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EXECUTIVE SUMMARY

On March 28 — April 1, 2011 in EDF Research and Development Division, Clamart, France,
software vendors serving the electric utility industry met to test the capability of their software
products to exchange data and correctly interpret power system data based on the latest CIM
version. Previousinteroperability tests validated the use and acceptance of the CIM standard
tranglated into CIM/XML and transfer of data via the standard interfaces. This round of testing
focused on three areas: 1) exchanging power system network models using the CIM (Common
Information Model); 2) compliance and interoperability testing of a GIS model; and, 3) the
exchange of incremental model updates. This report documents the results of this testing.

The tests were designed to demonstrate and verify that the participants were able to successfully
exchange power system network models using the draft IEC 61968-13: CIM Network
Application Model Exchange Specification (Common Distribution Power System Model), the
IEC 61970-501 CIM RDF Schema, Rev. 5, 2004-12-14, the future |IEC 61970-552-4 CIM XML
Model Exchange Format and the future IEC 61968-Part 4 Network Data Set. In addition, the
standards tested as part of these tests included the portions of the IEC 61970 and IEC 61968 set
of standards, specifically, the CDPSM Profile Group and the CIM UML for CIM as specified in
iec61970cim15v19_iec61968cim11v09_iec62325¢cim01vO3b.eap.

These interoperability tests address an important industry requirement that has been identified by
NERC and many 1SOs, RTOs and industry Utilities. NERC has mandated the use of the
Resource Description Framework (RDF) asthe XML schema/syntax for the CIM, whichis
defined in another |EC standard (IEC 61970-501 CIM RDF Schema). These tests demonstrated
the use of this standard for this purpose. Full Distribution Model exchange tests, Power Flow
Solution tests, Incremental Exchange tests and GIS Exchange tests, as well as unstructured
testing were conducted by test participants.

Results and Findings

To start the test, participants submitted test models (that is, filesin CIM/XML format). Two
Validation Tools (CIMTool and CIMphony) were used to validate the correct formation of these
models according to the standard. Each participant then attempted to import and then export
these models in conformance with the full and incremental standard. Following the import stage,
participants would demonstrate to observers, using their own internal modeling and/or power
flow applications, that the imported model s indeed matched the submitted CIM/XML models.

For 2011 IOP, ten initial models were provided for the tests. Eight vendors performed the basic
import test of one or more models successfully. Six vendors performed the basic export test of
one of more models successfully. Eight vendors successfully imported GIS Models. Nine
vendors imported model files exported by other vendors, and five vendors demonstrated
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incremental model updating. Four vendors performed the Power Flow Solution testing
successfully.

Challenges and Objectives

Thisreport is of interest to any utility professional that is preparing to implement products from
multiple vendors to exchange or use information from different applications. The data contained
in this report provides an overview of the functionality that can be purchased from the various
vendors. It also explains the issues surrounding the use and implementation of the standards and
the level to which these standards have been implemented by the vendors.

The implementation and general exchange issues discussed in the report will provide datato
assist the utility professiona in budgeting and scheduling integration projects using these
standards.

As the standards progress, this type of activity becomes increasingly important to provide all
players with an in-depth understanding of the standards and the areas that need to be extended to
ensure these standards can be implemented in a cost effective manner.

Our primary chalengein the future is to extend the standard beyond the Control Center and
prove that the standard is stable and fully implementable.

Applications, Values, and Use

Once the standard is extended, it will allow full data management and data exchange between the
Transmission, Distribution, Planning and Generation areas of the enterprise. Especially urgent at
the present time is to move the standard into the newest area of SmartGrid, Automated Meter
Infrastructure (AMI), Real Time Pricing (RTP) and Premise Area Network (PAN). Oncewe
have these areas standardized and can tap into the new data provided by these systems, the
Utilities will be able to maximize the return on investment and achieve efficiencies that will
lower the cost of future system upgrades and integration.

UCAIug Perspective

The changing business environment has increased the need for greater business and operating
flexibility in the energy industry. The IEC standards and vendor compliance with the standards
offers the energy industry the tools to integrate, upgrade or migrate their systems to meet the
industry’ s changing demands. Interoperability testing provides validation of the standards and
the products, and provides the industry professionals with the confidence needed to address their
changing demands. UCAlug is committed to ensure this need can be met in the area of
messaging and data management. These interoperability tests provide a mechanism to ensure
compliance with the |EC standards and integration architectures.

