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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 committee 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 standardization.

Intgrnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives;Phrt 2.

Thd main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Pullication as an International Standard requires approval by at least 75% of the member bodies
casfing a vote.

Attgntion is drawn to the possibility that some of the elements of this documént may be the
subject of patent rights. ISO shall not be held responsible for identifying any/or all such patent rights.

ISQ 15926-2 was prepared by Technical Committee ISO/TC 184, Industrial automation systems apd
intdgration, Subcommittee SC 4, Industrial data.

Thip International Standard is organized as a series of partsgeach published separately. The structufe
of this International Standard is described in ISO 15926-12A complete list of parts of ISO 15926 is
avajlable from the Internet:

<http://www.tcl84-sc4.oxng/titles/15926 Titles.rtf>
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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.

ISO 15926 is organized as a number of parts, each published separately. This part of ISO 15926
specifies a conceptual data model for computer representation of technical information about process
plants.

Thd organization of this part of ISO 15926 is as follows:
— | clause 1 specifies the scope and field of application of this part of ISO 15926;

— | clause 2 identifies additional standards that, through references in this part 6f£ ISO 15926,
constitute provisions of this part of ISO 15926;

— | clause 3 defines terms used in this part of ISO 15926;

— | clause 4 provides an overview of the fundamental concepts and’assumptions that form the basjs
for the data model,;

— | clause 5 specifies the data model using the EXPRESS’language (ISO 10303-11) and contains the
EXPRESS-G diagrams that illustrate the structure”of the model.

Reqders of this part of ISO 15926 require knowledge of the information used by the designers,
conktructors and operators of process plants; amunderstanding of conceptual data models and the
EPISTLE" data modelling principles [5]; and knowledge of the EXPRESS language.

In this International Standard the same-English language words may be used to refer to a real world
thirlg or to an EXPRESS data type‘that represents the real world thing. These uses are distinguished
by {ypographic convention. If @ word or phrase occurs in the same typeface as the surrounding
narfative text, the word or phrase refers to the real world thing. If the word or phrase occurs in bold
typ¢face, it refers to the EXPRESS type. Names of EXPRESS schemas also occur in bold typeface]

In the definitions of-entity data types declared in this document, the wording “A <entity data type
nanpe> is ...” is u§ed as a synonymous phrase for “A member of the class represented by the <entit}
datg type nameX"entity data type is ...”.

~

D EPISTLE is the European Process Industry STEP Technical Liaison Executive.
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Industrial automation systems and integration — Integration of
life-cycle data for process plants including oil and gas
production facilities —

Part 2:
Data model

1 |Scope

Thip part of ISO 15926 specifies a conceptual data model for computer representation of technical
infqrmation about process plants.

Thq following are within the scope of this part of ISO 15926:
— [specification of requirements to produce, process, and transport process:materials;

— |specification of functions required to produce and process the required materials, including the
following:

— hydrocarbon process and conditioning systems,

— injected gas and water conditioning and injection.§ystems,
— oil and gas product transport systems,

— safety and control systems,

— electricity generation and supply systems,

— steam generation and supply systems,

— structures,

— buildings and-aceommodation;

— |specificationfand selection of materials and equipment to provide the required production and
processing, functions, including information about market available materials and equipment;

— |installation and commissioning of plant equipment;

— "ProductioN and process OPerations, IMCUding Process CONAITionS and COnSumption, yictds and
quality of process material;

— maintenance and replacement of equipment.
The following are outside the scope of this part of ISO 15926:

— construction of buildings, production facilities and equipment.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest
edition of the referenced document (including any amendments) applies.

ISO 8601:2000, Data elements and interchange formats — Information interchange —
Representation of dates and times

ISQ/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.1) — Part 1.
Specification of basic notation

ISQ 10303-1, Industrial automation systems and integration — Product data represeiitation and
exchange — Part 1: Overview and fundamental principles

ISQ 10303-11:1994, Industrial automation systems and integration — Productdata representatior
and exchange — Part 11: Description methods: The EXPRESS language reference manual

1SQ 15926-1: -2, Industrial automation systems and integration — Intégration of life-cycle data fd
protess plants including oil and gas production facilities — Part 4. Overview and fundamental
prifciples

=N

3 |Terms, definitions and abbreviations

3.1 Terms and definitions

For|the purposes of this document, thé following terms and definitions apply; those taken or adaptg¢d
fromn other standards are repeated below for convenience.

NOTE Definitions copied verbdatimfrom other standards are followed by a reference to the standard in brackets,

such as “[ISO 10303-1]”. In these cases the definition in the referenced document is normative; its repetition
herq is informative and inh¢case of any discrepancy the definition in the referenced document has precedence.

3.111

clags
catggory or-division of things based on one or more criterion for inclusion and exclusion

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

NOTE 2 Because of the spatio-temporal paradigm is used to define individuals in this part of ISO 15926, all
classes are non-well-founded sets. These are explained in D.2.4

[1SO 15926-1]

? To be published.
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3.1.2

conceptual data model
data model in the three schema architecture defined by ISO/TR 9007 [2], in which the structure of
data is represented in a form independent of any physical storage or external presentation format

[1SO 15926-1]

3.1.3

datL

reptesentation of information in a formal manner suitable for communication, interpretation; er
progessing by human beings or computers

[ISO 10303-1]
3.114

dath store
computer system that allows data to be stored for future reference

[ISO 15926-1]

3.1|5

dath warehouse

datg store in which related data are merged to provide an integrated set of data containing no
duplication or redundancy of information, and svhich supports many different application viewpoirts
[ISO 15926-1]
3.1{6

indjvidual
thinjg that exists in space and time

197

NOTE 1 In this context,-¢xistence could be within the world we live in, or some "possible" world that can b
imagined. This therefore includes actual, hypothetical, planned, expected, or required individuals.

EXAMPLE Arpump with serial number ABC123, Battersea Power Station, Sir Joseph Whitworth, and the
Starship “Enterprise” are examples of individuals.

NOJE2 See 4.6.2 and 4.7 for a detailed discussion of the concept of individual.

[1SO 15926-1]
3.1.7

information
facts, concepts, or instructions

[1SO 10303-1]

© 1SO 2003 — All rights reserved 3


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

3.1.8

process plant life-cycle data

data that represents, in computer processable form, information about one or more process plants in or
throughout any phase or phases of a process plant's life-cycle, including design, engineering,
construction, operation, maintenance, decommissioning and demolition

[1SO 15926-1]

3.1.9

protess plant life-cycle data that represents information about classes or individuals which are

rei‘}rence data
comimon to many process plants or of interest to many users

[ISO 15926-1]
3.2 Abbreviations

For|the purposes of this document, the following abbreviations apply.

UTC Coordinated Universal Time

4 | Fundamental concepts and assumptions

4.1 Conceptual data model

Thq data model specified in clause 5 is a conceptual data model. Figure 1 shows its relationship to
intgrnal and external models (see [SO 15926+1C5.2).

External models or views

<EMA> <EMB> External level

Conceptual model Conceptual level

M1 M Tnternal level

Internal or physical models

Figure 1 — Three level architecture

NOTE 1 The term conceptual data model is defined in ISO 15926-1 and is based on the three-schema
architecture as described in ISO/TR 9007 [2].
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To enable integration of life-cycle process plant information the model excludes all information
constraints that are appropriate only to particular applications within the scope.

NOTE 2 Data integration means combining information derived from several independent sources into one
coherent set of data that represents what is known. Because the independent sources often have overlapping
scopes, combining their data requires the common things to be recognized, duplicate information to be removed,
and new information represented. To succeed in the role of integration, the data model must have a context that
can include all the possible data that might be wanted or required.

4.2 Data model design

Thip-data-medelis-destgned-inaccordanee-with-data-medeling prinetples {5t developed-by-the
Eurppean Process Industries STEP Technical Liaison Executive (EPISTLE). These principles eofitrol
the juse of entity data types, attributes and relationships when defining a conceptual data models

Thd effects of these principles are as follows.

— |The model entity data types are part of a universal subtype/supertype hierarchy,of entity data
types.

— |Entity data types are generic, representing and being named after the persistent nature of their
members.

— |Attribute information is usually expressed by references to entity data types.

— |Attributes that are representations of numbers, text characters and binary patterns, are defined gs
EXPRESS simple types.

— [Relationships and activities are represented by @ntity data types.

4.3 System identifiers

Thq data model includes an artificial, system defined, system identifier for each entity instance -
thing.id. Each such identifier is a member of the EXPRESS string data type and is constrained to e

unidiue within the set of identifiets-thanaged by a given system. System identifiers are mandatory apnd
shal]l remain consistent for the-life of every entity instance managed by a given system.

EXAMPLE A database system that is used to manage information about the design and engineering of an
offshore production platform provides the scope of uniqueness for system identifiers within that database.

Eadh system identifier shall be interpreted as the system reference to the thing it is identifying.

The data model makes provision for holding limited information about the computer records used to
represent process plant information. The record management data is specified as attribute values that
may be given for each entity instance. The scope of that information is as follows:

— for records that originate in another system, the date and time when this copy of the record was
created in the current system;

— the date and time on which this record was first created in its originating system;
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the person, organisation, or system that first created this record in the originating system,;
the date and time that this record was logically deleted;
for logically deleted records, the reason why the record was logically deleted, where logical

deletion means that whilst the record is still available in the system as a matter of historical
record, it is now recognised as always being an invalid statement.

The definitions of the record management attributes are given in 5.2.1.2.

4.5 Documentation conventions

4.5

Clapse 4.6 introduces the concepts of the data model. The model is formally specified in‘Glause 5.
intrpduction to 4.6 describes the model concepts and gives examples of their application: The

des

definitive description of the model.

4.5

Thi

and| assumptions.

Thrge types of diagrams are used:

4.5

Spa
obj

1 Entity and attribute definitions

Criptions in 4.6 complement the definitions and examples of clause 5, with clause,5being the

2 Diagrams

5 clause makes extensive use of diagrams to support the description of the fundamental concept

space-time maps;

model diagrams, based on a subset of the EXPRESS G conventions;
instance diagrams.

2.1 Space-time maps

ce-time maps are used to illustrate the use of space-time extensions to model tangible concrete
pcts that exist in space and time. Figure 2 is an example of a space-time map.

The

[72)

A
3D A space-time
SPACE / extension
TIME
>

Figure 2 — Space-time map

A space-time map diagram consists of two perpendicular axes, the vertical axis for 3D space and the

horizontal axis for time. Space-time extensions are plotted as bounded or shaded areas within these

axes. The boundary to the left hand side of the extension indicates the start of the extension, and the

bou
bou

ndary to the right hand side of the extension indicates the end of the extension. The change in
ndaries at the top and bottom indicate changes in spatial extent.
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4.5.2.2 Model diagrams

Model diagrams are used to illustrate portions of the model to support its explanation and

understanding. Model diagrams are restricted to show: EXPRESS entity types; EXPRESS subtyping;
and EXPRESS relationships and use the appropriate EXPRESS G symbols.

EXAMPLE Figure 3 is an example of a model diagram.

attribute_of b 1
a entity (O b_entity

1 c_entity
subtype of a attribute_of b_2
d entity ~
subtype of a

Figure 3 — Model diagram

A fpll set of EXPRESS G diagrams for the model is given in clause 5.

4.5|2.3 Instance diagrams

Thq meaning of the model entity types is illustrated using instance diagrams. The symbols used to
conbtruct instance diagrams are described in Figure 4.

. a possible individual temporal part, where “id” is its
#id . .
identifier
id a class, where “id” is its identifier
- 5 @ classification relationship, the arrow head indicates the
member of the class
—e

a specialization relationship, the circle indicates the subclass

rolel Qﬁz a relationship that is not a classification or a specialization,
rolel and role2 are the role names of the relationship

id
rolel role2 a class of relationship, where “id” is its identifier

a class that is a model entity type, where “id” is its identifier

................... a relationship that cannot be modelled using EXPRESS

tha lice of o1
the-1t

st-of-elements-of-a-multidimensional-objeetthe— 0909mM
numbers 1,2,3 etc indicate their order

l

Figure 4 — Instance diagram notation
Figure 5 is an example instance diagram. It shows an object identified as #1234 that is a member of

thing, and a member of pump. ‘Pump’; is a member of class. Both thing and class are entity types of
the model.

© 1SO 2003 — All rights reserved 7
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class

\\;unm> I!HH!!

\4

#1234

Figure 5 — Example diagram notation

y ddla typ

his part of ISO 15926.

o capic cxampics o1 thing,
relationship to be represented in t

DO 19a
ationship, and class_of _

NOTE 2 In this part of ISO 15926, the model entity data types defined in clause 5 are consideredto bé classfs.
Where such classes are used in illustrations, they are shown as a rectangular box.

NOTE 3 In this clause, the instance diagrams are considered complete when the objects shown are entity dafa
typgs or are direct or indirect members of entity data types. The relationships between the.model entity data
typgs that are defined in the model are not shown.

NOTE 4 The instance diagrams in this clause are not intended to show how the: model would be instantiated| in
pradtice. In particular, membership of the most specific model entity typesdnay not be shown and some entity
typd memberships may be omitted altogether.

4. Data model concepts

4.6{1 Thing

Thq data model consists of a universal subtype/supértype entity type hierarchy.
Thdre is one root supertype named thing that is the class of everything.

things are subdivided into

— |either, possible_individuals;

— |or, abstract_objects.

Thq topmost subdivisions of this hierarchy are shown in Figure 6 (see also 5.2.1 and Figure 177).
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thing

1 _+ possible individual

abstract_object

—{ class
—{ relationship

+ multidimensional object

Figure 6 — Part of the model subtype/supertype hierarchy
4.6|2 Possible individual

A plossible_individual is a thing that exists in space and time (see-Figure 6 and 5.2.6). The identity of
a pllssible_individual is its space-time extension. No two individuals have exactly the same space
timg extension. Everyday physical things, often referred to as:cencrete objects, are
pospible_individuals.

EXAMPLE The pump known by the serial number #1234 is'a possible_individual.

In dontrast an abstract_object is a thing that does'not exist in space-time. class, relationship and
muftidimensional_object are kinds of abstract_object.

4.6|{3 Class

A cjass is an understanding of the-nature of things; that divides things into things that are member:
of the class and things that are'not, according to one or more criteria (see 5.2.2 and Figure 178). The
identity of a class is its membership. No two classes have the same membership.

7]

EXAMPLE 1 The concept known as pump is a class.

Classes are universal with no space-time extent. However, classes may involve time and space as
criterion.

EXAMRLE 2 ‘Sales in June’ is a class.

4.6.4 Relationship

A relationship is something that one thing has to do with another (see 5.2.11 and Figure 187). In this
part of ISO 15926, a relationship is defined as the classification of an ordered pair. The pair is
repeated to record another relationship. No two relationships of the same classification have the
same pair in the same order. The order enables roles to be assigned to the related things.

EXAMPLE 1 The pair consisting of “‘pump’ and ‘#1234’ in the order where ‘pump’ acts as the class and
‘#1234’ acts as the member is a classification relationship.
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This part of ISO 15926 defines some explicit subtypes of relationship, covering some commonly

used relationships in the process industries.

EXAMPLE 2 Explicit subtypes of relationship include classification, specialization, lifecycle stage and

approval.

4.6.5 Multidimensional object

A multidimensional_object is an ordered list of things (see 5.2.4 and Figure 180). The things in the
list can be possible_individuals, classes, relationships or other multidimensional_objects.

EXAMPLE The list [2.0, 4.0, 5.7] 1s a multidimensional_object.

Thd order of the elements of a multidimensional _object is defined using the EXPRESS LIST

aggregate type.

4.71 Possible individual

A plossible_individual is a thing that could exist in space and time, often refetred to as a concrete
obj¢ct (see 5.2.6 and Figure 182).

Possible_individual includes things that:

— |actually exist, or have actually existed in the past;

— |possibly have existed in the past, and may possibly exist in the future;
— |are hypothetical having no existence in the past.or*future.

In this International Standard, a possible indiyvidual corresponds to a particular extension in space
and|time. Things that have coincident space-tithe extensions are considered to be the same thing.

Thgq general nature of a possible_individual is illustrated by the space-time map for the
poskible_individual ‘#1234’ shown in Figure 7.

A
3D ¥ Space-time
SPACE extension known as
#1234
TIME
>

Figure 7 — Possible individual as a space-time extension

The instance diagram that represents the particular space-time extension in Figure 7 is shown in

Figure 8.

10
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possible_individual

#1234

Figure 8 — Instance diagram for possible individual #1234

4.711 Composition of possible individual

A plossible_individual may be part of other possible_individuals. Composition, or whole,part

behpviour, distinguishes possible_individuals from classes. The concept of whole-patt.is represenited
by ¢omposition_of individual, a subtype of relationship (see 5.2.6.5 and Figure 182). This is shqwn

in Higure 9.

EXAMPLE Consider the impeller of a centrifugal‘pump. The time in the life of the impeller that it is install
in the pump is a space-time extension that is.part of both the pump and the impeller. This is illustrated in the

thing _+ relationship

possible part compdsition_of

individual (O—— | individual

whole

Figure 9 — Composition of individual relationships

spag¢e-time map shown in Figure 10. Extefisions #1234 and #5678 represent the impeller and the pump
respectively. Their intersection #9012.is'where the impeller part is also part of the pump.

A #1234

#9012 #5678

D A

SPACE

bd

TIME

>

Figure 10 — Intersecting space-time extensions

The use of the model to represent the three space-time extensions is shown in Figure 11. The
possible_individual #9012 is a part of both the possible_individuals #1234 and #5678.

© 1SO 2003 — All rights reserved
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possible
individual

composition_of
individual

#5

678

4.7

In this part of ISO 15926, possible_individuals that correspond to the entire spatial’extent for a
od of time of another possible_individual are referred to as temporal parts (see 5.2.6.14 and
ire 182). The nature of a temporal part is illustrated in Figure 12.

per
Fig

NO

The

2 Temporal part of in

3D
SPACE

Figure 11 — Instance diagram for composition of individual

dividual

[E State and substate are commonly used terms that are equivalent to temporal part.

\(
X Possible
individuals
Temporal /
i 2N
TIME

Figure 12 — Temporal part

entity data type-used to represent temporal parts is defined as a subtype of
composition_of<{ndividual as shown in Figure 13.

v

12

thing _+ relationship
@
possible art composition_of
individual individual
whole
@

temporal whole part

Figure 13 — Temporal whole part relationships

© I1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:20

EXAMPLE In Figure 14, #9012 is a temporal part of the impeller #1234. The composition_of individual
relationship can be specialised to be temporal_whole part.

possible temporal whole
individual part
part #9012

03(E)

With the exception of the concepts of wholeness and the nature of its temporal extent,all the

chal
ate

4.7

possible_individuals may be connected for their lifetime such thaf they can interact with each othq

(seg

boundary; or it may be indirect via other possible_individuals:In the second case the intervening

ind

Thd
ind
ind
sho
con
imp

composition_of individual relationships. Similarly, being two parts of the same whole does not

imp

v W
#1234

Figure 14 — Temporal part #9012 of #1234

Facteristics of a possible_individual apply to all its temporal parts. However, the characteristic
mmporal part do not necessarily apply to the whole possible_individual.

3 Connection of individual

5.2.21 and Figure 197). The connection may be direct, that i they share a common space
viduals will have a chain of direct connections that may not be recorded.

space-time nature of a direct_connection is shown in Figure 15. The diagram shows two

viduals that are in contact for a part of their lifétime. The temporal parts ‘A’ and ‘B’ of the two
viduals have a common boundary in spacefor the duration of the connection. The boundary is
wn as stationary with respect to time, though this not necessarily the case. ‘A’ and ‘B’ may alsd
sidered to be parts of a third individual,)*W’, not shown. The connection of ‘A’ and ‘B’ does n
ly they are parts of a common whale, “W’. This must be separately stated using

ly connection of the two parts:

A

3D

SPACE Possible

:> individuals

5 of

78

be

-

w

TIME

v

Figure 15 — Connected space-time extensions

The elements of the connection model are shown in Figure 16. connection_of individual is a
relationship with subtypes of direct_connection and indirect _connection. No order or direction is

implied by the attribute names side_1 and side_2

involved in the connection.

© 1SO 2003 — All rights reserved
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thing _+ relationship

possible connection of

individual individual
side 2 1
direct indirect
connection connection

Figure 16 — Connection of individual

EXAMPLE 1 Figure 17 shows the connection between a particular engine shaft and a particular seal. The
confhection involves only temporal parts of the shaft and seal.

possible_individual |

| direct_connection

side_1

#my shaft subtemporal part #my seal temporal part

Figure 17 — Shaft seal direct connection

Anfindirect_connection is made via other individuals. Figure 18 shows the relationship
indjvidual _used_in_connection. This enables the other individuals involved in an
indjrect_connection to be recorded.

thing + relationship

@
assible connection of |-fonnection| jndjyidual used
p _ B @ S _ _
individual individual in_connection
side 2
1
usage
direct indirect
connection connection

Figure 18 — Individual used in connection

EXAMPLE 2 Figure 19 shows an indirect_connection between the engine shaft and crankcase, where a
bearing and seal is used to make the connection.
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possible

individual #my seal
temporal part
#my bearing

temporal part

individual _

used in_
connection

indirect
connection

/

#my engine shaft
temporal part

COMCTIIoNT \

ide 2 .
side #my engine crankcase
temporal part

side_1

Figure 19 — Shaft crankcase indirect connection
4.714 Temporal sequence of individual

Spdce-time extensions may be ordered with respect to time, the entirety-0f one following the entirgty
of another. This is known as temporal_sequence in this part of ISO15926 (see 5.2.22.6 and Figur
198) The space-time nature of temporal_sequence is shown in Eigure 20. The figure shows
indfviduals ‘A’ and ‘B’ which are sequenced in the time dimension where all of ‘B’ comes after al] of
A

[¢)

A
Possible
indiyiduals
3D A\_
SPACE N
B
TIME

Figure 20 — Sequence of space-time extensions

Thq elemefits of the sequence model are shown in Figure 21. temporal_sequence is a type of
rethionship between a predecessor and successor possible_individual defining a sequence in timg.

Sequence only records the case of what is. Rules concerning sequence, in the sense that the nature of a
type of thing is that the members are in a sequence with another, are expressed using
class_of temporal_sequence (see section 4.8.4.7 and 5.2.22.3).
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thing —+ relationship

| l

. successor
possible
individual

temporal sequence

predecessor

Figure 21 — Temporal sequence

possible

individual temporal_

sequence

predecessor successor

#Battle of Hastings #James Watt

Figure 22 — James Watt and the Battle of Hastings
4.7\5 Subtypes of individual

Thq direct subtypes of possible_individual defined;in‘the model are shown in Figure 23 (see also

Figpire 182).
possible actual
individual individual
arranged. W
individual
% period in time
whole life { activity
individual
H physical object

Figure 23 — Subtypes of possible_individual

4.7.6 Actual individual

actual_individuals are possible_individuals that actually exist in the real world (see 5.2.6.1). things
that we may have planned in the past, or plan or expect in the future that never happen remain as just
possible_individuals. Only those possible_individuals that come to pass are also
actual_individuals.
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EXAMPLE The 25 gallon per minute pump that was required for the Omega production system from 21 March

199

8 is a possible_individual. The pump manufactured in July of 1998 that has a capacity of 28 gallon per

minute is an actual_individual. The extensions for the required 25 gpm pump and the actual 28 gpm pump are
shown in Figure 24. Because they have different space-time boundaries, they are different extensions.

Figl
#12

A

3D Possible pump #2345 - 25 gpm
SPACE

Actual pump #1234- 28 gpm

TIME

Figure 24 — Possible and actual individuals

B4, each corresponding to a distinct extension. #1234 is a member of both the classes actual_individual

possible_individual.

4.7

Org
pro
bety
26.

possible
individual |
actual »
individual
#2345 #1234

Figure 25 — Instance diagram of possible and actual individuals
7 Lifecycle stage of individual
anisations and people often refer to possible individuals using the lifecycle concepts such as

posed, planned or required. In this part of ISO 15926, lifecycle_stage is modelled as a relations
veen two possible .individuals (see 5.2.23.4, 5.2.23.5 and Figure 199). This is shown in Figurg

ire 25 shows the instance diagram for these extensions. Two possible_individuals are’shown #2345 and

and

relationship class of
relationship
@
lifecycle stage [

. class of
nterest interested lifecycle_stage

possible

individual

Figure 26 — Lifecycle relationship

There are no constraints on the relationship members of a class_of lifecycle stage.

© 1SO 2003 — All rights reserved
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EXAMPLE Figure 27 shows the 25 gpm pump #2345 being required by the XYZ Company during the period 6
January to 27 September 2002. The same possible_individual could also be regarded as being required or
planned by another organisation.

class_of
lifecycle stage

possible required actual_

individual A/ individual

lifecycle
stage

#2245 interest interested XYZJCO
25 gpm pump 2001/01/06 — 2001/09/27

Figure 27 — The pump required by XYZ Co
4.7\18 Whole life individual

A whole_life_individual is a space-time extension that is not a tempora] part of any other individyal
thaf is of the same class (see 5.2.6.15 and Figure 182). They are individuals whose identities are
conkidered to be independent of other individuals.

EXAMPLE 1 The actual impeller with serial number #1234 is a whole_life_individual. It is not a temporal[part
of ahother impeller.

EXAMPLE 2 Consider a plastic blank, a cup formed from the blank, and some crushed plastic formed from|the
cup] They are temporal parts of the individual that is the plastic piece whose molecules are common to the
blarfk, cup and crushed waste. Because the cup is not ofithe same class as the plastic piece, it is considered td be
a whole_life_individual. For similar reasons the plastic blank and the crushed plastic are also
whgle_life_individuals. This is illustrated by Figure 28.

Plastic piece

SPACE
Plastic Crushed
blank Cup plastic |
TIME ]
Eigure 28 — Space-time map of a piece of plastic

EXAMPLE 3 Figure 29 shows the model instances necessary to represent the cup #X93 and the plastic piece
#3A as whole_life_individuals, where the cup plays the role of part and the plastic piece the role of whole in
the temporal_whole_part relationship.
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temporal _
whole part

whole_life
individual

Cup
Plastic

4.7

possible_individuals are composed of other possible_individuals, referred to-as parts. Those whefe

the
Fig

fromn those of its individual parts.

EX/
cap

EX/
agg

4.7

arr

part &
N whole #X93

#3A

Figure 29 — Plastic piece and cup as whole life individuals

9 Arranged individual

parts have a particular organization, or arrangement, are arranged_individuals (see 5.2.6.2 andl
hre 182). The properties, characteristics and behaviours of an arranged_individual are differemt

possible individual

arranged_individual

Figure 30 — Arranged individual

AMPLE 1 A particular pump with a manufacturer’s serial number is a arranged_individual. The pump
iblity is its behaviour thatis not present in any of its individual parts.

=

g

AMPLE 2 The stockeof spare pump impellers is not an arranged_individual. They have no intended
egate behaviour;

9.1 Arrangement of individual

hngement_of individual is defined as a subtype of composition_of individual, constrained t

refdr't@arranged_individuals as the whole (see Figure 31). An arrangement_of individual
indicates that the part is arranged with respect to other parts of the whole (see 5.2.6.3 and Figure
182).

EXAMPLE 1 Several aircraft flying in formation is an arranged_individual. arrangement_of individual
relationships indicate the temporal parts of each aircraft that are part of the formation. When the aircraft are on
the ground, they are not part of the flying formation, hence the formation is composed of temporal parts of the
aircraft.

© 1SO 2003 — All rights reserved
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relationship
; rt i
possible  [O—"%— composition of
individual (O individual

f1
(RT)whole

arranged _ ® arrangement _of | 1

individual individual

feature_whole part +—

assembly of individual +—

Figure 31 — Arrangement of individual

Twp subtypes of arrangement_of individual are defined to distinguish’piece part assembly and
feature parts of arranged_individuals.

assembly_of individual relationships indicate that the parts of'the whole are directly connected
temporal parts of the components (see 5.2.6.4). The nature of the implied connection is that the part
can|be reasonably joined and separated from the whole particularly by mechanical means or by
welding, gluing, and other forms of adhesion. This allows the parts to be replaced during the lifetithe
of the arranged_individual and for the parts to belparts of other arranged_individuals.

