IEC 61970-401:2022-05(en-fr)

IEC 61970-401

Edition 1.0 2022-05

INTERNATIONAL
STANDARD

ORME Kol

INTERNATIONALE &
Q b7

©
20
\V

Energy management system application prog@ﬂ interface (EMS-API) —
Part 401: Profile framework QO
N\

N
Interface de programmation d’applicatf&\} pour systéme de gestion d’énergie
%
(EMS-API) — NN
Partie 401: Cadre de profils @@



https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédeé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I''EC du pays du demandeur. Si vous avez des

qu

41 ! et oo LA H Adat b HOR] Aot 14 Lo 44 liaot: FHH
STONS—Stur e Copyrgnt e TG Ot ST VouS GeSITeZo0teniTaeSarottS—SupprementaireS—Sur—Cenepuoncaton,utht

ez

IEC Secretariat

3, fue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

les|coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
info@iec.ch

Abouyt the IEC

The [International Electrotechnical Commission (IEC) is the leading global organization thats prepares and publfshes

Interpational Standards for all electrical, electronic and related technologies.

About IEC publications

The fechnical content of IEC publications is kept under constant review by the IEC{/Rlease make sure that you havg the

lates} edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The pdvanced search enables to find IEC publications by a
variefy of criteria (reference number, text, technical
comrpittee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay |up to date on all new IEC publications. Just Published
details all new publications released. Available online and
oncela month by email.

IEC Customer Service Centre - webstore.iec.ch/cse

If yob wish to give us your feedback on this publication or
need|further assistance, please contact the Customer Service
Centfe: sales@iec.ch.

IEC Products ‘& Sérvices Portal - products.iec.ch
Discover our‘powerful search engine and read freely gll the
publicatiens~previews. With a subscription you will always
have aceess to up to date content tailored to your needs

Electropedia - www.electropedia.org
Jhe world's leading online dictionary on electrotechnglogy,
containing more than 22 300 terminological entries in English
and French, with equivalent terms in 19 additional langupges.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

A propos de I'lEC

La Gommission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publig¢ des

Nornjes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le cpntenu technique desjpublications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la

plus récente, un corrigendum ou amendement peut avoir été publié.

RecHherche de publications IEC -
websgtore.iec.ch/advsearchform
La recherchetavancée permet de trouver des publications IEC
en utilisant différents critéres (numéro de référence, texte,

comifé. d’études, ...). Elle donne aussi des informations sur
les p njnte et les puhlir\nfinne rnmplnr\énq ou retirées.

IEC Products & Services Portal - products.iec.ch
Découvrez notre puissant moteur de recherche et congultez
gratuitement tous les apercus des publications. Avdc un
abonnement, vous aurez toujours accés a un contenu @ jour
adapté a vos besoins.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au
monde, avec plus de 22 300 articles terminologiques en
anglais et en francais, ainsi que les termes équivalents dans
19 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.


mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

IEC 61970-401

Edition 1.0 2022-05

INTERNATIONAL
STANDARD

ORME
INTERNATIONALE

) “polour
inside

Energy management system application program interface (EMS-API) -
Part 401: Profile framework e

Interface de programmation d’application pour systéme de gestion d’énergie
(EMS-API) —
Partie 401: Cadre de profils

INTERNATIONAL
ELEECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 33.200 ISBN 978-2-8322-0093-3

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

-2- IEC 61970-401:2022 © IEC 2022

CONTENTS

FOREWORD ...ttt ettt et et et et ettt e et e et e et e et e et a e anns 5
LN I 2 1 1 L N 1 PN 7
1 1T o 1= S 8
2 NOrmMative referENCES ... e 8
3  Terms, definitions and abbreviated terms ... 9
3.1 Terms and definitioNS .. ..o 9
32 Abbreviatedtermsrrmm—m—m—m—0—0—D—D0—DmDmDmDmDmDemDmDmem0m0e0De0D0 9 7DDDDDDDDDDDD_____DD___>=°::,-—— 10
I O Y=Y VTS 11
4.1 Profiles and profiling .........cooooiiiiii e OV 11
4.2 Relations between Canonical CIM, profiles and datasets ...................ce 5l .13
43 Profiles and buSiNeSS ProCeSSES ...ovuiiuiiiiiiiiiiiieieieeeee e M 14
Profile document structure ... ...l AN e .15
Profiling UsSe CasesS . ..o N .15
qg.1 OVEIVIBW...uiiiiiiiiec e S .15
g.2 Class in different profiles with no overlap..........ccoo 80 .16

q.3 Include overlapping sets of attributes and roles from\the same class in
different profiles ... N A7
q.4 Include a base class with different sets of attributes orroles..................coon. A7
g.5 Extending an existing Class ... o A7
q.6 Extending an existing class used differently in different profiles .......................... .18
q.7 Different cardinalities ..... ... G e e .18
q.8 Add a new datatype ..o e e .19
T | Profiling FUIES .. M e .19
7.1 OVEIVIEW . .uiiiiiiiieiiee it e e e .19
1.2 R0101 Information model class, attribute, role and datatype names.................... .19
7.3 Class rules for classes without stereotype........ccoooiiiiiiiiiiiii .19
7.3.1 RO201 INCludingZa ClasS.......ccuiiii e .19
7.3.2 R0O202 AddiNg @ NEW ClasS....c.uiiiiiiiii e .19
7.3.3 R0203 dhe description of @ Class........ccc.viiiiiiiiiii e .19
7.3.4 RO204_Name Of @ Class....cuiiiii e .19
7.3.5 RO205 Cardinality of @ Class .....ccouiiuiiiiiicic e .19
7.3.6 RO206 Concrete Class. .. .o .20
7.4 AP DULE TULES o e .20
7.4 R0O301 Including an attribute ... .20
4.2 R0302 Adding @ new attribute.............cooouiiuiiiiiiiiiiii .20
7.4.3 R0303 The description of an attribute ... 20
7.4.4 R0304 The name of an attribute............ 20
7.4.5 R0305 The cardinality of an attribute .............cccooiiiiii e, 20
7.4.6 R0306 The datatype of an attribute..........ccccooiiiiii e, 20
7.4.7 R0307 Initial value of an attribute ... 20
7.5 I F= 1 =1 477 o == 21
7.5.1 R0O401 Including a datatype ..o 21
7.5.2 R0402 Adding @ new datatype ....o.ooiniii e 21
7.5.3 R0O403 Primitive datatype ..o 21
7.5.4 RO405 CIMDAtatyPe ....eeniiieie e 21