Integration architectures based on the CIM model and standard XML messages enable
interdepartmental teams to access arange of needed information via open systems. Hence, in
innovative applications, energy companies are planning to implement CIM/GID/XML outside
the control center to reduce costs and improve customer service and staff productivity. UCAlug
continues to sponsor collaborative efforts to advance these integration strategies for greater
information systems integration solutions—in the control center and beyond.

Approach
The goals of the Interoperability test were to show that the participants could exchange models
using the IEC Interface Standards. The project team prepared aformal set of test proceduresto

Vi
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test the ability of the participant’s products to conform to the IEC 61970/61968 (CIM/XML)
standards. After aperiod of preparation and preliminary testing, ten vendors gathered in
Clamart, at EDF research R& Development division, France to test their products. Alstom Grid,
EDF, GE Energy, EPRI/OpenDSS, Open Grid Systems, Oracle, Siemens, SISCO, Supelec and
TIBCO dl participated. Personnel from SISCO prepared the test procedures, volunteers from
I1E, ENEL, Alcatel-Lucent, and the Austrian Institute of Technology witnessed the test results
and, personnel from SISCO prepared this test report for UCAlug.

Keywords
Application Program Interface Common Information Model (CIM)
Control Center Distribution Management Systems

eXtensible Markup Language (XML)
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PREFACE

Thereliability of the European and North American power gridsisan increasingly visible topic
in the newstoday. Thisisdue in large part to the need to operate closer to available transmission
capacities than at any time in the history of the eectric utility industry. Ever-increasing demand
in the face of reduced power plant construction is amajor factor.

One way to address the reliability issue is to improve the models of the power system used to
calculate avail able transmission capacity, so that calculated capacities more nearly match real
world capacities. This permits operation closer to maximum capacity while avoiding unplanned
outages. One key to improved modelsis to have the capability to merge regional modelsinto a
combined model. Since these models reside in multiple, proprietary databases in Security
Coordination Centers located throughout Europe and North America, an information
infrastructure that facilitates model exchange is an absolute necessity.

The CIM has been trand ated into the industry standard eXtensible Markup Language (XML),
which permits the exchange of modelsin a standard format that any EM S can understand using
standard Internet and/or Microsoft technologies. NERC mandated the use of this standard by
Security Coordination Centers (SCCs) to exchange models by September 2001, adding urgency
to the deployment of products that support these standards.

This report presents the results of the 2011 interoperability test using these standards to create a
model-driven integration architecture. The goal of thisreport isto raise awareness of the
importance and status of this effort and to encourage adoption by additional product suppliers
and energy managers.

Kay Clinard
UCAIlug
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1

INTRODUCTION

This document reports the results of the CDPSM 2011 CIM/XML interoperability tests, which
took place on March 28 — April 1, 2011 in Clamart, at EDF Research and Development Division,
France. According to the Gridwise Architecture Council, interoperability testing proves*“...the
capability of systems, products and units to provide and receive services and information
between each other, and to use the services and information exchanged to operate effectively
together in predictable ways without significant user intervention...”! The standards for this test
included various IEC 61968 Part 4 and Part 13 of the standards. An additional feature and
objective of thisand future IOP testsis to verify and validate that changes made to the IEC
standards have been implemented and do not prevent or impede data exchange or interaction
between the participants. The verification of annual 1EC specification updates is an integral part
of the IOP testing process.

