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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

The prdcedures used to develop this document and those intended for its further maintenance\ar
describg¢d in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordancewith th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

W W

-

Attentidn is drawn to the possibility that some of the elements of this document may'be’the subject d
patent rjghts. ISO shall not be held responsible for identifying any or all such patent rights. Details of an
patent riights identified during the development of the document will be in the Iatroduction and/or o
the ISO list of patent declarations received (see www.iso.org/patents).

=R

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

For an [explanation on the meaning of ISO specific terms and{expressions related to conformit
assessmjent, as well as information about ISO’s adherence to the WT' O principles in the Technical Barrier]
to Tradg (TBT) see the following URL: Foreword - Supplementdayry information

U<

The compmittee responsible for this document is Technical€ommittee ISO/TC 184, Automation system
and integration, Subcommittee SC 4, Industrial data.

177)

ISO 1596 is organized as a series of parts, each published separately. The structure of ISO 15926 i
describ¢d in ISO 15926-1.

L

ISO 15926 consists of the following parts,(under the general title Industrial automation systems an
integratjon — Integration of life-cycle data for process plants including oil and gas production facilities:

— Parf 1: Overview and fundamentalprinciples;

— Part 2: Data model;

— Part{ 3: Reference data.fab geometry and topology [Technical Specification];

— Part 4: Initial refefence data [Technical Specification];

— Par{ 6: Methadology for the development and validation of reference data [ Technical Specification];

— Par} 7: Ifmaplementation methods for the integration of distributed systems: Template methodolog,
[Te¢hnical Specification];

~

— Part 8: Implementation methods for the integration of distributed systems: Web Ontology Language
(OWL) implementation [Technical Specification];

— Part 11: Methodology for simplified industrial usage of reference data [Technical Specification]
The following parts are under preparation:

— Part 9: Implementation methods for the integration of distributed systems: Facade implementation
[Technical Specification];

— Part 10: Conformance testing [Technical Specification]

iv © ISO 2015 - All rights reserved
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Introduction

ISO 15926 is an International Standard for the representation of process industries facility 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 model is designed to be used in
conjunction with reference data, that is, standard instances that represent information common to a
number of users, production facilities, or both. The support for a specific life-cycle activity depends on
the use of appropriate reference data in conjunction with the model.

This part of ISO 15926 focuses on a simplified implementation of the afore mentioned data moi(il in the
dontext of engineering data in the area of the process industry, including the oil, gas, processand power
industry and is intended for developers of configuration management processes and systems injgeneral.

This part of ISO 15926 provides the capability to express a product model with ‘RDF triples, RDF
Named Graphs and a standardized set of natural language relationships resulting'in a table thqt can be
gxchanged and shared easily in industry.

There is an industry need for this part of ISO 15926.

1+ The triple relationships are easy to understand by an engineer s¢ that an engineer can understand
the product model. This has been proven by the NL Ship Buildinggroup who developed a Gellish-RDF
based implementation for standardized exchange of product data of HVAC equipment on a dajly basis.

+ Thestandard datasheetsfrom API, NORSOK, etc.used inindiistry for pumps, compressors, instjuments,
etc. can be supported by a Gellish-RDF product model énabling industry to continue to work wfith their
specific data sheets and yet exchanging the data inistandardized way according this new sfandard.
This has been proven by the ICAAMC compressor group in a pilot for the API 617 data sheet.

+ Itisused in some projects, e.g. in the Pearl project for oil and gas.

+ This part of ISO 15926 can be used as a-ffont end engineering layer for the template methjodology
used by ISO/TS 15926-7 and ISO/TS$~15926-8, e.g. in the FIATECH project IIP. This will njake the
content of those projects easier to,access by engineers.

+ An EPC contractor has used the draft of this part of ISO 15926 in various tunnel projects for
information modelling in the area of systems engineering which was required by the Dutch
authority regulations. With this part of ISO 15926 enriched by the knowledge from ISO/IE( 15288,
this became possible-They also builta performance measuring system for operational data ip tunnel
installations where the methodology of this part of ISO 15926 is used to justify the performance to
the ministry of gransportation in the Netherlands.

© ISO 2015 - All rights reserved v
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Industrial automation systems and integration —

Integration of life-cycle data for process plants including

oil and gas production facilities —

Part11-

hethodology for simplified industrial usage of reference

1 Scope

This part of ISO 15926 enables a flexible creation of product knowledge modéls-that can be ex
in the plant engineering supply chain by combining RDF triples within named graphs, referel
dictionaries and a standardized set of relationships.

This part of ISO 15926 is appropriate for use with ISO 15926 reference-data libraries, and it is apg
to the oil, gas, process and power industries.

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

4+ process plants in accordance with ISO 15926-1;

+ use of RDF triples representing statements as definted in the ISO 15926 series;

+ aninitial set of relationships required for process plant life cycle representation;

+ rules for the use of RDF Named Graphs for product data representation and exchange;
+ examples of possible implementations.

The following are outside the scopewof this part of ISO 15926:

+ definition of reference data libraries;

+ the syntax and format-of implementations of product data models and/or instance data ujs
part of ISO 15926;

4+ any specific methods and guidelines other than RDF Named Graphs for implementing ISO 1

2 Normative references

data

changed
nce data

plicable

ing this

5926-2.

'he following referenced documents, in whole or in part, are normatively referenced in this dgcument

lindated

]
dnd are indispensable for its application. For dated references, only the edition cited applies. For
neferences the latest edition of the referenced document (including any amendments) applies

ISO/TS 15926-4, Industrial automation systems and integration — Integration of life-cycle data for process

plants including oil and gas production facilities — Part 4: Initial reference data

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

© ISO 2015 - All rights reserved
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3.1.1
class
category or division of things based on one or more criteria for inclusion and exclusion

Note 1 to entry: A class need not have any members (things that satisfy its criteria for membership).
[SOURCE: ISO 15926-1:2004, 3.1.1, modified]

3.1.2
characteristic data
descripfion of an entity by the class to which it belongs and a set of property values

Note 1 tq entry: ISO 13584, ISO 15926, ISO 22745, 1SO 13399, and ISO/TS 29002 all include characteristic'data ip
their dath models.

[SOURCE: ISO 8000-2:2012, 7.2, modified]

3.1.3
data
represefitation of information in a formal manner suitable for communication, interpretation, o
processing by human beings or computers

=

[SOURCE: ISO 10303-1:1994, 3.2.14]

3.14
formal pyntax
specificption of the valid sentences of a formal language using a formal grammar

Note 1 td entry: A formal language is computer-interpretable.
EXAMPLUE1 An XML document type definition (DTD) is a formal syntax.
EXAMPLE 2 ISO 10303-21, contains a formal syntax in®WSN for ISO 10303 physical files.

[SOURCE: ISO 8000-2:2012, 6.1, modified]

3.1.5
inform(I:ion
facts, cancepts, or instructions

[SOURCE: ISO 10303-1:1994, 3.2.20]

3.1.6
Named [Graph

key confept of Semaxti¢c Web architecture in which a set of Resource Description Framework (RD
triples) ptatements(&.graph) are identified using a unique URI

17

Note 1 tq entry:Named Graphs is the idea that having multiple RDF graphs in a single document/repository anfl
naming fhem with URIs provides useful additional functionality built on top of the RDF Recommendations

[SOURC F- W3C Recommendation 25 Febrnary 2014 mndifipd]

3.1.7

N-Quad statement

N-Quad

sequence of RDF terms representing the subject, predicate, object and graph identifier of an RDF Triple
and the graph it is part of in a dataset

Note 1 to entry: These may be separated by white space. This sequence is terminated by a ‘" and a new line
(optional at the end of a document).

EXAMPLE < http://one.example/subject1> < http://one.example/predicatel> < http://one.
example/object1> < http://one.example/graph3> . # comments here.

2 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0c115f29ea8fc1ad29b8976807d47baa

ISO/TS 15926-11:2015(E)

[SOURCE: W3C Recommendation 25 February 2014, modified]

3.1.8
RDF graph
graph structure formed by a set of RDF triples

[SOURCE: W3C Recommendation 25 February 2014]

3.19

reference data

fpcility lite-cycle data that represents information about classes or individual things which are gommon
many facilities or of interest to many users

OURCE: ISO 15926-1:2004, 3.1.18, modified]

1.10
eference data library
DL
thanaged collection of reference data

[SOURCE: ISO 15926-1:2004, 3.1.19]

3.1.11
rielationship
dbstract object that indicates something that one thing has todo with another

[SOURCE: ISO 15926-2:2003, 4.6.4, modified]

3.1.12

Jemantic encoding

technique of replacing natural language termis in a message with identifiers that refererjce data
dictionary entries

[SOURCE: ISO 8000-2:2012, 6.2]

3.1.13

qtatement

fact

information that is regardedyas indivisible

Note 1 to entry: A statemrent can be recorded as an instance of the entity relationship in ISO 15926-2. A 4et of one
dr more statements cah,be recorded in shorthand form as a single item as an instance of a template, as defined in
ISO/TS 15926-7.

[SOURCE: ISQ/FS 15926-6:2013, 3.1.25]
3.1.14
thing
dctual part of the real world, perceived part of the real world, or subject of thought

Note 1 to entry: A thing can be a material or non-material object, idea or action.
Note 2 to entry: This definition is adapted from ISO 15926-2, within which “thing” is an entity, but not a defined term.
[SOURCE: ISO/TS 15926-6:2013, 3.1.26]

3.1.15
triple
RDF-triple, representation of a relation between the objects or data that it links

Note 1 to entry: A triple comprises at least:

— an object called “subject”;

© IS0 2015 - All rights reserved 3
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— apredicate (also called property) that denotes a relationship between a subject and an object;
— an object or data called “object”.
[SOURCE: W3C Recommendation 25 February 2014]

3.1.16
product
thing or substance produced by a natural or artificial process

[SOURC

1 cO 102700 1.1
IOV 1VOVO L. L

LH

3.1.17
product data
representation of information about a product in a formal manner suitable for communication,
interprdtation, or processing by human beings or by computers

[SOURCE: ISO 10303-1:1994, 3.2.27]

3.2 Abbreviated terms

IDM Information Delivery Manual

RDL Reference Data Library

RDF Resource Description Framework

RDFS Resource Description Framework Schema

SPARQL Protocol and RDF Query Language

TriX Triples in XML
URI Uniform Resource Identifier
W3C World Wide Web Consortipm

4 Fundamental concepts and assumptions

4.1 Puyrpose and objectives

This part of ISO 15926~provides a semantic modelling methodology of engineering data that can b
relatively “easily” understood by engineers and that is flexible in terms of tailoring the methodolog
for a sppcific domain or project. The provided modelling methodology is based on the existing part|
ISO 15926-2 andSO/TS 15926-4. To achieve this, the triple concept of the RDF standard of W3
supplemente@dwith the Named Graph conceptof W3Cis adopted and augmented with a setof relationship,
further falled the “initial set of relationships”.

12BN 2L

Reason for developing this methodology can be found in the fact that product specialists and engineers,
especially within Small and Medium Enterprises (SMEs), who in general have limited skills in the area
of information modelling and related techniques, and they should be supported in their product and or
engineering knowledge modelling activities by a simple to use methodology, close to natural languages.
Using this methodology will lead to models that are upgradable to full ISO 15926-2 compliant models. In
other words this methodology provides a bridge to the much more complex ISO 15926-2 world and provide
a low entry threshold to ISO 15926. Also the fact in development work is that humans like to work with
simple table based structures rather than relatively complicated schemes should be respected if possible.

In line with this, this part of ISO 15926 offers a way to industry groups to set up and exchange their
product model using a low level modelling methodology based on statements in a table manner. This
part of ISO 15926 provides for that purpose a normative set of rules that allows engineers to build

4 © IS0 2015 - All rights reserved
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a product and plant lifecycle models using statements based on a normative set of relationships and
normative reference data. A statement is: that which is the case, independent of natural language. A
statement can be used to classify things as ‘being the case’. Statements can be expressed in languages as

relationships between two roles of things (respectively “thing playing role 1” and “thing playing

role 2”).

With the help of this part of ISO 15926, one is able to express any kind of product or engineering
information and exchanging this information based on a managed set of reference data, including
information concerning all relevant (system life cycle) processes to realize and maintain the product.
This part of ISO 15926 provides a semantic modelling methodology for creating and exchanging

ngineering data originating from Svstems EFngineering nrocesses
(=] (=] 4 (=] (=] 7 (=] oI

4.2 Positioning of this part of ISO 15926

igure the upper layer represents the role that a specific organization or enterprise(plays in the e
f information. The origin and scope of the information is represented by the,second layer.

rocess industry.

'he content layer represents the meaning of the objects that aré-exchanged as defined by
S50/ TS 15926-4.

thethodology as described within this part of [SO 15926.
the information to be exchanged. This part of ISO@5926 prescribes not a standard for any e
dyntax, only gives examples of possible syntax formats as given in Annex B.