7.5.5 R0405 Compound datatype ..o 21


https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

IEC 61970-401:2022 © |IEC 2022 -3-

7.5.6 RO406 ENUMEration ... e 21
7.5.7 R0407 The description of a datatype .........coooiii i 21
7.5.8 R0408 The name of a datatype ..o, 21
7.6 ASSOCIALION TUIES . e 22
7.6.1 ROS501 Including an association .........coceuiiiiiiiii e 22
7.6.2 R0502 Adding @ new assoCiation .........cc.iiiiiiiii i 22
7.6.3 R0503 The names of the two roles in an association .................c.ccoiiL 22
7.6.4 R0504 The cardinality of an association role..............ccoooiiiiiiiiiin e, 22
7.6.5 R0O505 Association navigability ..........ooeuiiiiiiiiiii e 22
7.6.6 R0506 The description of an association .............cccoooiiiiiii Q) .22
1.7 Attribute and association restrictions...........co.ooiiii LNV .22
7.71 R0601 Overlap between profiles ... .22
7.7.2 R0602 Same base class with different sets of attributes and
associations in different profiles...........oo T .23
7.8 RO701 Inheritance StruCture ...........coooviiiiiii e T .23
1.9 R0O801 Constraints ......ccoouiiiiiiie A S .23
Extending Canonical CIM ...l S .24
Requirements for a profiling tool ... O .24
9.1 Minimum requirements ... T .24
9.2 Extended requirements for OCL rules ..o i .25
Annfex A (INfOrmative) ... .26
A.1 Mapping of UML t0 OWL ..cuoiiini e Y e .26
A.2 Units and muUltipliers iSSUE ... N e .26
A.2.1 DeSCription Of ISSUE ... vt e e .26
A.2.2 Long term SOlUtION ... 0 e .30
A.2.3 Medium term solution .. it o e .30
A.2.4 Temporary solution by\flattening the profiles............cc.ooiiii i, .31
A.2.5 Temporary solution‘by fattening the CIMXML data.............coooeiiiiiiinins .31
A.2.6 Maintaining informration for a flattened profile ..o .32
Figure 1 — Relations between standards and profiling ...........coocooiiiiiii i 12
Figure 2 — Relation_hetween Canonical CIM, profiles and datasets ................ccocceeiiiiiinnnn.. .13
Figure 3 — Classtin.different profiles with no overlap ... .16
Figure 4 — Class'in different profiles with overlap ... A7
Figure 5 —Same base class with different sets of attributes orroles ..............cccoiiiin. 17
Figure’6-< Extending a class the same way in all applicable profiles ..............ccccooiiiiiinnnn.. 18
FigLIb 7 - E)\tclldillg dll b')\ibtillg bidbb UDUUI u'iffwcntiy ill Ulifllclcllt plufiica ........................... 18
Figure A.1 — CIMDatatype example in Canonical CIM and SSH profile.................ccoiiL 27
Figure A.2 — ActivePower from IEC 61970-452:2021 (CIM16) ....couiiniiniiiiiiieeeceeee e, 28
Figure A.3 — Profile for ActivePower including CIMDatatype attributes.................cocoeiiiinils 28
Figure A.4 — CIMXML example with an ActivePower instance as an identified node.............. 29
Figure A.5 — CIMXML example with an ActivePower blank node serialisation example.......... 29
Figure A.6 — Profile for ActivePower based on CIM version 9 (CIM9) .........cooiiiiiiiiiiiininnennns 29


https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

-4 - IEC 61970-401:2022 © IEC 2022

Figure A.7 — CIMXML example with an ActivePower instance according to the original

SEIAIISATION . e 29
Figure A.8 — Example of Flattened profile for ActivePower ... 31
Table 1 — Abbreviated termMS ... e 11

Table A.1 — UML and ontology lanQUages .......c.euiiiiiii e 26



https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

IEC 61970-401:2022 © |IEC 2022 -5-

1

2)

3)

4)

5)

6)
7)

8)

9)

IEC
and

0 H (NS 3T MO QO

3. 100 —=

|
t
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

"> TP O3 Z T O

=

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -

Part 401: Profile framework

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprjising
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatjonal
p-operation on all questions concerning standardization in the electrical and electronic fields»-To this enq and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reforts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC\ 'Publication(s)”). Their
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealf with
ay participate in this preparatory work. International, governmental and non-governmmental organizations ligjising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
tandardization (ISO) in accordance with conditions determined by agreement,between the two organizatiops.

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internatjonal
onsensus of opinion on the relevant subjects since each technical committee has representation from all
terested IEC National Committees.

FC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made\to ensure that the technical content off IEC
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
isinterpretation by any end user.

order to promote international uniformity, IEC Natignal' Committees undertake to apply IEC Publications
ansparently to the maximum extent possible in their national and regional publications. Any divergence betyveen

FC itself does not provide any attestation of conformity. Independent certification bodies provide confofmity
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo any
rvices carried out by independent certification bodies.

Il users should ensure that they have the-latest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experty and
embers of its technical committees-and IEC National Committees for any personal injury, property damage or
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
xpenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other| IEC
ublications.

ttention is drawn to the“Normative references cited in this publication. Use of the referenced publicatiops is
dispensable for the ‘correct application of this publication.

ttention is drawn.tothe possibility that some of the elements of this IEC Publication may be the subject of patent
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

61970-401 has been prepared by IEC technical committee 57: Power systems management
associated information exchange. It is an International Standard.

Thisfirstedition cancels and reptaces IEC TS TEC 6 1970-40 T published im 2005, This edltion
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edit

a)

ion:

The previous edition of IEC TS 61970-401:2005 provided an overview of the Component
Interface  Specifications (CIS) [|EC 61970-402, [EC 61970-403, IEC 61970-404,
IEC 61970-405, and IEC 61970-407. IEC 61970-402 to IEC 61970-407 are duplicates of
existing OPC interfaces from OPC Foundation and the DAIS/HDA interfaces from OMG.
Hence IEC 61970-402 to IEC 61970-407 have been withdrawn and IEC TS 61970-401:2005
no longer serves a purpose.
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IEC 61970-401 (this document) does not contain an overview of Component Interface
Specifications (CIS) but instead a description of how to create profile specifications that
describes dataset contents (or message contents). Hence it has been renamed "Profile
framework". The profile specifications IEC 61970-450 (all parts) and IEC 61970-600 (all
parts) describe dataset contents. The purpose of this document is to define the rules to be
followed in the process of creating profile specifications.

text of this International Standard is based on the following documents:

Draft Report on voting

Full
the

The
This
acc

at v
des

A lis

/1246 Z/FDIS o/12494/RVD

information on the voting for its approval can be found in the report on voting indicate
above table.

language used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope]
prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives; 1EC Supplement, avail
ww.iec.ch/members_experts/refdocs. The main document fypes developed by IEC
cribed in greater detail at www.iec.ch/standardsdev/publications.

t of all parts in the IEC 61970 series, published underthe general title Energy managen

sysiem application program interface (EMS-API), can Be found on the IEC website.

The
stah
the

committee has decided that the contents of this'document will remain unchanged until
ility date indicated on the IEC website under)*http://webstore.iec.ch” in the data relate
specific document. At this date, the document will be

econfirmed,

vithdrawn,

eplaced by a revised edition,or

hmended.

d in

d in
hble
are

hent

the
d to

IM
co
co

PORTANT - The “colour inside" logo on the cover page of this document indicates th3
htains colours ‘which are considered to be useful for the correct understanding of
htents. Users:should therefore print this document using a colour printer.

t it
ts



http://www.iec.ch/members_experts/refdocs
https://iecnorm.com/api/?name=d7554cbc47df664d5d5c409503e47ef6

IEC 61970-401:2022 © |IEC 2022 -7-

INTRODUCTION

This document is one of the IEC 61970 series that defines message interfaces for network
application data exchange.

The IEC 61970-300 series of documents specify a canonical Common Information Model (CIM)
describing network application data. The CIM is an information model that represents all the
major objects in an electric utility enterprise needed to describe data used by power network
applications. The Canonical CIM provides the semantics for IEC 61970-450 (all parts) and
IEC 61970-600 (all parts) profile specifications dedicated to specific data exchanges.