This set of interoperability tests focused on data exchange tests that addressed the following
specific objectives:

e Exchange of afull distribution power system network model that includes generation
and loads. The full model exchange test will verify that a CIM XML file of a power
system model generated by one vendor’ s application can be used by another vendor’'s
application. The CIM XML fileswill be based on an RDF/ XML version of the CIM.
The portion of the CIM that will be tested is defined in one of the CDPSM Profile Group
for power system model exchanges and will contain the set of CIM classes, attributes
and rel ationships defined by the IEC 61968-Part 13 profile document and the
participants prior to the test. The CDPSM Profile Group schemas will be updated and
distributed to all participants prior and will be used to validate the exchanged models.
Thisisthe“full distribution model exchange” test.

e Execution of load flow/power flow applications to verify sufficiency of the model files
(in terms of having all necessary elements represented) and correctness of the
transformations to/from local representations of the models. Thisisthe “ solution” test.

e Exchange of incremental updates (i.e., send al changes since the last update or since a
specific date/time). Thisisthe " incremental exchange’ test. Thistest will be executed
on the Balanced, Unbalanced and Connectivity models used in the test.

e Exchange of GIS Profiles. Thisisthe“GIS exchange” test.

1 Asdefined in the GWAC Interoperability Checklist 1.0,
http://mwww.gridwiseac.org/pdfs/gwac_decisionmakerchecklist.pdf
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Test Participants and Test Approach

Thistest is part of aseries of CIM XML interoperability tests, which began in December 2000.
Goals of future tests are described in Section 6.

Objectives and Scope of Interoperability Test

General Test Objectives

The genera objectives of the interoperability tests and demonstrations are:

1. Demonstrate interoperability between different products based on the latest CIM

version. Thisincludes applications from DM S and GIS as well as independently
developed applications from third party suppliers.

. Verify compliance with the CIM for those CIM classed/attributes involved in the

information exchanges supported by the tests.

. Vdlidate that the CDPSM Profile Group is correct, complete and ready to be

implemented as a Standard. Thistest includes six separate profilesin the Profile
Group:

o Assat

e Electrical Properties

e Functional

e Geographical

o State Variables

e Topology

Each of these profiles will be used for exchange of full and incremental models for
balanced and unbalanced networks. The Profile Group provides sufficient
information for the successful execution of a Power Flow and for GIS system
operations. The Asset, Functional and Geographical profileswill be used by the GIS
and sent to the DM S to show the interoperability of a GIS and aDMS system.

. Demonstrate the exchange of power system models using the CIM and an RDF

Schemaand XML representation of the model data.

Secondary objectives included the following:

1.

Validate the correctness and completeness of |EC draft standards, resulting in higher quality
standards by removing discrepancies and clarifying ambiguities.

Vaidate thetest Models, the UML and the RDF files created for the test. Thesefileswill be
the basis for future compliance testing.

Vaidate the tools including the RDF generation tools and the model validation tools. These
will be used in the future for compliance and interoperability testing.

Scope of the CIM-CDPSM 2011 Interoperability Test

To meet the model exchange objectives, similar procedures to those used in prior CDPSM
interoperability tests were used. Changes were made based on the needs of the updated
distribution and GIS models and software under test. A full set of instance files for the Profile

1-2



Introduction

Group generated by Didier Ilhat of EDF were used for DMS exchange files. Mike Stanislawski
of GE generated Asset and Functional instance profiles for use in the GISto DM S exchange
tests. For incremental model updates, the draft IEC 61970-552-4 specification was used. For
incremental instance files presented during the test, they were used for the Incremental exchange
files.

To meet the load flow application execution, the EDF instance files were used.

All the above models are complete models that contain generation and loads. This
interoperability test sought to validate the exchange of power system model data based on an
RDF/ XML version of the CIM. Thistest validated that the CIM XML file of power system
model data generated by one vendor’ s application can be used by another vendor’ s application.
The CIM XML format definition was the common interface being employed.

Organization of Report
This report is organized into the following Chapters:
e Chapter 1 presents the objectives and scope of these tests.

e Chapter 2 describesthe test plan that was followed and identifies the participants and their
products.

e Chapter 3 presents the test results, beginning with a summary of each test step that was
scored. The test scores, which are given as Pass, Pass with Errors, or Not Applicable, are
organized in aseries of tables. A summary of the significant results achieved isaso
provided.

e Chapter 4 provides asummary of the issues encountered an identified during the test.
e Chapter 5 discusses the implementation of Standards.
e Chapter 6 describes what tests should be included in future IOP tests.

e Appendix A contains adescription of the participant’s products used in the tests, including
the CIM based test tools.

e Appendix B contains the detail test approach and descriptions of the model transfer tests that
were performed.

