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DISCER

Executive Summar

Deliverable D2-3.3 fiStandard assessment regarding devices and communication architectureso
presents the results of the analysis carried out in DISCERN regarding: a) standards for representing
Smart Grid solutions, and b) communication standards promoting interoperability within the solutions.

The standards for representing Smart Grid solutions utilised in DISCERN with the aim of facilitating
knowledge sharing within and beyond the project are: the IEC 62559 Use Case methodology and the
CEN-CENEL-ETSI Smart Grid Architecture Model (SGAM) framework. In previous studies, these
standards were used mainly for standardisation purposes. It was, therefore, necessary to extend them
during DISCERN in order to meet the project requirements. This deliverable presents a number of
recommendations based on those extensions that will contribute to the enhancement of the standards,
and will promote its adoption in the context of Smart Grid projects. The recommendations include
modifications and extensions in standard templates and meta-models, as well as the definition of XML
messages that facilitate the exchange of Use Cases and SGAM models across software applications.

As for the communication standards that promote interoperability within Smart Grid solutions, this
deliverable presents the results of an assessment of the communication standards used in DISCERN
solution. The assessment compares the standards used in DISCERN with those recommended by the
European standardisation bodies CEN-CENELEC-ETSI and provides recommendations to both DSOs
(regarding existing international standards that should be used to achieve interoperability within Smart
Grid solutions), and standardisation bodies, regarding additional standardisation actions that might be
needed to overcome identified standardisation gaps in the DISCERN solutions. It is worth noting that
this is a high-level assessment of communication standards (that is, represented in the SGAM
Communication Layer) used i rPreferbb® @Qen&A systdineatchiteceunre,a bl e D4

integrations and user interface6 wi | I provi de more details on how the
technical sol ut i omRecommendatonse fars stardddizdtion factivities regarding

canonical data models6  wi | | f ocus o nmoteiseepresented id the IGAM mfbranation

Layer.

In summary, deliverable D2-3.3 contributes to two key objectives of DISCERN: 1) the development of
more interoperable Smart Grid solutions, and 2) knowledge sharing among Smart Grid stakeholders.
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1. Introduction

1.1. Scope of the document

Deliverable D2-3.3 is the output of task T2-3.3 fStandard assessment regarding devices and
communication architecturesd6 wi t hi n t he DI SCERR2-3woir ki spadchadeds

functionalities and communication infrastructureo.

D2-3.3 presents the results of the assessment carried out in DISCERN in relation to standards for
representing Smart Grid solutions (IEC 62559 Use Case methodology, and SGAM framework), and
communication standards that promote interoperability within Smart Grid solutions.

1.2. Structure of the document

The document comprises the following main sections:
Section 1 introduces the document.

Section 2 provides an overview of the standardisation procedures defined by International and
European standardisation bodies in the context of Smart Grids.

Section 3 analyses and proposes recommendations regarding the standards used in DISCERN for
representing Smart Grid solutions; that is, the Use Case methodology (IEC 62559-3) and the SGAM
framework.

Section 4 focuses on the standards that improve interoperability within DISCERN Smart Grid solutions
and provides recommendations to the DSOs and the standardisation bodies with the aim of promoting
the adoption of the standards.

Finally, section 5 concludes the results from this report.

In addition, Annex A highlights the modifications and extensions in the IEC 62559-3 meta-model
proposed in DISCERN, Annex B shows the DISCERN Use Case and UseCaseRepository profiles
defined in DISCERN from the IEC 62559-3 meta-model, Annex C presents the XML Schemas
developed in DISCERN defining the messages to exchange Use Cases, SGAM models and libraries,
and Annex D includes the SGAM UML meta-model created in DISCERN.

DISCERN_WP2-3 D2-3 3 150113 v3 0 Page 12 of 100
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2. Standardisation procedureand activities

This deliverable is aimed at making proposals to both DSOs and standardisation groups regarding
standards directly related to components and communication architectures within Smart Grid
solutions. In order to better understand the context of the proposals, this section gives an overview of
the standardisation procedures followed by the main International and European standardisation
bodies within the scope of future energy Smart Grids.

Section 2.1 summarises the directives developed by the International Organization for Standardization
(ISO) and the International Electrotechnical Committee (IEC) defining the procedures to be followed
by ISO and IEC in order to develop and maintain international standards. Section 2.2 gives an
overview of the standardisation activities carried out by European CEN-CENELEC-ETSI Smart Grid
Coordination Group.

2.1. ISO/IEC Directives

The ISO and the IEC have defined directives for developing international standards. The ISO/IEC
directives are followed by the technical committees responsible for maintaining both: a) international
standards for representing Smart Grid solutions (e.g. IEC 62559 7 see Section 3), and b) international
communication standards promoting interoperability within Smart Grid solutions (e.g., IEC TC57
communication standards i see Section 4). Table 2-1 summarises the project stages (and associated
documents) according to the ISO/IEC directives.

Table2-1 ISO/IEC stages and associated documg@ras [ISO/IEC Directives])

. Associated document
Project stage

Name Abbreviation

Preliminary stage Preliminary Work Item PWI
Proposal stage New work item Proposal ® NP
Preparatory stage Working Draft(s) * WD
Committee stage Committee Draft(s) * CD

ISO/DIS
Enquiry stage Enquiry Draft” IEC/CDV
Approval stage Final Draft International Standard © FDIS
Publication stage International Standard ISO, IEC or ISO/IEC

# These stages may be omitted
® Draft International Standard (DSI) in 1ISO, and Committee Draft for Vote (CDV) in IEC
¢ May be omitted

Figure 2-1 shows the standardisation steps for the IEC indicating the recommended target dates in
months.

DISCERN_WP2-3 D2-3 3 150113 v3 0 Page 13 of 100
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IEC
FDIS Publication
jc >
E m
WD
Legend
NP PWI = Potential New Work Item
Preparatory Stages NP = New Work ltem Proposal
WD = Working Draft
CD = Committee Draft for comments
PWI S CDV = Committee Draft for vote
FDIS =Final Draft International Standard

IEC = International Standard

m Recommended target dates in months

.
| I I I i

Documents

Figure2-1. IEC standard projestages (from [Uslar et ).

Preliminary stage

This stage refers to the preliminary discussions within the technical committee regarding emerging
technologies, which are not sufficiently mature for processing to further stages and for which no target
dates can be established. All preliminary work items that have not progressed to the proposal stage in
the IEC by the expiration date and in ISO within 3 years will be automatically deleted from the
programme of work. This stage can be used for the elaboration of a new work item proposal and the
development of an initial draft.

Proposal stage

A New work item Proposal (NP) is a proposal for a new standard, or a new part of an existing
standard. It has to be initiated by a technical committee, a national body within the technical
committee, the technical management board, or the Chief Executive Officer (CEO) i who is
responsible for implementing the ISO/IEC directives. Each new work item proposal shall be presented
using the appropriate form, and shall be fully justified and properly documented. The proposers of the
new work item proposal shall: 1) provide a first working draft for discussion, or shall at least provide an
outline of such a working draft; and 2) nominate a project leader.

The CEO or the relevant committee chair and secretariat shall also assess the relationship of the
proposal to existing work, and may consult interested parties, including the technical management
board or committees conducting related existing work. If necessary, an ad hoc group may be
established to examine the proposal. Any review of proposals should not exceed 2 weeks.