EXAMPLE 2 Figure 32 shows the assembly_of “individual relationships between two temporal parts of thg
impgller #127C, designated as A and B, and the pumps, shown as #2345 and #2346, of which they are a part,
#2345 and #2346 are temporal parts of two-other whole individuals that would also be classified as pumps byit
are pot shown here.

actual

assembly of individual
actual. individual

individual

whole
individual

Pump Impeller
#2345 #127C
whole
Pump
#2346
temporal
whole part

Figure 32 — Assembly of pump

In this part of ISO 15926, instances of assembly of individual are restricted to mesoscopic sized
individuals, and therefore exclude composition of molecular and atomic sized individuals.
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feature_whole_part relations apply to parts of arranged_individuals that are non separable from the
whole (see 5.2.6.6). The feature is such that it has no identification other than as a part of the
individual of which it is a feature. In terms of this part of ISO 15926, a feature part is either a
whole_life_individual or a part of a whole_life_individual that is a feature part of another
arranged_individual.

EXAMPLE 3 Figure 33 shows the data for a corroded surface section of a pipeline. The surface section is a
whole_life_individual that is a feature of the pipeline. The corroded section has individual parts that reflect the
spatial extent and severity of the corrosion. The temporal part inherits the condition that it is a feature of the
pipe. The development of corrosion can be tracked through time by identifying an appropriate whole life object
and making the temporal parts that may be observed or measured from time to time, temporal parts of the
whqletife—individual-

feature_whole_part | | whole_life_ individual

Corroded
bit

Pipe

#7128 temporalwhole part

whole

actual
individual

part

Corroded bit
At 1997/03/31

Figure 33 — Corrosion features

4.7110 Event and point in time

[}

In this part of ISO 15926, events are defined as space-time extensions with zero time extension (sd
5.219.5 and Figure 185). events may be at one-time only, or may be continuous in time, or a
compbination of both. Figure 34.shows a space-time map for one-time and continuous events. Both
typ¢s satisfy the condition of'zero time extension as every part has zero duration.

A one-time event
continuous event

3D
SPACE

TIME

v

Figure 34 — Event space-time extensions
events mark the temporal boundaries of possible individuals. Figure 35 shows the space-time map

of an object that is moving, then at rest, and then moving. The one-time events ‘A’ and ‘B’ delineate
the stationary temporal part of the object. The continuous event ‘C’ marks the boundary of the leading
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edge of the moving object. event ‘D’ that has parts ‘C’ and ‘B’, is the beginning temporal boundary
of the moving temporal part of the object.

continuous
event
A
one-time
events C
A
D=C+B
3D
SPACE IJ N /
TIME

Figure 35 — Event boundary space-time map

Thd model of event is shown in Figure 36. event is a subtype of possible* individual and so can al
be gn actual_individual. An event is a temporal boundary of other.Space-time extensions.
tenjporal_bounding is defined as a subtype of composition_of/individual, where the part is
congtrained to be an event. The subtypes beginning and ending indicate the temporal_sequence

the poundary relative to the bounded individual.

f

art
possible composition_of

| individual individual
whole

actual individual
(RT) part (ABS)
gvent temporal _bounding

beginning ending

Figure 36 — Model diagram of event

EXAMPLEL A pipeline pig is brought to rest, parked for a period, before moving off again. The end of the
pig’k stationary state is a one time event and an actual_individual. The data for this is shown in Figure 37

beldw:
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| temporal bounding |

event

| actual_individual

possible_individual |

_ end of
stationary state stationary
of pig state

Figure 37 — Instance diagram of the ending of the stationary state

=]

EXAMPLE 2 Figure 38 shows the space-time trajectory of the front edge of the pig for the period of motio
Thelstart of the moving state is the end of the stationary state. Both are parts of the beginning event of the
moying state.

| temporal bounding |

possible_individual | beginning

end of
stationary
part period
Moving
state of pig
pig
trajectory

Figure 38 — Instance diagram of the pig space-time trajectory
Sorhe one-time events include the entit€ space extension; these are known as point_in_time (see

5.219.8 and Figure 185). One-time.€vents are always a part of a point_in_time. This is illustrated in
Figpire 39.

point in time

3D event
SPACE ‘//////

TIME

v

Figure 39 — Point in time extensions

The model of event and point_in_time is shown in Figure 40. As events and point_in_time are
possible_individuals, they may also be actual_individuals.
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possible_individual _1

actual individual

event

:

point_in_time

Figure 40 — Model diagram of Event

EXAMPLE 3 The time known as 10am 17 November 2002 UTC that has occured is a point_in_time“and an
actyal_individual (see Figure 41).

—| possible_individual |

| actual individual | event

| point in time |

v

10 am\2002/11/17

Figure 41 — Instance diagram of the.actual point in time described as 10am 17 November 2002
UTC

evepts that are not points in timefare spatial parts of a point_in_time, defining the time of the event.
Thq composition_of individualrelationship is used to represent this.

EXAMPLE 4 Figure 42 shows the stationary state of the pipeline pig began its existence, at 10 am 2002/11/17
UTC.

| composition_of individual | | event |

/

2000-11-17 whole part start of
T10:00 UTC stationary
state

Figure 42 — Instance diagram of time of the stationary state

4.7.11 Period in time

A period_in_time is a possible_individual that is all space for part of time - a temporal part of the
universe (see 5.2.6.9 and Figure 182). The space-time nature of period_in_time is illustrated in
Figure 43.
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- period in time

3D
SPACE

TIME

v

<+ AT>0 >

Figure 43 — Period in time space-time extension

Thq model for period_in_time is shown in Figure 44.

possible_individual

|

period_in_time

Figure 44 — Period in time entity type
Perjods in time are bounded by a beginning and ending point in time as shown in Figure 45.

points in time

—

A AN A
period in time
|~
|
3D
SPACE
TIME

A 4 \ 4 >
<“— AT>0 >

Figure 45 — Space-time map for a period of time and its bounding points in time

EXAMPLE In Figure 46, #£EH26 is a period_in_time,with starting time 10:26 and ending time 11:09.
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| temporal_bounding |

period in_time ,?gi‘n;@ I_e‘nbd_l

| point_in_time

4EH26 10:26

art F1:00

Figure 46 — Period in time 10:26 to 11:09
4.712 Physical object
In this part of ISO 15926, a physical_object is a distribution of matter and/or erergy in time and

spage (see 5.2.6.10 and Figure 182). physical _objects are always a part of spa¢e and usually, though
notnecessarily, have a non-zero temporal extension.

=]

physical_object and activity are not mutually exclusive. A possibl€ individual can be both.

EXAMPLE ‘Radioactive materials’, ‘living organisms’ and ‘fire’ ar¢ ¢éxamples of physical object and
actiity.

Four kinds of physical_object are recognized, discrimitiated on their basis of continuity. They are
defined as subtypes of physical_object as shown in Figure 47:

physical object

—+materialized | physical object

—+functional _physical object

—+ spatial_location
—{ stream

Figure 47 — Types of physical object

4.7.13 Materialised physical object
materialized_physical _objects are physical_objects that consist of the same or slowly changing

material or energy during their existence (see 5.2.6.8 and Figure 182). This includes most of what are
often described as concrete objects.
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EXAMPLE A mechanical pump bearing the manufacturer’s serial number is a materialized_physical object.
It is regarded as the same thing even if all of its components are replaced during its life. Figure 48. shows a
space-time map for a pump initially comprising two parts A & B. After some time, component A is replaced by
a new component C. Later B is replaced by D. Material continuity is achieved as some material persists across
each event boundary.

A removed B removed Pump

D installed

3D C installed

space

Time

v

Figure 48 — Material continuity space-time map

The|pump consists of a number of temporal parts each corresponding to the different component parts. This
illudtrated in Figure 49.

w«

materialized

temporal ) )
physical object

whole life whole part
individual

Pump
temporal part

materialized
physical object

arrangement
of individual

C temporal part

C
Figure 49 — Pump temporal parts

4.7114 Functional physical object

ctional physical objects arc physical objects ba ontinuity of in ]
5.2.6.7 and Figure 182). The material that makes up the object can be completely changed, provided
the intended function of the individual remains the same.

temporal_whole part relations are used to indicate which materialized_physical object temporal
parts are parts of a functional_physical object.

EXAMPLE The pump known by the Tag 'P101', for which a succession of different pumping equipment items
are installed, is a functional_physical_object. This is illustrated in Figure 50. pump 1 is installed and removed

from Tag P101. Later pump 2 is installed and removed from Tag P101. There is no material continuity, but both
pumps perform a similar function whilst installed. The instances required for pump 1 are shown in Figure 51.
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The possible_individual that is a temporal part of both the tag and of the pump is both a
materialized_physical _object and functional physical object.

3D

SPACE installed removed installed removed

A A

Tag P101 :|>

v v v v

pump 1

2
pump TIME

Figure 50 — Function physical object P101 space-timé map

whole_life

individual temporal
whole’ part

materialized
physical_object

functional
physical object

Tag P101

— pump 1 in
materialized
physical object

service P101

whole

pump 1

Figure 51 — Instance diagram for pump 1 installed as P101

4.7|15 Spatial location

spaltiaD locations are physical objects where continuity of relative position is the basis of identity
(see 5.2.6.12 and Figure 182).

EXAMPLE An offshore license area is a spatial_location.
4.7.16 Stream

streams are physical_objects where continuity of flow path is the basis of identity (see 5.2.6.13 and
Figure 182).

EXAMPLE The moving contents of a hose is a stream and a materialized_physical_object.
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An activity is something happening or changing (see 5.2.9.1 and Figure 185). In this part of ISO
15926, activities are considered to be space-time extensions in which other individuals and events

ISO 15926-2:2003(E)

participate. participation is defined as a type of composition_of individual as shown in Figure 52

(see 5.2.9.7).

possible

composition_of
individual

individual

whole

(RT) whole

activity O——— participation

EXAMPLE 1 Forming a plastic cup from a flat plastic blank using a hot moulding rha¢hine is an activity. T
extgnt of the activity includes the plastic as its shape is changed and a temporal part.of the machine being us
Figure 53 shows the spatio-temporal extent of the plastic involved in the “cup forming” activity. The formin

Figure 52 — Activity participation

actiyity causes the cup to come into existence and end the life of the plastie’blank.

3D
SPACE

forming activity
formed cup

plastic blank \
\\J
-
changing shape

TIME

The|lmodel.inStances necessary to show the participation of the molding machine, the plastic and a finished ¢

are fhown in Figure 54.

v

Figure 53 — Cup forming activity

bd.

oS
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possible
individual

participation

whole .‘ part
. Temporal part
Cup pressing run “ of the cup machine

‘ part

whole Temporal part
Uf‘t‘llc p‘lamiv piCbU *
\0\ Temporal
part part of the

finished cup

Figure 54 — Instance diagram of cup forming activity

Actiivities cause change that can be marked by events (see 5.2.9.5). In Figure 53,two significant

cha
plas

hges are shown: the start of the existence of the cup and the termination-of the existence of the
tic blank. The model for cause is shown in Figure 55. cause_of eventus‘defined as a type of

relgtionship (see 5.2.9.3).

EX4
end

possible relationship

individual I
saused cause of

causer
\ L N
acuvity

Figure 55 — Cause of event model

AMPLE 2 Figure 56 shows aparticular cup pressing activity that causes the begin event of the cup and

ng of the plastic blank-state.
“ caused
causer

) beginning of cup
Cup pressing run

activity
causer v

caused Ending of plastic blank

Figure 56 — Cup beginning caused by a cup pressing run

The model also allows abstract_objects and possible individuals from the future or the past relative
to the activity to be involved indirectly as shown in Figure 57 (see 5.2.9.6).

30
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-~ involved
thing [
possible 1 .
individual relationship
o involver involvement
activity by reference
S —

Figure 57 — Involvement by reference

EXAMPLE 3 A production activity may involve the specification for the individuals produeed by the
actiyity. The specification is a class_of_individual that has an involvement_by_referencexclationship with

the fctivity

Actfivities can also result in the recognition of abstract conditions (see 5.2.9:9). recognition is a
relationship between an activity and a thing that indicates the thing has*been recognised as a
conksequence of the activity. The elements of the model for recognition-are shown in Figure 58

belpw.
I~ recognized
thing |
possible_ 1 ]
individual relationship
recognizing .
activity recognition

Figure 58 — Recognition by activity

EXAMPLE 4 Figure 59 shows a ship survey activity that recognizes that the ship has a ‘Class A’ classification.

recognition

class

¥

Class A Ship

participation

recognized

recognizing

Ship survey

whole

physical
object

part ship temporal part

Figure 59 — Ship classification activity
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4.7.18 Approval

approval is a relationship linking a possible_individual that could be a person, organisation or
machine that grants the approval to the thing that is approved (see 5.2.23.1 and Figure 199). In this
part of ISO 15926, only relationships can be approved as this gives a meaning to the approval. A
possible_individual or a class is what it is, approving it is meaningless. It is approving its
involvement with something else that has meaning.

The elements of the approval model are shown in Figure 60.

Tetationship ——class—of—
q relationship
approve class_of
® : class of approved
approval _OL_
approval_by status
approver
class of

approval

possible

individual clags ‘of-dpprover
class of
indivadual

Figure 60 — Approval

Thq type of approval is given by classifying an appreval relationship by a
clags_of approval_by_status (see 5.2.23.3). classZof _approval enables rules on the classes of
relationship that can be approved by types of individual (see 5.2.23.2).

EXAMPLE Figure 61 shows the participation of the raw plastic in the cup pressing activity being approvefd
by the ‘Production supervisor’. ‘Approved™is'a class_of approval by status. ‘Not approved’ is also a
class of approval by status.

class_of
approval by status

approved : A
Producj[lon possible
— supervisor individual
activity
approver
participation
approval
v whole part temporal part of the
Cup pressing run plastic piece

Figure 61 — Approval of cup raw material
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4.8 Class

A class is a category, sort or a division of things with some common nature (see 5.2.2 and Figure
178).

classes have a basis for inclusion and exclusion.
Within this International Standard,

— inclusion within a class is referred to as class membership;

— classes correspond to non-well-founded sets. The characteristics of non-well-founded sets|are
further described in Annex D;

— the basis for inclusion or exclusion for a class can be given by a textual definition.and or by
its relationships.

4.8{1 Classification

clagsification is a relationship that indicates membership of a class (see 5.2.2.3 and Figure 178).
Clags membership implies that the member satisfies the conditions for inelusion and exclusion.
clagsification is modelled as an explicit subtype of relationship as shown in Figure 62.

possible_individuals, classes, relationships and multidimensional objects may be classified.
Clapsification is not transitive. Members of a class are not necessarily members of any class of the
clags.

thing {Po—

:

abstract possible
object individual

classified

classifier

classification [—

multidimensional
object

Figure 62 — Model of classification relationship

EXAMPLE 1 Figure 63 shows a category of things known as ‘Pump’ that is a class. Members of ‘Pump’ are
arranged_individuals that enable pumping activity. The arranged_individual referred to as #1234 is a
‘Pump’. The relationship that indicates #1234 is a member of ‘Pump’ class is a classification. In the case of the
‘Pump’ class, membership of it is not affected by whether or not the arranged_individual is a
whole_life_individual or a temporal part of a whole_life_indivdual.
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| arranged_individual

Pump\/

#1234

Figure 63 — Classification of pump

Cla|

EX4
Figl

the

EX/
righ
the
the

SS1I1cation allows something to b€ a member oI many CIlasses.

AMPLE 2 The arranged_individual referred to as #1234 is a ‘Pump’ and is also ‘operating’ as shown ip
ire 64
operating
arranged (ndividual
Pump
#1234
Figure 64 — Classification of operating pump

hy classifications that apply to a whole_life individual also apply to all of the temporal parts of

whole_life_individual (a form of inheritance).

AMPLE 3 In Figure 65, #1234 is a temporal part of whole life ‘pump’ #PA01. The ‘pump’ classification
tly belongs to the whole_life_individual and is inherited by any and all of its temporal parts. However, if
whole_life_individual is not représented in the database, the classification can be recorded directly agailst
emporal part.

atranged_individual
pump operating
whole_life
individual

34

temporal \J

whole part #1234

#PAO1
whole part

Figure 65 — Operating temporal part of a pump
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4.8.2 Specialization

03(E)

specialization is a type of relationship between two classes indicating the members of the subclass
are members of the superclass as shown in Figure 66. specialization relationships are used to indicate
a class is a subdivision of the membership of another class (see 5.2.2.4 and Figure 178).

abstract_object

{ relationship

Beg

confform to all the rules of membership of the superclass. The subclass is‘said to inherit the supercl

rule

EX

clags — all members of ‘model 106’ are also members of ‘pump’.

Spe
the

EX

Typ
and

. l

superclass

class specialization
I~ subclass

Figure 66 — Specialization relationship
ause the members of a subclass are members of the superclass, the sub¢lass membership must

S.

AMPLE 1 Figure 67 showns a manufacturer’s ‘model 106’ is a class that is a specialization of the “pumj

class

pump

model 106

Figure 67 — Pump specialization

cialization relationships are transitive. The members of a subclass of a subclass are members of

more general superclass.

AMPLE 2 _1n'\Figure 68 a manufacturer offers two options for their ‘model 106° pumps, types ‘A’ and ‘Bf’.

es ‘A’ and, *B’ are both specializations of ‘model 106’. A member of type ‘A’ is a member of ‘model 10
a member of ‘pump’.

ASS

-

D
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class
pump
model 106
v
model 106 - A model 106 - B

Figure 68 — Transitive specialization

Clapsification and specialization are fundamentally different. When classification refers to’a class jas
the [member, the members of the member class are not necessarily members of the classifying class.

EXAMPLE 3 In Figure 68, a member of ‘model 106 — A’ is not a class.
4.8{3 Types of class

Thd immediate subtypes of class recognized in this International Standard are shown in Figure 69.

p— class
1 class of
individual
role_and_domain +—
class of
abstract object
cardinality +‘ class of

relationship

class of
multidimensional
object

( class of
class

Figure 69 — Subtypes of class

4.8/3-1 Class of individual

A class_of individual is a class whose members are space-time extensions i.e. possible_individuals
(see 5.2.7 and Figure 183).

EXAMPLE 1 The class ‘pump’ is a class_of individual.

EXAMPLE 2 The class ‘red’ is a class_of_individual; only space-time extensions can be ‘red’.
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.3.2 Class of class

A class_of class is a class whose members are classes (see 5.2.3 and Figure 179). class_of class is a
means of classifying the subdivisions of the membership of class. In other words, they can be used to
identify types of subdivision.

EXAMPLE In Figure 70 the class ‘colour’ is a class_of _class. The classes ‘red’ and ‘blue’ are members of the
class_of class ‘colour’.

Its

of dlass_of _class, though the EXPRESS language specification does not allow this to be stated.

4.8

clag
tern

Thi
that
clas
clas

The
clag

| class_of individual | /
colour
| possible_individual | ol
ed
my car

Figure 70 — Colour class of ‘class

ould be noted that the EXPRESS subtypes of class defined in this part of ISO 15926 are instar

3.3 Class of relationship

s_of relationship enables types of relationship to be recognised, often defining constraints in

5 part of ISO 15926 defines some explicit subtypes of class_of relationship, explicit in the ser]
the roles of the relationships-are explicitly defined as EXPRESS attributes. Other
s_of relationship, which-are not explicitly defined, can be handled using

s_of relationship_with signature. This is more fully described in 4.10.2.

full list of explicit subtypes is specified in 5.2.12.2. The model for one explicit subtype
s_of connection of individual is shown in Figure 71.

hs of the types of things that can participate in the member relationships (see 5.2.12 and Figurg
189).

CcEs

class_of
relationship
class_of side 1 class of
O—— ion «

'ClajSS'_Of_ connection_of
individual |\~ 1 ) dividual

class_of side 2

Figure 71 — Class of connection of individual
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EXAMPLE In Figure 72, the class_of connection_of individual ‘connection of Type A shaft to seal’
indicates that members of the class_of individual ‘Type A drive shaft’ are connected to members of ‘seal’. The
connection_of_individual relationship, linking the shaft #5678 with the seal #1234, is a member of the
class_of connection_of individual ‘Type A shaft seal’.

class of
individual

class_of connection
of individual

Connection of Type A

chafi t ]
SHeT

Type A . seal
?Hgnged_ drive shaft  class_of side_1 class_of side_2
individual

connection_of
individual

!
#5678 —————— A H12M
ide 1

S side 2
Figure 72 — Seal connected to Type A’ drive shaft
4.8{3.3.1 Cardinality constraints

Cardinality constraints of a class_of relationship can be defined as attributes of the class cardinality
(seq¢ 5.2.13.5,5.2.13.1 and Figure 189). Figure 73.shows the model diagram for this. The cardinalify
attrlbutes work in the same way as the cardinality constraints often shown on Entity-Relationship
diagrams. The number of member relations ifthe class_of relationship that link from one membgr at
the [first end to members at the other end is constrained by the minimum and maximum values. If no
maximum cardinality is set, no limit shall be assumed and, if no minimum cardinality is set a limit{of
zerd shall be assumed.

Thd end 1 cardinality and end”2 cardinality attributes shall be applied to the role attributes in fhe
order of their declaration insthe EXPRESS definition of the class_of relationship.
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class of

class - =
abstract object
l end 1

_..cardinality |
cardinality end 2_ ClaS.S_Of_.
cardinality relationship

O. _____________________
minimum_ maximum_
cardinality cardinality

(@) (@)
INTEGER

Figure 73 — Cardinality constraints for classes of relationship

Cardinality constraints may be applied to the members of the explicit subtypes of
clags_of relationship.

EXAMPLE A Type A drive shaft requires to be located by two seals. Figure 74.shows the cardinalities for this
casq. A shaft may be connected to zero, one or two seals, and a seal may be connected to zero or one shaft. [The
zerd and one cardinality for seals of a shaft recognises that at any time, oneor more of the seals may be
rempved for maintenance purposes.

class of
individual

class_of eonnection
of _individual

class_of
_side 2

class_of .
side/1

Type A seal

drive shaft

end 1 cardinality end_2_cardinality

min=0 min=0
max=1 max=2

cardinality

Figure 74 — Type A drive shafts may connect to up to two seals

The use cardinality with class_of relationship_with_signature is described in 4.10.3.
4.8.3.3.2 Class of relationship symmetry

Most of the explicit subtypes of class_of relationship define constraints on the member
relationships by referring to classes. In the case of class_of connection_of individual, the roles
class_of side 1 and class of side 2 both indicate that the member relationships refer to
participation of members of the indicated classes. These cases are described as symmetric
class_of relationship.
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Not all class_of relationship are symmetric. class_of representation_of thing, shown in Figure 75,
is such that the member relationships always refer to the same thing in the represented role and where

this is a class, it means the class and not its members. Cases such as these are described as
asymmetric class_of relationships.

class of
relationship
1 d 1 f £
viass_ UL pattern widss_ Ul represented
information . (O——— representation  ——O thing
representation of thing

Figure 75 — An asymmetric class of relationship

A symmetric class_of_relationship can be further constrained to make an asymmeétric

clags_of relationship. The elements of the model for this are shown in Figute 76. A

clags of relationship can be both a class_of connection_of individual‘and, for example, a
clags of relationship_with_related _end_2. The related attribute further constrains the domain of
clags_of side_ 2 to be one thing only. The entity types class_of_relationship_with_related_end_|1
and| class_of relationship_with related_end_2 in that order, shall‘constrain the

clags_of relationship roles in the order given in the EXPRESS, definition of the model.

class_of ! clas§ of
relationship relationship with_ related
felated end 1
class of
relationship_with O thing
related end 2 related
class of _
PR\ class of side 1
connection ‘of 3
individual
~ class_of
class of side 2 individual

Figure 76 — Constraining a symmetric class of relationship

EXAMPLE-Figure 77 shows a whose members are all the connection_of individual relationships that link a
seallto the\particular shaft #5678. The known members of this class would give the history of seals connectegl to
the particular shaft. The class_of connection_of_individual shown in Figure 77 is a specialization of the

1 E £3. £ Sl 11 A Lot Lol
CIASS o~ ConR o — o Hharviatar— Ty pC7 T STare sSoar—Snowir

A wio)
HrTgurc—r=
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class_of

Hrass, class_of connection_ class_of relation_
individual

of individual with_related end 1

class_of side 1 class of side 2

Type A seal

arranged_ drive shaft

individual

related

connection_of
individual

\) side_1 side_2
#5678 #1234

Figure 77 — Seals connected to a particular shaft

In the example the attribute related is a specialization of the attribute class_of side)d1, but the rule§ of
the [EXPRESS language prevent this being shown.

4.8/4 Class of individual

A class_of individual is a class whose members are space-time exté¢nsions i.c. possible_individuals
(seq¢ 5.2.7 and Figure 183).

Thq explicitly defined subtypes of class_of individual are Sshown in Figure 78.

class of individual
‘ 1 C g
+ class_of arranged individual

participating_role and domain
—{ property

—{ status
—+ class of event

class_of point in time

—+ class_of period in_time

—+ individual dimension

Figure 78 — Subtypes of class_of individual

Rules regarding the composition of members of a class_of individual may be specified using

class of composition of individual (see 5.2.7.5). The model of

class_of composition_of individual is shown in Figure 79. Explicit subtypes are defined for
class_of temporal whole part, class_of participation, class of arrangement of individual and
class_of assembly of individual (see 5.2.7.12, 5.2.10.5, 5.2.7.1 and 5.2.7.2).
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class_of individual

class_of whole

class_of part

class of
composition_of individual

class of
temporal whole part

class of
participation

—

Ac
clas

EX/

4.8

1

(RT) class_of whole
class of O class_of
arranged individual arrangement of
individual |

l

!

class_of
assembly of individual

class_of arranged
individual

class of
feature whole part

Figure 79 — Class of composition of individual and.subtypes

Jass_of_composition_of _individual can be used to express a condition on the members of the
s of whole, constraining them to have parts that are members of the class of part.

AMPLE In Figure 80 centrifugal pump is a class_of arranged \individual. The
class of assembly of individual ‘Pump impeller’ records that.a “centrifugal pump’ has an ‘impeller’ as a |

art.

arranged
individual

of individual

class_of assembly

Pump impeller

centrifuigal
pump

class_of whole

&

class_of part

impeller

individual

assembly of

#5678

471, " Class of arranged individual

Figure 80 — Composition of centrifugal pumps

#1234

arranged_individuals are space-time extensions whose parts have a particular arrangement or role in
the whole (see 5.2.6.2). A class_of arranged_individual is a subdivision of arranged_individuals.
Explicit subtypes are defined covering:

— arrangements based on organization of material;

— arrangements based on information presentation and representation;

— complex arrangements that align with useful descriptions of every day objects.

42
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4.8.4.1.1 Organization of material classes

Explicit subtypes of class_of arranged_individual recognizing different types of material
orgnization are defined as follows (see 5.2.8 and Figure 184):

— class_of sub_atomic_particle;
— class_of atom;

— class_of molecule;

— |class_of compound;

— |crystalline_structure

— |phase

— |class_of particulate material;
— |class_of composite material;
— |class_of functional object;
— |class_of biological matter.

Thg model for the material organization classes is shown.iny Figure 81.

class of. class_of part

individual

class of_ (RT) class_of whole class_of

arranged  [O—————— arrangement_of
individual individual
1

class_of biological matter +——+ crystalline_structure

class.op functional object
+ class_of compound |

class_of composite material +— _+ class of molecule |
_¢ class of atom |

]
+ Class_of_sub_atomic_particie |

class_of particulate material +—

Figure 81 — Classes of arranged individual for material structure

The material organization types reflect increasing levels of compositional arrangement, starting with
the subatomic particles culminating in functional objects and biological matter.