Thig document describes the framework in which profile specifications are created from|the
Canonical CIM. It describes the structure of profile documents and the rules for selection of
infofmation from the Canonical CIM to be included in profile specifications.

The|reasons for creating this document are
1) The IEC 61970 profiles have for a long time been created usingca profiling method| not
Hescribed by an IEC 61970 document.

2) The IEC 61970 profiling method has issues that need resolution. Issues and solutions|are
jescribed in Annex A.
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ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -

Part 401: Profile framework

1 Scope

Thig document describes how IEC 61970-450 (all parts), IEC 61970-600 (all parts)yprofile
specifications are structured and created. Profile specifications describe a subset) ‘of|the
Canonical CIM dedicated to a specific data exchange. The Canonical CIM is desctribefl in
IEC|61970-300 (all parts) as well as in IEC 61968-11.

Rules for creation or extension of Canonical CIM are outside the scope of.this’document.

Thig document specifies the structure of a profile specification and\the rules for seledting
subsets of information from the Canonical CIM. It standardizes the operations used to cre¢ate
the |profile elements from the Canonical CIM. As Canonical .CIM is described in UML|the
opefations are described in terms of UML classes, attributes,/and roles.

It is|possible to map UML to RDFS or OWL, so any of thé_Janguages UML, RDFS or OWL|can
be ysed to describe the created profiles. Specification-of languages (UML, RDFS or OWL) Used
to describe profiles as well as how profiles are presented and edited in user interfaces|are
outgide the scope of this document. Languages used to describe profiles are specified in other
specifications. Relevant specifications are referenced in Clause 2.

UML supports adding free text that describes further restrictions on UML constructs, |e.g.
clagses, attribute values, association #oles and cardinalities. Languages such as OCL |and
SHACL are dedicated to describing constraints. OCL is used to describe constraints for oljject
data described in UML while SHACL is used to describe constraints on graph data described
by RDFS or OWL. OCL is withinithe scope of this document, but SHACL is not.

Thig document supports profiles describing data exchanged as CIMXML datasets or messages.
The| exchange format within the scope is in accordance with IEC 61970-552 but other formats
are |possible.

Too] interoperabhility and serialisation formats are outside the scope of this document.

2 |Normative references

Thn fallavariaa-—dac: a
CToTmoOwWITg—GoOToTTet

B

foarrad t a-th fovet i ol o Aoy that caor raoll fibair oAt
TCTTOUU U TIT UTOU TUALTITIT ouvLIT d vvuy arat ovuTiTe Ul Aadrmmur uareiIr VUl Lent
constitutes the requirements of this document. For dated references, only the edition cited
applies. For undated references, the latest edition of the referenced document (including any

amendments) applies.

IEC 61968-11, Application integration at electric utilities — System interfaces for distribution
management — Part 11: Common information model (CIM) extensions for distribution

IEC TS 61970-2, Energy management system application program interface (EMS-API) — Part 2:
Glossary

IEC 61970-300 (all parts), Energy management system application program interface (EMS-API)
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IEC 61970-501:2006, Energy management system application program interface (EMS-API) —
Part 501: Common Information Model Resource Description Framework (CIM RDF) schema

IEC 61970-552, Energy management system application program interface (EMS-API) —
Part 552: CIMXML Model exchange format

OMG Unified Modeling Language®, OMG document number: formal/2015-03-01, available at
http://www.omg.org/spec/UML/2.5

World Wide Web Consortium (W3C), RDF 1.1 Primer from 24 June 2014, available at
https://www.w3.org/TR/rdf11-primer/

Worlld Wide Web Consortium (W3C), RDF 1.1 Concepts and Abstract Syntax from 25 Febryary
2014, available at https://www.w3.org/TR/rdf11-concepts/

Worlld Wide Web Consortium (W3C), RDF 1.1 XML Syntax from 25 February,. 2014, available at
httpe://www.w3.0org/TR/rdf-syntax-grammar/

World Wide Web Consortium (W3C), RDF Schema 1.1 from 25 Fébruary 2014, availabl
httpp://www.w3.org/TR/rdf-schema/

4%

at

World Wide Web Consortium (W3C), OWL 2 Web Ontology kanguage Primer (Second Edition),
W3C€ Recommendation 11 December 2012, available at hitps://www.w3.org/TR/owl2-primejr/

World Wide Web Consortium (W3C), OWL 2 Web ©ntology Language Structural Specificdtion
and| Functional-Style Syntax (Second Edition), W3C Recommendation 11 December 2012,
avallable at https://www.w3.org/TR/owl2-syntax/

3 |[Terms, definitions and abbreviated terms

For|the purposes of this document,the terms and definitions given in IEC TS 61970-2 and| the
follqwing apply.

ISOfand IEC maintain terminological databases for use in standardization at the following
addfesses:
e |EC Electropediat.available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
31 Terms and definitions

3.1
Canonical CIM
agreed semantic information model describing the power system domain; the information model
aims at describing the power system domain in a normalized way without overlap

Note 1 to entry: The Canonical CIM is described in UML. UML can be serialized (saved as a document) in the
standardized data format XMI for exchange between UML tools. Ecore is another serialization format with capability
to describe UML.

T This specification is based on the W3C specification RDF Schema 1.0 from early 2000 which has since been
revised multiple times.
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2

profile
subset derived from Canonical CIM supporting the exchange of a specific set of data in a
specific context

Note 1 to entry: A semantic information model in the same way as Canonical CIM, can be serialized in several
different formats:

Note|2 to entry: The serialisation of IEC 61970 profiles is standardised by IEC 61970-501. A cbllection of pr
supplorts a specific use case.

3.18

profiling

progess of creating profiles

3.1.r

dataset

set |of data described by a profile which means that the. data in a dataset align with

info

Note|

3.1.
dat
datd
des

3.2

The

e XMl that is the serialisation format of UML as described by OMG, see clause 2;

. RDF/XML used to serialize RDFS or OWL;

g RDF/XML as described by IEC 61970-501. IEC 61970-501 contains several custom extensions to the,R
specification from 1999;

p  Ecore for exchange with Eclipse Modelling Framework (EMF).

rmation described by the profile

1 to entry: A profile does not say anything about the data.format.

format
sets carrying data described by profiles as defined in this document using CIM
cribed in IEC 61970-552 and RDF/XML based on RDFS as described in IEC 61970-501

Abbreviated terms

abbreviated terms are given in Table 1.

DFS

files

the

ML
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Table 1 — Abbreviated terms

Abbreviated term Description

CIMXML CIMXML is an RDF/XML data format and is described in the specification
IEC 61970-552.

RDF/XML A serialization format for RDF and graph data. For more details refer to the W3C
specification RDF 1.1 XML Syntax.

RDF RDF stands for Resource Description Framework and is an information model for
graph data consisting of a:

— Resource, in CIMXML this is an object identifier.

— Predicate, in CIMXML this is an attribute or role name.

— data item, in CIMXML this is a value or a resource reference.

For an introduction to RDF refer to the W3C specification RDF 1.1 Primer.

RDFS RDFS stands for RDF Schema and is an extension of RDF withtcapability to
describe a vocabulary for data-modelling. Hence it is an information modelling
language but with less capability than UML. For more details_refer to the W30
specification RDF Schema 1.1.

owL OWL is an ontology language supporting the semantic\web, it is a further
development and extension of RDFS. For an introduction to OWL refer to the
W3C recommendation OWL 2 Web Ontology Language Primer (Second Edition).