References

1. IEC 61968 Application Integration at Electric Utilities Systems Interfaces for Distribution
Management — Part 13: CIM RDF Model Exchange Format for Distribution, (Commonly
known as the CDPSM Profile)

2. 1EC 61968-11 Ed. 1: Application integration at electric utilities- System Interfaces for
Distribution Management — Part 11: Common Information Model (CIM) Extensions for
Distribution, based on the UML specified in
1ec61970cim15v19_iec61968cim11v09_iec62325¢cim01vO3b.eap.
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Test Participants and Test Approach

3. 1EC 61970 Energy Management System Application Program Interface (EMS-API) - Part
301: Common Information Model (CIM) Base, Edition 2, based on the UML specified in
iec61970cim15v19_iec61968cim11v09_iec62325¢cim01vO3b.eap.

4. Draft IEC 61970: Energy Management System Application Program Interface (EMS-API) —
Part 501: CIM RDF Schema, Revision 5, 2004-12-14

5. Draft IEC 61970: Energy Management System Application Program Interface (EMS-API) —
Part 552-4: CIM XML Model Exchange Format, Revision 7, 2007-10-16

6. IEC 61968-4 and 61968-13 (CDPSM) 2011 Interoperability Test — Test Plan and Procedures,
Revision 0, March 28, 2011.
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2

TEST PARTICIPANTS AND TEST APPROACH

A formal set of test procedures was prepared and used to conduct and score the tests (see
Reference 6). These procedures were made available ahead of time and all participants were
encouraged to execute as many of these tests as possible prior to coming to the EDF R&D sitein
Clamart, France.

The specific criteria used for evaluation of successful completion of each test were not reveal ed
ahead of time, although the nature of the criteria was discussed.

This section provides an overview of the test approach used for the CDPSM 2011
interoperability test. For a description of the test process that was used, refer to Appendix B.

Participants and Their Products

All participants in this test were given the opportunity to spend five full days at the test site in
France. Participants brought their own hardware/software to use in the test. The model files used
for testing were loaded onto an EDF provided file server for use by each participant. The sample
model files and files successfully exported by a participant’ s product were |loaded onto the file
server under each participant’s public folder so al other participants could access these files for
testing their import/export capability.

Participants were allowed to correct deficiencies or errors found during testing and then, astime
permitted, retest. All officia testing took place on-site at the EDF R&D facility in Clamart,
France, a suburb of Paris, France.

Thefina test results are recorded in the test matrices provided in Section 3, Test Results.

Each participant was required to use an actual product(s) so that testing would demonstrate
interoperability of real products. The participants and their products are listed in Table 2-1
below. The version and status of the vendor’s product is also provided in the table.



Test Participants and Test Approach

Table 2-1 Participants and Their Products

loadflow), GEDEON (EDF R&D CIM Database)

—

A description of each product used in the testsis contained in Appendix A. For brevity, the
vendor names may be shortened asfollows: Alstom Grid will be referred to as Alstom; GE
Energy will be referred to as GE; Siemens EDEASOL will be referred to as Siemens; and Open
Grid Systems will be referred to as OGS.

Test Approach

As stated in the Introduction there were three types of model exchange 1) CDPSM full model
data exchange tests using CIM XML-RDF files; 2) CDPSM Incremental model data exchange
tests using CIM XML-RDF Incremental files; and, 3) CDPSM full GIS model datafor exchange
with aDMS system. Participants could perform one, two or all three of these exchange tests.

Full and Incremental models are sufficient to allow a Power Flow solution to be executed.

The CDPSM data exchange tests could be performed by participants with exchange adapters and
some type of display (tabular or graphical) to show the completion of the import. However, the
Solution tests required the use of power flow applications to operate on the power system models
to calculate power flow solutions. These solutions were used to validate the correct transfer and
transformation of model files between participants. The Solution tests could use the same model
files as the other model and data exchange tests.