In order to be accepted, the NP shall meet two requirements: a) approval of the work item by a simple
majority of the active members of the technical committees or subcommittees voting, b) a commitment
by members to participate actively in the development of the project, i.e. to make an effective
contribution at the preparatory stage, by nominating technical experts and by commenting on working
drafts. Once a new work item proposal is accepted, it shall be registered in the programme of work of
the relevant technical committee or subcommittee as a new project with the appropriate priority and
shall be registered by the office of the CEO. The agreed target dates shall be indicated on the

DISCERN_WP2-3 D2-3 3 150113 v3 0 Page 14 of 100
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appropriate form. The voting results will be reported to the ISO Central Secretariat or the IEC Central
Office within 6 weeks after the close of the ballot.

Preparatory stage

The preparatory stage covers the preparation of a working draft (WD). When a new project is
accepted the project leader shall work with the experts nominated during the approval. Such a working
group shall be set up by the technical committee or subcommittee, which shall define the task(s) and
set the target date(s) for submission of draft(s) to the technical committee or subcommittee. The
preparatory stage ends when a working draft is available for circulation to the members of the
technical committee or subcommittee as a first committee draft (CD) and is registered by the office of
the CEO.

Committee stage

The committee stage is the principal stage at which comments from national bodies are taken into
consideration, with a view to reaching consensus on the technical content. National bodies shall
therefore carefully study the texts of committee drafts and submit all pertinent comments at this stage.

As soon as it is available, a committee draft (CD) shall be circulated to all members of the technical
committee or subcommittee for consideration, with a clear indication of the latest date for submission
of replies. A period of 2, 3 or 4 months as agreed by the technical committee or subcommittee shall be
available for national bodies to comment. Comments shall be sent for preparation of the compilation of
comments, in accordance with the instructions given. When consensus has been reached in a
technical committee or subcommittee, its secretariat shall submit the finalized version of the draft in
electronic form suitable for distribution to the national members for enquiry (2.6.1), to the office of the
CEO (with a copy to the technical committee secretariat in the case of a subcommittee) within a
maximum of 4 months. The committee stage ends when all technical issues have been resolved and a
committee draft is accepted for circulation as an enquiry draft and is registered by the office of the
CEO.

Enquiry stage
At the enquiry stage, the enquiry draft (DIS in ISO, CDV in IEC) shall be circulated by the office of the

CEO to all national bodies for a 3-month vote. In the IEC, the technical committee or sub-committee
concerned may decide, on a case-by-case basis, to extend the voting period to 5 months.

National bodies shall be advised of the date by which completed ballots are to be received by the
office of the CEO. At the end of the voting period, the Chief Executive Officer shall send within 4
weeks to the chair and secretariat of the technical committee or subcommittee the results of the voting
together with any comments received, for further speedy action. The enquiry stage ends with the
registration, by the office of the CEO, of the text for circulation as a final draft International Standard or
publication as an International Standard.

Approval stage

At the approval stage, the final draft International Standard (FDIS) shall be distributed by the office of
the CEO within 3 months to all national bodies for a 2 month vote. National bodies shall be advised of
the date by which ballots are to be received by the office of the CEO. A final draft International
Standard having been circulated for voting is approved if a) a two-thirds majority of the votes cast by
the active members of the technical committee or subcommittee are in favour, and b) not more than
one-quarter of the total number of votes cast are negative.

If the final draft International Standard has been approved in accordance with the conditions it shall
proceed to the publication stage. If the final draft International Standard is not approved, the document

DISCERN_WP2-3 D2-3 3 150113 v3 0 Page 15 of 100
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shall be referred back to the technical committee or subcommittee concerned for reconsideration in
the light of the technical reasons submitted in support of the negative votes. The committee may
decide to: resubmit a modified draft as a DIS or CDV or cancel the project. The approval stage ends
with the circulation of the voting report stating that the FDIS has been approved for publication as an
International Standard, or with the document being referred back to the committee.

Publication stage

Within 1 month in ISO and 1,5 months in IEC, the office of the CEO shall correct any errors indicated
by the secretariat of the technical committee or subcommittee and print and distribute the International
Standard.

2.2. CENCENELEETSI Smart Grid Coordination Group

The EU Smart Grid mandate M/490 is aimed at developing and updating a set of consistent Smart
Grid standards within a common European framework. In response to this mandate, the European
standardisation bodies CEN, CENELEC, and ETSI have developed technical documents including:

A A reference architecture (SGAM) to represent interoperability key interoperability aspects in
Smart Grid solutions [SGCG-SGAM]

A Sustainable processes to utilise the SGAM framework and the Use Case for standardisation
purposes [SGCG-SP]

A First set of standards that promote interoperability in the Smart Grids [SGCG-FSS]

As a result of the first set of standards, the Interoperability tool (IOP Tool) has been created by CEN-
CENELEC-ETSI Smart Grid Coordination Group as an Excel file containing the most relevant
standards and standardisation actions in this domain (Figure 2-2). For each standard or
standardisation action the IOP Tool provides information regarding:

A SGAM layers (Component, Communication, Information, Function, or Business) and SGAM
zones (Process, Field, Station, Operation, Enterprise, Market) to which the standard applies

A Specific systems that shall utilise the standard (e.g., Distribution Substation Automation
System, AMI system, or DMS SCADA and GIS system).

SEITER | e (e
T is st istributi DER Customer premises

Crossculting I SGAM Domain specific systems.

Function
General
nd GIS system

Standardization organization
Business

1 E——
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EMC
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l i
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CEMELEC  |EM51365-3 plant,
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3. Standards for representin@mart Gridsolutions

In the context of Smart Grids, stakeholders coming from different areas of expertise (such as Electric
Power Systems, Information Technology (IT), or Industrial Automation) and, typically, from different
countries, need to co-operate in order to design Smart Grid solutions that optimise electrical network
management.

With the aim of carrying out this complex task it is necessary to agree on a common understanding
regarding the representation of requirements and high-level architectures for Smart Grid solutions.
The best way to do this is to leverage international standards. For that reason, in DISCERN we have
relied on the IEC 62559 standard [IEC 62559-1] for representing Smart Grid requirements, and on the
SGAM framework [SGCG SGAM] for representing Smart Grid architectures [D1.3]. These standards
proved to be useful for facilitating knowledge sharing within DISCERN. Thus, the SGAM provided a
common framework to represent Smart Grid architectures in the project, facilitating assessment and
comparison of the solutions proposed by different DSOs within DISCERN [D4.2], [D4.3]. Meanwhile,
the IEC 62559 Use Case methodology established a common approach to identify and express
requirements for DISCERN solutions, thereby improving communications between DSOs and Vendors
[D2.1].

However, the experience gained during the DISCERN project revealed that there is still some room for
improvement regarding these standards. Therefore, this section summarises the main
recommendations from DISCERN to the standardisation bodies to enhance the standards in order to
promote their adoption within the scope of large Smart Grid projects. Section 3.1 describes the
recommendations directly related to the IEC 62559 Use Case methodology maintained by the
technical committee IEC TC8, whereas section 3.2 makes proposals in relation to the SGAM
framework defined by CEN-CENELEC-ETSI.

3.1. IEC 62559 Use Case methodology

The Use Case methodology is standardised in the IEC 62559, which is developed and maintained by
the technical committee TC8 within the IEC.