UMLL UML stands for Unified Modelling Languag€. For more details refer to the OM[G
specification formal/2015-03-01.

4 |Overview

4.1 Profiles and profiling

Profiling is the process of selecting information from the Canonical CIM and including jt in
profiles.

The|Canonical CIM is described in(lEC 61970-300 (all parts) and IEC 61968-11.

The|guiding principle for the‘profiling method is that the information described by a profile|is a
true| subset of the Canonical-CIM and retains class, role names, attribute names and datatypes
from the Canonical CIM\\The datatypes in CIM are described by classes stereotyped Primifive,
CIMDatatype, and Gompound. CIMDatatype is a composition of three attributes: value, unit,
and|multiplier whilé Compound consists of an arbitrary set of attributes.

The|l main objéective is that different datasets (see Clause 3) exchanged using different profiles
based on Canonical CIM solely rely on the definitions and basic principles of the Canonical ¢IM.
Thig is key-to make interoperability feasible. This also enables different profiles to relate gata
between them by using the Canonical CIM as a hub and supports a reader of a dataset pr a
megsage-to-easily-find-descriptions-of-elements-in-both-theprofiles-and-the-Canenical CIM-The

support for relating data in different datasets or messages described by different profiles is
needed when data is divided across different datasets governed by different profiles. Such use
cases are defined for network models where the network description is separated from the
operational conditions of the network (seen as an input) and the results.

There are several languages that can describe profiles, e.g. UML (serialized as XMI), RDFS,
Ecore or OWL. UML includes a graphical language that is implemented by UML editors. OWL
does not have a graphical language, but several editors exist that support the display and
editing of OWL data.
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Current profile specifications, IEC 61970-450 (all parts) and IEC 61970-600 (all parts) use UML
to describe the information and OCL to further restrict the information. A profile in UML is
described by classes, attributes, associations, roles and datatypes, the common way to
describe information in UML. The UML language includes the concept of stereotypes and
tagged values that enables custom extensions of the UML language. Hence profiling with UML
means copying and updating classes, attributes, associations, stereotypes and tagged values
from the Canonical CIM. A profile in RDFS or OWL is described by classes and properties but
UML stereotypes and tagged values do not have a direct mapping to RDFS/OWL. Profiling using
OWL mean creating OWL classes and properties by selecting UML classes, attributes, and roles
from Canonical CIM the same way as for profiling with UML. UML stereotypes and tagged values
need a specific mapping depending on the meaning of the stereotypes or tagged values.
Clalise A.1 presents a mapping of the Canonical CIM UML to OWL.

Figure 1 gives an overview of the IEC 61970 specifications in the context of profiling)

Documents;
Canonical CIM IEC 61970-301, ...

Derived according
to IEC 61970-401

. Documents;
————— - Contextual prOfIIe IEC 61970-452. -600. .(

Generated according
to IEC 61970-501

Serialized profiles
Syntactic profile IEC 61970-452, -600, ... on
formataecording to IEC 61970-501

r'y
|

Described by 1
1

[ — CIMXML file
Described by

Serialized CIMXML instance data on
format according to IEC 61970-552

IEC
Figure 1 — Relations between standards and profiling

The|Canonical CIM is shown_at the top in Figure 1. Based on the Canonical CIM and a context
for the usage, a contextual ;profile is created. A serialisation of the contextual profile |s a
syniactic profile. The serialisation format for contextual profiles is described by IEC 61970-501.
IEC|61970-501 is the only graph based syntactic profile. Other syntactic profile exists, e.g. a
UML based tool can'serialize the profile in the XMI format, a tool based on Eclipse Modelling
Framework (EME) ‘ean serialize a profile in Ecore and an OWL based tool can use RDF/XML.
All these syntactic profiles describe the same contextual profile but, in a format, specific fon the
chosen serialisation (UML/XMI, Ecore, RDFS, OWL, etc.). Each possible syntactic profile |has
its gwn spécification, e.g. like IEC 61970-501.

Dataséts on CIMXML format are serialized according to IEC 61970-552 and the data |n a
CIMXML dataset is described by a profile. The coniextual and syntactic profile describe the
same information, the only difference being that the syntactic profile is machine readable and
can be used in processing or validation of CIMXML datasets.

Tools that process data described by profiles, created according to this document, need a
machine-readable serialization of the profiles, the syntactic profile. IEC 61970-501 is an RDFS
based serialization intended for this. Profiling tools shall support the generation of profiles in
the IEC 61970-501 serialisation format. Any tool, regardless of whether it is based on UML or
OWL, will have to serialize profiles into a syntactic profile that is used for exchange with other
tools or saved for persistency. |[EC 61970-501 does not contain all information needed by
profiling tools, e.g. it is possible to generate a IEC 61970-501 syntactic profile from a UML
representation but not possible to recreate UML from a profile on IEC 61970-501 format. Hence
IEC 61970-501 cannot be used as an exchange format between UML based profiling tools.
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Standardized vocabularies, that may be used in addition to Canonical CIM, are available from
many sources, €.g.:

e The Dublin Core™ from the Dublin Core Metadata initiative dated 18 December 2006,
e The Profiles Vocabulary (DX-PROF) from W3C, a note dated 18 December 2019,
e Profile Guidance from W3C, a draft dated 24 November 2021.

How such vocabularies may be used together with Canonical CIM is not described and requires
further development.

4.2
The
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profiles are dependent on .eéach other and use cases typically involve multiple data
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Relations between Canonical CIM, profiles and datasets
CIM specifications can be divided in two groups:

Canonical CIM,

Profile derived from Canonical CIM.
Canonical CIM is an information model for the power system domain standardized by
it is intended to be normalized (information is described only 'once) without dupli

hitions of the same concept. Canonical CIM is intended to be an-information model for
cepts in a domain and not a description of data exchanged bydmessages.

ofile is a subset of the Canonical CIM intended for a specific data exchange in a spe
ext, hence a profile is an information model for exchanged data. Information from Canor
is divided into profiles that describe data exchahge in different contexts; examples
change in times from milliseconds up to hours depending on the use case. The contex
pment data is typically a data modeller toal\where the equipment data is maintained w

context for power system state could be real time systems (WAMS, SCADA) or operati
ning systems.

61970 (all parts) support analytical functions used in studies of power systems. A d
er flow both equipment data and power system state are needed. Hence the IEC 61

cribed by different profiles:

Subclause (4.2)-explains the relationship between the information discussed above an
Figure 2 shows the dependencies.
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Figure 2 — Relation between Canonical CIM, profiles and datasets
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Figure 2 describes the relations between the Canonical CIM, profiles and datasets. The
Canonical CIM at the top of Figure 2 is described in IEC 61970-300 (all parts) and in
IEC 61968-11. The profiling process described in this document is represented by the arrow
“Derived from” and the “Profiling tool” that is used to create the “Syntactic profiles”. Examples
of profiles created using the profiling process are IEC 61970-450 (all parts) and IEC 61970-600
(all parts).