Full Distribution Model Exchange Test

Each participant in this test was required to (1) generate and export afile that conformed to the
standards for the model used and/or (2) import afile from another vendor’s product and correctly
interpret the model data contained. The mode files used were the EDF and GE model instance
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Test Participants and Test Approach

files prepared by the participants. These models were available before the forma testing beganin
order to allow the participants to checkout and debug their software as well asto discover any
discrepancies or errorsin the files themselves.

Product specific tools were used to validate the success of the import while separate XML tools
were used to validate the export of the model files.

Incremental Exchange Test

The incremental model update test demonstrated the ability of products to accept small changes
to existing model files, rather than sending a complete replacement model file.

The participantsin this test were able to use either the GE or EDF instance files, depending on
theincremental filesused. The Test Participants could also generate incremental files
themselves and use those for this test. The files were provided on a Windows file server provided
by EDF. The format and syntax for these files are described in IEC 61970, Part 552-4: CIM
XML Model Exchange Format.

Power Flow Solution Test

The Power Fow Solution test verified the correct exchange and transformation of power system
model filesincluding generation and load through the execution of power flow applications.
Verification was accomplished by a comparison of solutions before and after transformation and
model exchange.

GIS Exchange Test

The GIS exchange model test verified the ability of the GIS system to produce a connectivity
model and the DM 'S system to import and correctly apply the model.

The test used the GE connectivity model.
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Test Participants and Test Approach

A server was set up at EDF were all participants could put their results and access profiles and
data sets. The following picture describes the different folders:

I
I

Alstom

CimClipse

Driver_Printer

18/07/2011 16:43
18/07/2011 16:43
18/07/2011 16:43

L. EDF 18/07/2011 16:51
. EDF_MasterFile 18/07/2011 16:52
b GE 18/07/2011 16:52

GE_MasterFile
IEEE MasterFile

18/07/2011 1&:52
18/07/2011 16:52

I 0ODSS 18/07/2011 16:52
b OGS 18/07/2011 16:52
I Oracle 18/07/2011 16:52
| . Profiles 18/07/2011 16:52
I. Share 18/07/2011 16:53
I Siemens 18/07/2011 16:53
I Sisco 18/07/2011 16:33
L. TIBCO 18/07/2011 16:33

The profiles tested were put in Profile folder. The following picture presents the different

profiles: _

Nom Modifie le

€| Assethtml 30/03/2011 11:54
€| Combined.html 30/03/2011 11:54
€| ElectricalProperties.htmi 30/03/2011 11:54
@/ Functional htmi 30/03/2011 11:54
€| Geographical.htm| 30/03/2011 11:54
e GIS-Combined.htmi 30/03/2011 11:54
€| StateVariables-IOP.html 30/03/2011 11:54
€| Topology.htmi 30/03/2011 11:54
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CIM/XML INTEROPERABILITY TEST RESULTS

This section presents the results of the interoperability tests. First, the individual tests that
were performed and scored are summarized in the tables below. Thisisfollowed by the
test matrices with scores shown for each test. For details on each test step, including
setup required and step-by-step procedures see the Test Procedures document (Reference

6).

Table 3-1 All Participant Test Procedures

Step from Test

Test Description

Procedure
42.1.1 Basic Import — Full Model
42.1.2 Network Product Validation — uses XML software tool to check
422.1 Power Flow solution
4231 Export Sample Model
4.2.3.2 Re-import Check — Re-import model that was exported in 4.2.3.1
42411 Interoperqtion - Participant B import of Participant A exported CIM
XML file (Document 2).
42419 Network Product Validation — uses XML software tool to check
Document 2
4242 Power Flow Solution — produce and compare results (Solution 2)
43.1 Basic Import — Full GIS Model
4.3.2 Network Product Validation — uses XML software tool to check
441 Export incremental update file
4.4.2 Import incremental update file
4.4.3 Create incremental file — change power flow
4.4.4 Re-import model — file from 4.2.1 or 4.3.1
445 Import incremental update — change power flow
4.4.6 Power Flow solution
4.5 Unstructured Testing

The testsin the above table were executed by one or more participants using the files
produced EDF, GE or other test participants.