Part 2 of the standard provides a template for representing Use Cases in a MS Word document [IEC
62559-2]. IEC 62559-2 is currently in the approval stage. That is, the IEC TC8 is collecting comments
on the FDIS (see section 2.1). The first version of the IEC standard will be public approximately in May
2015. Sub-section 3.1.1 shows the recommendations given from DISCERN experiences in relation to
the IEC 62559-2 template. Part 3 of the standard includes a UML meta-model formally defining Use
Case concepts together with the relationships between them. This meta-model forms the basis for the
developing of XML-based formats for exchanging Use Cases and Use Case repositories across
software applications. The IEC 62559-3 is currently in the enquiry stage. The CDV should be finalised
by the end of this year (2014), which means that the first version of the standard should be available in
approximately 2 or 3 years. Sub-sections 3.1.2 and 3.1.3 present the recommendations to the IEC
TC8 regarding the IEC 62559-3 meta-model and associated XML Schemas, respectively.

It is worth noting that the overall approach of DISCERN project was presented during the last IEC TC8
official meeting held in Clamant (Paris) on 17 June 2014. The proposals presented there regarding the
IEC 62559-2 template and the IEC 62559-3 meta-model and XML Schemas will be considered for the
standard template (IEC 62559-2) and the meta-model (FDIS IEC 62559-3), respectively. In addition, it
is planned to participate in the next IEC TC8 official meeting (in February 2015) with the aim of
presenting the final results of DISCERN in relation to the IEC 62559 standard and discussing the
specific proposals in further detail within the IEC TC8 technical committee.
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3.1.1. Proposals regarding the IEC 6258%%mplate

The DISCERN Use Case template presented in [D1.3] and enhanced in [D2-3.2] is based on the
template included in the first edition of the IEC 62559-2 Committee Draft (CD) of April 2013 [IEC
62559-2], hereinafter referred to as IEC 62559-2 CD template. Therefore, the recommendations given
in this section regarding the Use Case template refer to extensions and modifications on the IEC
62559-2 CD template.

3.1.1.1 Key Performance Indicater

Key Performance Indicators (KPIs) are performance measurements for assessing to what extent a
solution meets the objectives defined in the Use Case; that is, KPIs make it possible to assess the
solutions that realize the Use Case.

The recommendation is to extend the IEC 62559-2 CD template in order to enable users to represent
the KPIs that shall be used for assessing the solutions of the Use Case. In fact, the DISCERN Use
Case Template includes an additional table to represent KPIs [D1.3]. Table 3-1 shows such a table,
with:

1 KPLID being the number that identifies the KPI,

1 KPI Name being the name of the KPI,

1 Definition being the definition of the KPI,

1 Calculation being the computation formula for calculating the KPI,
1 Objective being the Use Case objective associated with the KPI,

1 Target being the indicative target that should be achieved by the solutions implementing the

Use Case.
Table3-1 Key Performance Indicator (KPBxample
KPI | KPI name | Definition Calculation Objective | Target
ID
Line voltage Retrieve V_max and V95% from power quality measuring
profile equipment, which are installed in most significant points
monito’red of MV line respective LV line.
through two Reduce the
Reduce
Improveme values that are DV - v —maXBAU -V — maXR&I 3100 Vmax the Vmax
5 nt voltage directly max,, = 0 compared in at
'tag retrieved from V _max with the
quality - - BAU ) least
power quality Vmax in 15%
i.nstrumentation Where, BAU
; V_max and - @Vmax % reduced/increas
Visys (according solution is applied with respect BAU scenario.
to EN 50160) - V_max R&l: V_max when ICT solutions is applied
- V_max BAU: V_max in BAU scenario

In the DISCERN Use Case Template, the KPI table was added at the end of the template.
Nonetheless, given that the KPIs are directly related with the Use Case objectives, the
recommendation is to include the KPI ®talkhsebdn
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DISCER

3.1.1.2 Requirementvalue

In IEC 62559-2 CD template, Use Case steps and Use Case information objects can be associated
with requirements, which are further described in Poi

In order to clearly represent a requirement it is necessary to provide the following information: a) the
requirement ID, that is, how the requirement is identified within the project, company, or according to
external requirement library; b) the description of the requirement, that is, a further explanation of the
meaning of the requirement ID, so that all readers can understand the requirement; and c) the specific
value of the requirement for the associated step or information object. However, the tables within Point
6 fAiRequi r eineuddtswo ocndlyu mns: fiRedu ifirRemgeuntr eln@@nt Descript

The recommendation is therefore to extend these tabl
Table 3-2 shows an example of a requirement defined in the extended table. The requirement ID is
icon_alo, and t he description i s ANumber of I nform
description the requirement is incomplete, since it lacks the information about the specific number of
information producers thatisdesire d. That i nformation is included in tFh

Table3-2. Requirements tableExample

Requirements

Categories for Category Description

Requirements

Configuration issues Requirements regarding configuration issues
Requirements,-® Requirement Description Value
Con_al Number of Information Producers One

3.1.2. Proposals regarding the IEC 6255%netamodel

The standard IEC 62559-3 includes a UML meta-model formally defining Use Case concepts and their
relationships. The meta-model serves as a basis for the development of standard-based XML
messages for exchanging Use Cases and related Libraries, such as Actor Library, or Requirement
Library. As explained in [D2-3.2], the IEC 62559-3 meta-model was leveraged in DISCERN to develop
the database of the DISCERN Use Case Management Repository (UCMR) as well as the XML
messages for exchanging Use Cases between DISCERN tools, namely: DISCERN Use Case
Template, DISCERN Libraries Templates, and DISCERN UCMR.

During the process, however, we identified extensions and modifications of the meta-model that are
required in order to meet our requirements within DISCERN, but also to fully represent all necessary
concepts regarding Use Cases beyond the project. For that reason, this section proposes a number of
recommendations to the IEC TC8 regarding the IEC 62559-3 meta-model with the aim of promoting its
adoption in the context of large Smart Grid projects.

It is worth noting that the IEC 62559-3 meta-model is defined in a Committee Draft for Vote (CDV).
That is currently under development within the IEC TC8. In DISCERN we relied on the latest version
that was available when we start working on the development of the XML messages for exchanging
DISCERN Use Cases. This version was released on 29 January 2014. The recommendations
provided in the following sub-sections refer to that version of the IEC 62559-3 meta-model.

Annex A presents a UML diagram summarising the modifications and extensions proposed in
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DISCERN to the IEC TC8 technical committee regarding the IEC 62559-3 meta-model.

3.1.2.1 Overall structure

The first recommendation is directly related to the overall organisation or structure of the meta-model.
The IEC 62559-3meta-model contains omliyidneepadclagded dMRe
AiStringo. The rest of the classes ar e dmodek(Eiguley
3-1).

%g Class Diagram: "UseCaseCoreConcepts" created: 11/19/2005 modified: 7/15/2014 10:12:36 AM 90% 1067x815 P

;ﬂla‘i‘?'.ﬁz T

A A R |1 A

BN E kB8O .
4 g IEC 62559 UML Template Structure -
4 [ UseCaseCoreConcepts
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> [ Primitives
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ActorGrouping
Actorlibrary
BusinessCase
> [ Condition
> [E Diagram
Domain

Default Style > B - 5

+o| +t

IdentifiedObject

1 =

UseCaseRepository 1
+DomainLibrary | 0..1 1
DomainLibrary
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> «enumeration= DrawingType IdentifiedObject R e IeentitedOnject [—
> B GeneralRemark UseCase e “hctar Hetor LA
> B IdentifiedObject < ActorGrouping 0 ar -1
> B InformationModel
InformationModelLibrary
> [ Narrative
Objective
> @ Precondition
> [ Reference
> B Reguirement lsseCase
RequirementCategory
RequirementLibrary
> [ Role
> B Scenario
» & Step
> B UseCase
> «enumeration:» UseCaseClassification
UseCaselibrary
> @ UseCaseRelation
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+hdditionaiDomain |
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Seenario