The datasets (bottom of Figure 2) are typically exchanged as CIMXML files but other data
formats are possible if they comply with profiles generated according to this document. A
dataset is described by a profile (“Described by” in Figure 2) and is serialized as CIMXML files
as described in IFC 61970-552

The| “Dataset tool” processes “Datasets”, e.g. export, import, validation, etc. A “Dataset fool”
could be hardcoded against a set of profiles but could also import profiles and use-them upon
progessing as indicated in Figure 2 with the arrow “Profile import”. For this to waork,"a machfine-
readable version of a profile is needed such as a syntactic profile on RDFS format as described
in IEC 61970-501. Serializations for other information modelling languages(are also possible,
e.g.| XMI, OWL or Ecore, but IEC 61970 uses RDF based technologies as defined by
IEC|61970-501. The ability for a “Dataset tool” to import and use a machine-readable version
of a|profile (“Profile import” in Figure 2) is sometimes referred to as a'model-driven architecfure
as the tool adapts to the profiles. To support a model-driven usage the “Dataset tool”|the
“Prqfiling tool” shall import and export syntactic profiles on IEC £1970-501 format. Example|use
cases for syntactic profiles are:

e Profiling tools that read, update, and save profiles.
e )alidation tools that read CIMXML files and checK that they comply with syntactic profiles.
e Data management tools that import and export CIMXML files.

e Analytical functions importing input data and.exporting result data.

The|syntactic profile language in IEC 61970-501:2006 has custom extensions to RDFS as| the
RDKES standard had not yet been finalized when IEC 61970-501 was published. RDFS |has
evolved and has been extended so-that IEC 61970-501:2006 custom extensions can| be
replaced. Also note that IEC 61970=501:2006 does not provide sufficient information to enable
toollinteroperability: other formats 'need to be considered for this, e.g. XMI that is standardised
by ®MG and OWL standardized by W3C.

4.3 Profiles and business processes

Datasets are exchanged in the context of a business process which typically means multiple
datgsets definedwby different profiles. The Canonical CIM is typically split over the diffefent
profiles. Conseguently, the datasets need to be assembled into a complete model whereby dach
datgset contributes data according to its defining profile.

IEC|6197.0-450 (all parts) and IEC 61970-600 (all parts) describe data that are used in analytical
calqulations (e.g. power flow calculations, security analysis, short circuit calculations). Input to
such calculations are models including a complete set of data needed to solve the analytical
calculation. It is common to divide data in groups. Profiling support grouping by dividing
information in multiple profiles where each profile describes one group. Reasons for creating
data groups could be different origins and change rates. Power system equipment is stable over
time and is only changed when new equipment is added, or old equipment removed. Hence
data describing the power system equipment has a low change rate and typically originate from
dedicated data management tools. Power system state may change monthly for long term
planning, hourly for operational planning, secondly for real time operation and down to
millisecond for studies of the dynamic behaviour. Hence power system state data benefit from
being exchanged separately from equipment data. A result of this is that data in a model used
by analytical functions can be divided in profiles that support exchange of parts of the model as
CIMXML files. A consequence is that running an analytical calculation with CIMXML files as
input requires an assembly process where the CIMXML files are assembled into a complete
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model. The profiling process shall then ensure that the profiles describe the relations not only
within a CIMXML file but also between data in different CIMXML files.

Whether an assembled model is complete and valid is determined in a validation process where
all the profiles defined for the business process are used. A per profile validation is in many
cases not meaningful as information distributed over different profiles cannot be checked until
the complete model has been assembled.

5 Profile document structure

The| IEC 61970-450 and IEC 61970-600 profile documents shall strictly follow a common
structure including the following clauses:
1) ['Scope” that describes the document application.

2) [Normative references” that contains a list of publications that are referred\to in the text in
such a way that some or all of their content constitutes the requirements. of this document.

3) [Terms, definitions and abbreviated terms” used in the profile.
4) [Application profile specification” that specifies the following

) A reference to the canonical information model as an XM| file name from which|the
profile is derived.

D) A list of the profiles defined in the document. Each profile definition consists of:
i) Name, e.g. StateVariables (SV),

ii) Version, e.qg. 4.,

iii) Date of the version,

iv) URI that uniquely identifies , the profile including its version, |e.g.
http://iec.ch/TC57/2013/61970-456/StateVariables/4.

) Requirements
1) Constraints

5) [Overview” that describes the‘context in which this profile is intended to be used and| the
relation to other profiles. Use-cases for which the profile is applicable are also describgd.

6) Use cases that describeé where the profile is applicable.

7) Profile sections describing the information in the profiles.
6 |Profiling Use.cases

6.1 Overyiew

Thig Subclause 6.1 describes the use cases for how profiles are created from the Canonical
CIM.~This subclause provides a descriptive overview. The normative use is described in
Clause T-

Profiling is the process where UML classes, attributes, roles and datatypes are selected to be
included in a profile. This process follows the rules described in Clause 7.

In the profiling process, a subset of the attributes and roles from a class in Canonical CIM are
included in a profile. It is then possible to change attribute and role cardinalities. If new
information is needed that is not in Canonical CIM, existing classes can be extended with more
attributes or roles as well as new classes added to the Canonical CIM. When adding new
attributes new datatypes may also be needed, they are then first added in the Canonical CIM.

Profiling use cases that have been identified can be done as follows.
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a) Include different sets of attributes and roles from the same class in different profiles, see
6.2.
b) Include overlapping sets of attributes and roles from the same class in different profiles, see
6.3.
c) Include a base class with different sets of attributes or roles, see 6.4.
d) Extend an existing class, see 6.5.
e) Extend an existing class used differently in different profiles, see 6.6.
f) Different cardinalities, see 6.7.
g) dd A 1TICVW dqtatypc, oCT 0.8.
The| above profiling cases are limited to the use cases related to the IEC 61970-450\profiles
and|modelling capability of UML. When profiling is made additional constraints that goes beylond
the capability of UML are often needed. Such constraints could be
e (Constraining the value space of an attribute. This could be numeric(value constraints,
bnumeration lists, string length constraints, string content constraints, complex comparigons
ncluding attributes from related classes, etc.
e (onstraining role cardinalities for subclasses inheriting associations from a more generic
Class.
e (Constraining the occurrence of class instances depending en’ context.
Constraints like this can be described by the formal languages OCL or SHACL. As OCL or
SHACL constraints are not included in the Canonical/CIM they are not part of the profiling
prog¢ess but added to the profiles after profiling has been made.
Subclauses 6.2 to 6.8 contain examples from existing profiles, e.g.:
e Bteady State Hypothesis (SSH) from IE€C'61970-456 and IEC 61970-600;
e Equipment (EQ) IEC 61970-452 and:1EC 61970-600.
6.2 | Class in different profiles with no overlap
Thig is the most common use case. A non-overlapping subset of the attributes and roles from
a class is included in one of more profiles, see Figure 3.
Canonical Profile1 Profile2 Complete
CIM data object
Mye€lass MyClass MyClass MyClass
- Attrl - Attrl - Attrl
- Attr2 Profiling - Attr2 - Attr2
- Rolel - Rolel - Rolel
- Role2
IEC

Figure 3 — Class in different profiles with no overlap

An example of MyClass in Figure 3 could be any CIM class with power flow injection data in the
SSH profile and static data in the EQ profile, e.g. cim:EnergyConsumer.