The storage layer describes the technologythat is used to store the information and can be

Within a specific project each layerican be specified by means of a project-specific “Info
Delivery Manual”.

Enterprise role - Activity model ISO 15926-1 —

ISO 8000 (data quality), ISO 15288 P

Origine and scope (Systems Engineering)

Higure 1 shows the layers that can be distinguished looking at data exchange in géneral. Within this

kchange
For this

f]

C

part of ISO 15926, the origin can be seen as applicable quality aspects of,inhformation as ddfined in
ISO 8000-1, while the scope of the information exchange is ISO/IEC 15288, specific in the cqntext of
¢

]

|

the RDL

The semantic layer is the scope of this part of ISO 15926 and(is represented by the RDF Namegd Graph

The syntax layer represents the technology that is usedto physically exchange the data that represents

kchange

done by

theans of a triple store, a graph database,or-a traditional relational database management systgm.

mation

To be specified
Cantent RDL: ISO 15926-4 ‘—b ina
“Information
; ISO 15926-2, ISO 15926-11 Delivery
Semantics (RDF Named Graphs) ’-’ Manual”
(IDM)
Symtax ey ST N ;
Storage Storage, e.g. Triple or Graph store ==

Figure 1 — Positioning of this part of ISO 15926 in a view on data exchange
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4.3 Use of statements within ISO 15926

The aim of this partis to realize a human readable expression of engineering data that can be supported
and managed by computers where the aim of ISO 15926-2 is a full understanding of engineering data
by computers. Starting point of this part is that engineering data expressed according to this part can
be (manually) transformed to the level of ISO 15926-2. For this reason some principles of ISO 15926-2
are respected and other are simplified by means of “short cut” relationships but anyway consistent with
part ISO 15926-2

The exp
arole 2
called
commu

”

following the simplest possible grammatical pattern: subject - > verb - > object. This is als
triple in the context of Resource Description Framework (RDF) developed within thesW3

ity (see also Figure 4).

T o UQ

RDF is g language for expressing data models using statements in triple formats and sharing them wit
other pgople and machines. Since it is a W3C “Recommendation”, large collections of to6ls-and service
are available. The principle of using statements describing a “specific world” (an ontology) can replac
fixed dqta models and provides an extensible ontology with reference data with thé aim to defining
customizing and harmonizing systems. For this aim, the methodology describeddnthis part of ISO 1592
uses for|this goal taxonomy of relationships and a taxonomy of “things” to be-able to describe the worl
in a conpistent and explicit way. This is provided by the rule that relevant things in the real world mus
be classjfied by a class in a reference data library.

WVl =

= == O <

In Figurg 2, the principle of the object - relation - object mechanism is‘shown. The left side object (playin
a role 1) “airco xyz” is classified as the right side object (playing a'role 2) being an “air-conditionin
unit”. In the same way the “capacity airco xyz” is classified asia “nominal cooling capacity”. The give
informaltion is for human explicit and readable and correspondents with the information that usuall
can be fpund in a datasheet. As example the “capacity aircoXyz” is quantified in kW and has a magnitud
of 100. Engineers are integrating the facts expressed in*sentences with all that they already know suc
that englineers are able to utilize the meaning that theyderived from the statements given to create ney
knowleﬂlge which can be easily communicated with-colleagues resulting in actions.

SEERCE R RS

While statements (data model expressed in triple formats) that RDF uses is very simple and easy t
understhnd, but the serialized representation tends to get complicated for engineers to visualize th
whole sfructure of knowledge and comijrnicate it to colleagues. An RDF graphical representation @
statemelnts is here to help engineers since RDF also provides a standard way of expressing graphs d
statements and sharing them with.€elleagues and computers on line and/or off line. Further ontologie
provide|engineers to express the rules for inference from statements. An engineer shares his ontolog
with his|colleague it should have all knowledge he should have to draw same conclusions from statement
on handls. And same thing willbe true with machines if they commit to share the same ontologies.

12 S 72 == ¢ R =)

‘ object{playing role 1) |—| relationship |—| object (playing role 2) |

‘ airco xyz Is classified as I—} air-conditioning unit |

I airco xyz has property }—| capacity airco xyz |

[ 11

[ capacity airco xyz

is classified as !—! nominal cooling capacity !

is quantified in |—| Kw |
has magnitude |—| 100 |

‘ capacity airco xyz

I

‘ capacity airco xyz

Figure 2 — Representation of a piece of product information in statements

Both objects in a statement have each a specific role, related to the meaning of the relationship. As a
result of this a statement always must be readable in two directions, from left to right and from right
to left. So each relationship as defined in the initial set has two names: the “prescribed” name, reading

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0c115f29ea8fc1ad29b8976807d47baa

ISO/TS 15926-11:2

015(E)

from an object playing a role 1 and an object playing a role 2 and the reverse name, reading from an
object playing a role 2 to an object playing a role 1 (airco xyz has role 1 and capacity airco xyz has role 2

with respect to the relation). The reverse statements of Figure 2 are shown in Figure 3.

‘ object (playing role 2) l—{ relationship l—{ object (playing role 1) |

[ air-conditioning unit H Is classifier for H airco xyz ‘
[ capacity airco xyz H Is a property of H airco xyz |

[ nominal cooling capacity |—| Is classifier for '—{ capacity airco xyz |

‘ Kw }—| is quantification for }—{ capacity airco xyz 1
‘ 100 H is magnitude of H capacity airco-xyz2 ‘

Figure 3 — Statements of Figure 2 in reverse direction

(ne of the advantages of using statements as shown in this clauseds that one is able with one
dame methodology to describe product model data and create instance data in a repository as
dlso exchange both kinds of data between parties and or configliration management systems.

4.4 Requirements of statements

In general there is, in the context of engineering data, a need to be able to make statemen
dtatements. This ability is within in standard wrealized by identifying each statement by 4
ifdentifier. Therefore each statement is provided with a Uniform Resource Identifier (URI). By 1
to a specific URI one can make a statement about the statement that is represented by that URI

BXAMPLE Who has stated a specific statement and when has he made that statement in time are exg
gtatement about statements.

\

need for explicit statements about exchanged statements. These statements about statements
the workflow of processingindustrial data along the supply chain. Together with providing proy
these are fundamental requirements for exchanging as well as referencing and archiving indust
dlectronically.

In this part the-fellowing statements about statements are recognized to facilitate eng
transactional usage:

+ creator'ofa statement (party or role);

+ date;and time of creation of the statement;

and the
well but

s about
unique
eferring

mples of

Vhen in industry parties communicate (exchanging statements) with each other in general there is a

support
renance,
Fial data

neering

+L-modifier of a statement (party or role);

— date and time of modification of a statement;

— certainty of a statement; possible values (instances) for certainty can be “estimated”, “calculated” or

“as-build”), supporting of ranking the probability of the correct value of property values;

— modality of a statement; possible modal verbs to express the modus of a statement: possibl

e values

(instances) of modality are “Can be”, “Shall be” and “Shall have” supporting requirement management

and modelling product knowledge. Default the modus of a statement will be “is the case”;

— intention of a statement, possible values (instances) of intention are: “requested”, “proposed”,
“approved”. Supporting the workflow in the exchange process and change management, especially

for property values;

© ISO 2015 - All rights reserved
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— cardinality of an element (specific the “object playing role 2”) within a statement, supporting
requirement management and product knowledge modelling;

— versioning of a statement, supporting library versioning and base lining in the context of
configuration management;

— relating a statement to a specific system life cycle, making the difference between information that
is relevant for the conceptual design, detailed design or the maintenance stage of a system;

— defi

ning the “begin of life” and “end of life” of a statement in order to be able to pinpoint the period

int

In 5.4 and 5.5 the implementation of afore mentioned requirements is been made explicit by méans @

examplg

This me
implem¢

45 R

The Res
possibld
in 4.3. K
It defing

values. iroperties inthe context of RDF are instances of the class rdf:Property and describe arelationshi

betwee
object r

such a property is a predicate in the context of RDF.

RDF pr

describing the relationships between properties-and other resources. That is the role of the RD

vocabul
be used
charact
descript

Most of
— aSt«

— sub
to t}
rep

— nanpes are URIS, Which are global in scope, always referring to the same entity in any RDF document

in W

— objd

me that the specific statement 1s valid.

o)

S.

thod can define schemas as well as instances of the scheme defined in neutral format and can b
ented using any syntax layer, e.g. a spread sheet, XML, as shown in Annex B.

1%

ppresenting statements in RDF triples

purce Description Framework (RDF) is a formal language from the W3C)community that makes it
to describe the semantics of information in similar way as the statément mechanism describedl
DF is a general-purpose language; originally meant for representing information on the Weh.
s a language for describing relationships among resourcesdin terms of named properties an

subject resources (left side of the relationship within‘a statement, the role 1 element) an
bsources (right side of the relationship, the role 2 elehtent within a statement). When used a

U = O =

pvides no mechanisms for describing propertiés, nor does it provide any mechanisms fo

=

1]

hry description language, RDF Schema (RDFS). RDFS defines classes and properties that may
to describe classes, properties and other resources. These resources are used to determing
bristics of other resources, such as-the domains and ranges of properties. RDFS vocabulary
ions are written in RDF.

the abstract model of RDF comes down to four simple rules:
itementis expressed as aSubject-Predicate-Objecttriple: thisis similarto a (short) English sentencg;

ects, predicates, and objects are given as names for entities, also called resources (dating bac
e application of RDF to metadata for web resources) or nodes (from graph terminology): entitie
‘esent something, a person, website, or something more abstract like states and relations;

VI A

rhich theyvappear;

ct§ ean also be given as text values, called literal values, which may or may not be typed usin

Jy

XM

Sehema data types

The simplicity and flexibility of the triple in combination with the use of URIs for globally unique names
for subjects, predicates and objects makes RDF unique, and very powerful. It is a specification that fills
a very particular niche for decentralized, distributed knowledge and provides a framework to enable
computer applications to answer complex questions.
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|object (playing role 1)|——{ relationship }—{ object (playing role 2) |

: v !
' predicate
Subject P Object

Figure 4 — Adopt RDF triple principle to represent a statement

015(E)

The design of KDF can be characterized as:

— is based on a simple data model;

4+ enables a certain level of formal semantics and provable, traceable inference;
+ uses an extensible URI-based vocabulary;

+ uses an XML-based syntax, supporting XML schema data-types;

+ allows anyone to make statements about any resource.

The underlying structure of any expression in RDF is a collection eftviples, each consisting of a
g predicate and an object. A set of such triples is called an RDF graph. This can be seen in the
ghown in Figure 4, a triple being described by as a node-arcznode link. An RDF triple is conver
written in the order subject, predicate, object. The direction ‘of the arc is significant: it alway
toward the object by means of an arrow. This way of visdalization of statements allows users
hetter grasps of models and instances of models they, defined in table manner.

1
the things denoted by subject and object of the, triple, in other words, visualization as an arc
to clearly identify the predicate (equal to a relationship) between two things. The assertion of
draph amounts to asserting all the triples init, so the meaning of an RDF graph is the conjunction
AND) of the statements corresponding t6.all the triples it contains:

1+ RDF provides a data model forobjects and relations between them and provides a simple s¢
for the data model;

+ RDF Schema provides-asvocabulary for describing properties and classes of RDF objed
semantics for generalization-hierarchies of such properties and classes.

 DF is using the principle of Linked Data. Linked Data describes a method of publishing st
ata so that it cap-be-interlinked and become more useful. It enables integrating knowledge frq
ocabularies info,a’product model making a formal reference to elements of those vocabularies
hat can be read automatically by computer by means of SPARQL, the query language for RDH
ata usesRIs to denote things. Specific HTTP URIs are used so that these things can be referre
boked up.(“dereferenced”) by people and user agents.

_—— <,

Ihhis part of ISO 15926, URIs are as follows:

subject,
liagram
tionally
s points

to gain

'he assertion of an RDF triple says that some relationship, indicated by the predicate, holds lpetween

s useful
an RDF
(logical

mantics

ts, with

uctured
m other
in a way

Linked
d to and

— a URI (Uniform Resource Identifier) is a compact string of characters that is used to identify a

subject, predicate, object or Named Graph;

— ahash (#) URI is used whenever one wants to refer to something that doesn’t live on the web, with

the base URI providing information about that thing;

— aslash (/) URIis used whenever one wants to refer to something that is live and addressable on the web;

— in general, a namespace is a container for a set of identifiers (names). Namespaces usually group

names based on their functionality. A namespace can be part of a URI;

— an absolute URI reference consists of three parts: a scheme, a scheme-specific part and a

fragment identifier.
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EXAMPLE1  http://standards.iso.org/iso/15926/-4/tech/reference-data#RDL7459 as an example of an hash URI

of a class from ISO/TS 15926-4 is broken down as follows, where the first three parts are the name space of the URI:

http :scheme

http://standards.iso.org/iso :authority

/15926/-4/tech/reference-data :path

RDL7459 :fragment

For the fragment part of a Named Graph, preferably a universally unique identifier, is used as define@in

ISO/IEC|11578:1996.