+Soenario

0.~ 0.
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+Reimedlis=Case $ 0

+UseCaseRelation | 0.°

0
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Objective

IdentifiedObject
IdentifiedObject UseCaseRelation o

Versioninformation + type :Sting [0.1

senumerations
-~ UseCaseClassifiation

Figure3-1. Overall structure bIEC 62558 metamodel

asnumerations
DrawingType

Building on this, in DISCERN we saw value in creating two additional packages within the Use Case
meta-mo d e | the package #fACoredo containing the
fiUseCaseReposit or gdassewxrelated with Use Casesland likrahies. In that way, the
main diagram of the meta-model represents the relationships between these packages. This diagram
provides a general idea of the meta-model and, therefore, makes it easier for users to carry out
necessary extensions for specific purposes. For example, as will be further detailed in section 3.2.2, in
the context of DISCERN, we extended the meta-model with SGAM concepts. Following the more
structured organisation proposed in DISCERN, the main diagram shows the dependencies between
the extensions and the existing packages (Figure 3-2).
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Figure3-2. Overall structure proposed in DISCERN

Moreover, although this was not included in the DISCERN meta-model, the main diagram of the
standard IEC 62559-3 meta-model should contain also information regarding the version of the meta-
model. Version management is a crucial task for maintaining a standard meta-model and facilitating its
adoption in real projects. Therefore, version information should be clearly specified in the main
diagram of the meta-model. Thishastobe done by defining a class #fl
attributes fi d atTée notationdusedl ¥ ®mr s itohned . ver si on i denti fi
attribute) should also be clearly defined within the IEC 62559-3 standard.

Finally, another general comment related with the IEC 62559-3 model is that the UML model shall
include more detailed descriptions of the UML classes, attributes, and relationships in order to avoid
misunderstandings.

EC6 2"
ers

3.1.2.2 Modifications on existing classes

With the aim of developing standard-compliant tools and formats, in DISCERN we tried not to modify
existing classes and relationships of the IEC 62559-3 meta-model. Nonetheless, with the aim of
formally representing and processing the information already collected in DISCERN Use Cases by
using the IEC 62559-2 CD template, it was necessary to carry out some minor modifications in
existing IEC 62559-3 classes. We propose these modifications to be considered by IEC TC8 for the
development of the standard IEC 62559-3 meta-model.

UseCase class

The UseCase class derives from the general IdentifiedObject class, which contains the attributes
fides cr,ifiptditdomna meéhe attribute A d e s ¢ r is puged o mascribe the object (e.g., the
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actor, or Use Case), the attribute i n a niefads to the label of the object (typically, defined by humans
to be understood by humans), and the attribute fi i id the unique identifier assigned by a software
application to manage that object. Therefore, the attribute i | d e nihclufied i@ the UseCase class is
redundant and may result in mismatches across software applications managing Use Cases.

It is of course possible that data collisions occur when two or more applications assign different IDs to
the same object. However, these collisions must be resolved at instance level (instance matching).
Overlapping or redundant attributes at meta-model level do not help in addressing these problems. On
the contrary, they may lead to additional mismatches. Therefore, it is recommended to remove the
attribute i | d e n from the WseGase class.

I n the same way, t he attr ideddssanditheaNareesppca coaaept uséd
in XML messages may be overlapping terms. Hence, an XML message based on the meta-model
mi ght include t he definediitheunetee-mdda@almeshpatceal so t he
in XML messages. For that reason, although this attribute has not been modified in the DISCERN
meta-model, the recommendation is eithert o remove the finamespacedo

class, or to change its name in order to avoid misunderstandings within XML messages (for instance,

t he Us

i x ml

attri

tosource) and include it in AldentifiedObjectd instead.

The attributes "domains” and "zones" have been added for consistency with the IEC 62559-2

template, which contains a field "Area/Domains/Zones". It is worth noting that the attributes i d o ma D

and fi z o nlged..* cardinality, which means that a Use Case can relate to several domains and

zones. As explained in section 3.1.2.3, t he ¢l ass fAAreado has also -been

model.

DISCERN IEC 62559-3

Icentifis dObject IdentifiedObject
UseCase UseCase

classificaton UseCaseClassification [0..1]
keywords :String [0..1]

levelOfDepth :LevelOfDepth [0..1]
namespace :String [0..1]

prioritisation :String [0..1]

scope :String [0..1]

viewPont :String [0..1]

domain :String [0..7]

zone :String [0..7]

classification ‘UseCaseClassification [0..1]
keywords :String [0..1)

levelOfDapth :String [0..1)

namespace :String [0..1)

prioritisation :String {0..1]

scope :String [0.1]

viewPoint :String {0..1)

identifier :String [0..1)

4+ R R Nt LAY S

D ¢ 944 9 ¢ &4

Figure3-3. Use Case class in DISCERN and IEG-®25&@model

Requirement class

The attribute "type" of the Requirement class has been replaced by "value". This is because the type
of the requirement is already determined by the "RequirementCategory" class (e.g. iNumber of
Information Producerso ) , but, as expl ai n&ildl.2ptrisenecessanystd degfing time
value of the requirement in a particular step (e.g. fi o n.e 0

Actor class

The attribute "furtherinformation” has been replaced for the class "FurtherActorinformation” with
cardinality 0..* (see section 3.1.2.2). The reason for this modification is that an actor within an Actor
Library will be associated to different "FurtherInformations" in different Use Cases. In order to
represent this, we "FurtherActorinformation” class is required. This class is associated with the "Actor”
class and the "ActorGrouping" class, which determines which Use Case the further information refers
to.
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| IdentifiedObject|”
r Actor
f|+ furtherinformation :String [0..1] _[
+ type :String [0..1]
T T
Figure3-4. Actor class in IEC 6253%neta-model
s - Identified Qbject
T UrErACarTarmaten FurtherActorinformation
0.*
+Furtherinformation 0.* +Actor +Actor
] - I:I * D * +Ch|
Brouping 0.1 irre e B L 0
- : IdentifiedObject ||
ldentifiedObject . +
+ActorGrouping +Actor Actor
ActorGrouping ™
|| 0.* 0.*|+ type :String[0..1] |+
e
[
< 0.2
+ActorGrouping
a4 Aotor

Figure3-5. Actor class in DISCERN meiadel

UseCaseRelation class

In the IEC 62559-3 meta-model, the attribute "type" of the UseCaseRelation class is a "String". In
DISCERN the value of this attribute is determined by the "UseCaseRelationType" enumeration. This
enumeration can take three values: Associate, Extend and Include, which are the Use Case relations
defined in the UML Use Case meta-model by OMG (Object Management Group). Although the
definition of enumerations is typically carried out at profile (contextual) level instead of at meta-model
level (see section 3.1.3), the proposed enumeration is general and aligned with the UML Use Case
meta-model level. This reduces the ambiguity of the Use Case relations by leveraging an OMG meta-
model.Role class

The class "Role" is associated with Actor with multiplicity 0..*, instead of 0..1. This is because an actor
in an Actor Library might play different roles in different Use Cases. Mor eover, ARoOI
associated with ActorGrouping in DISCERN with the aim of showing in which Use Case the actor
plays the Role. Fi nal | vy, t h derivAsRrothe DISCERN ansta-model from IdentifiedObject in
order to represent the name, description, and identifier of the roles.