CIM/XML Interoperability Test Results

Summary of Test Results

The following sections report the highlights of the testing. The final results are presented
in tables within each section. The entriesin each cell of the tables should be interpreted
asfollows:

e P—Pass. Indicates a successful import of another participant’s exported file. The
specific sample model fileimported is indicated

e PE (Passed with Errors) — most aspects of the test were performed successfully

e X —Nofileswere exported by this participant or Participant is not allowed to use his
own filesfor this test.

e N/A - Product does not have export functionality

e Blank (no entry) — indicates test was skipped, not witnessed, an exported model file
was not available for import, or an exported file was available but had errors that
prevented a successful import.

Basic Import/Export (Full Models) and Interoperation

Basic Import and Export

Tables 3-2 through 3-5 show the results of the tests on the individua products to
determine compliance with the IEC 61968-Part 13 profile document, including GIS
Model imports. The primary objective of this test was to successfully import, export and
re-import a sample model file based on the CDPSM Profile Group for power system
model exchanges to show compliance.

Highlights of the tests are presented in the following tables. Many models were imported
or exported by the participants. The tables below show a“P’ to indicate that the
participant was able to import one or more models. A full list of the models that were
imported or exported by the participants is listed on the CIMug Web Site. Any issues or
explanations for PE results are presented immediately following the tables. In addition,
any issues or notes concerning the tests are presented in the sections following the tables.

Thefiles provided by EDF and GE for basic imports are abbreviated as follows:

e AIGUE for AIGUE _EDF V1-1-C15
This network isaMV network.

N
(o]
o

ACLineSegment
Asset

BaseVoltage

Bay

Breaker
BusbarSection
ConnectivityNode
CoordinateSystem
EnergyConsumer
EnergySource
GeneratingUnit
GeographicalRegion

W N floo 100 fIN i
\J

=~

= [l [ ‘r—‘ Ir—A‘
[
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CIM/XML Interoperability Test Results

IEC61970CIMVersion 1
Junction 75
Line 226
LoadBreakSwitch 107
Location 762
Name 226
NameType 3
NameTypeAuthority 1
PSRType 7
PositionPoint 1303
PowerTransformer 1
PowerTransformerEnd 2
ShuntCompensator 1
SubGeographicalRegion | 1
Substation 276
SynchronousMachine 4
Terminal 976
TransformerEndInfo 2
VoltagelLevel 277
Wirelnfo 280

Two othersfilesrelated to “AIGUE” were provided by EDF : the AIGUE LV network,
and the AIGUE combined MV and LV Network. Thiswas the first time that EDF
provided CIM LV Networks.

£] I0P2011-EDF-AIGUE-LV-V1xml 31/03/2011 09:49
2] IOP2011-EDF-AIGUE-MV+LV-V1.xml 31/03/2011 10:05

e ClO0for C10_EDF V1-1-C15

—
—
N

ACLineSegment
Asset

BaseVoltage

Bay

Breaker
BusbarSection
ConnectivityNode
CoordinateSystem
EnergyConsumer
EnergySource
GeneratingUnit
GeographicalRegion
IEC61970CIMVersion
Junction

Line
LoadBreakSwitch
Location

Name

NameType
NameTypeAuthority
PSRType
PositionPoint
PowerTransformer
PowerTransformerEnd
ShuntCompensator
SubGeographicalRegion
Substation
SynchronousMachine

N (N [l
W

P—‘l-bll\)|
N (o]
N

|£ |L'bn (ol Gl N1 ) |L|{I’ Ir—“

W
N

(o8]
O
(O8]

—
(O8]
(OF]

N NI oo
%]

IN‘P—‘II—‘ cnlool.b‘
o)}




CIM/XML Interoperability Test Results

Terminal 457
TransformerEndInfo 8

VoltagelLevel 108
Wirelnfo 112

e RURAL for RURAL_EDF V1-1-C15

ACLineSegment 3550
Asset 8
BaseVoltage 2
Bay 57
Breaker 50
BusbarSection 8
ConnectivityNode 4895
CoordinateSystem 1
EnergyConsumer 1093
EnergySource 4
GeneratingUnit 2
GeographicalRegion 1
IEC61970CIMVersion 1
Junction 1844
Line 3329
LoadBreakSwitch 1338
Location 11026
Name 2252
NameType 3
NameTypeAuthority 1
PSRType 7
PositionPoint 25074
PowerTransformer 8
PowerTransformerEnd 16
ShuntCompensator 4
SubGeographicalRegion | 1
Substation 3492
SynchronousMachine 2
Terminal 12847
TransformerEndInfo 16
VoltagelLevel 3496
Wirelnfo 3550

