssemblyOfIndividual(x) A ClassOfArrangementOfindividualTriple(x, y, 7)
ClassOfAssemblyOfindividualTemplate(y, z7) < u(ClassOfAssemblyOfindividualTriple(u,y, z))
ClassOfClassOfDefinitionTriple(x, y, z) < ClassOfClassOfDefinition(x) A ClassOfClassOfRepresentationTriple(x,y, 7)
ClassOfClassOfDefinitionTemplate(y, z) < Ju(ClassOfClassOfDefinitionTriple(u, y, z))
ClassOfClassOfDescriptionTriple(x, y, z) <> ClassOfClassOfDescription(x) A ClassOfClassOfRepresentationTriple(x, y, 7)
ClassOfClassOfDescriptionTemplate(y, z) < Ju(ClassOfClassOfDescriptionTriple(u,y, z))
ClassOfClassOfldentificationTriple(x,y, z) <

ClassOfClassOflIdentification(x) A ClassOfClassOfRepresentationTriple(x, y, z)

ClassOfClassOfldentificationTemplate(y, z) < Ju(ClassOfClassOfldentificationTriple(u,y, z))
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ClassOfClassOfRelationshipWithSignatureTriple(x,y, z) <

ClassOfClassOfRelationshipWithSignature(x) A ClassOfRelationshipWithSignatureTriple(x, y, z)
ClassOfClassOfRelationshipWithSignatureTemplate(y, z) <> Ju(ClassOfClassOfRelationshipWithSignatureTriple(u, y, 7))
ClassOfContainmentOfIndividualTriple(x,y, z) <

ClassOfContainmentOfIndividual(x) A ClassOfRelativeLocationTriple(x,y, z)
ClassOfContainmentOfIndividualTemplate(y, z) < Ju(ClassOfContainmentOfindividualTriple(u,y, z))
ClassOfDefinitionTriple(x, y, z) <> ClassOfDefinition(x) A ClassOfRepresentationOfThingTriple(x, y, z)
ClassOfDefinitionTemplate(y, z) <> Ju(ClassOfDefinitionTriple(u, y, z))

ClassOfDescriptionTriple(x, y, z) <> ClassOfDescription(x) A ClassOfRepresentationOfThingTriple(x, y, z)
ClassOfDescriptionTemplate(y, z7) < Ju(ClassOfDescriptionTriple(u,y, 7))

ClassOfDirectConnectionTriple(x, y, z) < ClassOfDirectConnection(x) A ClassOfConnectionOfindividualTriple(x,y, 7)
ClassOfDirectConnectionTemplate(y, z) <> Fu(ClassOfDirectConnectionTriple(u, y, 7))
ClassOfFeatureWholePartTriple(x.v.z) « Cl fFeatureWholePart(x) A ClassOfArrangementOfIndividualTriple(x. v, z)
assOfFeatureWholePartTemplate(y, z) < Ju(ClassOfFeatureWholePartTriple(u,y, 7))
assOfldentificationTriple(x, y, 7) < ClassOfldentification(x) A ClassOfRepresentationOfThingTriple(x, y, z)
assOfldentificationTemplate(y, z) < Ju(ClassOfldentificationTriple(u, y, 7))
assOfiIndirectConnectionTriple(x,y,z) <

lassOfIndirectConnection(x) A ClassOfConnectionOfindividualTriple(x, y, )
assOfIndirectConnectionTemplate(y, z) <> Ju(ClassOfIndirectConnectionTriple(u, y, 7))
assOflsomorphicFunctionalMappingTriple(x, y, z) <