Nonetheless, although the proposed modifications have been included in DISCERN meta-model, this
class was not actually used in the context of the project. The reason is that the IEC 62559-2 template
does not enable users to specify the role of an actor within the Use Case. Therefore, the
recommendation is either to remove this class from the meta-model, or to include the corresponding
field in the template explaining the purpose of this concept. In the second option it is critical to
differentiate the concepts actor and role.
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3.1.2.3 Newclasses

In addition to the modifications presented previously, the DISCERN meta-model includes the following
extensions in order to formally represent concepts defined in the IEC 62559-2 template.

Arealibrary & Area classes

As explained insection3.1.1, t he f i el d # Ar eda /i Dhocnhauidne(ds )i/RZtempkme sI)EC 6 2!
is not represented in the IEC 62559-3 meta-model. The attributes fi d o ma and $i@ o n ia $hé

UseCase class enable the represention of the domains and zones included in that field. The class

iAreado has b eademo fardatlyeepresent theoarea concept defined in the same field. This

class is associated with UseCase class. The reason for defining a separate class instead of an

attribute is because areas might be defined in libraries establishing hierarchical relationships between

t hem. I n that way, the class fAAr eali Bmata-ijodlel,thess al so b
classes were represented as ADomainLibraryodo and fiDoma
the terms used in the IEC 62559-2 template. Although the DISCERN meta-model maintained the
APrimaryo and fAAdditional o relationships between Use
Domains) , it is recommended to either replace these r
to extend the IEC 62559-2 for representing primary and secondary areas associated with the Use

Case.

+AreaLibrary | 0..1 +UseCaseLibrary | 0.1

Arealibrary UseCaseLibrary

0

+UseCaseLibrary 1

+Area |0.*
SubArea 0..*
IdentifiedObject |-
Area :
+ParentArea 0.1
Va N
S 7
+Area 0.*
0.* 0.1
[ditionalArea +PrimaryArea
+UseCase
+UseCase
+UseCase o +UseCase 0. 0.* 0.*

IdentifiedObject | +Use

UseCase

—

+UseCase 1

classification :UseCaseClassification [0..1]
keywords :String [0..1]

levelOfDepth :LevelOfDepth [0..1]
namespace :String [0..1]

prioritisation :String [0..1] <>
scope :String [0..1] 1
viewPoint :String [0..1]
domain :String [0..*]

1 )
oM Y Y 4 T B R )

+UseCase 1

U T T S T

zone :String [0..7]

Figure3-6. ArealLibrary & Area class in DISCERN-metiel
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FurtherActorinformation class

As explained previously, the FurtherActorinformation class was included in the DISCERN in order to

enable the same actor t o fubtherirdosmatomi atne diviiftelr edhitf fUesree nCt
FurtherActorinformation class is also associated with ActorGrouping, which in turn is associated with

UseCase class. In that way, the class FurtherActorinformation can be used to represent to which Use

Case a fifurther infornRAgue®»5.0 of an actor belongs

InformationObject & InformationExchange class

The IEC 62559-3 meta-mo d e | defines the Al nformationModel 06 cl ass
the information objects shall be represented in order to achieve interoperability. Examples of standard

information models are the IEC TC57 CIM or the data models defined in the IEC 61850 standard

series. However, the meta-model does not enable the representation of information objects exchanges

within a Use Case; for instance, ACurrent measur emen
DISCERN meta-mo d e | added the class Al nformati onObjectodo, wh
as defined in the IEC 62559-2 template. Moreover, in order to be consistent with the template, the

meta-mo d e | includes also the <c¢l| as s assotiatefl withrnha tUseGaseE x c h a n g ¢

class and contains all the information objects defined in a Use Case.

KeyPerformancelndicator & KPI_Calculation classes

As explained in section 3.1.1, Key Performance Indicators (KPI) have been included in the DISCERN

Use Case template. In order to formally represent KPIs, two new classes are proposed as extensions

to the IEC 62559-3 meta-mo d e | : iKeyPerformancelndicatord and AKP
includes the attribute fi t a ragdeid adsoci at ed with the AObjectived cl ass.
two attributes i d e s ¢ r (i.e, &ani ewpladation of the calculation i e.g. inputs needed and operations)

and i U Rreférring to the path of the file containing formula of the KPI calculation.
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DISCER

U. .*
1 +RelatedObjective
fusinessCase

IdentifiedObject
ect _ =
Objective

HE

+0bjective 0.1

rformancelndicator

0.=
IdentifiedObject
KeyPerformancelndicator

+ target :String [0..1]

+KPl 4 21

+Calculation | 0.1

KPI1_Calulation

+ description String [0..1]
+ LRI :String [0..1]

Figure3-7. KeyPerformancelndicator & KPI_Calculation

PossibleValues & Requirements

In a Requirements Library users should be able to p
categories, as in the requirement library defined in Intelligrid project [IEC PAS 62559]. For instance,

for the requirement category ANumber of I nf ormation
values, such as: one, two to a few, hundreds, etc. In order to formally represent possible values, the

cl ass APossi bl eVal uesd h a-modeh elkim class dsd assbciatedo witht thee met a
iRequirement Categoryo cl as 8v alnle cardinalityuld*e that is,leach at t r i bt
requirement category can contain one or more possible values.
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+RequirementCategory

D"t

+SubCategory 0..*

+ParentCategory 0.1

RequirementCategory

ldentiiedObject

+PossibleValues PossibleValues

1 0.1+
+RequirementCategory

value :String [1..%]

+RequirementLibrary

0.1

Moreover, for the sake of consistency with the IEC 62559-2

Figure3-8. Possible Values in DISCERN metdel

templ at e, t he

been added to the meta-model. This class is associated with the UseCase class and contains all the
requirements described within the Use Case.

FunctionLibrary class

In addition to the previous extensions,
AFunctionLi braryo
AFunctionLi braryd is

the DISCERN meta-model diagram includes the
oflteahsical functions thap care ke ecalized hyiUsetCases. The
associated with the

presented in section 3.2.2. However, given that this is a specific concept defined in the SGAM

framewor k,
model.

t he

3.1.2.4 Summaryof proposals regarding IEC 62589metamodel

Table 3-3 summarises the modifications and extensions to the IEC 62559-3 meta-model proposed by

the DISCERN project.

Table3-3. Summary of proposals regarding IEC 623%8etamodel

Class
Modifications

Description

UseCase

Add attributes "domains" and "zones"
Remove attribute “identifier"
Remove "namespace" or rename it and move it to IdentifiedObject

Requirement

Rename attribute "type" to "value"

Actor

Remove attribute "furtherinformation"

UseCaseRelation

Define attribute "type" as an enumeration with values: Associate, Extend, and Include

Role

Remove class or

-> Change multiplicity of the association with Actor to "0..*"
-> Add association with class "ActorGrouping”

-> Add derivation from "IdentifiedObject"

Extensions

Arealibrary & Area

New classes to represent Areas (e.g. "Energy Systems") and libraries. These classes replace
the "Domain" and "DomainLibrary" classes

FurtherActorinformation

New class to represent further information of actors within a Use Case

InformationObject &
Information Exchange

New classes to represent Information Objects according to the IEC 62559-2 template

KeyPerformancelndicator &
KPI_Calculation

New classes to represent Key Performance Indicators (KPIs)

PossibleValues &
Requirements

New classes to represent requirement libraries and requirements according to the IEC 62559-
2 template

FunctionLibrary

Extension for compatibility purposes with SGAM framework (might be out of the scope of IEC
625959-3)
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3.1.3. Proposals regarding theJse CasXML Schemas

The main objective of the IEC 62559-3 meta-model is to enable the creation of XML schemas defining
standard formats for exchanging Use Cases and libraries across software applications. In DISCERN
we have used the extended meta-model (including the modifications and extensions presented in
section 3.1.2) for that purpose. Thus, we have defined XML schemas based on the meta-model in
order to exchange Use Cases and libraries developed by five large European DSOs across different
software applications, namely: DISCERN templates and Use Case Management Repository [D2-3.2].
The following sub-sections provide a number of recommendations to the IEC TC8 based on our
experience in this regard.