EXAMPLE 2  Example of a universally unique identifier (UUID) according to ISO/IEC 11578:1996"is: http:}/

examplelcom/myproject#40bb99c0-1f74-11e2-81c1-0800200c9a66

NOTE 1 | For the naming of objects, this part of ISO 15926 uses the practice of CamelCase forwriting compounfl

words. When writing relationships each compound word starts with a lower case letter. Anjobject not being p

relationghip starts with a capital, a relationships start with a lower case.

In this gart of ISO 15926, the used name spaces are:

— “www.example.com/myproject#” to identify project specific things where the namespace www.
example.com/myproject#” is represented by the string “myproject.”;

— “www.example.com/part2#” to identify concepts derived from/SO 15926-2 where the namespacg
“www.example.com/part2#” is represented by the string {part2:”;

— “www.example.com/part4#” to identify concepts derived from ISO/TS 15926-4 where thp

nanjespace “www.example.com/part4#” is represented by the string “part4:”;

Uw.example.com/part11#” to identify relatiohships and types of Named Graph, where th

19}

nanjespace “www.example.com/part11#” is represented by the string “part11:”;

«

— “www.example.com/library#” for things-that comes from a private library where the namespac

«

WV

19%)

EXAMPL
specifica
pedestal

— “pede

— “cran

“«

— nom
“«

— nom

— “nom|

yw.example.com/library#” is représented by the string “library:”.

E 3  Figure 5 shows an example of a set of graphs that represents a set of statements about the
tion of a property “nominal-lead weight” of a typical pedestal crane, including the classification of
crane. The used namespaee'is’“library:”. The statements represented by Figure 5 are:

-

stal crane” is a subclass of “crane”;

£” has a property “rominal load weight”;

nal load weighit” is a subclass of property “weight”;
nal load'weight” has an upper boundary of “440”;

nalload weight” is quantified using the UOM “tonnes”.

10
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library:hasProperty

library:PedestalCrane

library:Nominal
Load Weight

library:Tonnes

Fdf51SUhClassof

v

x L
subject - predicate - object
library:Crane library:Weight

Figure 5 — RDF Example of a specification of a property of a crane

XAMPLE 4  Figure 6 shows an example of a set of graphs that represents apset of statements about the
pecification of a property “nominal load weight” of a specific pedestal crane(“deck crane B710” which is an
hdividual) asaninstantiation ofatypical pedestal crane. The instances are definedin the namespace “myproject:”,
he classes are defined in the namespace “library:”. The statements represefited by Figure 6 are:

+ “deck crane B710” is an instance of a “pedestal crane”;
+ “deck crane B710” has a property “nominal load weight deck crane B710”;
“nominal load weight deck crane B710”is an instance of “norinal load weight”;

+ “nominal load weight deck crane B710” is quantified in‘tonnes”;

+ “nominal load weight deck crane B710” has a magnitude of “400”.

library:Tonnes

library:hasMagnitude

myproject:Nominal
LoadWeight
DeckCrane B710

Figure 6 —RDF Example of an instantiation of a “nominal weight” property as defined in Figure 5

NOTE 2~ Application software can check if the magnitude of “400” as used in Figure 6 fits in the given upper
oundary of “440” defined in the typical of a “Pedestal Crane” as defined in Figure 5.

o

4.6 RDF Named Graph

Named Graphs are a key concept of Semantic Web architecture in which a set of Resource Description
Framework (RDF triples) statements (a graph) are identified using a unique URI. So a statement can be
optionally explicit accompanied with additional information. This is necessary to be able to pinpoint the

characteristic, context or metadata of a statement.

EXAMPLE1 Anexample ofinformation explicitaccompanied with a statementis the intention of that statement
which states that the statement is required, proposed or approved.

Named Graphs are an easy enhancement of the abstract RDF syntax. Named Graphs enables us to talk
about RDF graphs using RDF statements (in other words: allows making statement about statements).
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The meta-data of a statement, e.g. source, modifier, modified, context, can be expressed in triples, each
belonging to that statement. It is needed to be able to say that these extra triple belongs uniquely to the
triple that represents the statement. Therefore the W3C version of RDF named graphs is used in this
part. By putting the triple of a “main” statement in a RDF named graph, as many additional triples as
needed can point to the first triple, representing metadata.

EXAMPLE 2 A specific statement can define the cardinality of the object that is contained in another
specific statement.

EXAMPLE 3

of a prop

The con
provide
become
ISO/IEC
to bring

EXAMPL
given in
second N
third Na
metadat

NOTE

names and not a formal UIDD.

A specific statement can define the certainty of a property value that is defined as the magnitude
[ErTy I another specliic statement.

cept of RDF Named Graphs offers flexibility in modelling products and plants. Also this conce
5 the possibility to represent any work or product process in a graphical manner,so [that
5 easier to extract required predicates (equal to a relationship). This method has beeh.applied t
15288 process to define statements in subject, predicate and object so that it becdemes possibl
in systems engineering aspect into the ISO 15926 world.

E 4  Figure 7 shows an example with three Named Graphs that are representing three statement
Figure 6. The first Named Graph states that DeckCraneB710 is an instance«fa “PedestalCrane”. Th
amed Graph states that DeckCraneB710 has a property “NominalLoadWeightDeckCraneB710” and th
med Graph states that the magnitude of this property is equal to “400”. Each/triple is accompanied wit
h such as “isCreated by”, “isCreated at” and “isModified At”.

- (U D W

—

For reason of readability, Named Graphs in the examples used(n this part of ISO 15926 have logica

myproject:001

|

|
J

~

n%iﬁfoject:isCreatedBy
myproject:isCreatedAt

&

"15-5-2013 12:00" F

\%4
mylibrary:PedestalCrane

rd:fype
myproject:isCreatedBy

"John Doe"

myproject:DeckCraneB710

[

L ¥

myproject:QQZ .v

mypr@%\;isCreatedAt
X "15-5-2013 12:10" ]

\% myproject:hasProperty

L —

4
n

“John Doe"

myproject:NominalLoad\Weight

myproje QkCraneB?w
yp

AN

Py

N

DeckCraneB710

AS

myproject:003

e

\ :

nyprojectisCreatedAt

]\myproject:isCreated By

"15.5.2013 12:00" ]

\)[ “John Doe" ]

myproject:NominalLoadWeight
DeckCraneB710

A

myproject:hasMagnitude

4

Figure 7 — Named Graph principle applied on three triples taken from Figure 6

In Table 1, the Named Graphs shown in Figure 7 are captured in the N-Quad format of W3C.

12
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Table 1 — W3C N-Quad representation of Named Graphs
Triple
Subject Predicate Object UID Named Graph
myproject:DeckCraneB710 rdf:type library:PedestalCrane myproject:001
myproject:001 library: isCreatedBy “John Doe” myproject:001
myproject:001 library: isCreated At “15-5-2013 12:00” myproject:001
myproject:
MyprojectDeckerameB 740 tbrary-trasProperty NomTattatWetghtbeckerame B746 Ty pTofeTt 002
nyproject:002 library: isCreatedBy “John Doe” myprojeet[002
myproject:002 library: isCreated At “15-5-2013 12:11” myjproject{002
myproject:
NominalLoadWeightDeckCraneB710 library: hasMagnitude “400” myproject|003
myproject:003 library: isCreatedBy “John Doe” myproject{003
nyproject:003 library: isCreated At “15-5-2013 12:15” myproject{003

4.7 Connecting RDF with a Reference Data Library (RDL)

4
grea of [SO 15926 as well as that of Systems Engineering thento‘extend a managed set of existi
Il order to build such a set of reference data items, from the’ RDF namespace this part of ISO 159

+ rdf:type;

+ rdf:Property;

1+ rdfs:Class;

+ rdfs:subClassOf;

+ rdfs:subPropertyOf.

The relationship “is a specialization of” is within this part of ISO 15926 identical to “rdfs:sub(
the relationship “is an instanee of” is within this part of ISO 15926 identical to “rdf:type”.

gnvironment, there is,a.class “thing” defined as a rdf:type of rdfs:Class. In a simplified way, ISO
thing” can be seen@s-the root classes for all object classes of this part of ISO 15926 (see Figur¢
oot classes of this.part of ISO 15926 are specialized in Figure 8 to sub classes in order to desd
information medels as shown in Clause 6.

Higure 8 shows how the root element “thing” is a generalization of an initial set of basic classes
Ry this part of ISO 15926 which are derived from ISO 15926-2 entities which on their turn
dlasseswithin the RDL ISO/TS 15926-4.

\n essential part of the methodology is identifying reference datditems in the context on the apilication

g RDLs.
26 uses:

[lassOf”,

To be able to use ISO/TS-15926-4 in combination with this part of ISO 15926 in the context ¢f a RDF

15926-2
 8). The
ribe the

known
refer to

© ISO 2015 - All rights reserved
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part2:PhysicalObject

part2:Property

part2:Scale

part2:PropertyQuantification

part2:PropertySpace

part2:Feature

part2:Status

part2:Phase

part2:0rganism

part2:0Organisation

part2:Activity

part2:Role

part2:Event

part2:TemporalWholePart

rdf:type

rdfs:subClassOf

part2:InformationObject

part2:Collection

r—  — p— p— p— p— p— p— p— p— p— p— p— p— g— p— g—

part2:AbstractObject

e N o e o o Y ) Y S Y W Y S Y S

Figur

The met
the Refe

e 8 — Expanding RDF with basic classes\of an RDL by mapping rdfs:class to part2:thing

hodology described in this part allows defining private classes as specializations of classes i
rence Data Library. These specializations then are part of the product, project and or proces
model and refer to a class in the Reference Data Library by means of the UID of the applicable clas

o part2:Thing ]

ViVl =9

within [SO/TS 15926-4.
EXAMPLE Figure 9 shows an example of how anindividual (instance ofa RDL class) isrelated to rdfs:Resourcg.
14 © IS0 2015 - All rights reserved
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rdf:type rdf:type
[ part2:Thing rdfs:Resource
»

rdfs:subClassOf

[ part2:PhysicalObject ]
A
rdfs:subClassOf
RDL
l partd:Vehicle J
A
rdfs:subClassOf
[ part4:MotorVehicle ]
A
rdfitype Instance
(myproject)
[ myproject:MyCar ]

Figure 9 — Example of how an individual “mypreject:MyCar” being an instance of a mjotor
vehicle as defined in the library ISO/TS15926-4 is related to rdfs:Resource

4.8 Use of RDF with a RDL of relationships

To expand RDF within this part of [SO 15926, areference datalibrary of relationshipsis incorporated. The
oot of this reference data library of relationships is “part11:relationship” which is defined as a rdf:type
df rdf:Property. All relationships within the initial set of this part of ISO 15926 are a rdfs:subPrdpertyOf
df partll:relationship.
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There a

rdf:Property

Example of a relationship‘from
rdf:type the initial set of ISO 49926-11

rdfs:subPropertyOf ( '%?-
partll:relationship L partl@o sistOf
o)

Figure 10 — Expanding RDF with a defined set of relationships with root element
partll:relationship

e two kinds of relationships defined in this part of ISO’15926:

— reldtionships in the context of making statements about Systems Engineering data;

EXAMPL

E1  “Objective A is threatened by risk B” is d'statement in the context of Systems Engineering.

— reldtionships in order to make statements*about statements (metadata).

EXAMPL

E 2 “Statement A is created by person B” is a statement about a statement.

Both kinds of relationships are defined in the initial set of relationships as given in Annex A.

n statements are exchanged in the supply chain, only relationships in the prescribed directio
|1 be used. The jriverse name of the relationship shall only be used in end-user applicatio
bined by changing the subject and object from position in the statement;

n implementing this part of ISO 15926, each relationship can be specialized by means of domai
range relationships in order to select the right set of objects (on class level or on instance level
bnnect-with (see as example Figure 21).

— )

1%

brienting this functionality within a configuration management environment will improve th

Rules:
—  whe
sha
con|
—  whe
and
toC
By impl
semanti
NOTE
5 Me

c quality of statements and thus of information modelling.