lassOfIsomorphicFunctionalMapping(x) A ClassOfFunctionalMappingTriple(x, y, z)
assOflsomorphicFunctionalMappingTemplate(y, z) < u(ClassOflsomorphicFunctionalMappirigiriple(u, y, z))
assOfLeftNamespaceTriple(x, y, z) « ClassOfLeftNamespace(x) A ClassOfNamespaceTriple(x,y, z)
assOfLeftNamespaceTemplate(y, z) <> Ju(ClassOfLeftNamespaceTriple(u,y, 7))
assOfRightNamespaceTriple(x,y, z) < ClassOfRightNamespace(x) A ClassOfNdmespaceTriple(x,y, z)
assOfRightNamespaceTemplate(y, z7) < Au(ClassOfRightNamespaceTriple(u,y, z))
assOfTemporalWholePartTriple(x,y, 7) <

lassOf TemporalWholePart(x) A ClassOfCompositionOfindividual Triplé(%y y, z)
assOfTemporalWholePartTemplate(y, z) < Ju(ClassOfTemporalWholePartTriple(u,y, 7))
bntainmentOfindividualTriple(x, y, 7) < ContainmentOfIndividual) A RelativeLocationTriple(x, y, z)
ntainmentOfindividualTemplate(y, z) < Ju(ContainmentOfindividualTriple(u,y, z))
bordinateSystemTriple(x, y, z) < CoordinateSystem(x) A MultidimensionalScaleTriple(x, y, z)
bordinateSystemTemplate(y, z7) < Ju(CoordinateSystemTriple(usy, 7))

efinitionTriple(x, y, z) « Definition(x) A RepresentationOfEhingTriple(x, y, z)

efinitionTemplate(y, 7) < u(DefinitionTriple(u,y, 7))

pscriptionTriple(x, y, 7) < Description(x) A RepresentationOfThingTriple(x, y, z)

pscriptionTemplate(y, z) <> u(DescriptionTriple(u,y, 7))

irectConnectionTriple(x,y, z) < DirectConnection(x) A ConnectionOfindividualTriple(x,y, z)
irectConnectionTemplate(y, z) < Ju(DirectConnectionTriple(u,y, z))

dingTriple(x,y, z) < Ending(x) A TemporalBoundingTriple(x,y, z) EndingTemplate(y, z) < u(EndingTriple(u, y, z))
atureWholePartTriple(x, y, z) < FeatureWholePart(x) A ArrangementOfindividualTriple(x, y, z)
atureWholePartTemplate(y, z) —<(Ju(FeatureWholePartTriple(u,y, z))

entificationTriple(x, y, z) < Identification(x) A RepresentationOfThingTriple(x, y, z)
dentificationTemplate(y, z) <5 Ju(ldentificationTriple(u,y, 7))

directConnectionTriple(%¢y,z7) < IndirectConnection(x) A ConnectionOfindividualTriple(x,y, z)
IndirectConnectionTemiplate(y, z) <> Ju(IndirectConnectionTriple(u,y, z))

L¢fiNamespaceTriple(% y, 7) < LeftNamespace(x) A NamespaceTriple(x,y, 7)

Le¢ftNamespaceTemplate(y, z) <> Ju(LeftNamespaceTriple(u,y, 7))

MultidimensionalScaleTriple(x,y, 7) < MultidimensionalScale(x) A ScaleTriple(x,y, z)
MultidimensionalScaleTemplate(y, z) < Ju(MultidimensionalScaleTriple(u,y, 7))

NumespéageTriple(x,y, z) < Namespace(x) A ClassOfArrangementOfindividualTriple(x, y, 7)
NumespaceTemplate(y, z) < Ju(NamespaceTriple(u,y, z))

ParticipationTriple(x, v, 7) < Participation(x) A CompositionOfindividualTriple(X, v.z)
FarticipationTemplate(y, z) < Au(ParticipationTriple(u,y, 7))

RightNamespaceTriple(x,y, z) < RightNamespace(x) A NamespaceTriple(x,y, )
RightNamespaceTemplate(y, z) < Ju(RightNamespaceTriple(u,y, 7))