EXAMPLE 1 ‘Hydrogen atom’ is a class_of atom. Members of ‘Hydrogen atom’ are individual atoms each of

which are an arrangement of a ‘neutron’, ‘proton’, and an ‘electron’ where ‘neutron’, ‘proton’ and ‘electron’ are
members of class_of sub_atomic_particle.
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In some cases, members of a class at each level are aggregates of members of one or more classes of
the next level down. In this part of ISO 15926, large-scale aggregates of molecules or atoms are
defined as compounds.

EXAMPLE 2 An aggregate of hydrogen molecules, perhaps forming a gas, is member of the ‘Hydrogen’
class_of compound.

EXAMPLE 3 ‘Water’ is a class_of compound that is an arrangement of H,O molecules. The levels of arrangement are
illustrated in Figure 82. Figure 83 shows an instance diagram of water as an arrangement of H,O molecules.

Water I
|

arrangements of

H,0
molecule
arrangements of

O—-Ze g L
~ ~ e ™
I
( @ o | Ve 0
N 7 J— - <

Figure 82 — Levels of:arrangement of for water

class_of compound class_of class_of molecule
— arrangement_of individual

arranged—
individual

class_of part

water
class_of whole

H,0

arrangement
of individual

#e596

Figure 83 — Arrangement of H,O molecules

Two other types of class_of arranged_individual are defined for crystalline_structure and phase.
These qualify material aggregations at the level of compound.

EXAMPLE 4 A cloud of hydrogen gas is a member of the ‘hydrogen’ class_of compound, and a member of
the phase class ‘gas’.

EXAMPLE 5 A diamond is an aggregate of carbon atoms that is a solid with a particular crystalline_structure.
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Particulate and composite material classes are further levels of arrangement, where the parts are
compounds.

EXAMPLE 6 ‘Sand’ is a class_of particulate_material whose parts are constrained to be members of the
‘silica compound’ class.

EXAMPLE 7 ‘Fibre glass’ is a class_of composite_material whose parts are constrained to be members of the
‘glass fibre mat composite’ and ‘resin compound’ classes.

Functional objects are considered to be the highest level of organisation. Here, the member
arranged_individuals are constrained by being suitable for some function or purpose. Other

axrrmaalecatha Fanotion coolicolbla ool oo o ara

con 2d faooc th ot oo suatraht—ciza clhoxna o oot o

1PITULVIAlIVIIO UUIat lllu] TITITANMNAV UIV TUILIVUIVIT TuVaAallioauviIiv SuUuviIl ao vy \/lsllt, DIL\/, DLAHIJU Ul 1I11aitviiar arv
excluded. The combination of purpose and form are recognised by the complex arrangement classg
des¢ribed in 4.8.4.1.2.

72}

EXAMPLE 8 ‘Cup’ and ‘pump’ are examples of class_of functional object.

EXAMPLE 9 ‘Centrifugal pump’ is not a class_of functional object, centrifugal beingé@-form or design of a
punjp function.

4.8/4.1.2 Complex arrangements
Coinplex arrangement classes enable more detailed types of individaal to be recognised (see Figurg

184)). They are often intersections of many other classes combining.dspects of material, shape, and
property. The explicit types for these complex arrangements ate shown in Figure 84.

class_of arranged individual

1

class~of inanimate physical object

class_of organism

|—+ class_of person

Figure 84 — Complex classes of arranged individual

EXAMPLE ‘Plastigeup’ is a class_of _inanimate_physical_object that is the intersection of the
class_of functional object ‘cup’ and class_of compound ‘plastic’ as shown in Figure 85.

class_of | class of compound
functional object

\
— v /
class_of inanimate cup

physical object plastic

Plastic cup

Figure 85 — Class of inanimate physical object
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4.8.4.1.3 Information classes

Representation of meaning using symbols depends on using consistent, recognisable patterns. Patterns
are classes. A particular writing or rendering, say on a piece of paper or on a video screen that can be
observed with our senses, is a possible individual that is a member a pattern class.

In this part of ISO 15926, a class_of_information_representation identifies a pattern used to
represent information (see 5.2.17.4 and Figure 193).

Thdrendered patterns often have many presentational variations such as colour, font, size, and weight.
clags_of information_presentation describes these variations (see 5.2.8.10 and Figure 184).

Members of class_of information_object are the combinations of the recognizable patt€ins and their
pregentation styles (see 5.2.8.9). The model elements for this are shown in Figure 86,

a

class of arranged

individual
1
class_of
class_of information_presentation
information_object
classvof

information-representation
1

class_of EXPRESS™
information representation

representationcef Gregorian
date~and” UTC time

Figure 86 +— Information classes of arranged individual

EXAMPLE Figure 87 show$ ah ‘arranged_individual #smith that is a member of the
class_of inanimate_physical_object ‘label’ and a member of the class_of_information_object ‘smith in 24
pt Tiimes New Roman-bold’ . The class ‘Smith in 24 pt Times New Roman bold’ is an intersection of the
class_of information/representation ‘smith’ and the presentation classes ‘Times new roman’, ‘bold’ and
24pt’. The physical aspects of the label substrate are not shown.
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class of
information_presentation

class_of
information_representation

Times New
Roman bold 24 pt
smith
class of
information_object

class_of inanimate v

: . Smith in bold 24pt
physical_object N label  Times New Roman

‘ thSlcaIObJeCt\‘\‘/ / arranged_individual

#smith

Figure 87 — Class of information object

Thd literal character patterns defined by ISO 10303 EXPRESS fortext strings, reals, integers, binafy,
logical and Boolean and the ISO 8061 time representation are défined as explicit subtypes of
clags of information_representation.

4.8/4.2 Representation
4.8/4.2.1 Signs and patterns
Representation is the use of signs and patterns.as information. A sign is a role of a

po;lsible_individual — i.e. a space-time extenision. Signs can be any individual and can represent any
thing. The representation model for signs'is shown in Figure 88.

relationship +

represented
—q thing
representation |_‘
of thing

sign

possible individual

—Figure 88— Representativmrof thing

representation_of thing is a relationship that indicates that a possible_individual is a sign for
something else (see 5.2.16.4 and Figure 192).

Patterns are types or classes of signs, the pattern being the repeatable nature of the member signs.
Signs that are members of the same pattern are often used to represent the same thing. So the pattern
“Joe Smith” wherever, whenever and how rendered usually refers to the person. The model for pattern
representation is shown in Figure 89 (see also 5.2.17.5 and Figure 193).
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class_of relationship +

|1 represented

class_of thing
representation_ I_‘
of_thing pattern class of
information_representation

Figure 89 — Class of representation of thing

EXAMPLE Figure 90 shows Smith the person as the actual_individual #3578 linked to the sign #smith by
representation_of thing relationship. The sign #smith is an inanimate physical object that is a metber of]

‘Smiith’ pattern. The representation_of thing relationship is a member of the
class of representation_of thing linking the pattern ‘Smith’ to #3578.

EXPRESS_string | class of
representation_of thing

class of
inanimate
physical object

Smith représented

possible representation
— label .
individual of_thing

\ #smith

Figure-90— Representation of #3578

represented

Sign

4.814.2.2 Identification, description and definition

actual

individual

#3578

&

the

1deLtiﬁcati0n, description and definition are all types of representation that apply to alphanumeri
picture and sound signs (see’5.2.16.1, 5.2.16.2 and 5.2.16.3). Because individuals cannot be define
they are what they are; definitions are restricted to classes as shown in Figure 91.

kg

\vQ-‘
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relationship

I sign

possible_individual

representation_of thing

represented

thing
+ identification —1
_+ description class
_+ definition
(RT) represented

Figure 91 — Identification, description and definition

In grocess plant related activities identification, description and definitions are more often declarfed

at the pattern level, applying to all signs of the pattern as shown in Figure-92)(see 5.2.17.3, 5.2.17.2,

and|5.2.17.1).

class of relationship

r n —
&Q class_of information_
class_of representation
representation
i represented .
of thing thing

} class_of
identification |
—+ class_of description class

. (RT) represented
—+ class_of definition

Figure 92 — Class of Identification, description and definition

EXAMPLE The\arranged_individual known as ‘My pump’ has been given an identification pattern of ‘A[C-
1234#°. The identification sign ‘AC-1234’ appears on the ‘name plate’ of the pump, as shown in Figure 93. The

confposition.relationship that would state that the ‘name plate’ is part of the pump is not shown.
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| EXPRESS_string |

4.8
The

thin
patt
Thi
ind
it rd
rep1

The

class of arranged
\ identification individual
class_of ‘AC-1234
inanimate physical object pattern
/‘ represented
My pump
name identification
plate represented
sign
arranged physical_
individual / obiect
I AC-1234 .

Figure 93 — Pump identification

4.2.3 Use and responsibility of representation

5 part of ISO 15926 distinguishes responsibility fromrgeneral use. Responsibility is used to
cate the person or organisation that took the decision to assign the sign or pattern to the thing that

use of certain signs and patterns as representations for particular,things is discretionary, and miay
be lestricted to certain people and organisations. The same pattern-miay be used to represent differgnt
gs by different people or organisations and, a particular thingmay have several representation
lerns assigned and used by different organisations.

presents (see 5.2.16.5 and Figure 192). Use indicates that an organisation or person uses the
fesentation in their activities (see 5.2.16.6 and-Figure 192).
model for use and responsibility of representation is shown in Figure 94.
relationship
represented
_ ——— O thing
representation
—) — .
of thing sign
- —O
D)
used
usage of e
ge_o. O possible
representation R
individual
controlled
responsibility controller e
for representation

Figure 94 — Use and control of representation

In process plant related activities use and responsibility of representation are more often declared at
the pattern level, applying to all signs of the pattern as shown in Figure 95 (see 5.2.17.7, 5.2.17.8 and
Figure 193).
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represented
class of [ Q
— representation_ pattern
of thing L
O

class_of information

representation

ﬁ) class_of used

+

class_of usage
of representation

user

nossible
r

EX4
and

4.8

used by the ‘ABC Oil Co’.

class_of controlled

class of
responsibility for
representation

controller

individual

Figure 95 — Use and control of class of representation

AMPLE Figure 96 showns the identification pattern ‘AC-1234’ for ‘My pump?Jissued by the ‘XYZ Co’

of representation

class_of responsibility)

class_of usage
of representation

EXPRESS
string

Pat

class. of used

class_of
identification

4.2.4 Classes of pattern

‘AC-1234°

pattern represented

ABC Oil Co

arranged
individual

class_of controller /

My pump

Figure 96 — XYZ Co product identifiers

ernS.may be further abstracted to define rules for the types of thing the member patterns may
reptesént and to define rules constraining the composition of member patterns (see 5.2.19 and Figyre

195). The classes of pattern are defined as class_of class of information_ representation, shown in
Figure 97. Explicit subtypes are given for language, representation_form, and
document_definition (see 5.2.19.9, 5.2.19.10 and 5.2.19.11).

EXAMPLE 1 The template used for an engineering data sheet is a document_definition.

EXAMPLE 2 ‘Hexadecimal’ is a representation_form that is a specialization of ‘text’ that is also a
representation_form.
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class of class
of individual

class_of class_of whole

O—
o |

class_of class of part

class of class

@ class_of class
of composition

of_relationshil;

I.1

class of class
of information
representation

class_of pattern

class_of class
of representation

—{ language

class_of represented

i

representation

form

EX4
fun

document
definition

Figure 97 — Class of class of information representation

representation_form

EXPRESS
_string

Peo
thine:

class_of_class_of_responsibility_for_representatioﬁ, both sul_atyEes of

P21
record

#123= ...

P21 file

My P21 file

class_of
_whole

class_of
_part

Figure 98 — Part 21 representation

ple-and organisations may use and or control certain classes of pattern to represent certain type

class_of\ whole

class_of
class_of part

— 1 class

AMPLE 3 Figure 98 represents that an ISO 10303-21 (Part 21) [1] file contains-a record that represents the
ftional_physical object P101. ‘P21 file’ is a representation_form that has P21 record’s as parts.

class_of class
of composition

class_of\

class_of assembly
of individual

functional
physical object

class of
description

P101

represented

5 of

class_of class of relationship, are defined for these purposes (see 5.2.19.7 and 5.2.19.8).
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class of class
of relationship 1

‘ class of class_of class

class of used

(O-Sass ol used | of usage
of representation

user

class of class

of representation | class of class
- — — | class_of class
of controlled — = —

possible
individual

EXAMPLE 4 The pump data sheet format designed and maintained bythe’‘XYZ Co’ is a
docpment_definition that describes all types of ‘XYZ Co’ designed:pumps. The ‘type 24 pump’ is describefl by
Type 24 pump data sheet’, which is a class_of information ¢representation. Note the ‘Type 24 pump

t” described the class of pumps, not any particular pump member. The content of the data sheet is not
preqcribed in the example shown in Figure 100.

the
sheg

of responsibility @=
class_of class
of definition

of representation
class_of class
of description

class_of class
of identification

Figure 99 — Class of class of usage and responsibility of representation

lata

class_of class of . ac.tu.al_
tesponsibility for individual
document_ representation

definition

XYZ Co

class of class
controller of individual

class_of class_
of controlled

class of class
class_of informatien’ of definition
representation

4.8.4.2.5

XYZ Co XYZ Co
pump data ~Class of pattern | class_of_ pump class_of
sheet represented  types inanimate_
class of physical object
definition
Type 24
pump data type 24
sheet pattern N pump

represented

Figure 100 — XYZ Co pump data sheets

Namespace patterns

Some naming conventions prescribe the use of patterns that have constant suffixes or prefixes as
identifiers (see 5.2.20 and Figure 196). Such classes of patterns can be defined using
class_of namespace (see 5.2.20.2). class_of namespace constrains a class of pattern to have a
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constant part, either the left-most part or the right-most part (see 5.2.20.1 and 5.2.20.3). The model for
this is shown in Figure 101.

class_of class of

EXAMPLE 1 As shown in Figure 102, the set of nozzle identifiers forwessel ‘V1’ are “V1:* followed by a
rle identifier. The “V1’ identifiers are members of the class_of class_of information_representation
vn as ‘V1:*’. A class_of_left namespace indicates that the members of ‘V1:*’ all start with ‘V1:” followed

by 4 nozzle identifier from the enumerated set ““N1°, ‘N2’, ‘N3] ‘N4’ ...”

noz
shoy

relationship
1 class_of
class_of whole ClaS.S_Of_CI%SS_Of_
information_
class of representation
llalllcbl)dbc Class_of_

class_of part ) .
—CO information_

representation
class of left
namespace
class_of right
namespace

Figure 101 — Class of namespace

class of class of
class_of_ Ciass_oi_ information_
class o _
left namespace — = .
composition representation enumerated
set_of class

‘Vi*

class_of whole

class_of
class_of part

class_of
class_of whole

‘N1, ‘N2’, °N3”, ‘N4°....

‘V1» l

NI’

class of
class_of part

class of
composition
of individual

class of whole class_of whole

v % EXPRESS_string
‘VIND’

Figure 102 — Vessel V1 nozzle namespace

EXAMPLE 2 In Figure 103, the pattern ‘V1:*’ is used for identifiers of the nozzles of the vessel ‘V1°’. A
particular nozzle #4643 is identified by the string pattern ‘V1:N1’.
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class of class of class_of class_of
functional_object class_of lnformatlop_
\: identification representation
‘Nozzle’ ‘my V1 Nozzle
identifiers’
‘V1 Nozzle
‘VI:*

classes_of represented class_of pattern

class of

EDREEQQ

possible
individual

LATINLIZOO

string

identification

“VI:N1”

#4643’

represented pattern

Figure 103 — Vessel V1 nozzle N1 identification

4.8/4.2.6 Uniform Resource Locators

In this part of ISO 15926, Uniform Resource Locator strings are handled as locational identifiers o

particular productions of a document..

NOITE URLs are defined in IETF RFC 2396.

EXAMPLE In Figure 104, ‘x’ is a production of ‘y’, the final P&ID for Tag P101, stored at the URL
‘http://www.designco.com/plant/pid/p101°. ‘x’ is a functional_physical_object as the specific materials (bi
disc) of the production are not important.

on 4

w

document
EXPRESS definition
string \
P&ID’ . class_qf_
representation_ class_of 1nformat10p_
form identification representation
\ P101 pattern represented class_of_
P&ID X description
URL
d pattern
pattern represente y
http://www.designco.com/plant/pid/p101 \
represented
functional

P101

physical object

Figure 104 — P101 P&ID URL
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4.8.4.3 Property

4.8.4.3.1 Property and class of property

A property is a class_of _individual whose member individuals have the same degree or magnitude
of a quality or characteristic (see 5.2.26 and Figure 202). The types of quality or characteristic are
defined using class_of property (see 5.2.27 and Figure 203). class_of property divides between
property continuums and enumerated sets of properties. The property entity types are shown in Figure

105.

class

class_of individual

class_of class

—

class_of class of individual

l

class_of property

$

property space

:

enumerated_property set

EXAMPLE The degree of hotness knownras.*21 C’ is a property as shown in Figure 106. The quality of
hotrjess is the class_of property known as-“temperature’. The possible_individuals ‘A’ and ‘B’ both have

‘tenpperature’ of ‘21 C’.

possible_individual |

Figure 105 — Property and class of property

property space |

\

temperature

A

Figure 106 — Temperature property
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4.8.4.3.2 Property quantification

A property is quantified by a functional_mapping relationship to particular number (see 5.2.26.6
and Figure 202). The scale used for the mapping is a class_of _isomorphic_functional mapping (see
5.2.15 and Figure 191).

The model of property_quantification is shown in Figure 107. property_quantification is a
functional mapping relationship, indicating the arithmetic_number into which the property is
mapped. arithmetic number includes both the integer and real numbers and is described in 4.8.5.1
(see also 5.2.5.1 and Figure 181).

relationship

functional
mapping

!

property : prop erty

property
quantification

quantifier O arithmetic/

number,

Figure 107 — Property quantification

quaptification. scale is a class_of functional mapping, whose members map members of the
property_space domain to members of the codomain number_space as shown in Figure 108 (see
5.2128 and Figure 204). A property_space is‘a-continuum of properties (see 5.2.27.7 and Figure 2(3).
A mumber_space is a continuum of numbers (see 5.2.5.10 and Figure 181). real_number and
int¢ger number are number_spaces(

pr£erty_quantiﬁcation relationships may be classified by scale to indicate the units of the

class of
relationship

class_of
functional mapping

domain

property space

scale

codomain

number_space

Figure 108 — Scale

EXAMPLE The temperature known as ‘21.0 C* maps to the number 21.0 on the ‘Celsius’ scale as shown in
Figure 109.
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\ Celsius
temperature

-273.15, infinity

property

quantification
property real_number
4

21.0C

Figure 109 — Quantification of temperature 21.0 deg C

4.8/4.3.3 Indirect Property

indjrect_property is relationship linking a possible_individual with a property (see 5.2.26.3 and
Figpire 202). The nature of the indirect_property is given by the class cof indirect_property as
shopn in Figure 110 (see 5.2.26.1).

relationship
possessor possible
indirect individual
property property
property
class_of:
relationship
possessor class_of
class_of_ individual
— indirect
ropert property
propetty property space

Figure 110 — Model of indirect property

In this-part of ISO 15926, indirect_property shall be used when simple classification by a property is
not possible. This arises when the propetty is derived or deemed rom the properties ot the
possible_individual or from properties of particular parts of the possible individual .

EXAMPLE 1 ‘pressure drop’ is a class_of indirect property. ‘pressure drop’ is not a class_of property as
its membership is indistinguishable from the membership of ‘pressure’. Figure 111 shows the instance data for
a ‘Choke valve’ giving a ‘pressure drop’ of ‘10 bar’. #s1 is an operating temporal part of the ‘Choke valve’.
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‘ class_of indirect property ‘

classofi\ridividual pressure | property_space |
choke valve pressure

possible indirect

individual property property

\El \;\ }‘a{

Figure 111 — Choke valve pressure drop

EXAMPLE 2 In Figure 112, a ‘container’ #C1 is rated to operate with an internal pressures less than 27 bar
The|‘Maximum Allowable Working Pressure’ is an indirect_property, referencing the ‘27 bar’ ‘pressure’
property. ‘Maximum Allowable Working Pressure’ is defined as a class_of indiréct property.

class_of indirect
property

class of property space

functional object Maximum Allowable

\ <~ WorkKing Pressure

pressure

container
gﬂgnged_ indirect property
individual property.
27 bar
Cl

Figure 112 — Maximum allowable working pressure
4.8/4.3.4 Comparison of property

comparison of{ property is a relationship that indicates the order of two properties with respect fo
magnitude-assshown in Figure 113 (see 5.2.26.2 and Figure 202).

vnlnﬁ aclaia
FeratroRsHP

lesser_element

comparison_

property
of property

greater_element

Figure 113 — Property comparison
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EXAMPLE Figure 114 shows property ‘A’ is greater than property ‘B’.

property | | comparison_of property

Figure 114 — Comparison of two properties

greater element Tesser element

4.814.3.5 One-dimensional property space

A property_space is a type of class_of property with a continuum of member properties. In this
parf of [SO 15926, two subtypes concerned with one-dimensional propertiés-are defined as shown fin
Figpire 115 (see also Figure 203).. A single_property_dimension is a single complete property
co:tinuum (see 5.2.27.8). A property_range is also a single continwum-but restricted to the
inuum between an upper and lower bound (see 5.2.27.6).

CcOo

EXAMPLE 1 ‘temperature’ is a single property dimension. The range of temperatures between ‘20 C’ an

property space
relationship
single property
dimension
L
classification
property range

|_upper_bound of t (RT) classified
(RT) classifier property range

(RT) classifier

lower bound of +: (RT) classified
property range

Figure 115 — Property spaces

‘40 [C®-3 a property_range as shown in Figure 116.

property

o
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lower_bound_of

i Tty _range
single property property |
dimension property
upper_bound_of
property property range
range
temperature classified 20C

classifier

—=0C 40 C
classifier classified

Figure 116 — Temperature range 20 — 40 C

property_ranges can be used to specify rules for membership of classes of individual{ constraining

the [properties of the members.

EXAMPLE 2 A ‘Type A Seal’ has a ‘working temperature’ in the range of ‘20 to 40 C’. #81;)atemporal part of a particplar

seal{has a ‘working temperature’ of ‘24 C’ as shown in Figure 117.

class of indirect

property :
class_of inanimate wotking Slngalie_property_
physical_object temperature 1mension
inanimate \
physical object temperature

property range

working temperature
20-40C

Type
A Seal
20-40 C
possible_ indirect | property |
individual y DR

pr operty
\S 1

Figure 117 — Type A seal working temperature range

24C

4.8/4.3.6¢ Multidimensional properties

A multidimensional_property is an ordered list of properties. A multidimensional property space
classifies instances of multidimensional property as shown in Figure 118 (see 5.2.27.5 and Figure

203).
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Figure 118 — Multidimensional property model

-

property range +

®
property space

multidimensional +
property_space

AMPLE 1 A pump flow head characteristic is a multidimensional_object.Jt'consists of a continuum of|Q,

operty pairs, where Q is the flow rate and H is the flowing head differencg.)Each pair of properties Q, apd

where Q, is a particular flow rate and H, is a particular head, is a multidimensional_property [Q, H,]. [[he

inuum of pairs of Q and H properties, shown as [Q,H], is a multidimensional_property_space. A
jcular set of pairs of Q and H, shown as [Q,H]; in Figure 119, corresponding to a particular pump head

e, is also a multidimensional_property_space [Q,H].

AMPLE2 The multidimensional_propertys [Q, H,] and [Q,, Hy ] are constructed as ordered pairs of
erties. ‘They are members of the multidimensional property space[Q,H];, which is a subset or

speg

[QHI, [QH]

p2 oy
[

Figure 119 — A pump flow characteristic

H

ialization of the multidimensional property space [Q.H].In turn [Q,H] is constructed as the ordered pgair

of single_dimensional_propertys Q and H as shown in Figure 120.
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multidimensional single dimensional
property_space property

EX/

(OF:
‘Ty

1
[Q.H] Q
multidimensional 2 g
property
2
o \l

1 Qa
—
[QH,]

Figure 120 — Pump flow characteristic [Q,H],

AMPLE 3 Figure 121 shows a temporal part of an operating ‘Type 24 Pump’ #pz87 that has a flow rate d
nd a head of H,. ‘Type 24 Pump’s have an operating characteristic of [Q,H], \umeaning that any operatin
be 24 Pump’ has a QH that is a member of [Q,H];.

multidimensional class_of indirect. class_of inanimate
property_space property’ physical_object

N

type 24 pump
head curve

. : [Q.H]
multidimensional : Type 24 Pump
ropert —X
PIOPETY indirect
property
property possessor
[QH; ] #pz87

Figure 121 — Type 24 pump head flow characteristic

4.3.7 Position-and coordinates

ition is also‘a-multidimensional_property. In general, position in three-dimensional space can
ned by _reference to three points. The three references form the dimensions of the
[tidimiensional property.

© 1SO 2003 — All rights reserved

=

be

63


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

coordinate_system is a multidimensional_scale that maps a property_space to a

mu

Thq coordinate_system in a three-dimensional space is defined by three of its members.

EX/
coo

class of
relationship
f (RT) domain
—— () property_space
class_of_fupctional_ r®  scale (RT) codomain
apping number_space

multidimensional multldlrn.enswnal_
scale object
coor}mate_
system

Figure 122 — Coordinate system model

tidimensional number_space (see 5.2.28.2 and Figure 204). The medel is shown in Figure 122.

AMPLE Figure 123 shows where the possible_individual 'A' has the position described as [2,3,4] in
dinate_system known as ‘CS 21°.

multidimensional
coordinate number_space
System

multidimensional
property_space

Position - -
multidimensional multidimensional
( property_ number
ropert R - —
p py\‘\ quantlﬁcatlon

pessible X
individual l 23]
A

/

Figure 123 — Coordinate system CS 21

4.8.4.4 Status and class of status

pos
con

sible_individual may be classified by status (see 5.2.7.13 and Figure 183). A status reflects the
dition or state of possible_individuals that are not quantifiable and have no ordering.

A status is distinguished from a property by being generally descriptive and not quantified by
mappings to numbers where the order is significant. Different types of statuses may be distinguished
as class_of status (see 5.2.7.11). The model diagram for this is shown in Figure 124.

64

© I1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

class of class of class of
individual individual
status class of status

Figure 124 — Status and class of status

EXAMPLE | ‘pitted’, ‘gouged’, ‘scratched’, and ‘dented’ are examples of status that are members of the
class of status ‘surface condition’. Figure 125 shows the data for this. The ‘pipe exterior’ #rc359 is-an
actyal_individual classified by the ‘dented’ status.

‘ class_of status ‘

/

surface
condition
pitted class of inanimate
physical_object
dented
actual
individual pipe
gouged exterior
#rc359 /
seratched

Figure 125 — Surface condition statuses

EXAMPLE 2 A ‘degree of wear*, such as ‘no wear’, ‘slightly worn’, ‘very worn’, and ‘worn out’, is not a
status as it can be orderedrand/mapped to a number scale.

EXAMPLE 3 A ‘degree’of openness of a valve’ is not a status as it can be ordered and mapped to a number
scalp.

4.8/4.5 Shape and dimension

4.8/4.5.1 Individual dimension

Individuals that show spatial symmetry are often described using dimensions. In this sense, a
dimension is a class_of_individual, where the members have a common length and various
intersections with boundaries of the individual they are dimensions of (see 5.2.29.6 and Figure 205).
The model of individual_dimensions is shown in Figure 126.
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class of class of
individual relationship
individual
individual dimension | dimension_of |individual{ possible
dimension individual individual

Figure 126 — Dimension of individual

dimension of individual is a class of relationship whose members indicate that an
indfvidual dimension is a dimension of a possible_individual (see 5.2.29.4).