For “partll:relationship” the same definition is valid as the entity “relationship” defined in ISO 15926-2.

thodology for using Named Graphs

5.1 Building constructs of the methodology

In this clause, a semantic modelling methodology is described at logical level, consisting of a set of rules
allowing users to combine RDF triples, RDF Named Graphs, set of relationships and RDL classes to build

16
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up product and or process models in a consistent manner. There are three types of “building constructs”
defined within this methodology, all three represented by a specific Named Graph:

— an “individual graph” whereby any new object class or class instance will be introduced in the
product, project and or process model. An “individual graph” is only a placeholder for that specific
class or instance, and adds no semantics to that class or instance at this point, only defines a label
for the URI of the object class or class instance;

— a “relationship class Graph”. This kind of graph introduces, classifies and prescribes a relationship
in terms of the name and allowed domain and range;

4+ a “statement graph” which will be used to make a concrete statement about another statgment or
any object introduced in an "individual graph”.

These three types of Named Graphs allow integration of a class library and instances'in one RDF Named
(Graph environment. Also specializations of classes of a Reference Data Library likedSO/TS 15926-4 can
be integrated in the product, project and or process model.

Rules:

+ every statement has its own type of RDF Named Graph as defined by this part of ISO 15926 by
assigning one of these three types of Named Graphs;

4+ the relationships that are used are originating from the initial set of relationship given in (lause 7.
The initial set is derived from the ISO/IEC 15288 reference models given in 6.2;

+ for each relationship within the initial set is defined.what the highest upward class in the hjerarchy
is defined for the subject and the object of a relationship. Each subclass of the defined|highest
upward class in the hierarchy is thus allowed agsubject (domain) respectively the object (ffange) of
a relationship;

+ when one wants to restrict the usage of:afelationship in terms of domain and range, a speciglization
of a specific relationship can be created'using the relationship class Graph;

+ every Named Graph has at least as:-metadata its creator and date/time of its creation.

There are two scenarios defined-in this part how to manage changes in information represdnted by
Named Graphs:

+ modifications of named’graphs are allowed: a modified named graph then gets as extra metadata:
the date/time of medification, additional to the date/time of creation and creator;

+ no modifications of any graph is allowed in order to support full traceability of history {nothing
will be evet deleted). The specific graph, subject of the modification, will be replaced by a iew one,
with a {replaces” relationship to the URI of the superseded graph. This “replaces” relationship can
be contdined in the same named graph as the new Named Graph that supersedes the old Named
Graph*or can be a “is replaced by” relationship in the old Named Graph or can be contaihed in a
separate Named Graph by means of a “is replaced by” relationship. Depending on the conteft of the
application one can chose to implement one of these three mechanisms.

NOTE1  Forcreator, created, modifiedismade use ofthe Dublin Core terms dc:creator, dc:created and dc:modified.

NOTE 2  For the “replace relationship” is made use of the Dublin Core term dc:isReplacedBy or dc:replaces.

5.2 Named Graph methodology

Figure 11 shows the three types of Named Graphs, introduced in 5.1. For this purpose, the RDF subclass
rdfg:Graph is adopted from the W3C community as the root class for these three types of Named Graphs.
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rdf:type

rdfg:Graph

rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf

[ partll:IndividualGraph ] [ partll:RelationshipClassGraph ] [ partl1:StatementGraph ]

b r »
2 - rdftype =
relfetyme T retfctye

Introducing a place holder for Making the statements that

instance “MyCar” ) part11:consistsOf “MyCar” is a car and “MyEngine”,
example relationship is @ engine (using rdf:type) .
rdf:type
’"m;::t‘;:f:”ﬁa;ih?#:ir fon Specializing relationship part11:consistOf to .
it myproject:myConsistOf using subPropertyOf and Making the statentent that
example dding d in, range and lata. MyCar - myConsJétA lyEngine
\ | \ example | \ example |
Project library Defining and Makin
specializations of RDL classes and —————>  constraining partll ~————= Statemegrl\ts
instances of classes) relationship

Figure 11 — Example of the use of the three types of Naméd-Graphs defined by this part of
ISO 15926

Figure 1|2 shows the way how to specialize relations fromithe initial set, fit to purpose for use in a projedt
or prodiict specific context.

5--.,________—_k
4
rdf:type
/"_—___-
( rdfs:Class
\-._________L
r
rdf:type
e
( rdf:Property
\""———“ Example of a relationship from
rdf-type the initial set of 1SO 15926-11
AS ] rdfs:subPropertyOf r ] rdfs:subPropertyOf
[ panll:@mmp < part11:consistOf <
N J L )
rdf:type
v
rdfs:subClassOf (3 |
rdfg:Graph e part11:RelationshipCIassGraphJ
o »
rdf:type

| myproject:myConsistOf ]_

Figure 12 — Example of specializing a relationship from one out of the initial set of
relationships

18 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=0c115f29ea8fc1ad29b8976807d47baa

ISO/TS 15926-11:2015(E)

5.3 Metadata of a Named Graph

In order to position a Named Graph in his context, metadata can be added. For this purpose the next

terms from the Dublin Core are adopted within this methodology (http://dublincore.org):
— dc:creator;
— dc:created;

— dc:modified;

+ dc:source;

+ dc:language;
+ dc:description;
+ dc:provenance;

+ dcreplaces, dc:isReplacedBy.

— rdfs:label;

+ rdfs:domain;

— rdfs:range.

o

efining context of a Named Graph which is not ¢evered by the Dublin Core and or RDF(S):
+ partll:hasReverseLabel;

1+ partll:domainlsRestrictedByClass;
1+ partll:rangelsRestrictedByClass;
+ partll:hasModality;

+ partll:hasintention;

+ partll:hasCertainty;

+ partll:hasCdardinality;

+ partll:hasMinCardinality;

+ parctlilshasMaxCardinality;
+-"partl1l:hasAsBeginOfLife;

Hrom the RDFS namespace the next predicates are used to describe metadata of Named Graph:

\dditional the next relationships are defined in the initial set of relationships in order to define nj

jetadata

— partll:hasAsEndOfLife;
— partll:isModifiedBy;

— partll:concernsStage.
5.4 Example Named Graph methodology within projects

5.4.1 Introducing the basic types of Named Graphs within this part of ISO 15926

In this clause, the three building constructs of the Named Graph methodology of this part of ISO 15926
(see 5.1 and Figure 13 are defined by means of a specific Named Graph for each building construct as
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shown in Figure 13, Figure 14 and Figure 15 respectively. The Figures shown in Figure 13, 14 and 15 are
centralized around the URI of the named graph, in Figure 13 “part11:IndividualGraph”.

Within the named Graph the relationships (predicates) are presented between this specific Named
Graph and different kinds of objects like creator, date-time of creation and language, representing the
metadata and classification of the Named Graph.

([ partli:IndividualGraph dc creator myproject:Administrator ] \

"15.5.2013 12:42" J
[ rdfs label | | rdfs:subClassOf | de: Ianguage

[ http://standards.iso.org/iso/15926-11 ] [ “Individual Graph” ] rdfg:Graph G\}

- ,O\l/ /

Figure 13 — Named Graph introducing the class “IndividualGraph”

N?
/ partll:RelationshipClassGraph c.) \
. myproject:Administrator ]

O
X
rdfs:label rdfs:subClassOf Uk
@

\ http://standards.iso.org/iso/15926-11] [ “Relationship CIags\iG\ra'ph" ] rdfg:Graph ]

& = 4

Figure 14 — Named Graph introducing the class “RelationshipClassGraph”

rt11:Stat tG I()\‘
/ it kol myproject:Administrator]

*
O
"15-5-2013 12:42" ]

AP (rdfs:label | rdfs:subClassOf | [ dclanguage |
A4

L o

http://standaWorg/iso/lsszs-ll] [ “Statement Graph” ] '

> &

Figure 15 — RDF Named Graph introducing the class “StatementGraph”

"15-5-2013 12:42" ]

i

The partll:relationship, being the root relationship of this part of ISO 15926 (see Figure 10), is defined
by means of an instance of a part11:RelationshipClassGraph. Every relationship defined in the reference
data library of relationships as defined in this part of ISO 15926 will be a rdfs:subPropertyOf of
partll:relationship.

In Figure 16 this root relationship is introduced in this example project by means of the Named Graph
with URI part11:relationship.
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partll:relationship

dc:creator myproject Administrator ] \

015(E)

]

dc:created
| dcilanguage | "15-5-2013 12:42" ]
| rdfslabel | part1l:RelationshipClassGraph

http //standards.iso.org/iso/15926-11 "Partll relationship” \[ rdf:Property n<(:]
Q>

Figure 16 — RDF Named Graph introducing the root class “partil:relationship” as rd
of rdf:Property

3.4.2 Introducing project specific individuals

o

\ set of Named Graphs can be used to define project specific individuals. In the following an ex
vorked out were a car (MyCar) consists of an engine (MyEngine) and.the char has a property “Pow
dar”. This property will be quantified in a UoM, and the given property value will be replaced by a ng

=

MyCar, MyEngine and the “Power of the car” are instances ¢fclasses that are contained in a RD

Hirst, in Figure 17 the place holder for MyCar is introdiiced by means of an instance of an in
graph with the URI myproject:MyCar. In this Named\Graph the label “MyCar”is assigned to
Ilater on (Figure 28) MyCar will be classified as a.ed¥ as defined in ISO 15926 part 4.

%

f:type

hmple is
er of the
w value.

L.

dividual
his URI.

myproject:MyCar
yP l b dc:creator

myproject:JohnDoe ]
rdf:type rdfs: |a;gp dc:created

"15-5-2013 12:10" ]
[ partll: lndwp&ﬁéfaph ] “My Car” ]

s

Figure 17—~ RDF Named Graph introducing a placeholder for “MyCar”

‘engine” as define@in ISO/TS 15926-4.

In Figure 18 the plac®holder for MyEngine is introduced and will later on (Figure 29) be classified as an

- . 1
VS myproject:MyEngine dc:creator

part11:individualGraph ] “My Engine”

| dccreator |
- J_\_\)[ myproject:JohnDoe ]
e\) \l e | \f T | _dc:created
rdf:type rdfs:labe
\ \[ "15-5-2013 12:30" ]
K [ L ]

Figure 18 — RDF Named Graph introducing a placeholder for “MyEngine

In Figure 19 the place holder for the property “Power of my car” with URI myproject:PowerOfMyCar is
introduced and will later on (Figure 33) be classified as “nominal power” according to its definition in

ISO 15926 part 4.
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5.4.3

First a

a partl1:RelationshipclassGraph with URI part11:consistsOf (Figure 20) with label “consists of” and i
definedfas an rdfs:subPropertyOf of partll:relationship as defined in Figure 16.

Second the in Figure 20 introduced basicversion of the relationship “consists of” is further specialize
for this gxample to a relationship in the namespace “myproject” with a domain and range both declare
hces of the RDL class “physicalrobject”. The URI is myproject:myConsistOf and has label “consig

of Physifal Object”.

as insta

22

myproject:PowerOfMyCar

dc AT myproject:JohnDoe ]
rdf: tvpe rdfs: label dc Teren
"15-5-2013 12:10" ]

partll: IndlvtduaIGraph “Power of my car”

Figure 19 — RDF Named Graph introducing a placeholder for “PowerOfMyCar”

[Introducing project specific relationships

hasic version of the relationship “consists of” is introduced in the example project by means @

N
partll:consistsOf T = N~ \
/,{ mypro;e/c@ﬂmlnlstrator ]

\\

dc source | partli:hasReverselabel I rdfs:label |

S
135:5-2013 12:42"

A

partl1:RelationshipClassGraph ]

http: I/standards iso.org/iso/15926-11 ] “is part of”

: .iso. s partll:relationship ] /
N N

KFigure 20 — RDF Named Graph introducing the part11:consistsOf relationship as a
rdfs:subPropertyOf of partl1:relationship

[

7T —h

iR =" ="]
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—
myproject:myConsistOf Hm myproject:Administrator ]\

"15-5-2013 12:42" ]
| rdftype | e ]
partll:RelationshipClassGraph ]

rdfs label

[ mypr(!ject myprOJect \ partl1:consistsOf Q
)

NN

| partll: hasReverseLabeI |

Vi
part4:PhysicaIObjeuq\o ]
[ “is part of Physwal Object" cz) Va

N

“consists of Physical Object” ] part4:PhysicalObject v ]
LAY /

Figure 21 — RDF Named Graph specializing within themmamespace “myproject” the
Figure 20 introduced relationship with label “consistsOfinto the relationship with Iz
“consistsOfPhysicalObject”

In Figure 22 the relationship with label “has modality” from the initial set is introduced W
partll:hasModality with label “has modality” as@n rdfs:subPropertyOf of partll:relations
)i

igure 16).
B
artll:hasModalit )
B Y & de:creator myproject:Administrator ]

dc:created
| dcilanguage | "15-5-2013 12:42" ]

dc:source | pfﬁMsReverseLabel | 1 el | partll:RelationshipClassGraph

—

{ http.l/standx@o.orgllsollssze-ll ] [ “is modality of” ] I “has modality” ] partll:relationship ]
B AN 7