SpecializationByDomainTriple(x, y, z) <> SpecializationByDomain(x) A SpecializationTriple(x, y, z)
SpecializationByDomainTemplate(y, z) < Ju(SpecializationByDomainTriple(u, y, z))
TemporalBoundingTriple(x, y, z) < TemporalBounding(x) A CompositionOfindividualTriple(x, y, 7)
TemporalBoundingTemplate(y, z) <> u(TemporalBoundingTriple(u,y, z))

TemporalWholePartTriple(x, y, 7) <> TemporalWholePart(x) A CompositionOfindividualTriple(x, y, z)
TemporalWholePartTemplate(y, z) < Ju(TemporalWholePartTriple(u,y, z))

EcEvEvEvsEsEvEvEsEelelHeleloNelolo oo o loNolsHoNoloHeoNoNe!
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C.3 entityTriple

entityTriple(x,y,z) o (ApprovalTriple(x, y, z) \% ArrangementOfindividualTriple(x, y, z) \%
AssemblyOfIndividualTriple(x,y, z) \ BeginningTriple(x,y, z) \% BoundaryOfNumberSpaceTriple(x,y, 7) \%
BoundaryOfPropertySpaceTriple(x, y, z) \% CauseOfEventTriple(x,y, z) \% ClassificationTriple(x,y, 7) \%
ClassOfApprovalTriple(x,y, z)V ClassOfArrangementOfIndividualTriple(x, y, z) V ClassOfAssemblyOfIndividualTriple(x, y, 2) V
ClassOfCauseOfBeginning OfClassOfIndividualTriple(x,y,z) V ClassOfCauseOfEndingOfClassOfIndividualTriple(x,y, z)
ClassOfClassificationTriple(x,y,z) V ClassOfClassOfCompositionTriple(x,y,z) V ClassOfClassOfDefinitionTriple(x,y, z)
ClassOfClassOfDescriptionTriple(x,y, 7) \% ClassOfClassOfldentificationTriple(x, y, z)

<

ClassOfClassOfRelationshipWithSignatureTriple(x,y,z) VvV ClassOfClassOfRepresentationTranslationTriple(x,y, 7)
ClassOfClassOfRepresentationTriple(x, y, 7) \% ClassOfClassOfResponsibilityForRepresentationTriple(x, y, z)

TsyOfCtassOftsageOfRepresemrationriptetx; v, 2) ClassOfCompositionOfirdividuat fripte(x; v, 2)
assOfConnectionOfindividualTriple(x, y, z) \Y ClassOfContainmentOfIndividualTriple(x, y, z)
assOfDefinitionTriple(x,y,z) VvV  ClassOfDescriptionTriple(x,y,z) VvV  ClassOfDimensionForShapeTriple(x;yiz)
assOfDirectConnectionTriple(x,y, z) V ClassOfFeatureWholePartTriple(x,y, z) V ClassOfFunctionalMappingTriple(x,y, z
assOfldentificationTriple(x,y,z) V ClassOfIndirectConnectionTriple(x,y,z) V ClassOfindirectPropextyTriple(x,y,z)
assOfIndividualUsedInConnectionTriple(x,y, z) \Y ClassOfIntendedRoleAndDomainI¥iplé(x, y, 7)
assOfInvolvementByReferenceTriple(x,y, 7) \% ClassOflsomorphicFunctionalMappingTriple(x, y, z)
assOfLeftNamespaceTriple(x,y,z) VvV ClassOfNamespaceTriple(x,y,z) VvV  ClassOfParfitipationTriple(x,y, 7)
assOfPossibleRoleAndDomainTriple(x, y, z) \% ClassOfRecogpitionTriple(x,y, z)
assOfRelationshipWithSignatureTriple(x, y, z) \% ClassOfRelativebocationTriple(x, y, z)
assOfRepresentationOfThingTriple(x, y, z) \% ClassOfRepresentationTranslationTriple(x, y, 7)
assOfResponsibilityForRepresentationTriple(x,y, z) \% ClassOfRightNamespaceTriple(x, y, z)