3.1.3.1 Development of Profiles

The IEC 62559-3 CDV proposes the use of a profiling approach. According to this approach, the UML
meta-model serves as a basis for the creation of profiles, which select the classes from the meta-
model that are required for a specific purpose or context and provide further details regarding
validation constraints, e.g. more specific data types, cardinalities, and enumerations. XML schemas
are then generated from the profiles defining the structure of the XML messages that shall be used to
exchange instance data for the specific purposes defined in the profile.

However, the profile and XML schema included in the IEC 62559-3 CDV cover all the classes defined
in the meta-model. Thus, instead of defining a profile selecting classes and defining more specific
constraints for a specific context, the resulting XML schema represents the UML meta-model in a
different format. Although the XML schema proposed in the IEC 62559-3 is useful when users want to
exchange all the information stored in a Use Case repository (this is not the most common scenario),
in DISCERN we propose a more structured approach that leverages the features of XML schemas in
order to: develop more specific constrains for the validation of XML messages, reuse existing profiles,
and define a more flexible process that can be adopted in different scenarios and domains. The
DISCERN approach is further detailed in sub-section 3.1.3.2, which focuses on the definition of the
DISCERN profiles, and sub-section 3.1.3.3, which describes the resulting XML schemas created from
these profiles.

3.1.3.2 DISCERN profiles

The first question that needs to be answered when we define a profile from the meta-model is: what
kind of information or messages do we need to exchange across the applications. In DISCERN we
identified the following types of messages:

A Use Case. The most common scenario is that in which a user has defined a Use Case in a
template and wants to exchange that information with another application; typically, a Use
Case repository. Therefore, it is necessary to define a profile based on the meta-model
defining the format of XML messages for exchanging Use Cases.

A Library. Within a large project or within a company, libraries are used to agree on a common
set of terms that shall be used within the Use Cases. In DISCERN we have used libraries of
actors, technical functions, and requirements. For that reason, it was necessary to create
profiles for each of these libraries. Where more libraries defined in the meta-model are used
(e.g. Information Model Library, or Area Library), additional profiles must be created from the
meta-model defining the formats for exchanging those libraries.
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A Use Case repository. Although it is not the most common scenario, it might be also
convenient to exchange the whole information stored in a Use Case repository in a single XML
file; that is, including: areas, Use Cases, and libraries. Therefore, a profile combining previous
profiles should also be created.

With the aim of enabling the exchange of these types of messages across the software applications, in
DISCERN we have defined the following profiles:

A UseCase Profile. This profile selects the classes from the meta-model for repenting a Use
Case.

A ActorLibrary Profile. This profile selects the classes from the meta-model for representing an
Actor Library.

A FunctionLibrary Profile. This profile selects the classes from the meta-model for
representing a Function Library.

A RequirementLibrary Profile. This profile selects the classes from the meta-model for
representing a Requirement Library.

A UseCaseRepository Profile. This profile selects the classes from the meta-model for
representing an Actor Library.

A Core Profile. Includes core classes that are reused in the other profiles.

A SGAM Profile. This profile is based on the extension of the meta-model for representing
SGAM architectures. It is not within the scope of IEC 62559-3 and it will be further described
in section 3.2.3. However, it shows how the structured approach used in DISCERN makes it
easier for users to define extensions and reuse existing profiles derived from the meta-model.

What follows provides more details on the profiles developed within DISCERN:

Core Profile

The core profile includes the classes IdentifiedObject and Ref Object (Figure 3-9). The
IdentifiedObject represents all the objects that must be identified in a Use Case repository. It is the
parent class of most of the classes used in the meta-model and is therefore reused in all the profiles
created from the IEC 62559-3 meta-model. In order to improve reusability of this class, it is defined in
a separate profile. The Ref_Object class was defined according to the profile developed in the IEC
62559-3 CDV. This class enables to refer to identified objects in different parts of the message and
includes only two attributes fi i @@ fi n a mi¢ i the parent of all the classes that are used in other
profiles for making references to identified objects. Examples of classes derived from both
IdentifiedObject and Ref_Object classes are given in the description of the other profiles.

IdentifiedObject Ref Object
+ description :String [0..1] + id :String
+ id :String + name :String
+ name :5tring

Figure3-9. DISCERN Core Profile
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UseCase Profile

The Use Case profile contains the necessary classes for representing Use Cases and defines more
specific constrains regarding enumerations and cardinalities of the relationships between classes. The
complete diagram of the UseCase profile is included in Annex B. Figure 3-10 shows the dependencies
of the Use Case profile with other profiles developed in DISCERN. The Use Case profile depends on
the Core Profile explained previously (since most of the classes in the Use Case profile are derived
from IdentifiedObject and Ref Object), and on the SGAM Profile (since Use Cases might be
associated in the XML file to the corresponding SGAM model). In that way, this diagram shows how
the proposed approach enable to reuse existing profiles and to use extensions of the meta-model
without modifying or redefining standard profiles.

UseCase Profile [

(from DISCERN Profiss)
[ R
| Y
[ \\.
| *
«DependsOnx» «DependsOn»
| s
v b
[ \-\}\.}.
Core Profile [ SGAM Profile
s — - — — — —
«DependsOn»
(from DISCERN Profiles) (from DISCERN Profiles)

Figure3-10. DISCHRUse Case Profildependencies

Figure 3-11 shows an extract of the Use Case profile. The root class of the profile (UseCase class)
derives from IdentifiedObject, whereas the class Ref _UseCase (which enables the representation of
references to Use Cases related to the main Use Case described in the message) derives from
Ref_Object.
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+Reference

Versionlnformation

sidentifiedObject

approvalStatus String [0..1]
arealfExpertise :String [0..1]
authors :String [0..1]
changes :String

date DateTime [0..1]
domainExpert :String [0..1]
title :String [0..1]
versionNumber :String [0..1]

description :String [0..1]
id :String
name :String

0.

IdentifiedQ bje ot

Befarance

Vi iV
Identified Object| +SGAMFunction | -Ref O
UseCase = = i3
0.1 |+ pam
+ classification UseCaseClassification [0..1] e~
1+ keywords :String [0..1]
+ levelOfDepth LevelQfDepth [0..1]
B+ namespace :String [0..1] -
M prioritization ;String [0..1]
+ scope String [0..1] >
+ wiewPoint :String [0..1]
1+ domain :String [0..%] <>
+ zone :String [0..%] -
Pl -identifiedObject
+ description :String [0..1] [ >
Fl+ id :String
+ name :String
+\fersionin formation +\seCaseRelation
0.* 1
0.*
Ide rtifie dO Bfect| 1

UseCaseRelation

+ type :UseCaseRelationType [

+RelatedseCase [0..*

Ref Object
Ref_UseCase

~Ref Object
+ id :String
+ name :String

ActorLibrary Profile

Figure3-11. Extract of DISCERN Use Case Profile
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Figure 3-12 shows the dependencies between the ActorLibrary Profile and the Core Profile.