Figure 22'>=RDF Named Graph introducing the part 11 relationship with label “has mo

in
bel

rith URI
hip (see

In Eiglires 23, 24, 25, 26 and 27 the following relationships are introduced in the partll na
in‘the same way as in Figure 22 “partl1l:hasModality”: partl1l:isQuantifiedIn, partll:hasMa‘Enitude,

partll:hasCertainty, partll:hasintention, and partll:hasProperty.
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art11:IsQuantifiedin -
/{ B dcicreator myproject:Administrator ]

dc:language

"15-5-2013 12:42" ]

rdf:type

| partll:hasReverselabel | rdfs:label
rdfs:subPropertyOf

[ “is quantification of” ] “is quanfied in” N partll:relationshiP/]

partl1:RelationshipClassGraph ]

dc:source

http://standards.iso.org/iso/15926-11
N

Figure 3 — RDF Named Graph introducing the part 11 relationship with label “is quantified in|

B PA)
partll:hasMagnitude - ¥
('{ deicreator myprcject:Adhﬁnﬂtrator ]
s

<D

| dc:source | |part11:hasReverseLabelJ

[ http://standards.iso.org/iso/15926-11 ] “is magnitude of” ] "@Ragnitude" ]\[ partll:relationship/]
N <

i

Figure P4 — RDF Named Graph introducing the part 11 relationship with label “has magnitude|

7 \4
/'[ partll:hasCertainty \|~] dcicreator ;l myproject:Administrator\]

dc:language

"15-5-2013 12:42" ]

/aX
[ desource || pa@shéRevefSELabel | R ST partll:RelationshipClassGraph ]
)
\[ http:Ilstandar@érglisollsszs-u] “is certainty of” ] [ “has certainty” panll:relationshipj]
[N ~Y"

Figurg 25<—~RDF Named Graph introducing the part 11 relationship with label “has certainty”
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dc:created
[ dclanguage | "15-5-2013 12:42" ]

S

partll:hasintention
de:creator myproject:Administrator ]

015(E)

de:: source I partll:hasReverselabel |

rdfs:label partll:RelationshipClassGraph

]

rdfs:subPropertyOf

\[ http: //standards iso.org/iso/15926-11 ] “js intention of" “has intention” ] \[ ?artll:relations@/
Fa

pntion”

—

Figure 26 — RDF Named Graph introducing the part 11 relationship with label*‘has 6int
v
art11:hasPropert AN
/[ i RETY J deicreaton mwk&‘&:‘t Administrator ]
dc:created
e \"15-5-2013 12:42" ]
| dc:source | | partll: hasReverseLabelJ | rdfs:label | .

m partll:RelationshipClassGraph

=

partll:relationship ]
4

“has property” ]

[\http:flstandards.iso.org/isu/15926-11 ] “is property %Qﬁ
>3

3.4.4 Introducing project specific statements

n the previous clauses the placeliolders are introduced and the needed relationships are define

upporting controlled change of these labels. In principle these labels can also be part of theg

|

Q

gdbout statements. In this example the labels of the placeholders has been put in separate staf
q

(raph that introduces-the placeholder.

In Figure 28 URI myproject:MyCar with label “MyCar” is stated to be an instance from the ISO/ T}
4 class “part4:MotorVehicle”.

?“myproject:MyCarCIassification ] ] -

e

Figure 27 — RDF Named Graph introducing'the part 11 relationship with label “has property”

1. In this

lause, both are used to make statements about the configuration of the product and to make stafements

ements,
Named

b 15926-

4 \ m'\)[ myproject:JohnDoe
S S
i \ "15-5-2013 12:11" ]

\[ partll:StatementGraph ]

Figure 28 — RDF Named Graph stating that “MyCar” is an instance of the RDL clas
part4:MotorVehicle”

\[ myproject:MyCar part4:MotorVehicle ]j

S

In Figure 29 the statement is made that URI myproject:MyEngine with label “My Engine” is an instance

of the ISO/TS 15926-4, 4 class “part4:Engine”.
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myproject:MyEngineClassification

..
J

R

rdf:type

myproject:JohnDoe ] \

dc:creator }-_._)l

~.

partll:StatementGraph

]

myproject:MyEngine

"15-5-2013 12:31" ]

part4:Engine ] J

Figure 29 — RDF Named Graph stating that “MyEngine” is an instance of the RDL class
“part4:Engine”

In Figurje 30 the statement is made by URI myproject:MyCarConsistOfMyEngine that myproject:MyCal

consist pf myproject:MyEngine by means of the predicate with URI myproject:myConsistOf.

myproject:MyCarMyConsistOfMyEngine ]

\

rdf:type

myproject:MyCar

——  dcicreator | ﬁ[ myﬂ@{}" JohnDoe ]

partll:StatementGraph

)¢

1
J

-

(
L

myproject:myConsistOf

R\N

\\QS 5-2013 12:50" ]

o)

myproject:MyEngine ]

In Figuile 31 the statement is made that myproje¢t:iMyCar has a property myproject:PowerOfMyCar

Figure 30 — RDF Named Graph stating that“MyCar consist of MyEngine”

using thie partl1:hasProperty relationship.

myproject:MyCarHasPropertyPowerOfMy;(\q;

.

= U\(’[
C) partll:StatementGraph ]

T

-

dc:creator

myproject:JohnDoe ]

"15-5-2013 12:50" ]

myproject:MyCar JéD—[ partll:hasProperty ]——)[ myproject:PowerOfMyCar ]

oA

In Figurk 32 the statement is made thatitis required (“shall have”) that myproject:MyCar has a propert

myprojdct-PowerOfMyCar.

Figure 31 — RDF Named Graph stating that “MyCar” has a property “PowerOfMyCar”

=

w

=<
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\
myproject:MyCarRequiresHasPropertyPowerOfMyCar [——
J [ dccreator ’*)[ myproject:JohnDoe ] \

\

rdf:type | "15-5-2013 12:50" ]

\[ part1l:StatementGraph ]
myproject:MyCarHasPropertyPowerOfMyCar ]—[ part11:hasModality library:ShallHave

-

Figure 32 — RDF Named Graph stating that the statement the MyCar “shall have” a.property
PowerOfMyCar by means of the relationship partl11:hasModality

In Figure 33 the statement is made that the property myproject:PowerOfMyCar is an instance of
ISO/TS 15926-4 class nominal power.

e 1

[m\{pmject.P'::werofM\;rCarlnstam:eDefln|t|on1J —— i 'VH - ~
\ \ yproject:JohnDoe ]
=

S "15-5-2013 12:11" ]
;\\

\[ partll:StatementGraph ]
[ myproject:PowerOfMyCar part4:NominalPower ]

Figure 33 — RDF Named Graph stating that the ;statement that the property PowerOfMyCar is
classified as nominal power according to the RDL class “NominalPower”

]

Ih Figure 34 the statement is made that the\property myproject:PowerOfMyCar has to be quantified by
theans of the ISO/TS 15926-4 class kW.

—

z S|
[myprolect.PowerOfMyCarlnstancefgc@&ilonz ) e

M myproject:JohnDoe ]
"15-5-2013 12:11" ]

partll:StatementGraph

[ myproject:&;‘ue})’fMyCar ]—[ part1l:isQuantifiedin }— ‘;: partd:kW l

=\~

]

Figure 34 — RDF Named Graph stating that the statement that the property
myproject:PowerOfMyCar is expressed in kW according to the RDL class “kW”

InEigure 35 the statement is made that the property myproject:PowerOfMyCar has a magnitudp of 240.

myproject:MagnitudeOfPowerOfMyCarl

1
S J myproject:JohnDoe ]

[_rorope ]

"15-5-2013 12:11" ]
partll:StatementGraph ]
[ myproject:PowerOfMyCar ]——[ partll:hasMagnitude

Figure 35 — RDF Named Graph stating that the statement that the property PowerOfMyCar has
a magnitude of 240
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In Figure 36 the statement is made that the magnitude of the property myproject:PowerOfMyCar (being
“240”) is a proposal.

([ myproject:IntentionOfPowerOfMyCarl }

myproject:lohnDoe ] \

e

| rdfitype | "15-5-2013 12:50" ]
\[ partll:StatementGraph ]

—rnvp'rmﬁm|vm'grrrr|:ru'su'mwsrcmv|vv:a'n—]=[—p:rrn*.r|snmgnrmn—]=;[—mmvmwn'sgu1
\= =

Figurgd 36 — RDF Named Graph stating that the statement that the magnitude (being “240") of
property myproject:PowerOfMyCar is a proposed value

In Figure 37 the statement is made that the magnitude of the property myproject:RowerOfMyCar is a
estimatgd value.

=}

{ myproject:CertaintyPowerOfMyCarl__ } AT —_—
e \c@arnject:lohnDoe ]
| J

rdf:type

\[ /' "15.5.2013 12:11" ]
partll:StatementGraph ]
O

myproject:MagnitudeOfPowerOfMyCarl ]——[ par‘tll:hasCer‘taint&]\ﬁ[ library:Estimated ]
\V

-

Figuyre 37 — RDF Named Graph stating that the statement that the magnitude of property
PowerOfMyCar is;dn estimated value

In Figuile 38 the statement is made that thexmagnitude of the property myproject:PowerOfMyCar ha
been chhnged to 250. By means of dc:provenance this change is justified. This Named Graph replace
the Namjed Graph of Figure 35.

|2y

,[ mvproject:MagnitudeofPowemng&arz }

@ myproject:lohnDoe ] \
R
% dc:provenance deireplaces "17-5-2013 12:11" ]
WA P
part11:5tateme}t’®:'ﬂ][ “string with justification of the change” ] [ myproject:MagnitudeOfPowerOfMyCarl ]

o
t:PowerOﬂVEvCar ]—-[ partll:hasMagnitude /

Figure-38 — RDF Named Graph stating that the statement that the magnitude of property
power yCar has been changed In with a justification of the change

N

i

In Figure 39 the statement is made that the magnitude (being “250”) of the property
myproject:PowerOfMyCar is approved.
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myproject:IntentionOfPowerOfMyCar

1
J mt\-)[ myproject:lohnDoe ]

partll:StatementGraph ]

[ myproject:MagnitudeOfPowerOfMyCar2 ]——-[ partll:hasintention ]—)[ library:Approved ]

"15-5-2013 12:50" ]

PowerOfMyCar is approved

hyproject:PowerOfMyCar is a calculated value.

1
\'4
) \)[ mﬁ;{oj’ect:lohnnoe ]
" dcicreated 5
o
partll:StatementGraph ] \04\ "15-5-2013 12:11" ]

lo’
[ myproject:MagnitudeOfPowerOfMyCar2 ]——[ partli:hasCertaing{\H library:Calculated ]

(@M

myproject:CertaintyOfPowerOfMyCar2

rdf:type

Figure 40 — RDF Named Graph stating that the statement that the magnitude of propje
PowerOfMyCar is a calculated value

.5 Example Named Graph methodology within product knowledge modelling
n class level. The approach is identical €0 project specific or instance model as shown in the 3

efined and third the statements.are-made including the statements about statements.

naximal 4 pump impellersdnd has a property power of that type of pump.

h this example are relationships reused from the part11 namespace relationships as defined iy

.5.1 Introducing product specific individuals

hdividual graph.

3
f[ myproduct:PumpType W (
mypruivrl-mhnbue—]—

ﬁl e
"15-5-2013 12:10" ]
[ partll:individualGraph ] 4 “Pump type A” ]

Figure 41 — RDF Named Graph introducing a placeholder for “PumpType”

rty

n Figure 40 the statement is made that the magnitude (being “250”) ,of ‘the property

rty

n this clause, an example is given of how this part of ISO 15926 can be used to define product models

3. First

he placeholders for classes of part of-the products are introduced. Second the required relatfons are

'he example describes how a.type of pump can be defined by a party using this part of ISO 15926 in
ombination with a reference data library (RDL). The type of pump must consist of minimal 2 and

5.4.

n Figure4i'the place holder for the product “Pump type A” is introduced by means of an instarce of an

In Figure 42 the place holder for the product part “Impeller type B” is introduced by means of an instance
of an individual graph.
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"\

myproduct:impellerType

=

| rdf:type

dc:creator

myproject:JohnDoe ]

"15-5-2013 12:10" ]

In Figurje 43 the place holder for the property “Nominal power of pump type A” is introduced by mean
of an ing§tance of an individual graph.