assOfTemporalWholePartTriple(x, y, 7) \% ClassOfUsageOfRepresentationTriple(x, y, 7)
mparisonOfPropertyTriple(x,y,z) vV CompositionOfindividualTriple(x,y,z) V ConnectionOfIndividualTriple(x,y,z)
bntainmentOfIndividualTriple(x,y, 7) \% CoordinateSysteraTriple(x,y, z) \% DefinitionTriple(x,y, 7)
escriptionTriple(x,y, z) \Y DifferenceOfSetOfClassTriple(x, y, z) \% DimensionOfIndividualTriple(x,y, z)
imensionOfShapeTriple(x,y,z) V DirectConnectionTriple(X;y,z) V EndingTriple(x,y, z) V FeatureWholePartTriple(x,y,z

T 0 0 Q0 QQQQQQQQQQQQQ

nctionalMappingTriple(x,y, z) \% IdentificafionTriple(x, y, z) \Y IndirectConnectionTriple(x,y, z)

=

directPropertyTriple(x,y,z) V IndividualUsedInConnectionTriple(x,y,z) V IntendedRoleAndDomainTriple(x, Yy, 7)

~

HtersectionOfSetOfClassTriple(x,y,z) VvV _HvolvementByReferenceTriple(x,y,z) NV  LeftNamespaceTriple(x,y,z)
fecycleStageTriple(x,y,z) vV LowerBoundOfNumberRangeTriple(x,y,z) V LowerBoundOfPropertyRangeTriple(x,y,z)

= >

ultidimensionalScaleTriple(x, y, z) V NamespaceTriple(x, y, z) V OtherRelationshipTriple(x, y, z) V ParticipationTriple(x, v, Z|
ssibleRoleAndDomainTriple(x, y{Z\N PropertyForShapeDimensionTriple(x,y,z) V PropertyQuantificationTriple(x,y, z)
opertySpaceForClassOfShapeDimensionTriple(x,y,z) V RecognitionTriple(x,y,z) V RelativeLocationTriple(x,y,z)
presentationOfThingTriplé(x)y,z) V ResponsibilityForRepresentationTriple(x,y,z) V RightNamespaceTriple(x,y,z)

Y x v T

aleTriple(x,y, z) VA SpecializationByDomainTriple(x,y, 7) \% SpecializationByRoleTriple(x,y, 7)

(%)

pecializationOfIndiyidizal DimensionFromPropertyTriple(x, y, 7) \% SpecializationTriple(x,y, z)

\%
\
\%
\Y
\
\Y
\Y%
\
\Y%
\
\Y%
\%
\Y
\
\Y
\
assOfScaleConversionTriple(x,y,z) V ClassOfSpecializationTriple(x,y,2)\Y ClassOfTemporalSequenceTriple(x,y,z) |V
\Y%
\
\Y%
\
\Y%
\
\Y
\%
\Y
\%
\Y
\Y%
\
\%
\
TgmporalBoundingdviple(x,y, 7) \% TemporalSequenceTriple(x, y, z) Y TemporalWholePartTriple(x, y, 7) \%
\

o

ionOfSetQ@fClassTriple(x,y, z) V UpperBoundOfNumberRangeTriple(x, y, z7) V UpperBoundOfPropertyRangeTriple(x,y, z

o

sage OfRepresentationTriple(x, y, 7))
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Annex D
(informative)

Table: proto-templates

Table D.1 lists all proto-templates and their roles. The format of the table is

Proto-template First role  Second role

proto-template name role name role name
type for role type for role

es)

KAMPLE 1  The listing of the proto-template ApprovalTemplate is as follows.

Proto-template First role Second role

ApprovalTemplate hasApproved hasApprover
Relationship PossibleIndividual

his means that the first role of the template is hasApproved and instances of the first role\must be instances of the ¢n-
y type Relationship. The second role is hasApprover and instances of this role must) be instances of the entity tyjpe
pssibleIndividual.

oo
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