EXAMPLE 1 The width of ‘table’ is an individual_dimension as shown in Figure 127.

class_of inanimate

hysical object —
st = individuah
diménsion
possible dimension_of_
individual individual
individual table
individual.- .
individual dimension width of
734T

#734T
Figure 127 — Width of my table
Anfindividual_dimension is not necessarily partiofthe individual for which it is a dimension.
EXAMPLE 2 The internal diameter of a pipe is not part of the pipe.
4.8/4.5.2 Property of individual dimension
Members of an individual dimension often have one or more common properties. A type of

spegialization relationship is"defined to allow this to be stated as shown in Figure 128 (see 5.2.29.]1
and| Figure 205).

relationshi
class_of P
individual l
specialization
- I A | 1 I
IIUry 1uua1_
dimension (RT) subtype I

specialization_of
individual dimension_
from_property

_{ property (RT) supertype

Figure 128 — Properties of individual dimension

EXAMPLE Figure 129 shows the table width has a length of exactly ‘520 mm’.
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single property
dimension

property length

520 mm
widthof ——X >— ctune

4.8

As
Fig

clas

EX/
clas

4.5.3 Shape

734T subtype

Figure 129 — My table width of 520 mm

hape describes the constant nature of relative spatial positions of a boundary’(see 5.2.29 and
ire 205). shape is a property and a class_of individual as shown in Figlre 130.

s_of shape enables different types of shape such as circles, rectangles to be recognised.

i aars

indi

class_of

class_of)oclass of
individual

vidual

!

class_of property

shape

1J

property space

bified as a ‘Rectangle?;:

l

class_of shape

Figure 130 — Shape and class of shape

AMPLE Figure 131 shows that a possible_individual that measures 2x1 cm is a ‘2x1 cm’ shape that is

‘ class_of shape ‘

shape

l

Rectanale
S

© 1SO 2003 — All rights reserved

possible
individual
\7 cm

#2U3E

Figure 131 — Rectangle shapes
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4.8.4.5.4 Dimension of shape

shapes may also have dimensions that are common to all members of the shape. A shape_dimension
is a class_of class_of individual, where the members have a common length and common
intersections with the boundaries of the shape members they are dimensions of (see 5.2.29.10). The
types of intersections are distinguished by class_of_shape_dimension (see 5.2.29.3). The model for
this is shown in Figure 132.

class_of

individual

class of class of
relationship

di
sh
can,

EX4
104

L 4
shape

shape

dimension_of
shape

class of class —+

dimension

class_of shape

class_of class
of individual

* shape 0
dimension

dimension

Figure 132 — Dimension of shape

‘ class_of shape

ension_of shape is a class_of class_of relationship, whose members link a member of the
e class with a member of the dimension_of shapeclass (see 5.2.29.5). A dimension_of shape
classify a member of dimension_of individual (se¢ 5.2.29.4).

AMPLE Figure 133 shows where ‘10cm circle’s are shapes. A ‘10cm diameter’ is a shape_dimension gf
m circle’s. A member of ‘10cm diameter’ is a dimension of member of ‘10cm circle’.

class_of shape

68

Figure 133 — 10cm diameter circle

shape dimension
dimension
dimension_of
circle shape diameter
shape dimension .IOCm /
10cm circle diameter ———
individual _
. . . dimension
possible dimension_of
individual individual
\ ¢ N my circle x”
my circle individual  diameters
individual dimension
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Members of a shape_dimension have one or more common properties. The class_of relationship

property for_shape dimension is defined to allow this to be stated as shown in Figure 134 (see

5.2.29.7 and Figure 205).
class _of
class of relationship
individual |
property
property
Class_of_class_ T
of individual property_for_shape_
= dimension
shape L )—Shape_
dimension dimension

EXAMPLE Figure 135 shows the members of shape_dimension “10cm diameter” @ll)have the ‘length’ of ¢

cm

shape
dimension

4.8{4.5.6 Class of shape

shape_dimensions-can be classified by how the dimension is positioned with respect to the indivig

© 1SO 2003 — All rights reserved

10 cm
diameter

Figure 134 — Property for shape dimension

single property
dimension

\

property for shape
dimensiof

shape_dirhension

property

length

10 cm

Figure 135 — Diameters of 10 cm length

dimension

lual

69


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

class of class
of individual

class_of class of
relationship

class_of

—s

class_of shape
dimension

dimension

O,

class_of_?imension_
for shape

class of
property

class of

class_of shape

EX/

4.8

Cer

AMPLE 2 A ‘diameter’ is a dimension of a ‘circle’ as shown in Figure 137.

Figure 136 — Class of shape dimension

shape

class of dimension

class_of shape

for_shape

4.5.7 Class of property-for class of shape dimension

circle

h\ dimension
. W diameter
10cm circle

Figute 137 — Diameters of circles

class_of shape

dimension_
of shape

class_of
dimension

class_of shape_

dimensien
diandeter
shape
dimension

10cm

tain types of shape_dimension have certain types of property (see 5.2.29.8 and Figure 205). The
model diagram supporting this is shown in Figure 138.
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class of class of
relationship

I class_of shape dimension

class_of shape
dimension

Figure 138 — Shape dimension property classes

EXAMPLE That a ‘diameter’ has a ‘length’ is shown in Figure 139.

class_of shape
dimension

diameter

property space for
class_of shape dimension single_property_

class_of shape dimension

dimension

class_of classifier

length

Figure 139 — Diameter lengths

4.8/4.6 Class of event and point-in time

Anlevent and a point_in_time(may be classified. event classes may be determined by the
clags of point_in_time of the/member events (see 5.2.7.10 and Figure 183). The model for this is

shojvn Figure 140.

class of
relationship
class_of part class of
class of (O composition_of
ST 1 f whol - =
individual class_of_whole TP
IIIurvivuauar

class_of event

:

class of
point_in_time

l

class of arrangement
of individual

Figure 140 — Class of event and point in time
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EXAMPLE Figure 141 shows ‘take off’ is a class_of event that marks the transition of an aircraft from being
in contact with land to being airborne. ‘midnight’ is a class_of point_in_time. ‘Midnight take off” is a
class_of event that is a specialization of ‘take off’. All ‘Midnight take off’s are part of a ‘midnight’

point_in_time.

class of event

class of point

in_time
class_of arrangement =
take off of individual
d h 1 d P A 1 £ hal
Mi nig t \/labb_Ul_ art VT R R
dnight
take off N midnigh

4.8|4.7 Class of period in time

Figure 141 — Midnight takeoff events

perjiod_of time may be classified (see 5.2.7.9 and Figure 183). class_of temporal_sequence enable
meinbers of period_of time classes to be ordered (see 5.2.22.3 and Figure¢-198). The model for this is

shopvn in Figure 142.

class”of
relationship

EXAMPLE Figure 143 shews’‘June’ and ‘July’ are class_of period_in_time. Each ‘July’ follows a ‘June’,

class_of predecessot
class of (O
individual class_of successor
class. 0f"

periad jin_time

class_of temporal
sequence

Figure 142 — Class of period in time

class_of
period_in_time

June

class of temporal

sequence

class_of predecessor

\

July

class_of successo

T

Figure 143 — July follows June
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4.8.4.8 Role and domain

role_and_domain is a type of class based on what something does in the context of an activity or a
relationship (see 5.2.13.5 and Figure 189). Some role_and_domain classes are purely role only, that
is their membership is unconstrained by any other consideration apart from role (see 5.2.13.4). The
subtype of role is defined for these. However, most role_and_domain classes are intersections of a
pure role with a domain that restricts the type of thing that can act in the role. The model for this is
shown in Figure 144.

relationship
superclass Il
class O subclass specialization

1 (RT)
role and OM specialization
domain by domain

l (RT)

subclass | specialization
role -

by role

(RT)
superclass

Figure 144 — Role and domain

Thq specialization relationship specialization_by_role:is-defined to enable the role superclass of 4
rol¢_and_domain to be defined (see 5.2.13.7). The specialization_by_domain relationship enablgs
the domain superclass of a role_and_domain to b¢’defined (see 5.2.13.6).

EXAMPLE Figure 145 shows ‘controller’ is a role-*Controller person’ is role_and_domain that is a
speg¢ialization of the role ‘controller’ and of the'domain ‘person’. The ‘controller person’ role_and_domain
excludes mechanical ‘controller’s.

specialization
by domain class _of
person

-role /
specialization_
by role
controller / person

role and
domain

~a Controller
person

Figure 145 — Controller person role and domain
4.8.4.8.1 Intended and possible roles
Some individuals, by their characteristics and properties, are suited to play particular roles. This
applies to individuals and to the members of particular classes of individuals (see 5.2.24 and Figure

200). The types of relationship and class_of relationship of this nature recognized by the model are
shown in Figure 146.
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intended_role_and_domain relationships indicate the role_and_domains that an individual is for,
by design or otherwise (see 5.2.24.3).

EXAMPLE 1 A particular ‘2m steel bar with a tapered end’ is intended to play the role of ‘lever’.

A possible_role_and domain relationship indicates a role_and_domain that an individual could
undertake, not by design, but because the individual has properties that are suitable for the role (see

5.2.24.4).

EXAMPLE 2 A particular ‘cube of concrete of mass 20 kg’ could play the role of ‘anchor’.

A class_of intended_role and_demain indicates a role_and_domain that members of the
clags of individual are designedto play (see 5.2.24.1). The characteristics and properties that are
conmpimon to the members of the/class_of individual have been deliberately chosen to enable meml

relationship
player intended _role
— = played
. and_domain —C
possible
individual player -
O posmbleﬁrol.ei played
and domain
class of
relationship
class_of
player | class of intended class_of_
role and domaino | J—Paved
class of
individual class_of_
O player | class of.possible

role_and ‘domain

role and
domain

class_of
played

Figure 146 — Intenided and possible role and domain

to gerform in the designated role_and_domain.

It if important to distinguish role_and_domain classes from class_of functional object classes.
Memmbers of roleCand_domain classes are involved in an activity, whereas members of
clags_of functional_object classes have the capability to be involved. Often these classes, though|

havling differént meanings, have the same names.

EXAMPLE 3

rolel 5

74

Figure

147 shows members of ‘pump’, the class_of function

al_object, ar

¢ intended to

PCTS

play t

(&
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role_and_
domain
class_of
class_of_intended functional object
role_and domain
performer
\ played class_of player
pumper pump

Figure 147 — Intended performer role for pumps

clags of possible role and_domain indicates a role_and_domain that members of the
clags_of_individual can play though not by purpose of their design (see 5.2.24.2).

EXAMPLE 5 Members of ‘Cup’, the class_of functional_object, can play the role of ‘sugar'bowl’.
4.8/4.8.2 Participating role and domain

In general any thing can be a member of a role_and_domain class, thiskincludes individuals and
abstract objects. However, because participants in activities must be/individuals, the subtype

participating_role_and_domain, which restricts members to beifig)individuals, is defined (see
5.2J13.3 and Figure 189). The model for this is shown in Figure 148.

# class

class of
individual

role_and
lJ domain
participating_role
and domain role

Figure 148 — Participating role and domain

4.814.9 Class of-activity

Clapses of activity can be defined by restricting the types of the things involved in the activity clas$
meinbers (s&¢'5.2.10 and Figure 186). The model for this is shown in Figure 149.
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EX/
speg

clag
(seq
clag

EX/
par
par
#78

AMPLE 1 ‘Fluid pressure measurement using an instrument type 167’ is a class)of activity and is a

class of
individual
class of class_of_
recognizin, recognized
gmzng class_of
recognition
class_of
involver class_of_
class_of involved
. role_and
. involvement — =
class_of activity — domain
- by _reference I
class_of class of
whole class_of part O participating_
participation role and domain

Figure 149 — Class of activity

ialization of the ‘measurement’ class_of activity.

s_of participation constrains the types of individuals and theit'rele in the activity class memb
5.2.10.5). A participating role_and_domain is the interséetion of a role_and_domain and 3

s_of individual.

AMPLE 2 Figure 150 shows the ‘instrument type 167 us€das a ‘Measurer’ is a
licipating_role_and_domain. A class_of participation linking the fluid measurement class to this
licipating_role_and_domain constrains the measuremnient to be undertaken with a ‘instrument type 167,

D is a temporal part of a ‘type 167 instrument’ that'participates in the measuring activity #1234.
class_of participating_role_ role and
activity and,domain domain
Measurement \
class of Measurer
participation

flind pressure
measurement with
mstrument type 167

activity

class of
whole ™

class_of
part

Measurer &
type 167
Instrument

participation \

CTS

class of
inanimate
physical object

/

instrument
type 167

physical
object

]
#1234

whole

Vo

N

#789

part

X

Figure 150 — Fluid measurement activity using type 167 instrument

Any number of participating_role_and_domains may be defined for a class_of _activity.

EXAMPLE 3 Figure 151 shows ‘fluid’ in the role of ‘Measured’ is a participating_role_and_domain. A
class_of participation linking the fluid measurement class to this participating_role_and_domain constrains

76
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the measurement to measure a fluid. #S27 is a temporal part of a stream that is measured by the measuring
activity #1234.

participating_role

class_of :
and_domain role and
activity = e phase

clag
rec

EX4
meaq

classification of #S27 by the ‘26 bar’ ‘pressure’ class.

X domain
Measurement class_of Measured fluid
\ participation
Tluid pressure class of class of part
measurement with ~ whole —OLP Measured
& fluid

instrument type

#1234 #s27

Figure 151 — Fluid pressure measurement activity

participation

s_of recognition is a class_of relationship that indicates the.elass of the things that may be
gnised as a result of a member of the class_of activity (see5.2710.6).

AMPLE 4 Figure 152 shows a fluid measurement activity results in the recognition of a classification of|the

sured fluid to a ‘pressure’ property class. The particular measurement activity #1234 results in the

property_
class of space class_of
activity class_oft v classification
recoghition pressure

fluid
pressure

class_of
class of recogiized

fluid pressure tecognizing

measurement
with instrument

participating
role and domain

\ Measured

& fluid

26
bar

recognized

recognizing

activity 4927

s

#1234

R

4.8

participation

Figure 152 — Fluid pressure measurement

.4.10 Class of class of individual

Other subtypes of class_of individual, not explicitly modelled, can be defined as instances of
class_of class_of individual and used to classify the required class_of _individual (see 5.2.7.4 and
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Figure 183). Some important types of class_of class of individual are explicitly modelled as shown
in Figure 153.

class_of class_of whole

class_of_ O class of
class_of_individual O c]ass_of_composition
class_of class_of part

1
—+ class_of property

class_of status

_+ shape dimension

class_of class of
information_
representation

Figure 153 — Class of class of individual
4.8|5 Numbers

4.8/5.1 Arithmetic number

arithmetic_ number is a class_of class as shown in Figure 154 (see 5.2.5.1 and Figure 179). In this

pary of ISO 15926, integer numbers are distinguished\from real numbers. Both are single-dimensiopal
numbers.

class_of class

L+ arithmetic_number |

1

-+ integer number

real_number

—+ multidimensional number

Figure 154 — Arithmetic number

NOTE Representations of numbers is intended to be handled with class_of information_representation.

EXAMPLE 1 Figure 155 shows that there is a class ‘x’ that is a real_number represented by the
EXPRESS real 12.7.
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| class_of identification | |EXPRESS_rea1

pattern

represented

12.7

Figure 155 — Representation of real number

multidime _ 2
(se¢ 5.2.5.7, Figure 180 and Figure 181).

EXAMPLE 2 Figure 156 shows the coordinate triple [1.2, 2.3, -6.8] is a multidimensional_number. /The
ordgr, given by the element number, is significant. The triple [2.3, 1.2, -6.8] is a different triple,

real_number | multidimensional numben

elements

1 [1.2,2,356.8]

Figure 156 — Multidimensional number

4.815.2 Class of number

clags of number is a class_of class that includes both discrete and continuous sets of numbers (sge
5.2)5.3, Figure 179 and Figure 181, The model is shown in Figure 157.

class_of class

rl enumerated set
| class_of number | of class

1
number_set

—+ number_space

—+ number_range

multidimensional
number_space

Figure 157 — Class of number
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4.8.5.2.1 Enumerated number set

enumerated number_set enables discontinuous sets of numbers, either all real numbers or integer
numbers or a mixture of integer and real numbers to be defined (see 5.2.5.4).

EXAMPLE Figure 158 shows the integer_numbers 45, 59, 73 are members of an enumerated_number_set.

No order is implied.

integer number

enumerated number_set

/

4

45,59,73

45

73

Figure 158 — Enumerated numbérset

4.8/5.2.2 Number range

number_ranges are constrained single-dimension number_spaces (see 5.2.5.9). The upper and

lowfer bounds of the range are particular members of the number_range. The model for this is shown

in Higure 159.

class of number

relationship
enumerated
number_set 1
classification
number_space
lower_bound_of classified
classifier number_space
arithmetic
number
_ upper_bound of classified
classifier | pumber _space [

Figure 159 — Bounds of number range

EXAMPLE Figure 160 shows the real_numbers in the range 5.2 to 9.3 is a number_range with lower bound
of 5.2 and an upper bound of 9.3.

80
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lower_bound_of

number range real_number

upper_bound of
number range

number range

classified

52

classifier

5.2-9.3 9.3

4.8

A multidimensional number_space is a continuum of multidimensional numbers (see 5.2.5.8,
Figpire 180 and Figure 181).

EXAMPLE 1 Figure 161 shows ‘R1’, the continuum of all real numbers, is a number_space. ‘R3’, the thre
dimpnsional real number_space, is a multidimensional_number_space, with ‘R1’ as elements 1, 2 and 3.

NOTE ‘R1’ and the entity type real_number of this model are the same thing.

EXAMPLE 2 Figure 162 shows that ‘Complex number’ is a multidimensional number_space. The comp

nun

elements of ‘Complex number’ are defined by the role_and_domains ‘Real part’ and ‘Imaginary part’. The

are
‘Co

ClassiTicr classified

Figure 160 — Number range 5.2 to 9.3

5.2.3 Multidimensional number spaces

number_space - .
5P multidimensional

number_space

R1

elements

R3

Figure 161 — R3 real number space

ber written as 7.1+ 9.3i {s'a multidimensional_number with a real part 7.1 and an imaginary part 9.3. 7

combinations of thé-real or imaginary role with the real_ number domain. The classification of [7.1;9.3]
nplex number’ detérmines the roles of the two numbers.

w

ex
he

by
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multidimensional

number_space

multidimensional
number

Complex number

2

role and domain

Imaginary

part
y Real part
1

real number ‘

4.9

funictional mapping is a type of relationship that maps an input to a result(see 5.2.15.3 and Figyre
. Such mappings can be one-to-one or many-to-one. The former ar¢ known as isomorphic
mappings. Sets or classes of functional mapping relationships form-functions.

191

The

Figure 162 — Complex numbers

Functional mapping

model elements for functional_mapping are shown in Figure 163.

thing

:

abstract_object

relationship

R iy

possible
individual

input

result

functional _ | |
mapping

class

class of
relationship

domain

codomain

class _of
functional mapping

Figure 163 — Functional mapping

EXAMPLE 1 Figure 164 shows data for the function ‘x* where ‘x” is any real_number.

82
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functional_mappings are not restricted to numbers.

EX/

wh
cla
diff
con

‘b’ fe ‘down stream’ pressure of flow across a filter. Pressure ‘¢’ is the ‘difference’ of pressures ‘a’ and ‘b’

)5 npui C result 625

Figure 164 — X* functional mapping

AMPLE 2 Figure 165 shows a pressure ‘difference’ functional _mapping 2’ is the ‘upstream’ pressure

e ‘a’ is the ‘reference’ and ‘b’ is the ‘differand’. The ‘difference’ class of functional mapping links g
_of _multidimensional object consisting of two role_and_domains, the input arguments, with the
brence output role_and_domain. The mapping is not isomorphig'as pressure ‘c’ may be the result of ma
binations ‘a’ and ‘b’.

class of role and_
L. T reference &~ :
multidimensional / domain
object 1 (dlfferand
\ / class of
elefnents functional mapping
difference domain
Inputs codomain
. difference
. ; functional
multidimensional .~ output
- mapping

property \ difference /
\ property _space
[a,b] ﬁh\ ¢

pressure

stream

and

4

Ly

AN
down stream upstream

Figure 165 — Pressure difference functional mapping

Some classes of functional mapping are modelled as explicit subtypes of functional mapping (see
Figure 191). These are shown in Figure 166 below. Three of the subtypes deal with the set operations:
intersection; union; and difference (see 5.2.25). property_quantification and its class counterpart
scale is described in 4.8.4.3.2.

© 1SO 2003 — All rights reserved

83


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

result

| o
functional
mapping inp|—om thing

intersection of | (RT)result
(RT) input — = —=0
(O——— — set _of class

enumerated (RT) input unio?_(i)f_ MC class
- O— set of class
set_of class ==

(RT) input difference_of | (RT)result ~
O——/ ﬁ

set_of class

property (RT) result arithmetic_

Tt . -
property quantification number

(RT) input

Figure 166 — Functional mapping subtypes
EXAMPLE 3 Figure 167 shows three Venn diagrams defining: class ‘I’ that is‘the intersection of classes ‘A’,

‘B’ pnd ‘C’.; class ‘U’ that is the union of classes ‘A’,’B’, and ‘C’; and class, ‘D’ that is the difference of clagses
‘A’] ‘B’ and ‘C’. The model representation by functional mapping typesis'shown in Figure 168.

e

I U

Figure 167 — Venn diagrams of classes A,B,C, I, U, and D
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4.10 Other user-defined relationships

4.1D.1 Other relationship

Many types of relationship are not explicitly modelled. To allow,such relationships to be represent
the fentity type other_relationship has been defined (see 5.2.11.% and Figure 187). The model for {

is illlustrated in Figure 169.

set_of class

result

l

Figure 168 — Intersection, union and difference of classes A, B)C

thing

l

abstract_object

possible
individual

relationship

gk

class

end 1

end 2

class of

abstract_object

other | |
relationship
class of
relationship

bd,
his

Figure 169 — Other relationship

Any two things can be involved in an other_relationship. They are distinguished by the roles end_1
and end_2. other_relationship excludes relationships that are members of the other explicit subtypes
of relationship. The significance or meaning of an other_relationship may be given by classifying it
with one or more class_of relationship (see 5.2.12 and Figure 188).

EXAMPLE Figure 170 shows an ordered pair of individuals consisting of myself for a period of time and a car
for the same period of time that is an other_relationship classified as an ownership relationship. As yet there is
no indication of whether I own the car or the car owns me.
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4.1

Ty

5.2

rold

other

possible_ relationship

individual

end 1

class of
relationship

/

ownership

end 2

me, today

Figure 170 — Ownership relationship

car, today

D.2 Class of relationship with signature

relationship participants, to be specified.

The
clas

EX/
oth

oW
con:

86

es of other_relationship may be classified using class_of relationship_with_signature (see
13.2 and Figure 189). These enable the significance or meaning of the member relationships, th
s of the member relationship participants, and constraints on the domain or typesiof the membg

model for class_of relationship with_signature is shown in Figure\]|71. role_and_domain
ses are used to constrain the two ends of the member relationships.

class —+ role_and domain

O o0
ClaSS_Of_' ;class_of_ i class of
abstract_object i efich 1 end 2
oS of class_of
.~~~ @ relationship_ with
relationship . — -
signature

Figure 171 — Class of relationship with signature

AMPLE 1 The ‘owner’ and\.oWwned’ roles omitted from EXAMPLE 1 may be defined by classifying the
r_relationship as an ownership class_of relationship_with_signature, with the roles of ‘owner’ and

hed’. Figure 172 showsthe data for this. ‘Owner’ and ‘Owned’ are both members of role, as they are not
trained by domain,-Also, both the possible_individuals are members of the respective roles.

= o
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class of
relationship
with_signature

ownership

class_of

end 1
owner /‘ owned

class_of
end 2

| o /

relationship

end_1 end 2
me, the car,

today today

Figure 172 — Ownership class of relationship with sighature

EXAMPLE 2 Figure 173 shows the class of relationship “insertion of individual” modelled using

indi

claSﬁ_of_relationship_with_signature. class_of end_1 refers to the rele_and_domain “inserted &
idual” and class_of end_2 refers to the role_and_domain ‘host'& individual”. The other_relationshi

linkjng the physical_objects #1234 and #AC6756 is a member of the ‘insertion of individual’

class_of relationship.

The|class_of relationship ‘pipe thermowell insertion’ igShown as a specialization of ‘insertion of individugl’

P

The|specialization restricts the domain of class_of end "2 to be ‘pipeline’s and the domain of class_of end [1 to
‘theymowell’s, instead of any individual.

class_of inanimate
physical_object

role and
domain

class_of inanimate

class_of relationship_ physical_object

with_signature

role and
domain

insertion of
individual

class of thermowell

-role pipeline class_of
host & -2 end_1 inserted &
individual individual .
host s inserted
08
T host & pipe thermowell \ ./
ali insertion
plpe/:hne A/ inserted &
physical < class_of_ thermowell
object end_1 other
\ / relationship
#1234 #AC6756
end 2 end_1
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The physical object #1234 is a member of the role_and_domain ‘host & pipeline’, which is a combination of
the role of ‘host’ and the domain of ‘pipeline’. ‘Host & pipeline’ is a subset (specialization) of the
role_and_domain ‘host & individual’. The physical_object #AC6756 is a member of the role_and_domain
‘inserted & thermowell’, which is a specialization the role ‘inserted’ and the domain ‘thermowell’.

4.10.3 Cardinality constraints

Cardinality constraints may also be applied to the members of
class_of relationship_ with_signature.

EXAMPLE Figure 174 shows the use of the cardinality constraints with
cla . . e e A

each member being 6 bolts. The class_of relationship_with_signature ‘6 M8 bolt assembly’ has a cardinality
such that each ‘6 of M8 bolts’ is linked by exactly 6 relationships to different M8 bolts at all times. The
cardinality of a pack for bolts is zero to one, as a bolt may not be in a pack of six, but can only be in‘one such
pack at a time. The class_of relationship_with_signature ‘6 M8 bolt assembly’ is a specialization.of the more
gengral class_of relationship ‘assembly of individual’.Figure 174 also shows one of these relationships forfa
partjcular 6 pack and a particular bolt.

class_of relationship

with_signature role_and
role_and domain assembly of dormain
- = individual
class_of
end 2 class_of
whole & — — end_} part &
individual individual
6 M&bolt
assembly 1 £
s
class_of = M8 Bolt
end 2 ol
physical 6 of M8 — end 1 _cardinality  in=6
- bolt . max=6 -
object olts end 2~ min=0 physical
dther cardinality max=1 ObjeCt
telationship
\ cardinality
#my 6
of M8 bolts end 2 end 1 #l

Figure 174 — 6 of M8 bolts

4.1D.4 Assymetric other relationship classes

clags of\ relationship_with_signature may be combined with
class of i ip_with _end _of i _ _ _end
recognize asymmetric non-explicit class_of relationships (see 5.2.12.3, 5.2.12.4, 5.2.13.2, and
Figure 188). The model elements for this are shown in Figure 175.
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class —+ role_ and domain

2 ¢

class_of i :
- = i class_of  iclass_of
abstract _object {end 1 | end 2

class_of class_of relationship
relationship with_signature

1
class of rn]qh’r\noh;p related | h
PR - thin
with_related end 2 £

class_of relationship related
with_related end 1

Figure 175 — Asymmetric class of relationship with signature

AMPLE Figure 176 shows the use of class_of relationship_with_signature.fo-define the ‘fabrication’

clai_of_relationship. ‘fabrication’ relationships link a ‘manufacturer’ to a ‘product’. A second

_of relationship_with_signature that is also a class_of relationship_ with_related_end_1 is used to
he the specialization of the ‘fabrication’ relationships where the ‘fabfication’ is performed by ‘Bloggs &
The other_relationship, linking the individuals #1234 and ‘Bloggs & Co’, is a member of the

class of relationship ‘fabrication by Bloggs’.

class_of : :
> class of relationship
indivi -role - . -
individual with_signafre

N

physical  anufactured

object
\' / dlass of
end 2
produet
role_aqd_ fabrication
domain 1 by Bloggs §

Bloggs made class_of end 2
products

class_of relationship
with_related end 1

role

fabrication

manufacturer

class_of end 1

physical -
objeet

\ relationship
#1234 end_Z\

other related

Bloggs & Co

end_1

Figure 176 — Bloggs made products

© 1SO 2003 — All rights reserved

89


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

5 Lifecycle integration schema

5.1 Introduction

This clause specifies the schema supporting life-cycle integration. This clause is divided into a
number of subclauses. This division into subclauses is presentational in nature only. The subject areas
described in each subclause are not separate or separable schemas.