e URBAN for URBAN_EDF V1-1-C15

ACLineSegment 4703
Asset 13
BaseVoltage 3
Bay 123
Breaker 124
BusbarSection 16
ConnectivityNode 7967
CoordinateSystem 1
EnergyConsumer 2056
EnergySource 5
GeographicalRegion 1
IEC61970CIMVersion 1
Junction 913
Line 3338
LoadBreakSwitch 3234

34



Location 13089
Name 4245
NameType 3
NameTypeAuthority 1
PSRType 7
PositionPoint 41302
PowerTransformer 13
PowerTransformerEnd 26
ShuntCompensator 5
SubGeographicalRegion | 1
Substation 4601
Terminal 19143
TransformerEndInfo 26
VoltagelLevel 4606
Wirelnfo 4703

CIM/XML Interoperability Test Results

CIRC for CIRC_Combined 50204 2011 03 29 1752 50
CIRC-A for CIRC_Asset 50204 2011 03 29 1432 15
CIRC-F for CIRC_Functional_50204 2011 03 29 1432 15

IOP2011 for IOP2011-EDF-GIS-AIGUE-V1

ACLineSegment 396
Analog 12
Asset 1164
AssetlInfo 78
BaseVoltage 22
Bay 138
Breaker 11
BusbarSection 121
BusbarSectionInfo 2
Cablelnfo 11
ConnectivityNode 688
CoordinateSystem 1
Disconnector 5
EnergyConsumer 77
EnergySource 1
FaultIndicator 42
Fuse 9
GeneratingUnit 6
GeographicalRegion 1
Junction 198
Line 5
LoadBreakSwitch 157
Location 668
Manufacturer 22
Name 2796
NameType 5
NameTypeAuthority 1
Organisation 37
OverheadWireInfo 10
PSRType 94
PerLengthSequencelmpedance | 21
PositionPoint 1508
PowerTransformer 97
PowerTransformerEnd 194
ProductAssetModel 77

3-5
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RatioTapChanger 86
ShuntCompensator 1
SubGeographicalRegion 3
Substation 322
SurgeProtector 69
SwitchInfo 14
SynchronousMachine 6
Terminal 1754
VoltagelLevel 120

IEEE3-M for OpenDSS_|IEEE3_MTX
IEEE3-A for OpenDSS_|IEEE3_ASSETS

Table 3-2 Basic Import Test of Individual Products

4.2.1.1 Basic Import

[ween | > [ [ - [+ [
| e 1 o 1 -1 ° f = I~ |
| opecss | o | » | ° f = 1
| oo | o |~ 1 ° f ° 0 - |

| oece | 1 o 1 ° 0 - |- |
BEEE N D N e
| osc0o [ e [ e ° 0 ° | ° |
I N D e
I N N N e

** OGS imported both the combined and multiple individual files shown in thistest table.

Table 3-3 Basic Import Test of Individual Products - continued

Test Procedure 4.2.1.1 Basic Import - continued
Test Model Used IEEE3 - M IEEE3 - A - - -

joos 1o - 4 1 1 |
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Table 3-4 Basic Model Export

Test 4.2.3.1 Export
Procedure

Test Model URBAN IOP2011
Used

| woom fee ] F 0 0 1 1 1
| eor fefef-f 00 1 1|

| = 1 1 1 1 1 f-91--01
| oo~ fedefe e 1 1 -
| semens) T f 0 1 1 1 1 |
| oopeec ) fed § 4 ¥ FeF |

** OGS exported both the combined and multiple individual files shown in this test table

GIS Full Import

Table 3-5 shows the results for the importation of GIS instance files which were provided
by GE. Thefilesimported had passed one or more validations and were believed to have
good integrity. The GIS instance files contained at |east one occurrence of each CIM
class and attribute contained in the CDPSM profiles used by the GIS system.