5.5.2

In Figure 44 the relationship “part11:consistsOf” from Figuke-20 is specialized to a relationship with

domain
to subcl

Since rdf:domain and rdf:range both point to inStances of classes is in this Named Graph th

partll:
the dom

|

[ partll:IndividualGraph ] “Impeller type B” ]

Figure 42 — RDF Named Graph introducing a placeholder for “ImpellerType”

vi

‘[ myproduct:PumpTypePower

1

N S = —
rdf:type rdfs:label

“Nominal power of pump type A” ]

[ partll:IndividualGraph ]

myproject:]ohnDo?\Q])’

(@ N4
"15-5-2013 ;é@“’ ]
(g%

Figure 43 — RDF Named Graph introducing a placeholder for “PumpTypePower”

[[ntroducing project specific relationships

—

that is limited to subclasses of ISO/TS 15926-4 “physical object” and were the range is limite
hsses of ISO/TS 15926-4 “physical object”.

W

lomainlsRestrictedByClass and partl1:rangelsRestrictedByClass relationships used to specify
ain and range, specific mend for pointing to (sub)classes.

] de:creator 1‘){ myproduct: Admmlstrator]

dc created

myproduct:ConsistOfoCIa’is)\\

"15-5-2013 12:42"

- ]

partll:RelationshipGraph ]

dc:language

rdfs:subPropertyOf

partl1:consistOf ]

| Partl1l:domainlisRestrictedByClass
~

rdfs:label

“Description and
intended use of this
relation”

\

| Part1l: hasReverseLabeI |

\{ part4:PhysicalObject ]

| Partll:rangelsRestrictedByClass |

part4:PhysicalObject ]

l “consist of class of Physical Object” ]

K [ “is part of class of Physmal Object” ]

Figure 44 — RDF Named Graph specializing the part11:consistsOf relationship to a
myproduct:consistsOfByClassOfPhysicalObject relationship

30
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In Figure 45 the relationship “hasMinCardinality” from the initial set of relationships is introduced in
the product model.

/{ partll:hasMinCardinality dc e PR “

dc:created
| dclanguage | "15-5-2013 12:42" ]

8 ' 1
\ partll:RelationshipCIassGs{ﬁlDl]
[ http://standards.iso.org/iso/15926-11 nQ |
“has min cardinality” pa "ui: ia{at"nship
“is min cardinality for” ] %/ - /
(@) __d

Figure 45 — RDF Named Graph defining the MinCardinality relationship from the initial set of
relationships

In Figure 46 the relationship “hasMaxCardinality” from the initial\set of relationships is introgluced in
he product model.

ot

N\
/{ partll:hasMaxCardinality : \\

myproject:Administrator ]

"15-5-2013 12:42" ]

\' "ER" |
dc:source | partll:hasReverselabel I rdfs:label
\'O \dfs:ubpmpe.-tyof j‘[ partll:RelationshipClassGraph

http://standards.iso.org/iso/15926-
[ p://standards.iso.org/iso/ Q{i) “has max cardinality” ] partli:relationship

\ \. ,Q-) [ “is max cardinality for” ] >

Figure 46 — RDF Named Graph introducing the hasMaxCardinality relationship from the initial
set of relationships

rdf:type

—

\—d

3.5.3 Introducing product specific statements

In Figure47 myproduct:PumpType (with label “Pump type A”) is classified as a subclass of ghe class
“pump?defined in ISO/TS 15926-4.

,[ myproduct:PumpTypeClassification }

I@H myproject:JohnDoe J
>
rdf:type "15-5-2013 12:11" ]

partll:StatementGraph ]

\[ myproduct:PumpType ]——| rdfs:subClassOf ’——)[ part4:Pump ]/

Figure 47 — RDF Named Graph classifying myproduct:PumpType as a subclass of “pump” as
defined in ISO/TS 15926-4
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In Figure 48 myproduct:ImpellerType (with label “Impeller type B”) is classified as a subclass of the
class “impeller” defined in ISO/TS 15926-4

.

/[ myproduct:impellerTypeClassification ) = -
\ |—|\)|':crea ol myproject:JohnDoe ] \

e

\ "15-5-2013 12:11" ]

partll:StatementGraph ]

\ [ myproduct:impellerType ]-—| rdfs:subClassOf I'—)[ part4:Impeller ]j

N

Figure 48 — RDF Named Graph classifying myproduct:ImpellerType as a subclass.of impeller
from ISO/TS 15926-4

—

In Figuile 49 the statement is made that the class myproduct:pumpType (with Iabel “Pump type A’
consistq of the class myProduct:impellerType (with label “Impeller type B”).

: ; 1
myproduct:ProductTypeConsistOfimpellerType e .
)* myproject:JohnDoe ]

K
SN
\V "15-5-2013 12:50" ]
l rdf:type | Q
NS
parft;l%’?‘iﬁtementGraph ]
\4
O
myproduct:PumpType ]—{ mvpmduct:cot}%isx!\?favclass ]——)[ myproduct:impellerType ]
N R\ /

Figure[49 — RDF Named Graph stating that the class myproduct:PumpType typically consist of
the class'myproduct:ImpellerType

D

In Figurle 50 the statement is made that the statement myProduct:ProductTypeConsistOfImpellerTyp
has a mjnimum cardinality of two:-So an instance of the class myproduct:PumpType (with label “Pum
type A”] consist of minimal twe.instances of myproduct:impellerType (with label “Impeller type B”).

,[ myproduct:Pro@bﬁpeMinCardinality _]
/ =\ myproject:lohnDoe ] \
&
Q?‘ "15-5-2013 12:50" ]

1=

rdf:type

&v partll:StatementGraph ]
)

myproduct:ProductTypeConsistOfimpellerType ]—[ partll:hasMinCardinality ]—)[ ugn ]/

-

Figure 50 — RDF Named Graph stating that an instance of the class myproduct:PumpType
consist of minimal two instances of myproduct:ImpellerType”2”

In Figure 51 the statement is made that the statement myproduct:ProductTypeConsistOfImpellerType
has a maximum cardinality of four. So an instance of the class myproduct:PumpType (with label “Pump
type A”) consist of maximal four instances of myproduct:ImpellerType (with label “Impeller type B”).
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"15-5-2013 12:50" ]

rdfitype

partll:StatementGraph ]

/[ myproduct:ProductTypeMaxCardinality ]—‘W'_)[ myproject:lohnDoe ] \

myproduct:ProductTypeConsistOfimpellerType ]—[ partll:hasMaxCardinality /

consist of maximal four instances of myproduct:ImpellerType”4’,

pump type A”) is an instance of the class nominal power in ISO/TS 15926-4.

myproduct:PumpTypePowerl 1 =
J dc:creator ~—4 =
myproject:JohnDoe ]
rdfitype O

"15-5-2013 12:11" ]

partll:StatementGraph ] (5)\

—

[ myproduct:PumpTypePower rdf:type {i part4:NominalPower
/

S —

Figure 52 — RDF Named Graph classifying myproduct:PumpTypePower as “Nominal P
according to the definition.of this class in ISO/TS 15926-4

Ih Figure 53 presents the statement that myproduct:PumpTypePower is quantified by the UoM
ISO/TS 15926-4.

myproduct:Pum pTvpePow?ri‘\\\J 1

S T~ 4 m myproject:JohnDoe ]
| rdf:type :
] "15-5-2013 12:11" ]

partll:StatementGraph

fa
[ mvprod\@}ﬁinvpePower H partll:isQuanfiedin ]——)[ partd:kW ]
o\

_—

Figure 53~ RDF Named Graph stating that myproduct:PumpTypePower is quantified
according to its definition in ISO/TS 15926-4

Figure 51 — RDF Named Graph stating that an instance of the class myproduct:PumpType

Ih Figure 52 the statement is made that myproduct:PumpTypePower (with label**"Nominal gower of

bwer”

W from

n kW

Higure 54 presents the statement that the quantification of myproduct:PumpTypePower i

n kKW is

optional by means of the modality value "can be” as defined 1n the namespace “library”.
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; 1
([ myproduct:PumpTypePower3 J — = [ AR e ] \

rdf:type

"15-5-2013 12:50" ]

partll:StatementGraph ]

Q myproduct:PumpTypePower2 ]—{ part11:hasModality j

Figure|54 — RDF Named Graph stating that the statement myproduct:PumpTypePower2 has a5
modality “can be”

=

In Figure 55 presents the statement that myproduct:PumpTypePower is quantified by theJoM hp fron
ISO/TS 15926-4.

myproduct:PumpTypePower4 L

) dc:creator | al myprgj{éﬂbhnboe ]
dc:created a\
(;1%—3—2013 12:11" ]
] .

partll:StatementGraph $\\
O

myproduct:PumpTypePower ]—[ partll:isQuanfiedin ]—Q—)[ part4:hP ]

= D

Figurfe 55 — RDF Named Graph stating that myproduct:PumpTypePower is quantified in hp
according to its definition inJISO/TS 15926-4

—

Figure 36 presents the statement that the quantification of myproduct:PumpTypePower in hp is optiong
by mear]s of the modality value “can be” as defined in the namespace “library” with respect to the Name
Graph “lmyproduct:PumpTypePower4”.

pe=m

myproduct:PumpTypePower5 C},
*

myproject:JohnDoe ] \

@ ]

"15-5-2013 12:50"

/

O

AN
myproduct:P?n,ﬁﬁ;\pePowem ]—[ partll:hasModality
QY 4

partll:StatementGraph ]

P

Figure|56 — RDF Named Graph stating that the statement myproduct:PumpTypePower4 has as
modality “can be”

6 Reference Data

6.1 Origin of the initial set of relationships

Engineering data in the context this part of ISO 15926 covers not only the output and or input of
engineering processes, but also the engineering processes themselves. In this way, this part of ISO 15926
enables the integration and exchange of engineering data together with data, relevant in the context
of Systems Engineering data. Other parts of ISO 15926 don’t cover sufficiently the area of Systems
Engineering aspects in exchanging information over de lifecycle of a plant.

EXAMPLE A requirement, test method and maintenance activity are examples of system engineering data.
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In order to achieve a set of relationships, applicable in the context of Systems Engineering, for this part

of ISO 15926, ISO/IEC 15288 is used as a primary source.

Within ISO/IEC 15288, 25 processes have been defined in order to realize a system, starting from the
statement of purpose (objective) of a system and a set of top level (stakeholder) requirements ending in

operating and maintaining that system.

Looking at the generic System Life Cycle Process descriptions given in ISO/IEC 15288 a set of information

models have been derived in preparation for the initial set of relationships defined in this

part of

[SO 15926. This set of information models functions as a reference ontology for Systems Engineering.

Hor an example, one of outputs of contractor, information structure can be agreed betwgen cl
dontractor and specified in an Information Deliverable Manual (IDM). Agreed information’struc
Re a subset of the presented reference models in this clause (and eventually be modified).

This part of ISO 15926 enables implementation of these Systems Engineeringnriformation r
mnhodels in an explicit way, defining all the things that are addressed and related'in these models. K
quch implementation, one can build configuration and information management systems and h
dommunicate Systems Engineering information in an explicit an unambBiguous way.

These models also enable product manufacturers and or suppliers tg'cpeate so called “product kn
thodels” of their products in a way that product information can’ easily be integrated in a
Engineering environment based on the same information models.

Hvery element within a statement (role 1 element, the felationship and the role 2 element)
traceable to a definition of that element. Therefore thispart of ISO 15926 should be used in com
with the ISO 15926 Reference Data Library (RDL, ISOATS 15926-4) or comparable one. Traceab
definition can be reached by, every time a new entity4ds introduced in a statement, making a class
dssociation between the new introduced entity with the corresponding class in the RDL.

Ih Figure 57 is a RDL structure given based on entities derived from ISO 15926-2 which can sg
oot-class structure for a RDL for Systems Engineering. The shown classes in this figure repre
dentral root classes used in these information models.