NOTE 1 A listing of the complete EXPRESS schema specified in this part of ISO 15926, without comments or
other explanatory text, is available from the Internet - see Annex B.

NOTE 2 This schema does not use all the facilities of the EXPRESS language. Annex C lists facilities that gre
not psed.

5.2 Schema definition
Thq following EXPRESS declaration begins the lifecycle_integration_schema.

EXPRESS specification:

*)

SCHEMA lifecycle integration schema;

(*
5.2|1 Things

Thip subclause contains the declaration of the entity data type thing, which is the root entity data type
of the lifecycle_integration_schema.

NOTE Figure 177 is a diagram of the entity data type(s) defined in this subclause (see also 4.6.1).

90 © I1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

61(2,4,9,11,12,15,16,19

o *id
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52
representation_of Gregorian_date and UTC time

record _creator o1
@ss) | { possible_individual )

Thimng Tecord_copy_created 18.2
7777777777777777 {representation_of_Gregorian_date_and_UTC_time
record logically deleted { 18.2
representation of Gregorian date and AUTC time
why deleted { 17.1
class_of information representation

1 6,1
possible_individual

(ABS)
abstract_object

2,1

class

11,1
relationship

4,1
rnultidimensional_objec)

Figure 177 — lifecycle  integration_schema EXPRESS-G diagram 1 of 29

5.2|11.1 abstract_object

Anjabstract_object isa thing that does not exist in space-time.

EXPRESS specification:

ENTITRY abstract object
ABSTRACT SUPERTYPE
SUBTYPE OF (THINg)

END ENTITY;

(*

5.21.2 thing

A thing is anything that is or may be thought about or perceived, including material and non-material
objects, ideas, and actions.

Every thing is either a possible_individual, or an abstract_object.
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NOTE 1 Every thing is identifiable within a system. System identifiers created by other systems and received
as part of a data exchange may be stored for future reference as an identification, referring to the originating
organisation or system.

NOTE 2 Every example provided for other entity data types declared in this schema is also an example of
thing.

EXPRESS specification:
*)
ENTITY thing
ABSTRACT SUPERTYPE OF (ONEOF (possible individual,
apstract_obJect) s

id : STRING;

record copy created : OPTIONAL
representation of Gregorian date and UTCVtimg;

record created : OPTIONAL
representation of Gregorian date ard, UTC timg;
record creator : OPTIONAL possible individual;
record logically deleted
: OPTIONAL
representation of Gregorian“date and UTC timg;
why deleted : OPTIONAL class_of informafion representatiop;
UNIQUE
UR1 tid;

END ENTITY;

Attribute definitions:

d . an identifiercof the thing for the purposes of record
management within a system

ecord _copy_created : the date and time when this copy of the record was created ip
the current system. This attribute shall have a value only when

the current system is not the originating system.

ecord_created : the date and time on which this record was first created in itp
originating system

ecord_creator : the person, organization or system that first created this recqrd
in the originating system

ecord logically deleted : the date and time that this record was logically deleted

vhy, deleted : the reason why the record was logically deleted

NOTE Logical deletion means that whilst the record is still available in the system as a matter of historical
record, it is no longer considered a valid statement. That is to say it is considered that it was never true.

Formal proposition

UR1 : the id of the thing shall be unique within a system

5.2.2 Classes

This subclause contains the declarations of entity data types that represent classes.
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NOTE Figure 178 is a diagram of the entity data type(s) defined in this subclause (see also 4.6.3 and 4.8).

@(1,3,10,15,16,17,19,.@ 2,3(11)
lassifi classified
O cme classification 1.’1
< thing >

27,7
unper bound of property mnoe)
PPCT —Ql _proj —Lang

27,6
lower bound of property (tange

class

5,9

2,2(11) upper_bound_of mumber_range

€

556
subclass lower beund of number range >

superclass | specialization

O—
1 1
13,1
role and domain 5,1

boundary of number_space

13,6

cardinality ) 27,4
- ) boundary of property space

class_of individual 29,2

specialization_of individual dimension from property

(ABS)
class_of abstract object 13,4
specialization_by domain

3,1
class_of class 13,5

specialization by role
12,1
clags-0f relationship

4,2
cldss) of multidimensional obj e(D

Figure 178 — lifecycle_integration_schema EXPRESS-G diagram 2 of 29

5.2.21 class

A class is a thing that is an understanding of the nature of things and that divides things into those
which are members of the class and those which are not according to one or more criteria.

The identity of a class is ultimately defined by its members. No two classes have the same
membership. However, a distinction must be made between a class having members, and those
members being known, so within an information system the members recorded may change over time,
even though the true membership does not change.
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NOTE 1 The membership of a class is unchanging as a result of the spatio-temporal paradigm upon which this
schema is based. In another paradigm it might be stated that a car is red at one time, and green at another time,
indicating that the class of red things and class of green things changed members. However, using a spatio-
temporal paradigm, a temporal part, state 1, of the car was red, and another temporal part of the car, state 2, was
green. In this way the members of the classes red and green are unchanging. The same principle applies to future
temporal parts as to past temporal parts, it is just more likely that the membership of these is not known.

A class may be a member of another class or of itself.
NOTE 2 The set theory that applies to classes in this model is non-well-founded set theory [3] (see D.2.4). This

permits statements like "class is a member of class", unlike traditional set theories such as Zermelo-Fraenkel set
thedry found in standard texts [4].

Thdre is a null class that has no members.

NOTE 3 The known members of a class are identified by classification.
EXAMPLE 1 ‘Centrifugal pump’ is a class.

EXAMPLE 2 ‘Mechanical equipment type’ is a class.

EXAMPLE 3 ‘Temperature’ is a class.

EXAMPLE 4 ‘Commercial fusion reactor’ is a class.

NOTE 4 Although there is only one class that has no members, thefe can be a class that has no members in fhe
actyal world, but which does have members in other possible.worlds.

EXAMPLE 5 ‘Centigrade scale’ is a class.

EXPRESS specification:

*)

ENTITY class
SUPERTYPE OF (role and domain ANDOR cardinality ANDOR
ONEOF (class_of individual,
class of abstract object))

SUBTYPE OF (abstratct object);
]ND_ENTITY;

5.212.2 class{of abstract_object

A class_of-abstract_object is a class whose members classify members of abstract_object.
EXPRESS specification:

*)

ENTITY class of abstract object
ABSTRACT SUPERTYPE
SUBTYPE OF (class);

END ENTITY;

(*
5.2.2.3 classification

A classification is type of relationship that indicates that the classified thing is a member of the
classifier class.
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Classification is not transitive.

NOTE A subtype of relationship is transitive if when A is related to B, and B is related to C in the same way,
then A is necessarily related to C in that way. specialization and composition are examples of transitive
subtypes of relationship. However, because classification is not transitive does not mean that A cannot be
related to C in the same way, only that it does not necessarily follow from A being related to B and B being
related to C.

EXAMPLE 1 The relationship that indicates that ‘London’ is a member of the class known as 'capital city' is a
classification.

EXAMPLE 2 The relationship that indicates that 'pump' is a member of the class 'equipment type' is a
classification.

EXPRESS specification:

)

ENTITY classification
SUBTYPE OF (relationship);
classified :thing;
classifier :class;
END ENTITY;

(*

Attribute definitions:

flassified : the thing that is a member of the classifier class

flassifier : the class of which the classified thing is a member

5.2|12.4 specialization

A specialization is a relationship thatinhdicates that all members of the subclass are members of the
supprclass. specialization is transitive.

NOTE If A is a specialization of\B and B is a specialization of C, then A is necessarily a specialization of|C.
EXAMPLE ‘Centrifugal pump’ is a specialization of ‘pump’.

EXPRESS specification:

*)

ENTITY <specialization

SUPERTYRE OF (ONEOF (
boundary of number space,
boundary of property space,
specilalization by domain,
specialization by role,
specialization of individual dimension from property)
)

SUBTYPE OF (relationship);

subclass :class;

superclass :class;

END ENTITY;
(*
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Attribute definitions:

subclass

superclass

5.2.3

: the class that is a specialization of the superclass class

: the class that is a generalization of the subclass class

Classes of class

This subclause contains the declarations of entity data types that represent classes of class.

NOFETFrgure 79 sadragramroftheentity datatypets)defimed-mrthssubctause:
3,12)
3,3(12)
class_of superclass
class of subclass cla.ssh_ofT
specialization
class_of class 3,2(12)
O
class of classifier class of class_of classified / 2,1 \
classification \_ class /
25,1
enumerated set of class
5,7
arithmetic_number
752
class_of €lass of individual
14,2
cldss) of class of relationship
53
class_of number
class_of property space
2905 A
class_of shape dimension J
Figure 179 — lifecycle_integration_schema EXPRESS-G diagram 3 of 29
5.2.3.1 class_of class

A class_of class is a class whose members are instances of class.
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NOTE When it is necessary to classify a class_of class, another class_of class can be used. This is because a
class_of class is a class.

EXPRESS specification:
*)
ENTITY class of class
SUPERTYPE OF (ONEOF (
arithmetic number,
class of class of individual,
class _of class of relationship,
class_of number,
Class_OL_property space,
class _of shape dimension)
ANDOR enumerated set of class)
SUBTYPE OF (class of abstract object);
END ENTITY;

( *
5.2[3.2 class_of_classification

A class_of _classification is a class_of_relationship whose members are meémbers of classification.
A class_of classification indicates that a member of the class_of clasSified class is classified by ¢ne
or thore members of the class_of classifier class_of class.

EXAMPLE The link between class ‘centrifugal pump’ and the class:;of property ‘RPM’, indicating that a
‘cerftrifugal pump’ is a member of at least one ‘RPM’ class, can be represented by an instance of
class_of classification.

EXPRESS specification:

)

ENTITY class of classification

SUBTYPE OF (class_of relationship);

class of classified :class;

class _of classifier :class_of class;
END ENTITY;

Attribute definitions:

lass_of classified : the class that is the class _of classified in the
class_of classification

tlass of classifier : the class_of class that is the class_of classifier in the
class_of classification

5.2.3.3 class_of_property_space
A class_of property space is a class_of class whose members are members of property_space.

EXAMPLE 1 Property curves, property areas, and property volumes of various dimensionality and degrees of
freedom are members of class_of property space.

EXAMPLE 2 ‘Pump performance curve’ is an example of class_of property_space.
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EXPRESS specification:

*)

ENTITY class of property space
SUBTYPE OF (class_of class);
END ENTITY;

( *
5.2.3.4 class_of_specialization
A class_of specialization is a class_of relationship whose members are instances of specialization.

It indicates that a member of the class of subclass is a subclass of a member of the
clags_of superclass.

EXAMPLE The class_of specialization that indicates that members of the class "family of ASME(bolts", d.g.
3 infh, 2 inch bolts, are specializations of members of the enumerated_property_set "set of bolt lengths", d.g.
3 inth, 2 inch.

EXPRESS specification:

*)

ENTITY class_of specialization

SUBTYPE OF (class of relationship);

class _of subclass :class_of class;
class of superclass :class_of clas$éy
END ENTITY;

(*

Attribute definitions:

tlass of subclass : the class -of* class whose members are the subclass in the
membefs) of the class_of_specialization

flass_of superclass : theclass_of _class whose members are the superclass in the
members of the class_of specialization

5.2(4 Multidimensional objects

[72)

Thip subclause contains.thie declarations of entity data types that represent multidimensional object

NOTE Figure 1803s-2'diagram of the entity data type(s) defined in this subclause (see also 4.6.5, 4.8.4.3.6, and
4.8.5.2.3).
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A class_of multidimensional object is a class whose members are instances of
multidimensional_object. The role played by each position in the classified
multidimensional object is specified at the same position in the roles attribute. Constant values that
apply to any position in roles are specified in the same position in the parameters attribute. The
cardinalities for the roles attribute are specified by the same position in the cardinalities attribute.

EXAMPLE The definition of the input to a function y = a + bx to convert Celsius to Fahrenheit with roles [a, b,
x] defining the input multidimensional_object, and parameters list [32,1.8] with parameter_position list
[1,2] is an example of a class_of multidimensional object.
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EXPRESS specification:

*)

ENTITY class_of multidimensional object
SUBTYPE OF (class_of abstract object);

cardinalities

optional element

parameters

parameter position

roles

: OPTIONAL LIST [1:?] OF cardinality;
: LIST [l:?] OF BOOLEAN;
OPTIONAL LIST [1:?] OF thing;
OPTIONAL LIST [1l:?] OF INTEGER;
LIST [1:?] OF role and domain;

END ENTITY;
(*

Attribute definitions:

ardinalities

specified for all roles.

pptional _element

it is mandatory.
parameters

parameter_position
parameters

5.2(4.2 multidimensional_object

: the list of cardinalities that apply to the roles.
If no cardinality is specified, then there are no constraints on
the cardinality. If the cardinality is specified, then it shall bej

: indicates if the element in this list position in a
multidimensional_object that is a‘member of this
class_of multidimensional object is optional (or mandatofy).
The value TRUE means it is-0ptional, the value FALSE means

: the list of parametersiassociated with the roles

: the list of positious relative to the roles for the list of
NOTE 2 This attribute is necessary because the EXPRESS LIST
datatype’does not allow empty positions. The list of positions

prevides the mapping to the role positions.

oles .- the roles associated with the classified
multidimensional object

A multidimensional’ object is an abstract_object that is an ordered list of thing. The significancg¢ of
the multidimensional_object is determined by being a member of a

clags_of multidimensional_object that indicates the role played by each of its elements.

NOT'E.”Fhe multidimensional object [A,B,C] is different from [B,C,A].

EXAMPLE [32, 1.8, 20] is a multidimensional_object that may be specified to be the input parameters for the

function y=a+bx to convert 20 Celsius to Fahrenheit.

EXPRESS specification:
*)

ENTITY multidimensional object

SUPERTYPE OF

(ONEOF (multidimensional property space,
multidimensional number,

multidimensional property,
multidimensional number space,

multidimensional scale))

100
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SUBTYPE OF (abstract object);

elements
position

END ENTITY;

(*

Attribute definitions:

elements

LIST [1:?] OF thing;
OPTIONAL LIST [1:?] OF INTEGER;

The role of each thing is determined by a classifying
class_of multidimensional object.

03(E)

: the list of thing that constitute the multidimensional object.

]

5.2
Thi

NO

hosition

5 Numbers

: the position of the element relative to the list of roles inthe

classifying class_of multidimensional_object. The'glemer]
shall be listed in ascending order. This attribute is‘required

when some elements are missing. The EXPRESS)list data t
does not allow empty elements in the list. This attribute, whi

ts

pe
En

present, supplies the mapping information., When this attribyite

has no value, then all elements are preSent.

5 subclause contains the declarations of entity data types that'fepresent numbers.

[E Figure 181 is a diagram of the entity data type(s) defined in this subclause (see also 4.8.5).
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5.2.5.1 arithmetic_number

An arithmetic_number is a class_of class whose member classes have the same sign and count or
magnitude. An arithmetic_number is the number itself, not any representation of the number.

NOTE integer _number is not a subtype of real_number. The members of integer number are part of a
different continuum from the members of real_number, but are isomorphic to a subset of it.

EXAMPLE 1 The number 2 and the number 2.0 can be represented by instances of arithmetic_number.
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EXAMPLE 2 Fifteen, the number itself not the English word "fifteen", is an arithmetic_number. It could be
represented by an EXPRESS integer or but could also be represented by "XV", or a binary, or a hexadecimal
representation.

EXPRESS specification:

*)

ENTITY arithmetic number

SUPERTYPE OF (ONEOF (real number, integer number,
multidimensional number))
SUBTYPE OF (class_of class);

END ENTITY;

(*

5.2

to

EX/

5.2 boundary_of_number_space

A l)undary_of_number_space is a specialization that indicates that a number_space/is a bound

other number_space.

AMPLE The side of a cube in R3 is a number_space that is a plane in R3 and that is a boundary to the

number_space that is a cube in R3.

EX

PRESS specification:

)

5.2

Ac

EX/

EX

ENTITY boundary of number space

SUBTYPE OF (specialization);
SELF\specialization.subclass: number, space;
SELF\specialization.superclass $ number space;
END ENTITY;

5.3 class_of_number
Jass of number is a class_of class whose members are members of arithmetic number.
AMPLE The class of prime numbers can be represented by an instance of class_of number.

PRESS specification:

(*

5.2

ENTITY classtof number
SUPERTYPENOF (ONEOF (number space, enumerated number set))
SUBTYPE, OF (class _of class);

END ENTEITY ;

54 enumerated_number_set

An

enumerated_number_set is a class_of number and an enumerated_set of class.

EXAMPLE The set of integer numbers {3,4,5} can be represented by an instance of enumerated_number_set.

EXPRESS specification:

)

ENTITY enumerated number set

SUBTYPE OF (class_ of number, enumerated set of class);

END ENTITY;

(*
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5.2.5.5 integer_number
An integer_number is an arithmetic_number that is an integer number.

EXAMPLE 1, 2, and 10 are representations of integer numbers.

EXPRESS specification:

*)

ENTITY integer number
SUBTYPE OF (arithmetic number) ;

END ENTITY;

(*

5.2(5.6 lower_bound_of _number_range

A lpwer_bound_of number_range is a relationship that indicates an arithmetic @umber is the

lowjest value in a number_range.
EXAMPLE 3.1 is the lower bound of the range [3.1 to 5.3].

EXPRESS specification:

*)

ENTITY lower bound of number range

SUBTYPE OF (classification);

SELF\classification.classified ¢ arithmetic number;
SELF\classification.classifier : number range;

END ENTITY;

(*

Attribute definitions:

the number_range

tlassifier : the number_range that as classifier is bounded by the
arithmetic_number

5.2[56.7 multidimensional_number

tlassified : the arithmetic_number that as classified is the lower bound to

A multidimensional number is an arithmetic number that is also a multidimensional object.

EXAMPLE [3.2, 5.4, 55.6] is a multidimensional number.

EXPRESS specification:

*)

ENTITY multidimensional number
SUBTYPE OF (arithmetic number, multidimensional object);

END ENTITY;
(*

5.2.5.8 multidimensional_number_space

A multidimensional number_space is a number_space and a multidimensional object.
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EXAMPLE R3, the space defined as being all the triples of real numbers (e.g. 1.0, 2.1, 5.4), is a
multidimensional number_space.

EXPRESS specification:

*)

ENTITY multidimensional number space
SUBTYPE OF (number space, multidimensional object);
END ENTITY;

(*

5.2[5.9 number_range
A number_range is a one-dimensional number_space.
EXAMPLE The number_space -273.1 to +infinity is a number_range.

EXPRESS specification:

)

ENTITY number range
SUBTYPE OF (number space);
END ENTITY;

(*
5.2|5.10 number_space

A nlumber_space is a class_of number that is a continuum.

EXAMPLE The integers from 1 to 5 and the reals from®.000 to 1.000 are examples of number_space.

EXPRESS specification:

*)

ENTITY number space

SUPERTYPE OF (ONEOE (number range, multidimensional number space)
SUBTYPE OF (class Ofi*number) ;

END ENTITY;

5.2|5.11 real_number

A real_numbep’is an arithmetic_number that is a real number.

EXAMPIE-3.2146 is a representation of a real_number.

EXPRESS specification:

*)
ENTITY real number
SUBTYPE OF (arithmetic number) ;
END ENTITY;

(*
5.2.5.12 upper_bound_of_number_range

An upper_bound_of number range is a relationship that indicates an arithmetic number is the
largest value in a number_range.
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EXAMPLE 5.3 is the upper bound of the range [3.1 to 5.3].

EXPRESS specification:

*)

ENTITY upper bound of number range
SUBTYPE OF (classification);
SELF\classification.classified : arithmetic number;
SELF\classification.classifier : number range;

END ENTITY;
(*

Attribute definitions:

Flassified : the arithmetic_number that as classified is the upper bound to
the number_range

lassifier : the number_range that as classifier is bourided in the
upper_bound_of number_range

5.2/16 Possible individuals

Thip subclause contains the declarations of entity data types that represent possible individuals.

NOTE Figure 182 is a diagram of the entity data type(s) defined;in this subclause (see also 4.6.2 and 4.7).
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5.2|6.1 actual_individual

Anjactual_individualis a possible_individual that is a part of the space-time continuum that we
inhabit. It exists.ifi the present, past, or future of our universe, as opposed to some imagined universe.

NOTE Thetthings we plan can usually only be assumed to be part of some imagined universe, until they corhe
abofit.

EXAMPLE T The Eiffel Tower is an actual_individual.
EXAMPLE 2 The computer used to edit this part of [ISO 15926 is an actual_individual.

EXAMPLE 3 The fictional character, Sherlock Holmes, is a possible_individual who is not an
actual_individual.

EXAMPLE 4 The Earth in the year 2300 (assuming it still exists) is an actual_individual.
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EXPRESS specification:

*)

ENTITY actual individual
SUBTYPE OF (possible individual);
END ENTITY;

(*
5.2.6.2 arranged_individual

An arranged_individual is a possible_individual that has parts that play distinct roles with respect
to the whole. The qualities of an arranged individual are distinct from the qualities of its parts.

EXAMPLE 1 The vessel with serial number V-1234 is an arranged_individual.
EXAMPLE 2 The company Bloggs & Co. is an arranged_individual.

EXAMPLE 3 A laptop computer that consists of the main unit with its removable CD-ROM\and floppy disk
drivies and power supply cables is an arranged_individual.

EXPRESS specification:

*)

ENTITY arranged individual
SUBTYPE OF (possible individual);
END ENTITY;

(*

5.2[6.3 arrangement_of_individual

of gn arranged_individual. The temporal extent of the part is that of the whole.

An {rrangement_of_individual is a composition%éf_individual that indicates that the part is a part
An

rrangement_of_individual may be an assembly_of_individual.
NOTE 1 The term "arranged" implies that parts have particular roles with respect to the whole.

NOTE 2 The natures of the relation8:to other parts of the whole are not specified by the arrangement relatiof.
Relationships like connection_of \individual and relative_location would indicate this.

EXAMPLE 1 The relationship that indicates that a particular aircraft is flying as part of a formation can be
reptesented by an instapce.of arrangement_of individual.

EXAMPLE 2 Thérelationship that indicates that a particular bin in a warehouse is part of the warehouse layjout
can |be represented by an instance of arrangement_of individual.

EXPRESSspecification:

*)

ENTITY arrangement of individual

SUPERTYPE OF (ONEOF (assembly of individual, feature whole part))
SUBTYPE OF (composition of individual);

SELF\composition of individual.whole : arranged individual;

END ENTITY;
(*

Attribute definitions:

whole : the arranged_individual that is the whole in the
arrangement_of individual
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5.2.6.4 assembly_of_individual

An assembly_of individual is an arrangement_of individual that indicates that the part is
connected directly or indirectly to other parts of the whole. The parts and wholes are super-molecular
objects.

NOTE Composition of molecules and smaller is represented through instances of
class_of arrangement of individual.

EXAMPLE The relation that indicates that a temporal part of an impeller is a part of an assembled pump can be

1l Y - 12 2.l 1
reprcscﬂc&bymmcmmy_m_muuluuan.

EXPRESS specification:

*)

ENTITY assembly of individual
SUBTYPE OF (arrangement of individual);

END ENTITY;
(*

5.216.5 composition_of_individual

A cpmposition_of individual is a relationship that indicates that'the part possible individual is
par{ of the whole possible_individual. A simple composition is‘indicated, unless a subtype is
instantiated too. composition_of individual is transitive.

NOJE Simple composition means that for example no arrangeinent of parts is necessarily implied or of
congern. Where there is an arrangement of parts, this is indicated by an arrangement_of individual, which| by
beirlg a subtype, implies also a simple composition.

EXAMPLE A grain of sand being part of a pile of'sand is an example of composition_of individual.

EXPRESS specification:

*)

ENTITY composition ofitdindividual
SUPERTYPE OF (ONEOF (arrangement of individual, temporal whole part,
participation, temporal bounding))
SUBTYPE OF (reglationship);
part :possible individual;
whole :possible individual;
END ENTITYq

(*

Attribute definitions:

part : the possible_individual that is part of the whole
possible_individual

whole : the possible_individual that is the whole in the
composition_of individual
5.2.6.6 feature_whole_part

A feature_whole_part is an arrangement_of individual that indicates that the part is a non-
separable, contiguous part of the whole.
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NOTE This includes wholes that cannot be non-destructively disassembled and reassembled such as the cast
inlet flange of a pump.

EXAMPLE The relation that indicates that a flange face is part of a flange can be represented by an instance of
feature_whole part.

EXPRESS specification:

)

ENTITY feature whole part
SUBTYPE OF (arrangement of individual);
LND BNTLTY

(*

5.2[6.7 functional_physical_object

A flinctional_physical_object is a physical_object that has functional, rather than-material,
confinuity as its basis for identity. Adjacent temporal parts of a functional physical object need ot
have common matter or energy, provided the matter or energy of each temporal part fulfils the sanfe
fungtion.

EXAMPLE The heat exchanger system known as tag E-4507, which is part of-a distillate transfer system, cqn
be represented by an instance of functional physical object. This is distinct from the "shell and tube heat
exchanger manufacture number ES/1234" that was installed as E-4507when the plant was first built and latg
rempved when worn out, to be replaced by a new heat exchanger with.different serial number. "Shell and tuf
hea{ exchanger manufacture number ES/1234" and its differently ittimbered replacement can be represented py
instances of materialized_physical_object. When ES/1234 is.installed as E-4507 there is a temporal part of
ES/|234 that is also a temporal part of E-4507.

o

EXPRESS specification:

*)

ENTITY functional physical ebject
SUBTYPE OF (physical obgect) ;
END ENTITY;

( *
5.2(6.8 materialized_physical_object

A materialized_physical object is a physical_object that has matter and/or energy continuity as fts
bas]s for identity. Matter or energy continuity requires some matter or energy to be common to
adjgcent temporakparts of the materialized_physical_object. Replacement of some components ffom
timg to time dogs not create a new identity.

EXAMPLE “The shell and tube heat exchanger with manufacture's serial number ES/1234 can be representegl by
an ipstance of materialized_physical object.

EXPRESS specification:

)

ENTITY materialized physical object
SUBTYPE OF (physical object);

END ENTITY;
(*

5.2.6.9 period_in_time

A period_in_time is a possible_individual that is all space for part of time - a temporal part of the
universe.
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EXAMPLE 1 July 2000 is an instance of period_in_time.

EXAMPLE 2 The period described by UTC 2000-11-21T06:00 to UTC 2000-11-21T11:53 is an instance of
period_in_time compliant with ISO8601.

EXPRESS specification:

*)

ENTITY period in time
SUBTYPE OF (possible individual);
END ENTITY;

(*
5.2[6.10 physical_object

A physical _object is a possible_individual that is a distribution of matter, energy, orboth.
EXAMPLE 1 A piece of metal is a physical_object.

EXAMPLE 2 A tree is a physical_object.

EXAMPLE 3 The thing identified by tag P101 is a physical_object.

EXAMPLE 4 A light beam is a physical_object.