A power flow application will then have to collect data from both the EQ and SSH profile datasets
to set up the power flow case. A complete object with both EQ and SSH data may then be
constructed and described by the “Complete data object” as in Figure 3. Note that inheritance
should also be considered but for simplicity it is not shown in Figure 3.
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6.3 Include overlapping sets of attributes and roles from the same class in different
profiles

This is an uncommon use case that appears in a few cases. Having the same attribute or role
in two different profiles can result in ambiguity as to which data to use in datasets for the
different profiles. Attributes in the profiles may be given slightly different meanings, e.g. a
default value in one profile and current value in another. This way of profiling shall be avoided
as it is likely to create confusion. The meaning defined in Canonical CIM shall not be changed.

Canonical Profile1 Profile2 Complete
CIM data object
MycClass MyClass MyClass MyClass
- Attrl - Attrl - Attrl - Attrl
- Attr2 Profiling - Attr2 - Attr2
- Rolel - Rolel - Rolel
- Role2

IEC
Figure 4 — Class in different profiles with overlap

Figure 4 describes the same case as in Figure 3 with the diffefence that the same attribute
“Attr1” is included in more than one profile. An example is cim;QperationalLimits where the [imit
valdes appear both in the equipment profile (IEC 61970-452:2021) and the Solved pgqwer
sysfem state profiles (IEC 61970-456:2018).

6.4| Include a base class with different sets of-attributes or roles

Thig is a case where the same class is included. differently in different profiles.

Canonical Profile1 Profile2 Complete Complete
CIM profile1 profile2

data object data object
MyClass MyClass MyClass SubClass1 SubClass2
- Attrl -NAttrl - Attrl - MyClass.Attrl - MyClass.Attrl
- Attr2 || Profiling - Attr2 - MyClass. Attr2
- Rolel - Rolel - Role1 - MycClass.Rolel - MyClass. Rolel
- Role2

I SubClass1 ” SubCldss2 | | SubClass1 | ‘ SubClass2 |

Figure 5 — Same base class with different sets of attributes or roles

Figure5’shows a case where the “MyClass” is the base class to two other classes “SubClass1”
and "SubClassZ”. Tn the profiling, 'SubClassT  is put in "ProfileT” and "SubClassZ” is put in
“Profile2”. The attributes and roles from “MyClass” included in the profiles are not exactly the
same. An example would be if “MyClass” is cim:ldentifiedObject, where
cim:ldentifiedObject.name and cim:ldentifiedObject.description is included in “Profile2” but only
cim:ldentifiedObject.name in “Profile1”. “SubClass2” could be any class in the EQ profile and
“SubClass1” could be cim:TopologicalNode in the TP profile.

6.5 Extending an existing class

A class is extended with the requirement that the extension be the same for all profiles. The
rules for extending the Canonical CIM are outside the scope of this document.

In the profiling step the extension attributes and roles are moved into a profile version of the
class as shown in Figure 6.
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Extended

canonical

CIM

MyXClass

- Complete Complete
il Profile Profile2 profilet profile2
Aﬁ data object data object
MyClass MyClass MyClass SubClass1 SubClass2

- Attrl - Attrl - Attrl - Attrl - Attrl

- Attr2 Profiling - Attrx - Attrx - Attrx - Attrx
Ru:cl 1% Rulcl P\C!C 1 P\C!Cl P\C!Cl

- Role2

T T

%

Aﬁ

| SubClass1 H SubClass2 ‘

‘ SubClass1 ‘ ‘ SubClass2 |

Figure 6 shows how “MyClass” is extended with an attribute “Attrx” inherited from “MyXCla
x” is included in “MyClass” for the profiles where “MyClass” is.included. An example of

“Att

Figure 6 — Extending a class the same way in all applicable-profiles
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case¢ is when cim:ldentifiedObject is extended with a new attribute-(e.g. shortName) used i
profiles where cim:ldentifiedObject is included, e.g. most/classes in the EQ profile

cim

6.6

TopologicalNode in the TP profile.

Extending an existing class used differently-in different profiles

A class is extended with the requirement that thelextension be the same for all profiles w

it is
profiles.

Extended
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CIM

MyXClass

- Attrx

ﬁ&

MyClass

- Attrl (
- Attr2
- Rolel
<\_Role2

Profiling

Profile1 Profile2
MyClass MyClass
- Attrl - Attrl

- Attrx
-  Rolel - Rolel

Complete Complete
profile1 profile2
data object data object
MyClass MyClass
- Attrl - Attrl
- Attrx
- Rolel - Rolel

IEC
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In Figure 7 “MyClass” has the extension “Attrx” in “Profile2” but not in “Profile1”. This is the

same use case as in 6.4 but for extensions.

An example is cim:ConnectivityNode and cim:TopologicalNode extended with additional data
used in boundary profiles leaving the non-boundary versions of cim:ConnectivityNode and
cim:TopologicalNode unchanged.

6.7

Different cardinalities

In the case where a class is included in different profiles as in 6.4 and 6.6, it is possible to use
different cardinalities for the same attribute in the different profiles which means that the profiled
classes have the same class name but different attribute or role cardinalities.
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This is a violation of object-oriented design as a class with the same name is defined differently
in different profiles. An example is if cim:ldentifiedObject.name is required in the equipment
profile but not in the topology profile as is the case in IEC TS 61970-600. Object-oriented
designs require that different classes have different names.

As discussed in 6.1, the IEC 61970-450 series profiles describe CIMXML documents that are
assembled into models used by analytical calculations. If then instances with the same class
name but with different attribute or role cardinalities appear in the model this would require
different class names to distinguish the cardinality differences. As this is not the case
implementers need to spend extra effort to work around this, e.g. use different class names
within the implementation or use some decoration technique

6.8| Add a new datatype

When attributes are added it may be that the existing datatypes do not cover the-needs. Hgnce
a ngew datatype needs to be added.

7 |Profiling rules

7.1 Overview

Thig Clause 7 includes rules that shall be followed when greating IEC 61970 profiles. [The
preg¢eding clauses give the background to the rules.

7.2 R0101 Information model class, attribute, roletand datatype names

When profiling, it is not permitted to change the-glass, attribute, role or datatype names. [The
reagon is to enable direct tracing of the profiled entities back to the Canonical CIM which
enaples interoperability between the created profiles. This is also a prerequisite for effidient
model assembly (see 6.1) as it does not require any mapping between the information in| the
diffgrent profiles.

7.3 | Class rules for classes without stereotype
7.3 R0201 Including a class

Only classes from the Canonical CIM or extensions based on Canonical CIM can be included
in a|profile.

7.3 R0202 Adding a new class

If alnew class<is needed the Canonical CIM shall be extended with the class as described in
Clalise 8. After this extension, the new class is included as described in 6.5.

7.3.8 R0203 The description of a class

The description of the class in the Canonical CIM or extensions based on Canonical CIM shall
be included unchanged, and no additions are allowed.

7.3.4 R0204 Name of a class

Changing the name of a class included in a profile is not allowed.

7.3.5 R0205 Cardinality of a class

It shall be possible to specify the cardinality of a class, i.e. the number of instances that can
appear for a class.
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mples where it would be useful to specify class cardinality are as follows.

o At least one cim:ConnectivityNode for models built with cim:ConnectivityNodes.

Exactly one cim:ControlArea is required for a TSO network model.

e At least one cimTopologicallsland is required for a solved power flow case.

7.3.

6 R0206 Concrete class

022

For a class itis possible to specify if it is allowed to have any instances, i.e. the class is concrete.
A class that is not allowed to have any instances shall be declared abstract (a UML meta data

attri utc).
7.4 Attribute rules
7.4.4 R0301 Including an attribute

For
can

7.4.