ActorLibrary Profile ]

{from D!SGE;E‘N Profiles)

|

I

|
«DependsOn»

v

Core Profile l

{from DISCERN Profiles)

Figure3-12. DISCERN ActorLibrary Profile dependencies
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Figure 3-13 shows the UML diagram including the classes selected for this profile. As can be seen,
the Actor class is derived from IdentifiedObject, whereas the Ref Actor class (which enables the
representation of references to Parent actors i that is, enables the representation of hierarchies within

the library) derives from Ref_Object.

identifiedObject
Area

zidentifiedObject

+Area

ActorLibrary

+Actor | 0.7

identifiedObject

Actor

desciption :String [0..1] |01
id :String
name :String

+ type :String {0..1]
~IdentifiedObject

+ desciption :String [0..1]
+ id :String

+ name :String

+Parent
0..1

Ref_Object
Ref_Actor

Ref_Object
+ id :String
+ name :String

Figure3-13. DISCERN ActorLibrary Profile

FunctionLibrary Profile
Figure 3-14 shows the dependencies between the FunctionLibrary Profile and the Core Profile.
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FunctionLibrary Profile ‘

(from DISCERN Profiles)
|

I
«DependsOne
|

|

vV

Core Profile ‘

{from DISCERN Profiles)

Figure3-14. DISCERN FunctionLibrary Profile dependencies
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Figure 3-15 shows the UML diagram including the classes selected for this profile. As can be seen,
the Function class is derived from IdentifiedObject, whereas the Ref Function class (which enables
the representation of references to Parent function 1 that is, enables the representation of hierarchies

within the library) derives from Ref_Obiject.

FunctionLibrary

+Function [D..*

identified Object

Function

zidentified Ohject

desoiption :String [0..1]
id :String
name :Siring

+Parent
a..1

Ref_ Object

Ref_Function

=Ref Object
+ id :String
+ name :Siring

Figure3-15. DISCERN FunctionLibrary Profile
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RequirementLibrary Profile
Figure 3-16 shows the dependencies between the RequirementLibrary Profile and the Core Profile.

RequirementLibrary Profile |

(from DISCERN Profiles)

sDepenldsOms
I

|
Core Profile

(from DISCERN Profiles)

Figure3-16. DISCERN RequirementLibrary Profile dependencies

Figure 3-17 shows the UML diagram including the classes selected for this profile. As can be seen,
the  RequirementCategory class is derived from IdentifiedObject,  whereas the
Ref_RequirementCategory class (which enables the representation of references to Parent
requirement categories i that is, enables the representation of hierarchies within the library) derives

from Ref_Object.

RequirementLibrary

+ReguirementCategory
Lo

ldentifiedObject
RequirementCategory

sidentifiedObject e
+ description :String [0..1]
+ id :Sfring
+ name :String
+ParentCategory
0.1
Ref_Object

+PozsibleValues 0.1
- Ref RequirementCategory|

PossibleValues :Ref_Object
5 + id :String
+ value :String [1..%] + name :String

Figure3-17. DISCERN RequirementLibrary Profile
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UseCaseRepository Profile

Finally, the UseCaseRepository profile reuses the previous profiles to define messages that represent
complete Use Case repositories. Figure 3-18 shows the dependencies between the
UseCaseRepository profile and other profiles developed in DISCERN.

Core Profile

| e 9
Fe============================
A Tependsom ) R 1

rm.ﬁfscem Profiles) 1
|

|
l (from DISCERN Profiles)
|
|

|
|
|
|
|
| |
i L UseCase Profile L ———_ ___ =] ActorLibrary Profile
- «DependzOna RequirementLibrary Profile
(from DJ‘SCTRN Profiles) (from DISCERN Profites) | [~~~

| (from DISCERN Frofiles)

i
i
I
i
i
I
i
i
«DependsOns |
! I
i
i
i
I
! i
! i
! i
I
I
I
! i
I
I
I
I
I
I
I
I

1
«DependsOns
|
|

|
SGAM Profile
e ——

{from DISCERN Profiles)

Figure3-18. DISCERN UseCaseReposiProfile dependencies

Figure 3-19 shows an extract of the UML diagram of the UseCaseRepository profile. The classes
coloured in white are defined in other profiles, for instance: UseCase, or RequirementLibrary. The
complete UML diagram of this profile is included in Annex B.

IdentifiedObject
| Usec pository
IdentifiedObject =

+ desciption :String [0..1]

+ id :String Ko>—m

+ name :Sting

+AresLibrary | g 1 +UseCaselibr:
e [foza +InformationModelLibrary | 0.1 +FunctionLibrary |0..1 +ActorLibrary |0..1 +R)
AreaLibrat -
T UseCaselLibrary InformationModelLibrary FunctionLibrary ActorLibrary
Profile:: Profile::
FunctionLibrary ActorLibrary
1
‘Usecasji o
+Ares | 0.0 IdentifiedObject
IdentifiedObject UseCase Profile::UseCase *InformationModel
Area classification :Us e

IdentifiedObject
InformationModel

IdentifiedObject

+ desciption :String [0..1]
+ id :Sting

+ name :Sting

+IncludedUseCase 0.

+ namespace :String [0..1]
IdentifiedObject

+ description :String {0..1]
+ id :String

+ name :String

;p,,,,.m,ei, 1 “identifiedObject

+ desaiption :String [0..1]

Ref_Object + id :String
Ref_Area + name :String
Ref_Object

+ id :String

+ name :Sting

Figure3-19. Extract of UseCaseRepository Profile
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3.1.3.3 DISCERN XML Schemas

The XML Schemas are generated from the profiles presented in section 3.1.3.2. These schemas
represent the structure of the XML messages according to the classes and structure defined in the
profiles. The existing dependencies between the profiles are represented in the XML Schema
Definition Language (XSD) with the term xsd:.import. Figure 3-20 summarises the XML Schemas
developed in DISCERN showing the xsd:import dependencies among them. These relationships
enable the reuse of XML schemas and, therefore, avoid redundancies and inconsistencies caused by
the re-definition of already available XML elements and structures.

DISCERNCore.xsd

imper( impi)rt
1

DISCERN DISCERN DICERN
HEEEAl RS ActorLibrary.xsd FunctionLibrary.xsd RequirementLibrary.xsd

1 ~ ’ -
impaort! o v ’ -
1 N

~ \ ’ -

\\\ .\ ’f /’,’
DISCERNUseCase.xsd m‘am\ 'mr{t:ﬂ mgort i

- ~ v # -

-- S -
=~ ~ -
—~L N

DISCERN
UseCaseRepository.xsd

Figure3-20. DISCERN XML Schemas

In addition to the more specific data types (enumerations) and cardinalities defined in the profiles, the

XML Schemas have been extended in DISCERN with additional constraints that enable the automatic
detection of inconsistencies within the XML messages. These constraints are represented using the
xsd:key and xsd:keyref terms. For instance, the validation rule shown in Figure 3-21 establishes that

the APrimary Actorso of a Use Case Scenari o must
Case in the Actor Grouping. This rule avoids the same Actor to be named differently in different parts

of the Use Case. Hence, when a fAPrimary Actoro of
defined in the actor groupings of the Use Case, the validation against the DISCERN Use Case XML
Schema generates a warning indicating the error.