EXAMPLE 5 A tank that is built and dismantled on site is both azmaterialized_physical_object and a
fun¢tional_physical_object.

EXPRESS specification:

*)

ENTITY physical object

SUBTYPE OF (possible individual);

END ENTITY;

5.2[6.11 possible_individual

A possible_individual is @ thing that exists in space and time. This includes:
— |things where any, of the space-time dimensions are vanishingly small,

— [those that-are either all space for any time, or all time and any space,

— |the entirety of all space-time

+las ot 4+ 1 e h) ratadd
I Llllllsb uiat a\.«Luau_y CVAISL, ULl 11Id VU UVAISIVU,
— things that are fictional or conjectured and possibly exist in the past, present or future,
— temporal parts (states) of other individuals,

— things that have a specific position, but zero extent in one or more dimensions, such as points,
lines, and surfaces.

In this context existence is based upon being imaginable within some consistent logic, including
actual, hypothetical, planned, expected, or required individuals.
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EXAMPLE The pump with serial number ABC123, Battersea Power Station, Sir Joseph Whitworth,
Shakespeare, and the starship "Enterprise" can be represented by instances of possible_individual.

EXPRESS specification:

)

ENTITY possible individual

SUBTYPE OF (thing);

END ENTITY;

(*

5.2

As

EX/
haz3

EX

6.12 spatial_location
patial_location is a physical_object that has continuity of relative position.

AMPLE Geographic datum, license block, construction area, country, air corridor, maritime traffic zone
ird control zone, 4D points, lines, planes, solids.

PRESS specification:

5.2

As
bas
are

EX{4
EX/

EX

ENTITY spatial location
SUBTYPE OF (physical object);
END ENTITY;

6.13 stream

tream is a physical_object that is material or.eaérgy moving along a path, where the path is th
s of identity and may be constrained. The stream consists of the temporal parts of those things
in the stream whilst they are in it.

AMPLE 1 Flux is a 4D-constrained case of stream where the path crosses a surface.

AMPLE 2 The naphtha flowing.iir'a pipe between a crude distillation unit and a platformer is a stream.

PRESS specification:

*)

(*

5.2

ENTITY stream
SUBTYPE{DF(physical object);
END ENTLTY

6.14.' temporal_whole_part

b
-

that

A temporal_whole_part is a composition_of_individual that indicates that one possible_individual
is a temporal part of another possible_individual. The spatial extent of the temporal part is that of the
temporal whole for the period of the existence of the temporal part.

Relationships that apply to the whole possible_individual also apply to the temporal parts of the
possible_individual, except when the relationships relate to the temporal nature of the whole. So if a
possible_individual is connected so are all its temporal parts, but being a whole_life_individual is

not

112

inherited by its temporal parts.
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NOTE Since temporal whole_part is transitive (inherited from its supertype) a hierarchy of temporal parts is
possible, with a whole_life_individual at the top.

EXAMPLE 1 The relation that indicates that an operating period of a pump is a temporal part of the pump can
be represented by an instance of temporal_whole_part.

EXAMPLE 2 The relationship that indicates that the time period known as March 1999 is part of the period
known as 1st Quarter 1999 can be represented by an instance of temporal_whole_part.

EXPRESS specification:

*)

(*

5.2

AW
not
clag

NO
the

EX/
of W

EX/

EX

ENTTTY—temporar_whote _part
SUBTYPE OF (composition of individual);
END ENTITY;

6.15 whole_life_individual

'hole_life_individual is a possible_individual that is a member of a class_ of* individual, and
a temporal part of any other possible_individual that is also a member,of-the same
s_of individual. A whole_life individual includes its past and future:

[E A possible future temporal part of the whole_life_individual is a-possible_individual that is related
whole_life_individual by a temporal_whole_part relation.

AMPLE 1 A plastic cup (bounded by its creation and destruction events) can be represented by an instar

AMPLE 2 The universe for all time is a whole_life_individual.

PRESS specification:

)

5.2

Thi

NO

ENTITY whole life individuadl
SUBTYPE OF (possible individual);

END ENTITY;

7 Classes of individual

5 subclause contains the declarations of entity data types that represent classes of individual.

[E Figure1837is a diagram of the entity data type(s) defined in this subclause (see also 4.8.4 and 4.8.4.1

1S

ce

hole_life_individual. The cup whilst it stands on this table{s a temporal part of this whole_life_individual.

0).
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5.2.71 class_of_arrangement_of_individual

A class_of arrangement_of_individual is a class_of composition_of_individual whose members
are instances of arrangement_of_individual.

EXAMPLE The fact that water is made up of H,O molecules is an instance of
class_of arrangement of individual.

EXPRESS specification:

*)

ENTITY class of arrangement of individual
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SUPERTYPE OF (ONEOF (class of feature whole part,
class of assembly of individual, namespace))
SUBTYPE OF (class of composition of individual);
SELF\class of composition of individual.class of whole
class_of arranged individual;
END ENTITY;

(*

Attribute definitions:

class_of whole : the class_of_arranged_individual that is the class_of whole
n the class_of_arrangement of individual

5.2[7.2 class_of_assembly_of_individual

A class_of _assembly_of individual is a class_of arrangement_of individual whos¢ members gre
instances of assembly_of individual.

EXAMPLE That impellers are parts of centrifugal pumps is a class_of assembly-of individual.

EXPRESS specification:

*)

ENTITY class of assembly of individual
SUBTYPE OF (class of arrangement of indiwidual);
END ENTITY;

( *
5.2|7.3 class_of_class_of_composition

A cJass_of class_of composition is a class_of class_of relationship whose members are instan¢es
of dlass_of composition. It indicates that.a member of a member of the class_of class of partis @
pary of a member of an instance of the\class of class_of whole.

EXAMPLE Toxicity description js-a-class_of class of part of a material data sheet, where the description 'fhas
cardinogenic components" is a ¢lass” of part on the Mogas Material Safety Data Sheet, and copy #5 of the
Mogas Material Safety Data/Sheet has "has carcinogenic components" as a part.

EXPRESS specification®

*)

ENTITY class of class of composition
SUBTYPE OF (class of class of relationship);
class of class of part :class_of class of individual;
class of class of whole :class_of class of individual;
NP ENTTITY; _ _ _

(*

Attribute definitions:

class_of class of part : the class_of class_of individual that is the
class_of class of part in the class of class of composition

class of class of whole : the class_of class of individual that is the

class_of class_of whole in the
class_of class of composition
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5.2.7.4 class_of_class_of_individual

A class_of class_of individual is a class_of class whose members are instances of
class_of individual.

EXAMPLE "Premium Product" is a class_of class_of individual that has class_of individual "mogas" as a
member.

EXPRESS specification:

)

ENTITY class of class of individual
SUPERTYPE OF (ONEOF (class of class of information representatlofi
class_of property, class of status,
shape dimension))
SUBTYPE OF (class_of class);
END ENTITY;

(*
5.2[7.5 class_of_composition_of_individual

A class_of composition of individual is a class_of relationship whose members are members ¢f
composition_of_individual.

EXAMPLE That piles of sand may have grains of sand as parts is annexample of
class_of composition_of individual.

EXPRESS specification:

)

ENTITY class of composition ofpindividual

SUPERTYPE OF (ONEOF (class,of’ arrangement of individual,
classy 00 temporal whole part,
class Jof participation))

SUBTYPE OF (class_ of (relationship) ;

class_of part :class_of individual;

class of whole :class_of individual;

END ENTITY;

Attribute definitions:

tlass of\patt : the class_of individual that is the class_of part in the
class_of composition_of individual

‘lnu_nf_whnh: - the “IZISS_Df_il]dillid]]aI that is the class_nf_ hole in {1
class_of composition_of individual

5.2.7.6 class_of_event
A class_of event is a class_of individual whose members are members of event.

EXAMPLE Continuous and instantaneous are instances of class_of event. A continuous event is one such as a
stream boundary flowing through a pipe.
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EXPRESS specification:
*)
ENTITY class _of event

SUBTYPE OF (class of individual);
END ENTITY;

(*

5.2.7.7 class_of_feature_whole_part

A class_of feature whole part is a class_of arrangement of individual whose members are
instances of feature whole part.

EXAMPLE Thermowells have stems, and tables have tops are examples of class_of feature_whole parnt.

EXPRESS specification:

)

ENTITY class of feature whole part
SUBTYPE OF (class_of arrangement of individual);
END ENTITY;

5.2[7.8 class_of_individual

A class_of_individual is a class whose members are instances\of*possible_individual.

EXAMPLE The class known as 'engineer', whose members are’people qualified or skilled in engineering
prinkiples and practices can be represented by an instance ofclass_of individual.

EXPRESS specification:

*)

ENTITY class of individual
SUPERTYPE OF (ONEOF (
class”of event,
class of arranged individual,
glass of period in time,
individual dimension,
property,
status
)
ANDOR participating role and domain)
SUBTYPE~OF (class) ;
END ENTLTY;

(*

5.2179 class_of period in_time

A class_of period_in_time is a class_of individual whose members are instances of
period_in_time.

EXAMPLE Monday and June are examples of class_of period_in_time.

EXPRESS specification:

)

ENTITY class of period in time
SUBTYPE OF (class of individual);
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END ENTITY;

(*
5.2.7.10 class_of_point_in_time

A class_of point_in_time is a class_of event whose members are members of point_in_time.
EXAMPLE Midnight is a class_of point_in_time.

EXPRESS specification:

*)

ENTITY class of point in time

SUBTYPE OF (class of event);

END ENTITY;

5.2|7.11 class_of_status

A class_of status is a class_of class_of individual whose members are a status.

EXAMPLE An example of class_of status is approval, with members: not assessed, approved, rejected.

EXPRESS specification:

ENTITY class_of status
SUBTYPE OF (class of class of individmal);
END ENTITY;

( *
5.2[7.12 class_of_temporal_whole_part

A class_of temporal_whole_part is a class_of composition_of_individual whose members are
meinbers of temporal _whole part.

EXAMPLE The class that indicates,that Crude Distillation Units may have a maximum naphtha mode can He
represented by an instance of class-of temporal_whole_part.

EXPRESS specificationt

*)

ENTITY cldgs” of temporal whole part
SUBTYRE™OF (class of composition of individual);
END ENTITY ;

(*

5.2l743 status

A status is a class_of individual that is a characteristic or quality that is described by discrete,
unordered values.

EXAMPLE The classes known as 'open', 'painted’, 'approved', 'old', 'new', 'worn', 'hazardous', 'safe', 'dangerous',
'happy', 'sad', and 'rusty' can all be represented as instances of status.

NOTE Degrees of openness or paintedness are represented as instances of property and not instances of status.
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EXPRESS specification:

*)

ENTITY status
SUBTYPE OF (class of individual);
END ENTITY;

(*
5.2.8 Classes of arranged individual

This subclause contains the declarations of entity data types that represent classes of arranged
individual.

NOTE Figure 184 is a diagram of the entity data type(s) defined in this subclause (see also 4.7.9 and 4.8.471)).

class_of arranged
individual

class_of biological
matter

class of
inanimate
physical object

classiof functional
object

class_of composite
material

lass_of person [O= class_of organism

phase

class_of particulate

class_of feature material

class_of compound

class of
organization crystalline_structure
class_of molecule
10,1
class_of activity
class_of atom
class_of sub_atomic
class_of - T -

. ) . article
information_object P

class_of information
presentation

17,1
class_of_information_representatiorD

Figure 184 — lifecycle_integration_schema EXPRESS-G diagram 8 of 29
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5.2.8.1 class_of_arranged_individual

A class_of arranged_individual is a class_of individual whose members are an arrangement of
components.

EXAMPLE Robocop is a class_of arranged_individual that has some parts that are members of some
class_of inanimate physical object and parts that are members of some class_of organism.

NOTE 1 The EXPRESS ONEOF (mutually excluswe) constraint on some of the subtypes does not prevent a
pa . o B . 9 7

class of blologlcal matter and a member of a partlcular class of comp0s1te materlal Itis only the class S
therhselves that are not members of more than one of the entity types.

NOTE 2 Specifications or descriptions of useful objects are often intersections of several arrangemeént classgs,
alloping both shape and material aspects to be constrained. In this part of ISO 15926, such intersections are
merpbers of class_of arranged_individual, class_of feature, class_of inanimate_physieal “object,
class_of organization, class_of activity, class_of organism, or class_of information. object.

EXPRESS specification:

*)

ENTITY class of arranged individual
SUPERTYPE OF (ONEOF (
class_of atom,
class _of biologicalkmatter,
class of compositeZmaterial,
class_of compoundy
class_of functddnal object,
class _of information presentation,
class of information representation,
class_of molecule,
class 0b particulate material,
clasls )of sub atomic particle,
crystalline structure,
phase)
ANDOR class of organization
ANDOR class of activity
ANDOR class_of information object
ANDOR class of feature
ANDOR ONEOF (class of organism,
class of inanimate physical object))
SUBTYPE OF (class_of 1nd1v1dual)
END ENDITY;

(*

5.2.872class_of _atom
A class_of atom is a class_of arranged_individual whose members are atoms.
EXAMPLE All entries in the periodic table of elements can be represented by instances of class_of atom.

EXPRESS specification:

*)

ENTITY class of atom
SUBTYPE OF (class of arranged individual);
END ENTITY;

(*
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5.2.8.3 class_of_biological_matter

A class_of biological_matter is a class_of_arranged_individual whose members are particular
types of cell or aggregations of cells.

EXAMPLE The classes known as 'blood', 'enzyme', and 'plasma’' can be represented by instances of
class_of biological matter.

EXPRESS specification:

*)

ENTITY class of biological matter
SUBTYPE OF (class of arranged individual);
END ENTITY;

5.2|8.4 class_of_composite_material

A class_of composite _material is a class_of arranged_individual whose-members have a comimon
arrgngement of separable compounds.

EXAMPLE 1 Laminates such as plywood, fibreglass, and carbon fibre eanybe represented by instances of
class_of composite_material.

EXAMPLE 2 Wood, muscle, and skin can be represented by instances of class_of composite material.

EXPRESS specification:

*)

ENTITY class of composite mategial
SUBTYPE OF (class of arranged individual);

END ENTITY;
(*

5.2|8.5 class_of compound

A class_of compound isa-class_of arranged_individual whose members consist of arrangements
of molecules of the same-or different types, bound together by intermolecular forces. This includes
both mixtures and alloys.

EXAMPLE Water;sulphuric acid, sand, limestone, and steel can be represented by instances of
class of compound.

EXPRESS specification:

*)

ENTITY class_of compound
SUBTYPE OF (class of arranged individual);

END ENTITY;
(*

5.2.8.6 class_of feature

A class_of feature is a class_of arranged_individual whose members are contiguous, non-
separable parts of some possible_individual and have an incompletely defined boundary.
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EXAMPLE The classes known as 'mountain’, 'groove', 'rim', 'nozzle', 'nose', and 'raised face' can all be
represented as instances of class_of feature.

EXPRESS specification:
*)
ENTITY class of feature

SUBTYPE OF (class of arranged individual);
END ENTITY;

(*

5.2.8.7 class_of_functional_object

A class_of functional object is a class_of arranged_individual that indicates the function or
purpose of an object.

EXAMPLE Pump, valve, and car are examples of class_of functional object. Particular models of pump,
valyle, car, etc are instances of class_of inanimate physical _object that are specializationsofthese instances
of class_of functional_object.

EXPRESS specification:

*)

ENTITY class_of functional object
SUBTYPE OF (class of arranged individual);
END ENTITY;

( *
5.2[8.8 class_of_inanimate_physical_object

A class_of inanimate physical object is a class<of arranged_individual whose members are ot
livihg.

EXAMPLE The class known as 'oil' can be tépresented by an instance of
class_of inanimate physical_object.

EXPRESS specification:

)

ENTITY class_of (inanimate physical object
SUBTYPE OF (c¥ass of arranged individual);

FND ENTITY;
(x|

5.2[8.9 class_of_information_object
A class of _information_object is a class_of arranged_individual whose members are memberq of

zeré_ or'more class_of_information_representation and of zero or more

class_of information_presentation.

NOTE Usually, it is a physical_object (like a paper document) that is classified as a
class_of information_object.

EXAMPLE ‘Newspaper’ is a class_of information_object.

EXPRESS specification:

*)

ENTITY class of information object
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SUBTYPE OF (class of arranged individual);
END ENTITY;

( *
5.2.8.10 class_of_information_presentation

A class_of information_presentation is a class_of arranged_individual that distinguishes styles
for presenting information.

EXAMPLE The character styles bold, italic, Times New Roman, and 16pt can be represented as instances of
class_of information_presentation.

EXPRESS specification:

*)

ENTITY class_of information presentation

SUBTYPE OF (class of arranged individual);

END ENTITY;

5.2|8.11 class_of _molecule

A class_of molecule is a class_of arranged_individual whose memberts are molecules.

EXAMPLE H,0, H,SO,, and DNA can be represented by instances of.class_of molecule.

EXPRESS specification:

ENTITY class_of molecule

SUBTYPE OF (class of arranged in&ividual);

END ENTITY;

5.2(8.12 class_of_organism

A class_of organism is a class—of* arranged_individual whose members are living organisms.

EXAMPLE Human being, sheep, earthworm, oak tree, and bacteria are instances of class_of organism.

EXPRESS specification®

ENTITY class of organism
SUBTYPE OF (class of arranged individual);
END, ENTITY;

(*

5.2.8.13 class_of_organization
A class_of organization is a class_of arranged_individual whose members are instances of
physical_object that are composed of temporal parts of people and other assets, and are organised

with a particular purpose.

EXAMPLE A company, government, or project team can be represented by instances of
class_of organization.
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EXPRESS specification:

*)

ENTITY class of organization
SUBTYPE OF (class of arranged individual);
END ENTITY;

( *
5.2.8.14 class_of_particulate_material

A class_of particulate material is a class_of arranged_individual whose members are arranged
amounts of super-molecular sized objects of the same or different types.

EXAMPLE Pile of sand, sand and cement mix, bag of bolts, catalyst fill for a reactor are examples of
class_of particulate_material.

EXPRESS specification:

)

ENTITY class of particulate material
SUBTYPE OF (class of arranged individual);
END ENTITY;

5.2(8.15 class_of_person

A class_of person is a class_of_organism whose members-are people.

EXAMPLE An engineer, plant manager, student, male, female, senior citizen, adult, girl, or boy can be
reptesented by instances of class_of person. An engineeryplant manager, or student is also an instance of

class_of functional object.

EXPRESS specification:

*)

ENTITY class of person
SUBTYPE OF (class_of ‘erganism) ;
END ENTITY;

5.2|8.16 class_of_sub_atomic_particle

A cJass_of_sub_atomic_particle is a class_of_arranged_individual whose members are constituent
particles of atomis:

EXAMPDIE-Proton, electron, meson, neutron, positron, muon, quark, and neutrino can be represented by
instanees of class of sub_atomic particle.

EXPRESS specification:

*)

ENTITY class_of sub atomic particle
SUBTYPE OF (class _of arranged individual);
END ENTITY;

(*
5.2.8.17 crystalline_structure

A crystalline_structure is a class_of arranged _individual that is a form in which many simple
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elements and their natural compounds regularly aggregate by the operation of natural affinity: it has a
definite internal structure, with the external form of a solid enclosed by a number of symmetrically
arranged plane faces, and varying in simplicity from the cube to much more complicated geometric
bodies.

EXAMPLE Ferritic, martensitic, and austenitic are examples of crystalline_structure.

EXPRESS specification:

*)

ENTITY crystalline structure
SUBTYPE OF (class of arranged individual) ;
END ENTITY;

(*
5.2|8.18 phase

A phase is a class_of_arranged_individual based on the nature of the boundary behaviour of
material resulting from its atomic and molecular bonding.

NOTE phase excludes types of internal structure such as crystalline.
EXAMPLE The classes known as 'liquid' and 'solid' can be represented by/instances of phase.

EXPRESS specification:

ENTITY phase

SUBTYPE OF (class of arranged individual);
END ENTITY;

5.2|19 Activities and events

Thip subclause contains the declarations/of entity data types that represent activities and events.

NOTE Figure 185 is a diagram of'the entity data type(s) defined in this subclause (see also 4.7.10 and 4.7.17).
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5.219.1 activity

An [activity-is"a possible individual that brings about change by causing the event that marks the
beginning, or the event that marks the ending of a possible_individual.

An activity consists of the temporal parts of those members of possible_individual that participate in
the activity. The participating temporal parts will be classified by the
participating_role_and_domain that indicates the role of the temporal part in the activity.

EXAMPLE Pumping a fluid with a mechanical pump can be represented by an instance of activity.

EXPRESS specification:

)

ENTITY activity
SUBTYPE OF (possible individual);

END ENTITY;
(*
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9.2 beginning

A beginning is a temporal_bounding that marks the temporal start of a possible_individual.

EXAMPLE 1 The relation that indicates that the point_in_time known as 0000hrs 1st July 1999 UTC is the
beginning of the period_in_time known as July 1999 UTC can be represented by an instance of beginning.

EXAMPLE 2 The relation that indicates that the event 'loading complete' marks the start of the
possible_individual 'loading plant idle' can be represented by an instance of beginning.

EX

PRESS specification:

*)

ENTITY beginning
SUBTYPE OF (temporal bounding) ;
END ENTITY;

5.219.3 cause_of _event
A cphuse_of event is a relationship that indicates that the caused event.s caused by the causer
activity.

EXAMPLE The relation that indicates that the tanker loading activity~caused the event described as 'tank li
levdl full' can be represented by an instance of cause_of event.

EX

PRESS specification:

)

(*

ENTITY cause of event

SUBTYPE OF (relationship);

caused :event;
causer ractivity;
END ENTITY;

Attribute definitions:

juid

aused : the event that is caused in the cause of event
auser : the activity that is the causer in the cause of event
5.219.4. ' ending
An ending is a temporal_bounding that marks the end of a possible_individual.

EXAMPLE 1 The relation that indicates that the point_in_time known as 0000hrs 1st July 1999 GMT is the

end

of the period_in_time known as June 1999 GMT can be represented by an instance of ending.

EXAMPLE 2 The relation that indicates that the event 'loading complete' marks the end of the
possible_individual 'loading plant operating period 1' (a temporal part of the loading plant) is an instance of
ending.
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EXPRESS specification:

*)

ENTITY ending

SUBTYPE OF (temporal bounding) ;

END ENTITY;

(*

5.2

9.5 event

An event is a possible_individual with zero extent in time. An event is the temporal boundary of one
or more possible individuals, although there may be no knowledge of these possible individuals.

EXAMPLE The connection of power to a pump is an event that marks the beginning of a temporal part.of tl
punjp.

EX

PRESS specification:

)

5.2

An
act

NO
nv

EXAMPLE A conversation that refers to the Roman Empire is an activity that relates to the Roman Empire
an ipvolvement by reference.

EX

ENTITY event
SUBTYPE OF (possible individual);
END ENTITY;

9.6 involvement_by_ reference
involvement_by_reference is a relationship that indicates'that a thing is referred to in an
vity.

[E This entity type is for involvements that are not difect participation of a possible_individual, such
lvement of a class, or of a historical or future temperal part of a possible_individual.

PRESS specification:

)

(*

Attribute \definitions:

ENTITY involvement| by reference
SUBTYPE OF (relationship);
involved :thing;
involver ractivity;
END ENTITY;

pat

1S

involver : the activity in which the referenced thing is involved

5.2.9.7 participation

A participation is a composition_of individual that indicates that a possible individual is a
participant in an activity.
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NOTE The possible_individual that is the part in the participation is may be a temporal part of a
whole_life_individual that is classified by the role_and_domain that indicates the role it plays in the activity.

EXAMPLE The relationship between the temporal part of P1234 that performs the discharge of the Motor
Vessel Murex on 2nd December 2002, and the activity that is that discharge of that vessel is a participation.

EXPRESS specification:

*)

ENTITY participation

SUBTYPE OF (composition of individual);

SELF\composition of individual.whole : activity;
END ENTITY;

(*

Attribute definitions:

vhole : the activity that is the whole in the participation

5.2|9.8 point_in_time
A point_in_time is an event that is the whole space extension with Zerd extent in time.

NOJE In using this part of ISO15926, a point_in_time should be représented by a
representation_of Gregorian_date_and UTC_time.

EXAMPLE The time known as UTC 1999-05-13T16:31:23.56'is a point_in_time.

EXPRESS specification:

)

ENTITY point in time

SUBTYPE OF (event) ;

END ENTITY;

5.219.9 recognition

A recognition is a relationship that indicates that a thing is recognized through an activity.

EXAMPLE Measusement activity #358 recognized that the room was a member of the 20 Celsius property

EXPRESS spegification:

ENTITY recognition

(ahhinlnnhVa el nllFat nili ul P oz A}
[\ > ms s s (T cTorSITT Oy

recognized :thing;
recognizing ractivity;
END ENTITY;

(*

Attribute definitions:

recognized : the thing that is recognized by the activity

recognizing : the activity that results in the recognition

© 1SO 2003 — All rights reserved 129


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

5.2.9.10 temporal_bounding

A temporal_bounding is an assembly_of individual that indicates that the part event is a temporal
boundary of the whole possible_individual.

EXPRESS specification:

)

ENTITY temporal bounding
ABSTRACT SUPERTYPE OF (ONEOF (ending, beginning))
SUBTYPE OF (composition of individual);

omT I L - 1o .ol 1 e e
oo O \CUNIPUSTCIUIT U™ TITarvIiduar . garc . CVCeIlTCy

END ENTITY;

(*

Attribute definitions:

part : the event that is the part in the temporal \bounding

5.2(10 Classes of activity
Thip subclause contains the declarations of entity data types that répresent classes of activity.

NOTE Figure 186 is a diagram of the entity data type(s) defined in-this subclause (see also 4.8.4.9).
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A class_of activity is a class_of_arranged_individual whose members are instances of activity.

EXAMPLE Dirilling, distilling, and approving can be represented by instances of class_of activity.

NOTE Behaviour is a term used to describe a class_of activity either where there are preconditions and the
class_of activity is a response to those preconditions, e.g. reaction to touching a hot surface, or where the way
an activity occurs is described by some property or function, e.g. fluid flow being described by the viscosity of

the fluid.
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EX

PRESS specification:

*)

(*

5.2

ENTITY class _of activity
SUBTYPE OF (class of arranged individual);
END ENTITY;

.10.2 class_of_cause_of_beginning_of class_of_individual

A class_of cause of beginning of class of individual is a class_of relationship that indicates
that a member of a class of activity causes the beginning of a member of a class of individual.

EXAMPLE A car manufacturing activity causes the beginning of a car.

EX

PRESS specification:

)

Attribute definitions:

ENTITY class of cause of beginning of class of individual
SUBTYPE OF (class of relationship);

class_of begun :class_of individual;
class_of causer :class_of activity;

END ENTITY;

5.2

Ac

meinber of the class_of activity causes the ending of a member of the class_of individual.

EXAMPLE A car crushing-activity causes the end of the life of a car.

EX

lass of begun : the class_of individual a member of which is created by a
member of the class_of activity

tlass of causer : the class -of activity whose members cause a member of th|
class_of individual to begin

(€]

10.3 class_of _cause_of ending_of_class_of_individual

Jass of cause of ending_of) class of individual is a class_of relationship that indicates thgt a

PRESS specifieation:

*)

ENTITY class of cause of ending of class of individual
S8UBTYPE OF (class of relationship);

Glass_of causer :class_of activity;
class_of ended :class_of individual;

END ENTITY;

(*

Attribute definitions:

class_of causer : the class_of activity that a member of which causes the end of

life of a member of the class_of individual

class_of ended : the class_of individual a member of which is ended by a

132

member of the class_of activity
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5.2.10.4 class_of_involvement_by_ reference

A class_of _involvement by reference is a class_of relationship whose members are instances of
involvement_ by reference.

EXAMPLE Discussion of historical activities is an example of class_of involvement by reference.