If a

be extended with the new attribute before including it in the profile as described in Clause

7.4.

The
bas

7.4.

It is

7.4.

The
to 1

7.4.
The

clagsified «into different types by using a stereotyped class, such as one of Primi
CIMDatatype, Compound or enumeration.

UML an attribute from a class in the Canonical CIM or extensions based.on Canonical
be included if the class having the attribute is already included in the-profile.

7] R0302 Adding a new attribute

new attribute is needed for an already existing class in the"Canonical CIM, the class s

3 R0303 The description of an attribute

description of an attribute in the Canonical CIM or extensions with additional attrib
ed on Canonical CIM shall be included unchanged.

@ R0304 The name of an attribute

not allowed to change the name of;an attribute included in a profile.

b R0305 The cardinality of-an attribute

cardinality of an attribute:can be made more restrictive, i.e. cardinality changed from

6 R0306 The datatype of an attribute

datatypescare defined in the Canonical CIM or an extended Canonical CIM. Datatypes

hall

ites

0..1

..1. The profile shall not“!make cardinality less restrictive as defined in Canonical CIM or
extgnded Canonical C]Nh

are
ive,

The
not

7.4.
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be changed in a profile.

7 R0307 Initial value of an attribute

hall

If an attribute has an initial value in the Canonical CIM or in extensions based on Canonical
CIM it shall not be overridden in the profile.

If an attribute is without an initial value in the Canonical CIM or extensions based on Canonical
CIM it can be specified in the profile.
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Datatypes
1 R0401 Including a datatype

A datatype used by an attribute in a profile shall be included in the profile.

7.5.

2 R0402 Adding a new datatype

If a new datatype is needed, the Canonical CIM shall be extended with the new datatype before
including the new datatype in the profile.

7.5.
AP

The
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7.5.4 R0405 CiMDatatype
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ass

Hen

a)

b)
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dats

The
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7.5.

A c(

7.5.

3 R0403 Primitive datatype

fimitive datatype used in a profile shall be included unchanged.

value space of an existing Primitive datatype can be further restricted by use’of additi
straints described in OCL or SHACL, e.g. string values can be restricted by reg
ressions or lists of values.

MDatatype stereotyped class has three attributes: value, unit,;-and multiplier. A profile
de that the unit and multiplier are determined for the profile‘er the context for the excha
hey are the same for all instances of a particular CIMDatatype stereotyped class. If sg
butes value, unit, and multiplier are removed and the 'CIMDatatype stereotyped clas
gned the datatype from the value attribute in the CHMDatatype stereotyped class.

ce a CIMDatatype stereotyped class can be included in a profile in two ways.

he CIMDatatype stereotyped class is flattened by excluding the attributes value, unit,
multiplier and given the datatype from the value attribute value in the CIMData
stereotyped class.

he CIMDatatype stereotyped class attributes value, unit and multiplier are included as

ch of the profiling methods.in_a) and b) is used is determined per profile or context for
exchange.

value space of antexisting CIMDatatype may be further restricted by use of additi
straints described in OCL or SHACL.

5 R0405-Compound datatype

mpound. datatype follows the same rules as a class.

6 R0406 Enumeration

bnal
ular

may
nge,
the
s is

and
ype

S.

the

bnal

An enumeration datatype used in a profile shall be included unchanged to avoid interoperability

issu

es between profiles using different subsets of the enumeration in Canonical CIM.

7.5.7 R0407 The description of a datatype

The description of a datatype in the Canonical CIM or extensions based on Canonical CIM shall
be included unchanged.

7.5.8 R0408 The name of a datatype

It is

not allowed to change the name of a datatype included in a profile.
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7.6 Association rules
7.6.1 R0501 Including an association

An association in the Canonical CIM or extensions based on Canonical CIM can be included if
both of the classes referenced by the association roles are present in:

a) the profile.
b) two different profiles and both profiles are included in the data exchange.

A check (tool dependent) shall be carried out to verify that the set of profiles covers a complete
infofmation modeTlincluding a full descripfion of the two classes in an association across profiles.

7.6.p R0502 Adding a new association

If ajnew association is needed, the Canonical CIM shall be extended with the new associgtion
befgre adding the association in the profile.

7.6.3 R0503 The names of the two roles in an association

The|names for both roles in an association shall be present in Cangnical CIM. If this is nof the
caseg, this is an error that shall be corrected before profiling is done.

The|names of roles in an association shall not be changed.in.a profile.

7.6.4 R0504 The cardinality of an association role

The| cardinality of an association role can be made more restrictive in a profile e.g. cardinality
chapged from 0..1 to 1..1. The profile shall not\make cardinality less restrictive as defingld in
Canonical CIM or extended Canonical CIM.

7.6.5 R0505 Association navigability

An a@ssociation in Canonical CIM dees not specify the navigability for the roles but a profile ghall
add| this information to specify which of the two roles shall be exchanged. This avpids
exchanging redundant information.

The| navigability shall always be specified for an association.

Notg that IEC 61970+501 does not include the navigability information. IEC 61970-501 ngeds
to be updated with.a description on how navigability is described. Some other formats desdribe
the havigability-by excluding the role in the non-navigable direction resulting in lost cardinglity
information,

7.6.6 R0506 The description of an association

The description of an association in the Canonical CIM or extensions based on Canonical CIM
shall be included unchanged.

7.7 Attribute and association restrictions
7.71 R0601 Overlap between profiles

Overlapping profiles include the same attribute or role. This means that the same information
can be exchanged using different profiles. This is described by the use case in 6.3.

Profiles with overlapping attributes or associations are not allowed.
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7.7.2 R0602 Same base class with different sets of attributes and associations in

different profiles

As described by use cases in 6.4 and 6.6 the same base class can be included in different

prof

iles with different sets of attributes and associations.

If the intent of the base class is to provide the same kind of information to a profile it shall be
profiled the same way in all profiles where it is included, i.e. exactly the same set of attributes
and associations shall be included in all profiles. If this is not the case the class, despite having
the same name, will be different, e.g. have different:

e sets of attributes,

Diffg
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be K

7.9

The
card
on |

Con

OCl|
toa
that|
In th

1)
2)

sets of associations,

cardinalities for the same attribute or association role.

brences as described in the bulleted list above are not allowed in different profiles.

R0701 Inheritance structure

inheritance structure from the Canonical CIM or extensions based on Canonical CIM {
ept unchanged in a profile.

R0801 Constraints

UML language lacks the capability to describe constraints other than what is describe
inalities. The Object Constraint Language (OCL).is currently used to describe constrg

hmon cases where additional constraints ase desired are as follows.

negative means generation of active/power which is not meaningful.

A class high up in an inheritance hierarchy has an association that is meaningful only f
subset of the derived classeS. The containment structure defined by the associg
Cim:Equipment-cim:EquipmentContainer can be restricted for the subtypes, e.g. cim:
Can be restricted to only_contain cim:ACLineSegments.

| can be used to implement restrictions described in the bulleted list above. OCL is sin
programming language where an OCL statement is linked to a class in a profile. This mg
when a restriction is implemented in OCL a decision on what class to place it on is nee
e above eXxample with the containment many design choices are possible.

Place_the-OCL code on the leaf classes to cim:Equipment.