<l-- Rules for consistency within the Use Case description-->
<l References to Actors—>
<xsd:key name="actorName">
<xsd:selector xpath="ActorGrouping/Actor"/>
<xsd:field xpath="name"/>
</xsd:key>
<xsd:keyref name="primaryActor2actorNameRef" refer="duc:actorName">
<xsd:selector xpath="Scenario/PrimaryActor"/>
<xsd:field xpath="name"/>
</xsd:keyref>

Figure3-21. Constraint in DISCERNUseCase.xsd to ensure consistency of Actor names within the Use Case

The complete XML Schemas developed in DISCERN are included in Annex C.
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3.2. SGAM framework

The Smart Grid Architecture Model (SGAM) i s defined i n t he report il Sm:
Architect uU$@AM][,SGLGI ch together wi tSustandblePeoadssésona
[SGCG-SP] , AFirst Set of Conk3$G3le,nt arsd améawily dmldatd] iSGTC G

Pr i v ac vy elSDP]pcer@ddns the response provided by CEN-CENELEC-ETSI to the EC Mandate
M/490. In this mandate the EC asked the European standardisation bodies to define a reference
framework for representing Smart Grid solutions.

The main purpose of the framework was to facilitate development and maintenance of standards in
the context of European Smart Grids. The SGAM was, therefore, conceived as a framework for
representing Smart Grid architectures in order to facilitate interoperability analysis of Smart Grid
solutions for standardisation purposes. Hence, the SGAM was used in [SGCG-FSCS] by CEN-
CENCEL-ETSI to develop a list of communication standards and standard data models that promote
interoperability within the Smart Grids, and also to identify key interoperability issues that shall be
resolved by the standardisation bodies in this domain.

The SGAM represents Smart Grid architectures in 5 interoperability layers:

A Component Layer, which presents the physical distribution of the components (devices,
application, electrical equipment) within the Smart Grid solution

A Communication Layer, which represents the communication standards that should be used
within the solution in order to enable communication across the components

A Information Layer, which represents the information objects exchanged within the components
and the canonical data models that shall be used to achieve interoperability

A Function Layer, which describes the technical functions that are realized by the Smart Grid
solution

A Business Layer, which represents the business objectives that explain the development of the
Smart Grid solution

Given that the SGAM was used for standardisation purposes, until recently, the focus of the modelling
was on the three first layers. The Business Layer, however, was not used within the CEN-CENELEC-
ETSI reports in practise, because the business needs related to the Smart Grid solutions were not
within the scope of the standardisation analyses. It should be noted also that in the standardisation
reports the SGAM models were drawings within documents (in Word or PDF formats). That is, they
were aimed at facilitating human-to-human communications, but lacked a formal definition of the
SGAM concepts. The first version of the SGAM framework was realised in November 2012. A new
version is planned to be published by beginning of 2015.

As explained in [D1.3], DISCERN has leveraged the SGAM with the aim of facilitating knowledge
sharing across the stakeholders involved in actual Smart Grid projects developed in Europe by 5 large
DSOs. The DSOs within DISCERN with a good knowledge of the Smart Grid functionalities analysed
during the project (referred to as Leader DSOs [D1.1]) used the SGAM as a common framework to
develop high-level architectures of their solutions [D4.2]. The DSOs willing to implement these
functionalities during the project at their demonstration sites (referred to as Learner DSOs [D1.3]) have
then created their own SGAM models based on the lessons learned from the Leader DSOs [D4.3]. In
contrast with the standardisation activities, in the DISCERN tasks the Business Layer played a key
role, since it help DSOs to easily understand the business needs and constraints that affected the
Smart Grid solutions developed by other DSOs. For that reason, we have enhanced this layer during
DISCERN (sub-section 3.2.1). In addition to this, we have defined a UML meta-model aligned with the
IEC 62599-3 meta-model formally defining the SGAM concepts (sub-section 3.2.2) in order to develop
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XML-based SGAM representation that can be easily processed by software applications (sub-section
3.2.3). The proposed enhancements to the SGAM framework will promote the adoption of this
framework as a means to facilitate knowledge sharing in Smart Grid projects. It is planned to officially
communicate these proposals to the CEN-CENELEC-ETSI in the next official meeting to be held in
February 2015.

3.2.1. Proposals regarding the SGAM Busss Layer

Table 3-4 shows the new concepts and symbols defined in DISCERN to represent business
architectures at the SGAM Business Layer.

Table3-4. Proposed concepts and symbfids the SGAMBuUsiness Layer

Concept SGAM Symbol Description

A unit that represents an
association between objects
(Business Actors,
Organisation etc.)

Association —Text—

A Business Actor as a
concept can cover people
as well as organisations or
roles.

Business Actor

A business process relates
Business Process to a sub-functionality under
a business objective

A specialized constraints
covering economic aspects,

Economic Constraint
e.g. budget

Indicator that provides
information on the

Key Performance Indicator Reference )
accomplishment of a target

With respect to the Gridwise
i Architecture Council
Q interoperability layers this
@ entity covers strategic and
tactical objectives shared
between businesses.

Objective

An organization to which the
Business actors (in the
sense of persons) are
associated to.

Organisation

A specialized constraint
covering laws and
regulatory policies

Regulatory Constraint
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Concept SGAM Symbol Description

A target represents the
Target measurable decomposition

of an objective

Figure 3-22 shows an example of a SGAM Business Layer developed in DISCERN. In particular, it

represents the business ar chi t ect ur e fMVrmonitdrirg ared adleaontioltech switcheso

proposed by GNF as a Learner DSO for the sub-functionality B6 i fEnhanced monitoring and control

of MV/LV networko . I n ntekte of OISCERN, this solution is referred to as
DISCERN_GNF_Leader_B6 [D4.2]. The SGAM Business Layer shows in this case the Business

Process MV monitoring and telecontrolled switchesd the Business Actor that takes part of the

proc ®MS ©®p e rthe Spamish Regulatory Constraints i RD 1995/ 20000 and ARD 22
applies to the business process; the Objective of t h e s o Improve aetworki observability and

operationdt he as s oc i &Ptodaded obFeavabditg and dontrol to 20% of the MV/LV substationso ;

andthe K$AIDIOA t hat will be used to measure whlathBer t he
particular case, it can be discussed whether the selected KPI is the most appropriate one to measure

the target defined by the DSO. The final KPIs associated to the DISCERN Use Cases will be detailed

in [D1.2.1]. Further examples of SGAM Business Layers developed in DISCERN can be found in

[D4.2] and [D4.3]. It is worth noting that it is not necessary to use all the symbols of Table 3-4 for

defining the SGAM Business Layer of a solution. On the contrary, these symbols help users (in this

case, DSOs) to develop intuitive representations of the business aims that want to be achieved

through the Smart Grid solution represented in the SGAM model.
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Figure3-22. DISCERN_UFD_Leader- B6AM Business Layer

3.2.2. Proposals regarding the SGAM metaodel

The DISCERN SGAM meta-model formally defines in UML the SGAM concepts as well as the
relationships between them. This is the first step towards the definition of formats to exchange SGAM
models across software applications (section 3.2.3), and contributes, in that way, to the promotion of
the SGAM framework as a tool for exchanging high-level representations of the solutions in Smart
Grid projects.

Given that the SGAM framework is closely related to the Use Case methodology, we decided to define
the SGAM meta-model as an extension of the IEC 62559-3 meta-model presented in section 3.1.2. In
that way, the proposed meta-model not only represents the relationships between SGAM concepts,
but it also establishes links with Use Case concepts. This enables the automated check of the
consistency of SGAM architectures as well as between the SGAM architectures and the associated
Use Cases. Figure 3-23 shows an extract of the SGAM meta-model developed in DISCERN. Annex D
includes the complete diagram showing all the relationships with Use Case concepts defined in the
IEC 62559-3 meta-model.
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