The information models therefore can also be used as reference models in Systems Engineering jprojects.
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rdfs:subClassOf

part11:FunctionalPhysicalObject

part11:System

part11:SystemElement

rdfs:subClassOf 11-MaterializedPhvsicalObiect
part11:MaterializedPhysicalObjec 3
: > 5 part11:Port
[ part2:physicaloblect ]‘7 part11:Material :
part11:Interface
part11:Stream
part11:SpatialLocation
part11:Feature
rt2:P rt Iﬂ—
[ i o & part11:Shape
part11:Characteristic
part11:Quality
| part2:Scale ] { part11:UnitOfMeasure |
— rt11:SingleDimensionalNumber
art2:PropertyQuantification ]1—': B4 o
[ part11:MultiDimensionalNumber part11:FailureMode
[ part2:PropertySpace }: { part11:PropertyRange | partiit:Deviation
parti1:State F part11:Baseline
[ part2:TemporalWholePart ]1— part11:Condition part11:Risk
part11:Stage <—| part11:LifeCycleStage |
[ part2:Status ]
parti1:Process ]  parttisenice |
[ part2:Activity l. part11:Function

part11:Measure

part11:Interaction,

part11:lssuge.

part11:Techhology

part2:Event

part.1*Contract

part2:Organisation

part11:Milestone

part2:Role

part2:0rganism

part11:Discipline

part2:Collection

part11:Person

part2:InformationObject

part11:Principle

part11:Specification

r—  fr— p— p— p— p—

part2:Phase

part11:0bjective

part11:Assumption

part11:Document

[ part2:AhstractObject

part11:InformationRepresentation

Fighre 57 — Example of a root structure (taxonomy) for terms in the context of Systems

part11:Relationship

| 1M

part11:Party

part11:Requirement

part11:Identification

I L] L] h - Pl | L] £ raLd 1 1 L] i 1
LEIISINCCIIIITE d5 USTU LT UIC IITUTN'IIIdUOUIT HHTOUCTS IIT LIS ClaUsc

For each relation within the initial set of relationships is, based on the information models, defined what
kind of thing is allowed at the left side of the relationship and what kind of thing is allowed at the right
side of the relationship (see columns Domain and Range in the spreadsheet of Annex A).
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6.2 Reference information models representing Systems Engineering

The reference information models in this part of ISO 15926 are set up using the principles described
in chapter 4.1 Purpose and objectives. The area of Systems Engineering in this ISO part consist of the

following information models:
— the process side and the physical side of a system (Figure 58);
— the breakdown structure of the physical part of a system (Figure 59);

+fcharacterizing physical 0bjects by means of properties and status (FIgure 60J;

stakeholders (Figure 61);

+ the failure mode and effect analysis of a system (Figure 62);
1+ requirement specification analysis of a system (Figure 63);
+ verification of a requirement specification (Figure 64);

+ the risk management information model (Figure 65);

+ contract change management process (Figure 66);

+ work breakdown structure of a system (Figure 67);

4+ communication flow between parties (Figure 68);

1+ project organizations (Figure 69);

+ information model of a measure (Figure 70);

1+ information model of an assumption (Eigure 71);

4+ connectivity of physical object (Eigure 72);

4+ document and document versions (Figure 73).

—_—

hitial set of relations is derived as presented in Annex A: Initial set of relationships.

==

dbjects represents-a statement in the context of Systems Engineering.

ased on the proposed information models shown below, which must be seen as reference mc

ach relationship within this initial set can be found in one of the following information mo
dach statement gives-the context and usage of that relationship. Each relationship with the left 4

1 the interactions between system elements and between system elements and the environment and

dels, an

lels and
nd right
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physical side of the system

process side of the system

is derived from

system requirement
specification

shall be compliant with

—' objective type

is realized (by class)

is derived from

stakeholder

consist of

¥

flunctional physical object

(by class)

k.

performs function

—>| technical function

is a specification is a specification
for (by class) for [ ] is derived from
| Process | &
A,
system consists of (by class)

system condition |

| is derived from

TequiTerment =

specification
.

is precondition for

v

4{ service

A, . .
| is derived from

is realized by (by class)

consists of (by class)

Figure $8 — Information model that represents the process side and the physical side of a system
by defihing relevant entities and the relationshipsbetween these entities concerning the systen

Figure 38 describes the entities involved in developing a system. Development of a system in principl
starts with stating objectives concerning the'system by the stakeholders. There is at least one objectiv
for the farget system and one objectivefor the (enterprise) system which realizes the target systeny.
After deffining the objectives, the system life cycle processes “start working” to achieve these objectiveg.

EXAMPLE The operation process;the requirement definition process and architectural design process ar

|
i
i
I
i
i
i
i
i
i
i
]
i
i
I
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
1

Information object

example} of system life cycle processes.

The nexf step is to define services which must be realized to let the processes perform in such a way that
the objectives will be achieved. Services on one hand realize process conditions and on the other han

they ne¢d process conditions (in fact pre-conditions).

A servide can be-xrealized by one or more technical functions of a functional physical object and/or
human hctivity\Functional physical objects have one or more technical functions as features whic

is represented in,

consists of (by class)

is performed by

by cl
- human activity type |m

|

4

i defined by

procedure | | perform:er (role) |

performs (a,part of) a service. Services and technical function are both a subclass of activity.

By splitting up a service into technical functions and human activities a decision is made on the levd

IS

il

- D

1

of automation of the service and separates the responsibility of the operator/maintainer and the
designer/builder of the system in achieving the objectives.

Objectives, processes, process conditions and services are derived from stakeholder requirement
specifications. Also system requirement specifications are derived from stakeholder requirements. In
principle a system consists of functional physical objects which perform technical functions.

38
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is derived from
4»{ system requirement specification |

consists of is temporal part of
is specified by Q m o
‘ is installed as
specified physical object }-——| functional physical object i
[y . R
complies with results in 15 reslizadiby is the manufacturers model for

principle

complies with

> design principle has shape
Shape

is realized with material

A 4

material | is based on technology.

7 » technology

is realized with material
|

complies with | hds.topology
| manufacturer’s model topology]
A
U has' production method production

consists of method

is instance of

is located at |
spatial location |<—| materialized physical object |

Figure 59 — Information model that represents the'breakdown structure of a physical part of a
systéem

Higure 59 shows the information model con¢efhing the system breakdown structure of a systen]. Within
his model four levels of realization of a physical object are recognized:

ot

+ functional physical object;

— specified physical object;
+ manufacturer’s model;
+ materialized physical object.

A functional physicalobject can be defined on several abstractions levels, from sub-system (for xample
4 monitoring system) up to equipment level (for example a pump) or materialized level. On supsystem
lpvel a functienal physical object is in de breakdown structure followed by a design principle which
lpads to arset of new functional physical objects. On equipment level a functional physical object is in
the breakdown structure followed by a chosen manufacturer’s model. The manufacturer’s modgl in fact
is a_ehesen solution for a functional physical object which will be valid during a temporal paft of the
funetional phy51cal ob]ect and w111 have a unlque 1nstance durmg a temporal part of the life cycle of the
b_ybLClll Dy ualug, LllC chlll Ul lllC auu c:uu Ul lllC I CldLlUllblllpb, UIIC Cadll dbblgll d llldLCl ldllLCu hYSICEi]
object in time to more than one functional physical object.

A manufacturer’s model complies with a design principle and is based on a specific technology, has a
specific production method and has a topology.

When assigning properties to the various abstraction levels of a physical object one can use the
relationship “concerns stage” to assign a specific property to a specific stage since there is in general a
relation between the level of abstraction of a physical object and its life cycle stage.

NOTE In the so called “hamburger model” (Functional Unit- Technical Solution model) the functional physical

object and the specified physical object are combined in the Functional Unit. The hamburger model is described in the
General AEC reference model (GARM), the integration model for AEC applications defined in the early days of STEP.
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—— identification J—oonned by has status (by class) :
d class of status |
is described in (by class) has status (by class)
| document [® has property (by class) |
| possible individual |
is a required deliverable of (by class)
! is a state of (by class)
| work package activity H property l—
1 | class of state |
concerns stage 3
gﬂ
I is quantified in is instance of
Is defined by y
| enumerated property s“’4‘7 Unit of Measure ‘ ‘ state of individual |—
L It oy is quantified in ey
property range 0 +
—{ actual individual |
islan has as lower |has as upper is instance
elgment of bound bound of has property has status
tificati = | has magnitude | T ¥ |
rope uantification < actual prope
property’q | | property is indicated by
is qualified as s .
— i ivi IS Instance O
is identified by has'status
Figure 60 — Information model that represents a simplified usage of properties and status
within this part with respect to the data model defined in part 2
Figure 0 shows the information model concerning'properties of any element (“possible individual”) df
a system with a specific approach for unique instances of classes (a whole life individual in a particula|
state). As long an element of a system (can be a“for example physical object, activity or event) exist o
class leviel or on specification level a propettyis accompanied with a property range defined by an upp

and low|
is realiz
specific

A prope
individy

t

br boundary and the unit of measure in which the property is expressed. Once a system eleme
ed and is in a specific state, an actual property has a specific magnitude and is expressed in
Unit of Measure.

1S~

[ty is not always expressed in a unit of measure but can be expressed in a string value being a
al. In that case the property can be qualified by a specific name were, by means of a enumeratio

were se
value f

allowed|IP rates ininthe context of a property “Protection Rating”).

More o1] less on‘the same manner the possible states of system element can be defined by defining
class of possible values of the status. On instance level of a system element the state of an individual
particularstatus can be identified with a name (for example “red” or “green” in case of a colour).

40

veral string values can be defined in an ordered manner, each with a given name as possibl
that property (called the qualification of the property for example IP 44, IP 55 and IP 66 a

Vi (D = d

REEnae]
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is a specification for

participates in | - |
| environment I

participates in is a specification for
stakeholder

3

supports (by class) ] supports (by class)
Interaction type

A

is used in (by class)

Port type

| energy port |

. consists of
is instance of |

I port |<—| interface

F Y rY

| material port |‘

| information port |

is a specification for
| construction port |

| interface specification I

A

has interaction with

I consists of results in

’ physical object | | requirement specification

T 'Y

is a specification for

Figure 61 — Information model that represents the interactions between internal system
¢lements and interactions between the system elements and the environment and or stakeholders

Hunctional physical objects interact with-their environment by means of an interface. The interface of a
flunctional physical object exists of ports'as shown in Figure 61. There are 4 basic types of ports: material
ports, energy ports, information ports'and construction (3D) ports. Interactions can be occursIIetween
flunctional physical objects and if can be between functional physical objects and the environnient and
dr stakeholders.

Based on the models presented in Figure 59, 60, and 61 manufacturers can set up their own |product
Knowledge model that.can’be used and integrated in the systems engineering process.

(nce a functional'physical object is realized by a materialized physical object, the ports defined on
flunctional physicalobject level will also be materialized and becomes specific physical connectlions.
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consists of (by class)

| Service I ‘Ioperation activity type|<—

consists of (by class)

MTBF ‘ technical function | | MTTR |

. o X
is a failure to

Derfeh has property

has property

| results in signal

| operation alert type |
.

failure mode [

has cause | is reason for is reason for is reason for

» |O-signal type

is an input for (by class)

results in the generation of

results in the generation of

(by class) | (by class) (by class) ( by class)

clasp of activity | Safety measure type

y

maintenance alert type |

is defined by
has as output (by class) has as output (by class)
v is described in is described in

has property has property

execution interval |<7

is followed by (by class )

Figure

Figure 6

failure 1

measur

Failure
operato

To execfite a maintenance activity in relation to a manufacturer’s model, it can be necessarily to use

spare pdrt which will be also a manufacturer’s model on itself.

42

is used in

is an input for (by class)

is performedion (by class)

—| test activity type |—-| document type |<—{ maintenance activity type l—

‘ manufacturers model

Y

is spare part
for (by class )

specified physical object

2 — Information model that represents the failure mode and effect analysis of a system
by defining relevant entities and the relationships between these entities

)2 shows the information model concerning failure modes of a system. This model is based o
determining possible malfunction of a technical function performed by a functional physical object. 4
node is a reason for defining one or more maintenance activities, test activities and or a safet
bs which are defined in a procedure,.contained in a document.

modes that are detected by a control system signal results in a maintenance alert and or a
- alert which will be input in a resp. maintenance or operator activity.

)

-
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document

Y

—

o N w—

[ il

m m has as source text lifecycle
has consequenc has status stage
e if not fulfilled requirement is defined by, T (by class) superseded
:q:l specification g
has status (by class) [
Y
consequence version is identified by
y
severity concerns stage version
fatal identification
3
[_critical _]| | system life g
serious cycle stage baseling
fault is the responsibility of
cosmetic is met by
is the client for

engineering discipline

| design engineering discipline

| construction discipline

| maintenance discipline

type of requirement specification

| design constraint |

| functional requirement |

| performance requirement|

erformance requirement;

ext fragments:

party 1
system characteristic
has issue [ - —

‘ > issue [ 1 constructability |
} N concerns characteristic | usability ‘
] | flexibility |
requirementstatus [ reliability |
asSigned | availability |
has status (by class) [ maintainability |
: e
Is of type | health |
[ environment |

Vithin the requirement analysis (Figure.63) process, requirement specifications are classified in
everity, engineering discipline, type of requirement and which system characteristic is addresse
equirement specification. The requirement specification is allocated to a party which functions as

h general a requirement specification will be a design constraint, functional requiremsg

\ requirement specifieation is defined in a piece of text “text fragment” that has a status in the
fits lifecycle, has a'version and has a source, being a contract or other document.