Place_the OCL code on the leaf classes to cim:EquipmentContainer.

rofiles. The rules may use attributes or roles_.in‘statements that describe the constrain{.

hall

i by
ints

Numerical values where only valuestin a range are meaningful, e.g. a resistance that is

or a
tion
L ine

hilar
ans
led.

3)

/Iiving 1 and 2 is pneeihln but-is—a poor Hneign choice-

4) Place the OCL code on cim:Equipment.

5) Place the OCL code on cim:EquipmentContainer.

6) Mixing 4 and 5 is possible but is a poor design choice.

7) Mixing 1 and 4 or 2 and 5 is possible and can make sense in some cases.

The numbered list above implies that OCL allows for many design choices, hence a restriction
shall always be described in (English) language before the corresponding OCL rules are created
as OCL rule creation is similar to programming.
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Hence the following applies:

Restrictions shall be described in (English) text on the restricted UML artefact (Class,

Attribute or Role) either in Canonical CIM or in a profile.

A restriction described in (English) text shall have a translation to OCL that can
implemented on one or more UML classes.

be

It is also possible to restrict data by use of XML Schema (xsd) or XSLT scripts with regular
expressions. These technologies are well suited for syntax checks and are an alternative to
OCL in the case of syntax checks.

Canonical CIM can be extended in two ways:

1)

2)

Extension classes in the above list shall be included in a separate package and not be inclu
in the Canonical CIM packages. This makes it easy to distinguish them from the Canonical
clagses.

If a
that|the base class shall be profiled the same way in all profiles where it is included. When
extdnded class is included in a profile, the Mmix in inheritance is removed. The attributes
ass¢ciation roles are instead included directly in the extended class as shown in Figure 6.

If the extension is intended to describe different types of objects, then extension accordin
cas¢ 2) above is recommended.: However, making extensions this way creates the ris
conflicting with later extensions.\of Canonical CIM. The following example illustrates this

Extending Canonical CIM

By adding a new class where associations and attributes are mixed into.an existing c
with multiple inheritance. This will leave the existing class unchangedtin the sense tha
pattributes and associations in Canonical CIM are unchanged. Figure 6 in 6.5 shows
example of this.

By subtyping an existing class. This method has not been used to extend Canonical
et.

base class is extended according to case 1), the rules in 7.7.2 shall be observed mea

[he class cim:GeneratingUnit in Canonical CIM is extended according to case 2) with
bttributes  supporting: market applications and the new class is c4d
Cim:GeneratingUpithkt.

[he cim:GengratingUnit has been subtyped into the classes cim:ThermalGenerating
bnd cim:HydroGeneratingUnit. The extension of cim:GeneratingUnitMkt in the above b
s not available to these subtypes as they are in different inheritance paths. But if
bpplication data is instead added to cim:GeneratingUnit according to case 1) it wil
bvailable  to cim:ThermalGeneratingUnit  and cim:HydroGeneratingUnit.

ass
t its
an

CIM

ded
CIM

hing
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and

g to
K of

new
lled

Unit
Lllet
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be
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ites

cim:GeneratingUnit is subtyped into other classes and it is now realized that the attrib

n him:ﬂnnorafingl InitMkt are also needed for these subclasses-

This is one example of how the extension of Canonical CIM shall not be done. The topic of how
to carry out information modelling is wide, and outside the scope of this document.

9 Requirements for a profiling tool

9.1

Minimum requirements

A profiling tool shall comply with the following minimum requirements. A tool shall:

R1001 have a user interface that support the functions listed below in this bulleted list.

R1002 be able to include classes, attributes, associations and datatypes from Canonical

CIM or an extended Canonical CIM;
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9.2

The

R1003 be able to read and write a profile according to the existing format specifications ,

e.g. RDF/XML according to IEC 61970-501:2006;

R1004 in the case of a profile in UML, be able to export and import UML XMI for exchange

with commercial UML tools.

R1005 be able to restrict cardinalities and initial values of a class, an attribute, an

association, a datatype;

R1006 be able to flatten a CIMDatatype stereotyped class by removing the attributes value,

unit and multiplier as described in 7.5.4;

R1007 be able to visualise profiles graphically in UML or other technology;

bvolution on the profile in parallel with Canonical CIM. The CIM namespace is the'sa
his case;

R1009 support migration of profiles from one version of Canonical CIM to another. The
namespaces are different in this case;

R1010 be able to specify the direction of associations;

R1011 retain the meaning of stereotypes and tagged values.
Extended requirements for OCL rules

extended requirements describe additions to the mijnimum requirements in 9.1.

extgnded requirements are optional and cover requirements on tools managing OCL rules.

Bas

ed on experiences from EMF tools that support maintaining OCL rules and validating

with OCL rules the following extended requirements/shall be supported:

R11

R1101 a tool shall have a user interface that’shows the information model with OCL r
hnd supports the functions listed below.ind¢his bulleted list.

R1102 serialize profiles to the Ecore XMI to support import and validation with EMF.
R1104 editing of the OCL rules is linked to the classes in the information model.
R1105 context sensitive editing-o0f OCL rules such that errors are reported while typing

R1106 export of OCL rules)from an information model as a separate file on Ecore
ormat.

R1107 import of QCL rules to an information model from any number of separate
containing OCL rales on Ecore XMI format.

model extended with OCL rules.

09 creation of XML Schemas for syntax checks.

R1008 support synchronisation of a profile with an updated Canonical CIM to suanport

e in

CIM

The

lata

iles

XMI

files

R1108 import CHMXML instance files in a model and validate them with the informdtion
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Annex A
(informative)

A.1  Mapping of UML to OWL

IEC 61970-401:2022 © IEC 2022

A profile can be defined in UML or OWL. Hence the two languages have constructs that are
capable of describing the same semantics. It is then important to know how these constructs

map to each other, see Table A.1.

Table A.1 — UML and

ontology languages

CIM UML elements

OWL elements

Pagkage Ontology
Clafss Class
Clalss stereotyped as “Compound” Class

Si

nmple valued attribute

Data property

Cc

ass attribute or role

Object property

Asgociation

Object properties with inverse relation

Cc

aps stereotyped as Primitive

Equivalenced with XML Schema types

C alss stereotyped as CIMDatatype

The.ClMDataType value attribute are mapped to XM
Schema types and the internal CIMdatatype attribut
value, unit and multiplier are removed (flattened)

Role cardinality

Restriction on Object property (minQualifiedCarding
and maxQualifiedCardinality)

lity

Inhgritance between classes

Subtypes

Enymeration literal

An instance

Endmeration class

A class describing the enumeration member instang

Mogt of the mappings in “Fable A.1 are straightforward except for the stereotypes where

addjtional assumptions_heed to be made.

Table A.1 includes‘constraints as UML does not have a formal constraint language.

OCL is a constraint language that is defined for object data and SHACL is a constraint langu

defined for-graph data. This annex does not describe a mapping between OCL and SHACL.

age

Mapping of stereotypes and tagged values are made case by case. The stereotypes Prim

tive

and CIMDatatype are described in Table A.1, other stereotypes will need their own rows in

Table A.1.

Clause A.2 discusses the units and multiplier issue. Table A.1 does not include rows for this
issue as it is not related to the mapping of UML to OWL. The units and multiplier issue is rather
an incompatibility between two different profiles.

A.2 Units and multipliers issue

A.2.1 Description of issue

The issues described in this Subclause A.2.1 are exemplified with syntactic profile examples
showed by figures based on IEC 61970-501:2006.
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