EXPRESS specification:

*)

ENTITY class of involvement by reference
SUBTYPE OF (class of relationship);
class_of involved :role and domain;
class of involver :class_of activity;
END ENTITY;

Attribute definitions:

tlass of involved : the role_and_domain that has the
class_of involvement by reference

lass of involver : the class_of activity thathas’the
class_of involvement.by" reference
5.2|10.5 class_of_participation
A class_of participation is a class_of composition_of individual that indicates a member of an
instance of participating role_and_domain participates in a member of an instance of
clags of activity.

EXAMPLE "Conductor of a musical perfermance" is an example of class_of participation.

EXPRESS specification:

*)

ENTITY class ofparticipation
SUBTYPE OFfclass of composition of individual);
SELF\class\yof composition of individual.class of part
participating role and domain;
SELF\yeXass of composition of individual.class of whole
class_of activity;
END, ENTITY;

(*

Attribute definitions:

class_of part : the participating_role_and_domain that has the
class_of participation

class_of whole : the class_of activity that has the class_of participation
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5.2.10.6 class_of_recognition

A class_of _recognition is a class_of_relationship that indicates that a member of a class_of _activity
may result in the recognition of a member of a class.

EXAMPLE A measurement activity may result in the recognition of the classification of a possible_individual

by a

property.

EXPRESS specification:

*)

ENTITY class of recognition

(*

Att

class of recognized
class_of recognizing

END ENTITY;

ibute definitions:

5.2
Thi

NO

tlass of recognized

lass of recognizing

11 Relationships

SUBTYPE OF (class of relationship);

: the class whose members are recognized by members of the

: the class_of activity whoseunembers perform the recognitipn

5 subclause contains the declarations of entity\data types that represent relationships.

[E Figure 187 is a diagram of the entity data type(s) defined in this subclause (see also 4.6.4 and 4.10.1}.

:class;
:class_of activity;

class_of activity

of the class

134
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11,1(1,23)

1,1 1,1
thing thing
(ABS)
relationship end_L end 2
1
23 4 other_relationship
approval
9,5 9,6
cause of event involvement by reference
23 233
classification lifecycle stage
13,3 24,3
class_of relationship with signature possible role_and domain
26,3 9,7
comparison_of property recognition
6,2 22,1
composition_of individual relative_location
21,3 16,1
connection_of individual representation_of thing
15,1 16,3
functional mapping responsibility for representation
26,5 2,2
indirect property specialization
21,4 22,2
individual used in_connection temporal _sequence
24,2 16,2
intended_role arnd,-domain usage of representation
Figure-187 — lifecycle_integration_schema EXPRESS-G diagram 11 of 29
5.2(11.1 other_relationship

An other_relationship is a relationship that is not a member of any of the other explicit subtypes of
relationship. The meaning of an other_relationship is specified by a classification by an instance of
class_of relationship_with_signature.

EXAMPLE The relationship that indicates that a car is manufactured by Ford can be represented by an
instance of other_relationship.

The role_and_domain that classifies the end_1 and end_2 attributes is given by the class_of end 1

and class_of_end_2 attributes respectively for the class_of relationship_with_signature that
classifies the other_relationship. Where the class_of relationship_with_signature is also a
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class_of relationship_with_related end_1 or a class_of relationship_with_related _end_2 then
the end_1 or end_2 respectively of the other_relationship shall take the value specified by the
related attribute.

EXPRESS specification:
*)
ENTITY other relationship
SUBTYPE OF (relationship);
end 1 :thing;
end 2 :thing;

(*

Attribute definitions:

pnd_ 1 : the first of two instances of thing that are related

end_ 2 : the second of two instances of thing that are'related

5.2|11.2 relationship

A relationship is an abstract_object that indicates something that one thing has to do with anothe

=

NOTE Only classes of binary relationship are supported. More complex objects can be supported using
multidimensional_object and class_of multidimensional_object.

EXPRESS specification:

*)

ENTITY relationship
ABSTRACT SUPERTYPE OF (ONEOF¥(
approvdl,
causke )of event,
class of relationship with signature,
Classification,
eomparison of property,
composition of individual,
connection of individual,
functional mapping,
indirect property,
individual used in connection,
intended role and domain,
involvement by reference,
lifecycle stage,
other relationship,
POUSSIbIe TOIe armd domailr,
recognition,
relative location,
representation of thing,
responsibility for representation,
specialization,
temporal sequence,
usage of representation))
SUBTYPE OF (abstract object);
END ENTITY;

(*
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5.2.12 Classes of relationship

This subclause contains the declarations of entity data types that represent classes of relationship.

NOTE Figure 188 is a diagram of the entity data type(s) defined in this subclause (see also 4.8.3.3).

13,6 end 2 cardinalit
T T v " 12,12,23) class_of relationship ~ [related
\ thing

with_related end 1

class_of class_of relationship  [related 1,1
Lats L ] el Lotad 1 9 1
TCTATTOTTSIITD \A4 lLllil vid lbuﬁ\zlluié \ Llllllg
23,2
i 23,1

class_of approval

class_of lifecycle stage

23,5

class_of approval by status 24,1

class_of possible role/\and domain

class_of assertion 10,4
classzof-recognition

10,5

L o 1
tlass of cause of beginning of class_of individual 33

class <of relationship with signature

10,6 223
class_of cause of ending of class of individual class of T ela;ive location
fss_of chsificat LA
class_ol classilication class_of representation of thing
T3 17,2
class_of composition_of_individual class_of representation_translation
21,1 17,5
class_of connection_of_individual class_of responsibility for representation
15,2 3,3
class_of_functional mapping class_of specialization
26,6 224
class_of_indirgct_property class_of temporal sequence
21,2 17,3
class_of irdiyidual used in connection class_of usage of representation
24.4 29,10
class’ of intended role and domain dimension_of individual
10,3 29,11
class of involvement by reference property for shape dimension

Figure 188 — lifecycle_integration_schema EXPRESS-G diagram 12 of 29

5.2.12.1 class_of_assertion

A class_of assertion is a class_of relationship that describes the assertive nature of the member
relations.
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EXAMPLE Asserting, denying, and probabilistic can be represented by instances of class_of assertion.

EXPRESS specification:

*)

ENTITY class of assertion
SUBTYPE OF (class of relationship);

END ENTITY;
(*

5.2.12.2 class_of_relationship

A class_of relationship is a class_of abstract object whose members are members of

relationship.
EXPRESS specification:

)

ENTITY class of relationship
UPERTYPE OF (ONEOF (

class of approval,

class_of approval by status,
class_of cause of beginning of¢class of individuall,
class of cause of ending of class of individual,
class_of classification,

class_of composition of ipdividual,

class of connection of imdividual,

class_of functional mapping,

class_of indirect pr@perty,

class_of individualvused in connection,

class_of intendedirole and domain,

class_of involwement by reference,

class _of lifegycle stage, class of assertion,
class_of pessible role and domain,
class_ofisrécognition,

class of) relationship with signature,

class_of relative location,

class of representation of thing,

Class of representation translation,

class of responsibility for representation,
class_of specialization,

class_of temporal sequence,

class_of usage of representation,
dimension of individual,
property for shape dimension

)

ANDOR

ONEOF (class_of relationship with related end 1,

class of relationship with related end 2))

SUBTYPE OF (class of abstract object);
end 1 cardinality :OPTIONAL cardinality;
end 2 cardinality :OPTIONAL cardinality;

END ENTITY;

(*

Attribute definitions:

end 1 cardinality

138

: The maximum and minimum cardinality for the first attribute
of the class_of relationship.
If no cardinality is specified, then there is no constraint on the
cardinality.
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end 2 cardinality : The maximum and minimum cardinality for the second

5.2

attribute in the class_of relationship.

If no cardinality is specified then there is no constraint on the

cardinality.

.12.3 class_of_relationship_with_related_end_1

A class_of relationship_with_related_end_1 is a class_of relationship where a particular thing is
related in the class_of relationship, rather than the members of a class. The related thing plays the

rol¢

EX4
the

EX

—and_domain indicated by the class_of_end_1

AMPLE Products manufactured by Bloggs & Co is a class_of_relationship that points to Bloggs & Co
related thing.

PRESS specification:

*)

(*

Atts

ENTITY class of relationship with related end 1
SUBTYPE OF (class _of relationship);

related :thing;

END ENTITY;

ibute definitions:

5.2

Ac

rol¢

EX/

class_of relationship_with) related_end_2, where John Doe is the related thing.

EX

elated : the particular thing that is related, and not some member of
class to which\it may refer

12.4 class_of _relationship_withLrelated_end_2

_and_domain indicated by the class_of end 2.

AMPLE Possession of welding skills by John Doe is an example of

PRESS specifieation:

*)

ENTIT¥~Class of relationship with related end 2
SUBTYPE OF (class of relationship);

Jass_of relationship_with_relatedend 2 is a class_of relationship where a particular thing i
related in the class_of relationship, rather than the members of a class. The related thing plays th

the

(¢}

related :thing;

(*

Attribute definitions:

related : the particular thing that is related, and not some member of

class to which it may refer
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5.2.13 Roles and domains
This subclause contains the declarations of entity data types that represent roles and domains.

NOTE Figure 189 is a diagram of the entity data type(s) defined in this subclause (see also 4.8.4.8).

13,1(2,4,10,24) 13,3(11,12)

i
fE

class of end 1
””””””””””” class_ol_
class_of end 2 relationship_
o--------"""-"-"----7 with_signature

14,1
class_of class of relationshig~with signature

13,4(2)

role and domain

1041

5 (RT) subclass specialization
by domain
13,5(2)
o (RT) subclass specialization
by role
(RT) superclass
role
13,2(7,10) 13,6(2,4,12)
participating
role and domain minimum_cardinality
,,,,,,,,,,,,,,,,,,,, O
cardinality maximum_cardinality INTEGER
,,,,,,,,,,,,,,,,,,,, e

Figure 189 — lifecycle_integration_schema EXPRESS-G diagram 13 of 29

5.2.13.1 cardinality

A cardinality is a class that is the maximum and/or minimum number of times a thing can play a
particular role in a class_of_relationship or class_of multidimensional_object.

EXAMPLE A minimum of 1 and a maximum of 1 means that there is exactly one relationship or
multidimensional _object of this type for each object.
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EXPRESS specification:

*)

ENTITY cardinality

SUBTYPE OF (class);
maximum cardinality :OPTIONAL INTEGER;
minimum cardinality : OPTIONAL INTEGER;

END ENTITY;

(*

Attribute definitions:

5.2

A ¢
rolg

NO
Mot

class_of multidimensional_object.

EX4
and

EX

maximum_cardinality : The maximum number of times a member of the domain caul\
participate in the role specified.
If no maximum_cardinality is specified, then thefe iS no
maximum constraint.

NOTE 1 Common values for maximum_cardinality are 1 and
many. Many is the result of specifying novalue.

minimum_cardinality : The minimum_ cardinality is thesminimum number of times a

member of the domain class may-participate in the role
specified.

If no minimum_ cardinalityis specified the value shall be
taken as zero.

NOTE 2 Common vahies for the minimum_cardinality are zet
and one.

[=]

13.2 class_of_relationship_with_signature

Jass of relationship with_signature-is-a class_of relationship that may have a
_and_domain specified for each end:

[E A class_of relationship_ with signature is analogous to a simple EXPRESS attribute and its inverge.
e complex objects can be modelled with multidimensional object and
AMPLE ‘Married’ issaclass_of relationship where class_of end 1 is the role_and_domain ‘husband|,

class_of end_2 th¢role_and_domain ‘wife’.

PRESS spegification:

*)

ENTITY class _of relationship with signature
SUBTYPE OF (class of relationship, relationship);

class ol end 1 LOUFTIUNAL role alld dolalll,
class of end 2 :OPTIONAL role and domain;

END ENTITY;

(*

Attribute definitions:

class_of end 1 : the specification of the end_1 attribute of the members of the

class_of relationship

class_of end 2 : the specification of the end_2 attribute of the members of the

class_of relationship
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5.2.13.3 participating_role_and_domain

A participating_role and_domain is a role_and_domain that is also a class_of individual that
indicates a participating role in an activity.

EXAMPLE ‘Performer’ and ‘pumper’ are examples of participating_role_and_domain.

EXPRESS specification:

)

ENTITY participating role and domain
SUBTYPE OF (role and domain, class of individual);
END ENTITY;

5.2|113.4 role

A rple is a role_and_domain that indicates what some thing has to do with-an activity, relationship,
or thultidimensional object.

EXAMPLE 1 Employee is a role that indicates what a temporal part of @ petrson has to do with an employmgpnt
relaion.

EXAMPLE 2 Pumper is a role that indicates what a temporal part'of a pump has to do with a pumping activity.

EXPRESS specification:

*)

ENTITY role
SUBTYPE OF (role and domain) ;

FND ENTITY;
(x|

5.2|13.5 role_and_domain

A rple_and_domain is a class that specifies the domainand and role for an end of a
clags_of relationship, 6rclass_of multidimensional object.

NOJE A role_and,domain is analogous to specifying an EXPRESS attribute or its inverse.
EXAMPLE !"Husband and man" and "wife and woman" are examples of role_and_domain.

EXPRESS specification:

*)

ENTITY role and domain
SUBTYPE OF (class);
END ENTITY;

(*
5.2.13.6 specialization_by_domain

A specialization_by_domain is a specialization that indicates that the member of the
role_and_domain is a specialization of the domain class.

EXAMPLE ‘Manufacturing company’ is a specialization of the ‘company’ domain.
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EXPRESS specification:

*)

ENTITY specialization by domain
SUBTYPE OF (specialization);
SELF\specialization.subclass: role and domain;
END ENTITY;

(*

Attribute definitions:

subclass - the role and dgmain that js the Subclass gf thg class

5.2|13.7 specialization_by_role

A specialization_by_role is a specialization that indicates that the role_and_domain is of the role
indicated by the superclass.

EXAMPLE Manufacturing company is a specialization by role of manufacturer.

EXPRESS specification:

*)

ENTITY specialization by role
SUBTYPE OF (specialization);
SELF\specialization.subclass: role andiydomain;
SELF\specialization.superclass \ role;
END ENTITY;

Attribute definitions:

ubclass :(the role_and_domain that is the subclass in the
specialization_by_role

uperclass : the role that is the superclass in the specialization_by_role

5.2(14 Classes ofclass of relationship

Thip subclause contains the declarations of entity data types that represent classes of class of
relationship,

NOTE Aigure 190 is a diagram of the entity data type(s) defined in this subclause.
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class_of class_of relationship

14,1(13)

class of class of
relationship with_signature

20,1
class_of namespace

7,4
class_of class_of composition

19,2
class of class_of represéntation

19,5
class of class of represéntation translation

AN AN,

19,4
class_of class oftresponsibility for representation

N

19,1
class_of class of usage of representation

29,4
class_of dimension_ for shape

29,7
property space for class of shape dimension

29,8
dimension_of shape

NN AN A

class_of scale

Figure 190 — lifecycle_integration_schema EXPRESS-G diagram 14 of 29

5.2.14.1 class_of_class_of_relationship

A class_of class_of relationship is a class_of_class whose members are instances of
class_of relationship.

EXAMPLE ‘Reflexive’ is an example of class_of class_of relationship. A ‘Reflexive’ class_of relationship

is one that may have the same thing playing both roles, such as connection, where something may be connected
to itself.
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EXPRESS specification:

*)

ENTITY class_of class_of relationship
SUPERTYPE OF (ONEOF (
class of class of composition,
class _of class of relationship with signature,
class of class of representation,
class of class of representation translation,
class _of class of responsibility for representation,
class of class of usage of representation,
class of dimension for shape,
class_of namespace,
class of scale,
dimension of shape,
property space for class of shape dimension
))
SUBTYPE OF (class_of class);
END ENTITY;

( *
5.2(14.2 class_of_class_of relationship_with_signature

An flass_of class_of relationship_with_signature is a class_of class_of<{relationship and
claI_of_relationship_with_signature. The purpose of

clags of class of relationship with signature is to allow other types of classes of relationship, pot

expllicitly defined as entity data types in this part of ISO 15926, to be defined as reference data.

EXAMPLE Transitive, with the roles from and to indicating'the direction of transitivity, is a
class of class_of relationship_with_signature. A class~of relationship is transitive if when A relates to B
and|B relates to C then A relates to C, all in the same.way.

EXPRESS specification:

)

ENTITY class of class of relationship with signature
SUBTYPE OF (class_ofi.¢lass of relationship,
class of relationship with signature);
END ENTITY;

5.2(14.3 class_of-scale
A class_of seale’is a class_of class of relationship whose members are instances of scale.

EXAMPLE™~SI Unit is an example of class_of scale.

EX DD OO b 0l s
INTZO0OD SPUUITICAUUILL.

*)
ENTITY class_of scale

SUBTYPE OF (class _of class of relationship);
END ENTITY;

(*
5.2.15 Functions

This subclause contains the declarations of entity data types that represent functions.
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NOTE Figure 191 is a diagram of the entity data type(s) defined in this subclause (see also 4.9).

15,1(11)

€

1,1 input functional result 1,1
thing mapping thing
25,4
11t $ £ + £ al
\111 |92 S ) v v llUll_\JL_D\/L_UL_\/l“DD/
25,3
union_of set of class
25,2
difference of set of class
26,4
property quantification
15,2(12)
2,1 domain class._of_ codomain 71
ClE’ISS functional , 0 >
mapping class

—

class_of isomorphic_
functional mapping

28,3
class_of scale conversion

)

Figure 191 — lifecycle_integration_schema EXPRESS-G diagram 15 of 29

5.2.15.1 class_of_functional_mapping

A class_of _functional_mapping is a class_of _relationship that is a many to one mapping. A
class_of functional mapping is a function.

NOTE 1 This entity type would naturally have the name of function, but this is an EXPRESS reserved word.

NOTE 2 The significance of a function being a many to one mapping is that the same answer is always

obtained. So, for example, 5 - 3 always gives 2. The minus function on two other arguments can also give 2.
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NOTE 3 When there are several arguments to a function, then these are presented in a
multidimensional_object.

EXAMPLE Minus is an example of class_of functional mapping.

EXPRESS specification:

*)

ENTITY class of functional mapping
SUBTYPE OF (class of relationship);
codomain :class;
domain :class;

FND _ENTITY;

Attribute definitions:

fodomain : the result of applying the function to the dorhain

lomain : the set of things to which the function(isyapplied

5.2(15.2 class_of_isomorphic_functional_mapping
A class_of_isomorphic_functional_mapping is a class_of_functional_mapping that is isomorphic.

EXAMPLE The natural logarithm function is a class_of isomorphic_functional mapping.

EXPRESS specification:

ENTITY class of isomorphic funCtional mapping

SUPERTYPE OF (ONEOF (scaleyl.class of scale conversion))
SUBTYPE OF (class of funct¥onal mapping);

END ENTITY;

5.2(15.3 functional_mapping

A flinctional_mapping-19 a relationship that indicates that the input gave the result as determined by
the [classifying class.‘of functional_mapping.

EXAMPLE Themapping of [5, 3] to 2, classified by the minus function is an example of functional _mappjing.

EXPRESS specification:

*)

TNTTTY rarc L,J.uual_mctppiug
SUBTYPE OF (relationship);
input :thing;
result :thing;
END ENTITY;

(*

Attribute definitions:

input : the input to the mapping

result : the result of the application of the function to the input
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5.2.16 Representations of things
This subclause contains the declarations of entity data types that represent representations of things.

NOTE Figure 192 is a diagram of the entity data type(s) defined in this subclause (see also 4.8.4.2).

( 161(11) )

O

represented 1,1
thing
sign 6,1
possible_individual

16,2(11)
representation
of thing o used usage of user 6,1
h representation possible_individual
16,3(11)
controlled responsibility | oo o 6.1
o for_ . < possible_individual >
representation —
identification
description
. (RT) represented
definition Ci’lls

Figure192 — lifecycle_integration_schema EXPRESS-G diagram 16 of 29

5.2(16.1 definition

A definition is a representation_of thing that indicates that the class is defined by the sign
possible_individual.

EXAMPLE The relationship between this copy of the preceding sentence and the heading before that is a
definition.

EXPRESS specification:

)

ENTITY definition
SUBTYPE OF (representation of thing);
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SELF\representation of thing.represented : class;

END ENTITY;

(*

Attribute definitions:

represented : the class that is defined in the definition

5.2.16.2 description

thi

EX4
des¢

EX

A (1escription is a representation_of thing that indicates that the possible_individual describes

g.

AMPLE A copy of the Piping and Instrumentation Diagram for Crude Distillation Unit 1 at réfinery X h.
ription relationship with the plant.

PRESS specification:

*)

(*

5.2

An

identifier for the thing identified.

EX/
app

EX

EX

ENTITY description

SUBTYPE OF (representation of thing);

END ENTITY;

16.3 identification

identification is a representation_of thing that indicates that the possible_individual is an
AMPLE 1 The relationship between the text "R101" on a printed copy of a pump data sheet and the
icable functional physical object is an example of identification.

AMPLE 2 The relationship between alname tag and an employee wearing it is an example of identificat

PRESS specification:

*)

(*

5.2

Al

ENTITY identificdation
SUBTYPE OF (r&presentation of thing);
END ENTITY;

16.4 representation_of_thing

epresentation_of thing is a relationship that indicates that a possible_individual is a sign fo1

he

1S a

on.

thing

EXAMPLE The relationship between a nameplate with its serial number and other data, and a particular
pressure vessel (materialized_physical object) is an example of representation_of thing that is an
identification.

NOTE In general it will be class_of representation_of thing that will be of interest, rather than each
representation_of thing. However, representation_of thing will be of interest when individual copies of
documents are managed and controlled.
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EXPRESS specification:

*)

ENTITY representation of thing

SUBTYPE OF (relationship);

represented :thing;

sign :possible individual;
END ENTITY;

(*

Attribute definitions:

epresented : the thing that is represented in the representation_of thing

ign : the possible_individual that is the sign in the
representation_of _thing

5.2(16.5 responsibility_for_representation

A responsibility_for_representation is a relationship that indicates that\the controller
possible_individual administers the controlled representation_of thing:

EXAMPLE The responsibility for the administration of this part of IS©,15926 lies with ISO.

EXPRESS specification:

*)

ENTITY responsibility for representation

SUBTYPE OF (relationship);

controlled :representation of thing;
controller :‘possible individual;

END ENTITY;

Attribute definitions:

controlled : the representation_of thing controlled in the
responsibility_for_representation

controller : the possible_individual that is the controller in the
responsibility for representation

5.2(166 ¥ usage_of_representation

A usage of representation is a relationship that indicates that the representation_of thing 1s used
by the possible_individual. Usage does not imply responsibility.

EXAMPLE The sign "P101" is used by the XYZ company to represent a particular pump in a design.

EXPRESS specification:

)

ENTITY usage of representation
SUBTYPE OF (relationship);
used :representation of thing;
user :possible individual;
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END ENTITY;

(*

Attribute definitions:

used : the representation_of thing that is used by some user or user
group
user : the possible_individual that is the user or user group that uses

the representation_of thing

5.2{17 Classes of representation
Thip subclause contains the declarations of entity data types that represent classes of repfesentatior].

NOTE Figure 193 is a diagram of the entity data type(s) defined in this subclause (see also(4,874.2).
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class of used

18;2
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class_of
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controller / 6.1
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class of
descriptioh

2,1
class

Figure 193 — lifecycle_integration_schema EXPRESS-G diagram 17 of 29

K possible_individual

class_of_definition

A class_of definition is a class_of representation_of thing that indicates the pattern is a definition

of the represented class.

EXAMPLE The link between the pattern 'something that moves liquid' and the class that goes by the name
‘pump’ in English can be represented by an instance of class_of definition.

EXPRESS specification:

*)

152

ENTITY class of definition
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SUBTYPE OF (class of representation of thing);
SELF\class of representation of thing.represented : class;

END ENTITY;

(*

Attribute definitions:

represented : the class that is defined by the members of the referenced

5.2

class_of information_representation

.17.2 class_of description

Ac¢
des

EX/
an i

EX

Jass_of description is a class_of representation_of thing that indicates the pattern is a
cription of the represented thing.

AMPLE The link between the pattern 'this is an old bilge pump' and a particular pump can'be represente
hstance of class_of description.

PRESS specification:

*)

5.2

Ac
use

EX4
123

EX

ENTITY class of description
SUBTYPE OF (class _of representation of thingjs
END ENTITY;

17.3 class_of_identification

Jass_of_identification is a class_of _representation_of thing that indicates that the pattern is
l to refer to the represented thing.

AMPLE The link between the pattern 'AC-1234' and a particular pump, indicating that members of 'AC-
' are used to refer to the pump, can be represented by an instance of class_of_identification.

PRESS specification:

*)

(*

5.2

A ¢
that

ENTITY class of identification
SUBTYPE OF (class of representation of thing);
END ENTITY;

17.4 class of _information_representation

Jass, of-information_representation is a class_of arranged_individual that defines a patter
represents information.

EXAMPLE The texts formed with the pattern of characters 's' concatenated with 'u' concatenated with 'n' are
members of the 'sun’' class_of information_representation.

EXPRESS specification:

*)

ENTITY class_of information representation

SUPERTYPE OF (ONEOF (class of EXPRESS information representation,

representation of Gregorian date and UTC time))

SUBTYPE OF (class of arranged individual);

END ENTITY;

(*
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5.2.17.5 class_of_representation_of_thing

A class_of _representation_of thing is a class_of relationship that indicates that all members of the

patt

ern class_of information_representation represent the thing.

EXAMPLE The class_of relationship that indicates that occurrences of the pattern denoted by '"London'’
represent the concept of the capital of the United Kingdom can be represented by an instance of

clas

s_of information_representation.

DREQCQ 1

EX

.
N SPUCUTTTOATTUTT,

*)

Att

ENTITY class of representation of thing

SUBTYPE OF (class of relationship);

pattern :class of information represéntation;
represented :thing;

END ENTITY;

ibute definitions:

]

5.2

Ac
two

EX4
hex

EX

battern : the class_of_information_¥representation whose members
represent the referenced.thing

9%
o,

epresented : the thing that is represented by the members of the referenc
class_of information_representation
17.6 class_of_representation_translation

Jass_of representation_translation.is a class_of relationship that indicates the translation of
instances of class_of_information_representation.

AMPLE The link that indicates-that the representations 'F' and '15' are equivalent (concept of fifteen in
hdecimal and octal respectively)can be represented by an instance of class_of representation_translatjon.

PRESS specification:

ENTITY class” of representation translation
SUBTYRE™OF (class_of relationship);
classwof first :class_of information representation;
class of second :class_of information representation;
END \ENTITY ;

(*

Attribute definitions:

class_of first : the first instance of class_of_information_representation in

the translation

class_of second : the second instance of class_of_information_representation

154

in the translation
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5.2.17.7 class_of_responsibility_for_representation

A class_of responsibility for representation is a class_of relationship whose members indicate
that a possible_individual (usually an organization) deems that members of the pattern can be used as
representations of the represented thing.

EXAMPLE The link between the identification of pump #1234 and the XYZ Corporation, that indicates that
the XYZ Corporation controls this identification, can be represented by an instance of
class_of responsibility _for_ representation.

EXPRESS specification:

)

ENTITY class of responsibility for representation

SUBTYPE OF (class_of relationship);

class _of controlled :class_of representation of thihg;
controller :possible individual;

END ENTITY;

Attribute definitions:

lass_of controlled : the class_of representation<ef thing that is controlled by [the
referenced possible_indiyidual

controller : the possible_individual that controls the referenced
class_of representation_of thing

5.2{17.8 class_of_usage_of representation

A class_of usage of representation is a.class_of relationship whose members indicate that a
possible_individual (usually an organization) reads or otherwise uses members of the pattern as a
representation of the represented thing.

EXAMPLE The link between thesidentification of pump #1234 and contractor ABC Ltd, that indicates that
ABC Ltd uses this identificatiod can be represented by a class of class_of usage of representation.