\ baseline candbe-specified by one or more version elements that are used to identify the vd

\ requirement specification itself also has a status which can be for example assigned to a
lement; pending in order to be assigned, waived when the requirement is no longer relev
atisfied in terms of “taking count of” or fulfilled.
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defining relevant entities and the relationships between these entities
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Is supplemented by
- h rt +
| review moment | Pasproperty | statement

1. s performed by Review of has status I:
| performer (role) | verification activity review status

| verification method h

is instance of Tis followed by (by class )

used to check( by class) |

| activity status I

1 has property process |

has status
3 conformance status |
I is performed by
| ReHormer{role)— verification-activity has property
Y 4{ verification moment |
individual has scope of verification
| system | 4% scope of verification |
| fupctional physical object | Egehned by —
i verificatiomprocedure |
used to check
| maferialized physical object | -

has as output

activity | —ﬁ conformance evidence |

- = P
technical function | as issue

| —'l issue |

spatial location

takes place during

req

is verified by ‘} system life cycle stage |

uirement specification

Figure

The fulf
order to
specific

one or npore related verification activities, depending in which system life cycle stages a demonstration

is requil
another

Each vet
system,

This me
tree life
own me
sample,

consists of (by class)

has acceptange criterion

acceptance criterion

64 — Information model that represents the'verification of a requirement specification
by defining relevant entities and the relationships between these entities

ilment of a requirement specification“must be demonstrated to the client by a contractor in
prove that the product or system wilkbe or is built in the right way. Proving that a requirement
htion is fulfilled is called verification. In principle each requirement specification (Figure 64) hap

ed. One requirement for example can be verified in the design stage and the construction stagg,
requirement needs verification just during the maintenance stage of the system.

(]

ification activity isrelated to the specific item that is checked. This can be an individual, specifi
object or activity."Also a process (which is a class) can be verified.

ans if for example a specific requirement specification related to a specific system is checked i
cycle stagesyof that specific system, there exist three verification activities, each can have theif
thod (for example review, calculation, simulation, inspection), scope (for example full scalg,
typical) and procedure (test protocol).

=}

For each ‘verification activity it might be needed to specify an acceptance criterion due to the vagup

character of the requirement specification. In fact the specified acceptance criterion is in that case an
extension of the requirement specification and becomes a part of it.

The verification activity can be depending of the conformance status, a source for a contract deviation
for example when the requirement specification points out to appear not feasible.

A specif

ic verification activity has always a status (for example active, finished) and will be performed

by a role (for example design manager) and /or a specific person.
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document quality consequence
[y

— is threatened by " |
objective . 50 il
is described in has property | safety consequence

is threatened by | R I environmental consequence |
process typ L . |
has consequence availability consequence
—— is threatened by (by class)
SYSTtEMm =
| type of direct effect |
has cause (by class) 1
isk has effect (by class)
ris
\&,{ status of risk I
is the responsibility of
= b has property 'I chande |
=N
1 has property —I risk priority number |

s is mitigated by
is controlled by has remaining risk

has as output 5 ot
+ 44 risk mitigating measure |
control of risk —
hasvas output _ .
—-| requirement specification |

is managed by

— has status
activity status

process by defining relevant entities'and the relationships between these entities

Risk management requires control of information that characterizes a risk and information ths
with mitigating a specific risk.

A risk in principle threatens an objective and the objective related system and or process (Fig
A risk has a cause and effe¢tand is de responsibility of a person or organization. The effect
donsequences concerning eost, time, quality, safety, environment and or availability of the sy
rjating these consequences and multiply the mathematical sum of them with the chance there aj
1jisk priority number.which can be used to prioritize a set of risks.

(ontrolling therisk is managed by a person of organization (both subclasses of party) and en|
dne or moredmitigating measures and of one or more requirement specifications. Taking ac
fulfilling of \these measures and requirement specifications there exist a remaining risk wit
dhance.and’set of consequences resulting in a new risk priority number which must be significa
thantherisk priority number of the primary risk without the measures and or requirements.

Figure 65 — Information model that represerits the information around the risk management
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has milestone | consists of
| system life cycle stage |<— system lifecycle

5 R iS¢described in
functional physical object work package deliverable 't
contributes to the
jali i j izati consists of z
materialized physical object realization of sists o R T e |

Figurg 66 — Information model that represents the contract change management process of a
system by defining relevant entities and the:r‘elationships between these entities

is justified by
A 4
| objective type |
is achieved by consists of [ ;
‘ project |
is scheduled in defines the delivery of
y
K : is managed by
milestone plan work package |——> party
7 X
marks “..'e U Ol is performed by |
completion of
consists of consists of
‘ risk mitigating measure }— _’| risk l
T requirement
requirement 2 h tout Riiiaste
is input for as as oulpu
specification F . x - specificatidn
—-{ work package activity |— AP |
‘ assumption ]7 1 assugaption
is input for —v| interface specification |
Interface specification
shall be compliant with Is of (fype m Tacty
> pe of activi
| system creates

Figure §6 represents the process of contract change management. A central entity is a contractug
delivery] which is stated by a principal (for example a client) to be delivered in the contract with th
contracfor. The contract is between a prineipal and a contractor where sometimes a third party i
involved (stakeholder, preferred supplier, €tc.).

U D —

p =]

A contrgctual delivery must be compliant with one or more requirement specifications (the “what”) an
consist pf work package deliverabpleiitems (see Figure 67). The whole set of work package deliverabl
items should satisfies the set of€gontractual deliverables.

D

—

In ordey to be able to phase.the work, several marks will be defined where a part of the contractug
deliverdbles will be accepted and some of them will lead to payment. These financial milestones ar
specificmilestones asdntended in Figure 67.

19°)

D

An issup around-aycontractual deliverable can be, after clarifying, a reason for a contract chang
proposdls described by a document that can be ending in a contract extension defined in a document.
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deviates from is contractor for
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— ]
— I
is performed is raised by | contract
by [y Y
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- z = - isa ; .
clarify issue —-| issue clarification | e dEReHh is an addition to
Contractexecution
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Y
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is asspeeialization of
|| contract | | work package |,
deviation deliverable item financial miléstone
Figure 67 — Information model that represents‘the work break down structure of a system by
defining relevant entities and the-relationships between these entities

igure 67 shows the information modelof the work breakdown structure of a system, captufring the
Vhole system life cycle which is typical-divided into several stages. Each stage is justified by one or
hore objectives (“what must have been achieved when the stage is finished”). These objectfives are

hysical object. Both life cy¢le stages and work packages can have milestones, each of them s
nd described in a planning:
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[0 execute a work package activity that create a work package deliverable, there will be inpuf needed
rom the risk managément process (measures), requirement analyses process (requirements}, design
rocess (assumptions and port interactions specifications. The activity will also lead to new risks,
equirements,/assumptions and port interactions.

o B

=]

very work package activity will be in principle an instance of an activity in the context of onje of the
ISO/IE€:15288 processes

Arnrimportant entity within SE is a decision. In the presented models decisions are represented bly design
principles (Figure 59), measures (Figure 70) and assumptions (Figure 71): they all in essence represent
decisions. They all have a relation with work package activities and therefore with milestones, so major
decisions can be defined by introducing specific milestones.

Trade-off studies including the final design principles can be described in documents that are related to
the relevant work packages and Technical Solutions.
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y
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Contract execution | s executed by R
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start date |« type of state R L status
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W“ > state L
Fy
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has subject is initiated by
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'”E'— =I type of message ‘

has property

1 sl [ ]

send date [«

is a collection for

statement

has property

-~

re¢eive date is a supplement of

document

Figure 68 — Information model that represents the communication flow between parties using
messages in the context of a specific'€¢ontract execution activity

e

—

Figure iS represents the formal communication flow between parties involved in a project. Formd
commuiication is defined here as communicatiens in the context of a contract between parties.

A contrjact consists of one or more contract execution activities of a certain type. A contradt
executign activity is both initiated and executed by a role of an organization or the role of a persorj.
A contrdct execution activity will always be in exactly one state and can be of type requested, promisec
delivered or accepted. Type of states follows each other in a predefined order. A change in the state of
contract execution activity can only be initiated by means of a formal message as an output of this activity

<

-

<

A messdge is of a certain type and is send and received by a role of a party and shall have a “thing” ap
subject find can be suppleémented by a document.

Also a njessage caneonsist of a set of statements as defined within this part of ISO 15926.
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¥y F
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| person [*
is fulfilled by
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has skill to act as a | is fulfilled by Is a specialization of

e ]

Y

] Is a specialization of
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Figure 69 — Information model that represents the organizational terms and how they|can be
related to each other

Higure 69 represents entities in the context;of organization realizing projects. In the other] models
deveral times the term party is used were a\party can be an organization or a person.

Within this model there has been made a'difference between roles of organizations and role of persons.

An organization can consist of persons, role of persons, teams and departments. Teams are managed by
g role of a person and consist of several team members each being a role of a person.

(rganizations and persons are located in an office.
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work package activity

has property

status | consists of

is output of

| effectiveness |« I measure R

has property | ¥

is proposed by

|s described in

Figure

Atype of measure is a ‘risk mitigating measure’ as introduced in Figure 65. A measure is characterized by

a specif
The me3
a status

There W
the mea
principl

During
A measy

document i is the responsibility of
is approved by
4 party
Is supplemented by 7y
statement <
has as author

70 — Information model that represents the information model of a measure (subclass
of activity) created and used in the other information models

c workflow: it will be proposed by the party that is managing the controlling activity of the risk.
sure will be approved by those parties that will be affected by the measure. The measure will ge
for example ‘approved’ and there will be a party that is responsible for executing the measure.

ot

ill be a specific work package activity that-will really execute (perform) the measure. Whep
sure is successfully executed the status of-the measure for example to ‘executed’. In that case i
e there must be a document that proves(the execution of the measure.

—

he workflow statements can be made/by the various parties to explain the course of the measurg.
re can be classified by a propertythat represents the effectiveness.
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Figure 71 — Information model that represents.the information model of an assump
(subclass of information object) created and used in the other information model

'he entity assumption is introduced in Figure 67. In Figure 71 the information model is py
f an assumption. An assumption can be_used as a registration of for example a design-ded
hterpretation of a requirement. An assumption is like a measure also characterized by a
vorkflow: it will be proposed by the party that is executing a work package activity for example
ctivity. The assumption will be approved by those parties that will be affected by the assy
'he assumptions than will get a status for example ‘approved’ and there will be another work
ctivity that will have the assumption as input. When the assumption is successfully proce

ocument that proves thie execution of the assumption. During the workflow statements can
y the various partiesto-explain the course of the assumption. Assumption can for example be
larify requirement-specification as output of a requirement analysis activity (a specific work
ctivity) and to describe a system design of human activity.

QO oo A 0 ol O < = S

—

espite of the(fact that the information models of both a measurement and assumption looks
dJame, theyvepresent each another concept, meaning and role within projects. For this reason bq
ot combiried in one model.

tion

esented
ision or
specific
p design
mption.
package
ssed the

tatus of the activity changes for example to ‘executed’. In that case in principle there myist be a

be made
used to
package

like the
th were
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Figure|72 — Information model that represents.the connectivity of physical object for example

Figure

physica
arealiz:
connect|
like bold

A conne
connect]
certain
ground

Spatial
means g

by means of\cables and pipes

/2 represents the information~cencerning connectivity within and between materializefl

objects as parts of a system. This model can handle pipes and cables (the connection type) af
ition of connections. A connection has on both ends a feature called end1 and end2. The needefl
ion material is represented by a connection assembly consisting of material and physical objectys
[s and nuts.

ction can have one-or more properties specifying the capacity, pressure, diameter, etc. of th
jion. A connectiofi-éan pass a wall that separates two spatial locations by means of a transit of
'y pe. A connéetion follows a route that consists of one or more traces were a trace can consist d
frace and-ovduct traces.

— O (D

ocation.can also be connected to and even overlap each other what can be made explicit by
f the relationships “is adjacent to” respectively “has overlap with”.

AnotherTormof connectivityis the covering of a physical object with another physical objector organism.
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Figure 73 — Information model that representsrelevant information about a document

Higure 73 represents the information concerning a document and versions of the document.

The document element has metadata and relationships with sustainable elements such as authot, source
gnd subject and document type.

A document in general describessarwork package deliverable item such as a system or eqfiipment
see Figure 67).

The main document element*has one or more versions which have metadata such as reledse date,
Rublication state, and reléaser and change identification code.

A baseline can be defined by a version identification identifying specific versions of documents

7 Initial setof reference relationships

To producefor example product models that are compliant to this part of ISO 15926 only relationships shall
Be used-that are within the initial set as given in Annex A or traceable (private) specializations of fhem.

This'initial setis derived from the (reference) information models shown in Clause 6, Figure 58 up to and
including Figure 73. The relationships are connected to entities as defined in ISO 15926-2 and based on
the principles described in Annex D and Reference [18].

The definition which is given in Annex A originates from the Systems Engineering reference models in
Clause 6. Tailoring of the definition of a relationship is allowed as long it stays consistent with the defined
domain and range in Annex A. A project specific tailoring would then be subject of the Information
delivery manual (IDM) of that project.

In practice the user will start from an object, classified by a (sub) class in the RDL and then find the
relationships that are possible for that object in accordance with column domain and range.
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