EXPRESS specification:

ENTITY clags’ of usage of representation
SUBTYRE OF (class of relationship);
clagsvof used :class_of representation of thing;
user :possible individual;

END ENTITY ;

(*

Attribute definitions:

class of used : the class_of representation of thing that is used by the
referenced possible_individual

user : the possible_individual that uses the referenced
class_of representation_of_thing
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5.2.18 EXPRESS and UTC representations

This subclause contains the declarations of entity data types that represent EXPRESS and UTC
representations.

NOTE Figure 194 is a diagram of the entity data type(s) defined in this subclause.

*content
EXPRESS string — O STRING
( 18,1(17) )
J) EXPRESS_integer———— INTEGER
(ABS) *content
class_of EXPRESS 1 EXPRESS real —— - REAL
information_
representation *content
EXPRESS logical ——( LOGICAL
EXPRESS *content
Boolean ——————C BOOLEAN
*content
EXPRESS binarpi— (O BINARY
18,2(1,17)
year
e
mionth
,,,,,,,,,,,,,,,,,,,,, O
day
,,,,,,,,,,,,,,,,,,,,, o INTEGER
representation_of hour
Gregorian_date and -\.) - _________________ O
UTC time minute
,,,,,,,,,,,,,,,,,,,,, O
second
********************* G REAL
Ei 194 1if, le_i ion_scl EXPRESS-G di 18 of 20

5.2.18.1 EXPRESS_Boolean

An EXPRESS Boolean is a class_of EXPRESS_information_representation that represents a
Boolean value as defined in ISO 10303-11:1994, 8.1.5.

NOTE The UNIQUE rule ensures that any value is only held once.
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EXPRESS specification:

*)

ENTITY EXPRESS_BOOlean
SUBTYPE OF (class of EXPRESS information representation);
content : BOOLEAN;

UNIQUE
rule 1 :content;

END ENTITY;
(*

Attribute definitions:

content : the value of the EXPRESS_Boolean

Formal proposition

ule 1 : the content shall be unique within a system

5.2118.2 EXPRESS_binary

An[EXPRESS _binary is a class_of EXPRESS_information_representation that represents a
bingry value as defined in ISO 10303-11:1994, 8.1.7.

NOTE The UNIQUE rule ensures that any value is only held ofice.

EXPRESS specification:

ENTITY EXPRESS binary

SUBTYPE OF (class of EXPRESS information representation);
content :BINARY;

UNIQUE

rule 1 :content;

END ENTITY;

Attribute definitions:

content : the value of the EXPRESS _binary

Formal{proposition

rule I . the content shall be unique within a system

5.2.18.3 EXPRESS_integer

An EXPRESS integer is a class_of EXPRESS information_representation that represents an
integer number as defined in ISO 10303-11:1994, 8.1.3.

NOTE The UNIQUE rule ensures that any value is only held once.
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EXPRESS specification:
*)
ENTITY EXPRESS_integer
SUBTYPE OF (class of EXPRESS information representation);
content : INTEGER;
UNIQUE
rule 1 :content;

END ENTITY;
(*

Attribute definitions:

content : the value of the EXPRESS _integer

Formal proposition

ule 1 : the content shall be unique within a system

5.2118.4 EXPRESS_logical

An[EXPRESS logical is a class_of EXPRESS information_yrepresentation that represents a
logical value as defined in ISO 10303-11:1994, 8.1.4.

NOTE The UNIQUE rule ensures that any value is only held ofice.

EXPRESS specification:

ENTITY EXPRESS logical
SUBTYPE OF (class of EXPRESS information representation);
content : LOGICAL;

UNIQUE
rule 1 :content;

END ENTITY;
(*

Attribute definitions:

content : the value of the EXPRESS logical

Formal propesition

ule) 1 : the content shall be unique within a system

5.2.18.5 EXPRESS_real

An EXPRESS real is a class_of EXPRESS information_representation that represents a real
number as defined in ISO 10303-11:1994, 8.1.2.

NOTE The UNIQUE rule ensures that any value is only held once.
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EXPRESS specification:

*)

ENTITY EXPRESS_real
SUBTYPE OF (class of EXPRESS information representation);
content : REAL;

UNIQUE
rule 1 :content;

END ENTITY;
(*

Attribute definitions:

content : the value of the EXPRESS_real

Formal proposition

ule 1 : the content shall be unique within a system

5.2{18.6 EXPRESS_string

An|[EXPRESS string is a class_of EXPRESS information_repreésentation that represents a strjing
as defined in ISO 10303-11:1994, 8.1.6.

NOTE The UNIQUE rule ensures that any value is only held ofice.

EXPRESS specification:

ENTITY EXPRESS string

SUBTYPE OF (class of EXPRESS information representation);
content : STRING;

UNIQUE

rule 1 :content;

END ENTITY;

Attribute definitions:

content : the value of the EXPRESS_string

Formal{proposition

rule I . the content shall be unique within a system
5.2.18.7 class_of EXPRESS_information_representation

A class_of EXPRESS_information_representation is a class_of_information_representation that
is defined by ISO 10303-11.
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EX

PRESS specification:

*)

(*

ENTITY class_of EXPRESS information representation
ABSTRACT SUPERTYPE OF (ONEOF (EXPRESS string, EXPRESS integer,

EXPRESS real, EXPRESS logical, EXPRESS Boolean,

EXPRESS binary))
SUBTYPE OF (class of information representation);
END ENTITY;

5.2.18.8 representation_of_Gregorian_date_and_UTC_time

A r(kpresentation_of_Gregorian_date_and_UTC_time is a class_of_information_represerntati
whese members are representations of time using the UTC system of time identification asSpecifig
in ISO 8601:2000 together with the Gregorian system for representing dates.

All

times shall be represented using UTC representation of time. Dates shall follow.thé Gregorian

calgndar.

NO
exa
the

yeal

[E 1 Coordinated Universal Time (UTC) is the basis for legal time worldwide-and follows TAI (see bel
tly except for an integral number of seconds, presently 32. These leap seconds are inserted on the advicg
nternational Earth Rotation Service (IERS) (http://hpiers.obspm.fr) to ensure that, on average over the

modern successor of Greenwich Mean Time, GMT, which was used when'the unit of time was the mean sol4

day

International Atomic Time (TAI) is calculated by the BIPM fromithe readings of more than 200 atomic

clodks located in metrology institutes and observatories in more than 30 countries around the world. TAI is
made available every month in the BIPM Circular T (ftp://62.461.69.5/pub/tai/publication). It is estimated th
TAl does not lose or gain with respect to an imaginary perfect'clock by more than about one tenth of a
micfosecond (0.0000001 second) per year.

NO

['E 2 Although ISO 8601 allows two representations for the midnight hour, 0000 and 2400, this part of

159D6 restricts the representation to 0000.

NO

[E 3 A second value up to but not including 61.0 allows for leap seconds. The mean solar time is

detgrmined by the rotation of the earth, Leap seconds are added or subtracted as required, usually in the mid
or af the end of a year, and ensure thatthe legal time does not differ from the non-uniform mean solar time b,
morte than one second, in spite of the variations of the earth's rotation.

EX

PRESS specification:

*)

(*

160

ENTITY répresentation of Gregorian date and UTC time
SUBTYRE OF (class of information representation);

W)
of

s, the Sun is overhead within 0.9 seconds of 12:00:00 UTC on the méridian of Greenwich. UTC is thus the

\r

SO

lle

yeal : INTEGER;
menth :OPTIONAL INTEGER;
day : OPTIONAL INTEGER;
hour :OPTIONAL INTEGER;
minute :OPTIONAL INTEGER;
second :OPTIONAL REAL;

WHERE
valid month : {1<= month <= 12};
valid day : {1<= day <= 31};
valid hour : {0<= hour <= 23};
valid minute : {0<= minute <= 59};
valid second : {0.0 <= second < 61.0};

END ENTITY;
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Attribute definitions:

year : the year as defined in the Gregorian calendar. The year shall be
completely and explicitly specified using as many digits as
necessary to unambiguously convey the century and year
within the century. Truncated year numbers shall not be used.

month : the position of the specified month in a year as defined in ISO
8601:2000, 5.2.1.

ay : the value of day as defined in ISO 8601:2000, 5.2.1

hour : the hour element of a specified time on a 24 hour clock:
Midnight shall be represented by the value zero.

minute : the minute element of a specified time.

econd : the second element of a specified time:

Formal propositions:

balid month : month shall be between, [*and 12 inclusive

balid_day : day shall be between 1 and 31 inclusive

balid hour : hour shall be between 0 and 23 inclusive

balid_minute : minute shall be between 0 and 59 inclusive

balid second : second shall be from 0.0 and up to but not including 61.0

5.2|19 Classes of class of representation

Thip subclause contains the deelarations of entity data types that represent classes of class of
repgesentation.

NOTE Figure 195 is{a\diagram of the entity data type(s) defined in this subclause.
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Figure 195 — lifecycle_integration_schema EXPRESS-G diagram 19 of 29
5.2(19.1 class{of_class_of_definition
A class_of:elass_of definition is a class_of class_of representation whose members are membgrs

of dlass_ of _definition.

EXAMPLE “Normative is a class_of_class_of_definition.

EXPRESS specification:
*)
ENTITY class of class of definition

SUBTYPE OF (class of class of representation);
END ENTITY;

(*
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5.2.19.2 class_of_class_of_description

A class_of class_of_description is a class_of_class_of representation whose members are
members of class_of description.

EXAMPLE Service description is a class_of class_of description.

EXPRESS specification:

*)

ENTITY class_of class of description
SUBTYPE OF (class of class of representation);
END ENTITY;

( *
5.2|19.3 class_of_class_of_identification

A class_of class of identification is a class_of class of representation whose fiierhbers are
meinbers of class_of_identification.

EXAMPLE The link between the class 'family of manufactured parts' and the représentation_form '1SO
135B4 Basic Semantic Unit', that indicates that part families can be identified using ISO 13584, can be
reptesented by an instance of class_of class_of identification.

EXPRESS specification:

*)

ENTITY class_of class of identificatiof
SUBTYPE OF (class of class of represgentation);

END ENTITY;
(*

5.2(19.4 class_of_class_of_information_representation

A class_of class of information_representation is a class_of class of individual that classifigs
infdrmation representation classes:

EXAMPLE Integer Octal is a class” of class_of representation whose members are all the information
representation classes that correspond to Octal formatted integers.

EXPRESS specification:

)

ENTITY cldss of class of information representation
SUPERTYPE OF (ONEOF (representation form, language,
document definition))
SUBTYPE OF (class of class of individual);
END ENTITY;

( *
5.2.19.5 class_of_class_of_representation

A class_of class_of representation is a class_of class_of relationship whose members are
instances of class_of representation_of thing.

EXAMPLE The link that indicates that members of the class 'document' can be represented by patterns of the
class 'XML' is a class_of class_of representation.
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EXPRESS specification:

*)

ENTITY class_of class_of representation
SUBTYPE OF (class_of class of relationship);
class of pattern :class _of class of information representation;
class _of represented :class;

END ENTITY;

(*

Attribute definitions:

tlass of pattern : the class_of class_of information_representation whose
members can represent members of the referenced class

tlass of represented : the class whose members can be represented by-members of
the referenced class_of class_of information) representation
5.2(19.6 class_of_class_of_representation_translation

A class_of class_of representation_translation is a class_of_class_of, relationship whose
meimnbers are members of class of representation_translation.

EXAMPLE The class ASCII whose members include all translation'classes between members of the ASCI]
Binjiry and ASCII Text representation classes is a class_of class ¢of) representation_translation.

EXPRESS specification:

*)

ENTITY class of class of representation translation

SUBTYPE OF (class_of class_of\relationship);

class_of first : class>of class of information representation
class_of second : class of class of information representation
END ENTITY;

Attribute definitions:

lass_of first : the first class_of class_of information_representation for
which a translation is defined

tlass of second : the second class_of class of information_representation|for
which a translation is defined

5.2.19.7 class_of_class_of_responsibility_for_representation

A class_of class_of responsibility_for_representation is a class_of class_of relationship whose
members are members of class_of responsibility for representation linking the controller to a set
of representations.

EXAMPLE The link between Weir and the identification set between Weir pumps and Weir serial numbers
indicating that the identifications are defined by Weir can be represented by an instance of
class_of class of usage of representation.
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EXPRESS specification:

*)

ENTITY class_of class of responsibility for representation

SUBTYPE OF (class_of class of relationship);
class of class of controlled: class of class of representation;
controller :possible individual;

END ENTITY;

(*

Attribute definitions:

5.2

Ac
are

EX/
nun

referenced possible_individual
Fontroller : the possible_individual that controls the referenced
class_of class_of representation

19.8 class_of _class_of_usage_of_representation

members of class_of usage of representation linking the user‘to a set of representations.

AMPLE The link between a user company and the identification’setbetween Weir pumps and Weir serig
bers indicating that the user company uses the Weir identifiets\can be represented by an instance of

class_of class of usage of representation.

EX

PRESS specification:

)

ENTITY class of class of usagel.of representation
SUBTYPE OF (class_of classief relationship);
class of class _of used :class_of class of representation;
user :possible individual;

END ENTITY;

Jass_of class_of usage of representation is a class_of class_of a¢lationship whose memb¢

Atttibute definitions:
lass_of class_¢&f)used : the class_of class of representation that is used by the
referenced possible_individual
Iser : the possible_individual that uses the referenced
class_of class of representation
5.2.19.9 document_definition

tlass of class of controlled : the class_of class_of representation that is controlled by llhe

A document_definition is a class_of _class_of _information_representation that defines the content
and/or structure of documents.

EXAMPLE XYZ Corp. Material Safety Data Sheet is a document_definition.

EXPRESS specification:

*)

ENTITY document definition
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SUBTYPE OF (class of class of information representation);
END ENTITY;

(*
5.2.19.10 language

A language is a class_of class_of_information_representation whose members are all the
information representations made in the language.

EXAMPLE English, French, C++ and Java can be represented by instances of language.

EX DRIQQ . b
NLOO SPULUITIVAUIVULL.

*)
ENTITY language

SUBTYPE OF (class of class of information representation);
END ENTITY;

( *
5.2(19.11 representation_form

A representation_form is a class_of class of information_ representation that distinguishes the
form of representation.

EXAMPLE Hexadecimal, text, script, symbol, picture, diagram, semaphore, Morse code, music score, MID[l
file [format, and XML can each be represented by instances of representation_form.

EXPRESS specification:

)

ENTITY representation form

SUBTYPE OF (class of class of~information representation);
END ENTITY;

5.2120 Namespaces

Thip subclause contains the declarations of entity data types that represent namespaces.

NOTE Figure 196 is a didgram of the entity data type(s) defined in this subclause (see 4.8.4.2.5).
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5.2120.1 class_of _left-namespace

A class_of left naniespace is a class_of namespace that indicates that the class of part is the
left| namespace for.the members of the class of class of whole.

EXAMPLE WQOI: is the left namespace for customer site identifiers for Water Company 1.

EXPRESS specification:

)

ENTITY class of left namespace
SUBTYPE OF (class_ of namespace);

END ENTITY;
(*

5.2.20.2 class_of_namespace

A class_of namespace is a class_of class_of relationship that indicates that a
class of information_ representation is the class_of part used as a namespace for each member of

© 1SO 2003 — All rights reserved 167


https://standardsiso.com/api/?name=a4af2afbf45c89904cfc03f33a079af2

ISO 15926-2:2003(E)

a class_of class_of information representation that is the class_of class_of whole.

EXAMPLE WCI: is used as the name space for a set of water company identifiers.

EXPRESS specification:

)

ENTITY class_of namespace

SUPERTYPE OF (ONEOF (class_of left namespace,

class _of right namespace))
SUBTYPE OF (class_of class of relationship);
class of class of whole

class of class of information representation]
class of part :class of information representatignsy
END ENTITY;

Atttibute definitions:
tlass of class of whole : the class_of class_of information_representation whose
members have the namespace
Flass_of part : the class_of_information_representation that is the
namespace
5.2(20.3 class_of_right_namespace
A class_of right namespace is a class_of namespace where the class_of part is the namespacg
the members of the class_of class _of whole.

EX

PRESS specification:

5.2

Al

EX/

EX

ENTITY class of right qamespace
SUBTYPE OF (class_piihamespace);
END ENTITY;
20.4 left_namespace
ft namespace is a namespace where the class_of _part is the left part of the class_of whole.

AMPLE Where WC1: is the namespace in WC1:1234, it is a left namespace.

PRESS specification:

*)

ENTITY left namespace

SUBTYPE OF (namespace) ;

END ENTITY;

(*

5.2

.20.5 namespace

A namespace is a class_of arrangement_of individual where the class_of whole and
class_of part are members of class_of_information_representation and the part is the most
significant part of the whole that is the namespace.
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EXAMPLE The STRING WCl: is the namespace in the identifier WC1:1234.

EXPRESS specification:

*)

ENTITY namespace
ABSTRACT SUPERTYPE OF (ONEOF (right namespace, left namespace))
SUBTYPE OF (class_of arrangement of individual);
SELF\class_of composition of individual.class of part
class_of information representation;
SELF\class of arrangement of individual.class of whole
class of i1nformation representatlor];

END ENTITY;

(*

Attribute definitions:

lass of part : the class_of information_representation. that is the
namespace
tlass of whole : the class_of information_representation that has the

class_of part as a namespacé€

5.2|20.6 right_namespace

A rfght_namespace is a namespace that indicates thatthe class_of part is the right most part of the
clags_of whole.

EXAMPLE When ZH is the namespace in 5367ZH; this is indicated by a right_namespace relationship
between them.

EXPRESS specification:

*)

ENTITY right namespdcg
SUBTYPE OF (namespace) ;
END ENTITY;

5.2121 Connettions

Thip subclause/contains the declarations of entity data types that represent connections.

NOTE- Figure 197 is a diagram of the entity data type(s) defined in this subclause (see 4.7.3).
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5.2.21.1 class_of_connection_of_individual

A class_of connection_of individual is a class_of relationship whose members are members of
connection_of_individual. It indicates that a member of the class_of side 1 class_of _individual can
be connected to a member of the class_of side 2 class_of individual.

NOTE 1 The class_of side_1 and class_of side_2 indicate the class_of individual that is the side_1 and

side_2 respectively in a connection_of individual that is a member of this
class_of connection_of individual.
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NOTE 2 Flexible, rigid, and welded cannot be represented as instances of class_of connection_of individual,
these are classes of the materials connected or used in the connection.

EXAMPLE Electrical connection between wires is a class_of connection_of individual.

EXPRESS specification:

*)

ENTITY class of connection of individual

ABSTRACT SUPERTYPE OF (ONEOF (class of direct connection,
class _of indirect connection))

SUBTYPE OF (class of relationship);

Class _or side T TClass _oOr_ individuarl;

class _of side 2 :class_of individual;

END ENTITY;

Attribute definitions:

tlass of side 1 : the class_of individual whose memb¢rs play the role of
side_1 in the members of the
class_of connection_of individual

lass of side 2 : the class_of individual whose members play the role of
side_2 in the members of the
class_of connection, .of individual

5.2(21.2 class_of_direct_connection

A class_of _direct_connection is a class_of_cennection_of_individual whose members are members
of direct_connection.

EXAMPLE Three-pin electrical plug intd, three-pin socket is an example of class_of direct_connection.

EXPRESS specification:

*)

ENTITY class of (direct connection
SUBTYPE OF (cXass of connection of individual);

END ENTITY;
(*

5.2|121.3 _class_of_indirect_connection

A class “of indirect_connection is a class_of connection_of individual whose members are

members-of indirect—connection

EXAMPLE Drip pipe indirectly connected to drain funnel is an example of class_of indirect_connection.

EXPRESS specification:

*)

ENTITY class of indirect connection
SUBTYPE OF (class_of connection of individual);
END ENTITY;

(*
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5.2.21.4 class_of_individual_used_in_connection

A class_of_individual_used_in_connection is a class_of relationship whose members are members
of individual_used_in_connection. It indicates that a member of the class_of individual is used in a
class_of connection_of_individual.

EXAMPLE The link between the class_of connection_of individual that indicates that B12 type beams are
connected to pipe hangers, and the class_of individual "20mm Diameter bolt", that indicates that four 20mm
diameter bolts are used in the connection of a pipe hanger to a type B12 beam can be represented by an instance
of class_of individual_involved_in_connection.

EX DRI QO e 4
INL OO SPULLITIVALIVIL,

)
ENTITY class of individual used in connection
SUBTYPE OF (class_of relationship);
class _of connection :class_of connection of indiwadual;
class_of usage :class_of individual;
END ENTITY;

Attribute definitions:

lass of connection : the class_of connection_ef_individual whose members ar¢
the connections in the members of the
class_of individualcinvolved in_connection

lass_of usage : the class_of individual whose members are used in the
members of the‘class of individual used in_connection

5.2|21.5 connection_of _individual

A cpnnection_of individual is a relationship that indicates that matter, energy, or both can be
trarjsferred between the members of possible_individual that are connected, either directly or
indfrectly. There is no significanee to the ordering of the two related instances of
possible_individual. The nafnes side_1 and side_2 serve only to distinguish the attributes.

EXPRESS specification:

*)

ENTITY c@mhection of individual

SUPERIYPE OF (ONEOF (direct connection, indirect connection))
SUBTYPE OF (relationship);

Side 1 :possible individual;

gide 2 :possible individual;

END ENTITY;

(*

Attribute definitions:

side 1 : the first possible_individual that is involved in the
connection_of_individual

side 2 : the second possible_individual that is involved in the
connection_of individual
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5.2.21.6 direct_connection

A direct_connection is a connection_of individual that indicates that the side_1 and side_2 are
directly connected via a common spatial boundary.

EXAMPLE The relation that indicates that the plug terminating a serial communications cable is connected to
the socket on a piece of computer equipment can be represented by an instance of of direct_connection.

EXPRESS specification:

)

ENTITY direct connection
SUBTYPE OF (connection of individual);

FND ENTITY;
(x|

5.2|21.7 indirect_connection

Anlindirect_connection is a connection_of_individual that indicates that side, 1 and side 2 are
conpnected via other individuals.

EXAMPLE The relation that indicates that there is a railway connection between the cities of London and Paris
can |be represented by an instance of indirect_connection.

EXPRESS specification:

*)

ENTITY indirect connection
SUBTYPE OF (connection of individudal);
END ENTITY;

5.2|21.8 individual_used_in_connéction

Anfindividual_used_in_connection is a relationship that indicates that a possible_individual is
usefl in a connection_of _individual.

EXAMPLE The relationship between the connection of the flanged ends of two pipes and a temporal part ¢f
the polts, nuts, washers and-gasket set that indicates that the bolt and gasket set participates in the connectior]

can be represented by dn-instance of individual used_in_connection.

EXPRESS specification:

ENTITY: individual used in connection
SUBTYPE OF (relationship);

connection cconnection of indiszidusl.
7

usage :possible_igdi;idual;
END ENTITY;
(*

Attribute definitions:

connection : the connection_of individual in which the referenced
possible_individual participates

usage : the possible_individual that participates in the referenced

connection_of individual
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5.2.22 Relative locations and sequences

This subclause contains the declarations of entity data types that represent relative locations and

sequences.

NOTE Figure 198 is a diagram of the entity data type(s) defined in this subclause (see also 4.7.4).
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Figure 198 — lifecycle_integration_schema EXPRESS-G diagram 22 of 29

5.2.22.1

class_of_containment_of_individual

A class_of containment_of individual is a class_of _relative_location whose members are
instances of containment_of individual. It indicates that a member of the class_of locator
class_of individual can contain a member of the class_of located class of individual.
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EXAMPLE That 'de-icing fluid' can be contained by a '1500ml screw-top plastic bottle' is a
class_of containment_of individual.

EXPRESS specification:

*)

ENTITY class of containment of individual
SUBTYPE OF (class of relative location);
END ENTITY;

(*

5.2[22.2 class_of _relative_location

A class_of relative_location is a class_of relationship whose members are instances of
relative location.

EXAMPLE Beside, above, and below are examples of class_of relative location.

EXPRESS specification:

*)

ENTITY class_of relative location

SUBTYPE OF (class of relationship);

class_of located :class_of indisnidual;
class_of locator :class_of indiwvidual;
END ENTITY;

Attribute definitions:

tlass of located : the class) of individual whose members are located by
members of the class_of locator class_of_individual

tlass of locator :'the class_of individual whose members act as locator for the
members of the class of located class_of individual
5.2(22.3 class_of_temporal_sequence

A class_of temporal-sequence is a class_of relationship where the sequence is of a temporal
natyre.

EXAMPLE_I\The link that indicates that members of ‘July’ follow members of ‘June’ can be represented by an
instince ofelass_of sequence.

EXAMP e linl 3 ates tha ;
represented by an instance of class_of sequence.

EXPRESS specification:

*)

ENTITY class of temporal sequence
SUBTYPE OF (class_of relationship);
class_of predecessor :class_of individual;
class of successor :class_of individual;
END ENTITY;

(*
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Attribute definitions:

class_of predecessor : the class_of_individual whose members are the predecessors
in the members of class_of sequence

class_of successor : the class_of individual whose members are the successors in
the members of class_of sequence

5.2.22.4 containment of individual

A cpntainment_of individual is a relative location where the located possible individual-s
confained by the locator possible individual but is not part of it.

EXAMPLE The contents of a vessel being inside the vessel can be represented by an instance,'6f
confainment_of_individual.

NOTE Containment is distinct from composition; in composition the whole consistsof all of its part, with
confainment, what is contained is not a part of the container.

EXPRESS specification:

ENTITY containment of individual
SUBTYPE OF (relative location);
END ENTITY;

5.2|22.5 relative_location

A relative_location is a relationship that.indicates that the position of one possible_individual is
relative to another.

NOTE The classification of the relative- location indicates the nature of the relative _location, e.g. above,
belgw, beside.

EXAMPLE A being the located felative to B being the locator in a relative_location that is classified by th¢
class of relative locationtabove, indicates that A is above B.

EXPRESS specification:

*)

ENTITY\xelative location
SUBTYPE OF (relationship);
Tecated :possible individual;
Yocator :possible individual;

END ENTITY;
(*

Attribute definitions:

located : the possible_individual that is located

locator : the possible_individual that is the reference location for the
located possible_individual
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5.2.22.6 temporal_sequence

A temporal_sequence is a relationship that indicates that one possible_individual precedes another
in a temporal sense.

EXAMPLE 1 The relationship that indicates that the possible_individual that is the construction phase of a
plant precedes the possible_individual that is the commissioning phase of a plant can be represented by an
instance of temporal_sequence.

EXAMPLE 2 The relationship that indicates that the period_in_time known as the industrial revolution

pregeded-the-period OWH8 OFRREHE voltttonean-berep d-by-a 5t8 6

EXPRESS specification:

*)
ENTITY temporal sequence
SUBTYPE OF (relationship);
predecessor :possible individual;
successor :possible individual;
END ENTITY;
(*

Attribute definitions:

predecessor : the possible_individual that is the predecessor in the sequepce

UCCEeSSor : the possible_individual that is the successor in a sequence

5.2(23 Lifecycle stages and approvals

Thip subclause contains the declaratiofs,of entity data types that represent lifecycle stages and
appfovals.

NOTE Figure 199 is a diagramof'the entity data type(s) defined in this subclause (see 4.7.7 and 4.7.18).
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5.2|23.1 approval

An japproval is arelationship that indicates that a relationship has been approved by a
possible_individual that is an approver.

NOTE Eare-should be taken as to what is approved. Sometimes it will not be say a pump that is approved, but
the partticipation of the pump in a particular activity, or member of some class_of_activity.

EXAMPLE The involvement_by_reference of a plant design with a construction activity, being approved by
the site manager, is an example of an approval.

EXPRESS specification:

)

ENTITY approval
SUBTYPE OF (relationship);
approved :relationship;
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