Table 3-5 Full Import — GIS Model

4.3.1 GIS Model Import

I . R
I N R
TN I R R

I W N WG
IR N N R
TR N R R
I W N W




CIM/XML Interoperability Test Results

Test Model Used CIRC CIRC-A CIRC-F

R N R N

Interoperation

This section documents the pairs of vendors that were able to demonstrate interoperation
viathe CIM XML formatted-model file.

Table 3-6 shows the results for the interoperability testing. The primary objective of this
test was for a participant to successfully import a power system model exported by
another participant. The rows show the results of the interoperability test for each
participant. Each column represents afile available for testing. These files were
previously exported as part of the Basic Export test above (See Table 3-4).

These tests demonstrate true interoperability by exchanging CIM XML documents
produced by different participants. A Passindicates that a pair of vendors successfully
demonstrated the exchange of a power system model file using the CIM XML format.
The specific modd file exchanged is aso identified.

All participants with functionality to export afile did so and then made that file available
for other participants to import.

The table below shows the vendor pairs that were able to interoperate successfully by
exchanging at least one sample model file.

Table 3-6 Interoperation (CIM XML Document 2)

Test 4.2.4.1.1 Import CIM XML Exported file

Procedure

Participant

Importing el EDF Exports €= SUpElEE OGS Exports
File Exports Exports Exports

P-C10

P-AIGUE
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Test 4.2.4.1.1 Import CIM XML Exported file

Procedure

Participant

Importing el EDF Exports €= SUpElEE OGS Exports
File Exports Exports Exports

P-AIGUE P AIGUE
P-C10 b.C10
P-AIGUE || P-URBAN
Oracle p.ureAN 1 p.oP2011 P-AIGUE P-URBAN
P-IOP2011
P-RURAL b RURAL
P-CIRC

I I N T I
s [rmoue [rere [ Jrooos|
I I N R
I I N T R R

Incremental Model Update

This section shows the results of the incremental model update tests. Alstom, OGS, EDF,
SISCO, and Supelec participated in these tests. Table 3-7 shows the results of the
incremental model update testing. The results are grouped according to the type of
incremental model update tested: Add a Substation (which does not change the Power
Flow) and Modify the model sufficiently that the Power Flow is changed. These arereal-
world applications of the CIM/XML Incremental standard.

EDF provided CIM files that could be used for incremental updates, based on
AIGUE
1_CREATE_LOAD
2 CREATE_NODE
3_CREATE_LINE
5_MODIF_POSITION
| 7_DELETE_LOAD

Import/Export Incremental Updates and Merge with Existing Base Model

Alstom, OGS, and Supel ec each successfully exported incremental update files. At least
one of the files added a substation in the middie of aline and at least one of the files
modified the model in such away as to cause the Power Flow Solution to change. These
files were used by other participantsin this IOP.

Half of the participants successfully imported one or more incrementa update files. The
import test required a participant to import an incremental model update file, correctly

3-9
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parse the file for model changes, and apply the changes to a previously imported and
stored base model file. The revised model was reviewed in the importing product to
validate the change was correctly interpreted and applied to the existing model. Thistest
validates interoperability using the difference file specification for incremental model
updates.

Thetest validated that additions, deletions, and modifications to base models can be
handled with the incremental update approach, aslong as alogical sequence of actions
arefollowed.

Table 3-7 Incremental Model Update Testing

Test 4.4.1/3 Export 4.4.2/5 Import Incremental
Procedure Incremental Update Update

Incremental Substation or Substation or Change Power
Update Type No Chg. To No Chg. To Flow
Power Flow Power Flow

ALSTOM P-AIGUE P-AIGUE P-AIGUE_OGS || P-AIGUE_OGS

EDF PE-C10_Supelec P-
P-AIGUE_OGS N AIGUE_Supelec
P-AIGUE_OGS
P-AIGUE P-AIGUE J P-C10_Supelec }| P-C10_Supelec
P-C10_Supelec § P-C10_Supelec
P-C10 m P-AIGUE_OGS J| P-C10 Supelec

Power Flow Solution Testing

Alstom, EDF, OpenDSS, and Siemens executed Power Flow using EDF s C10 or AIGUE
files. EDF and Open DSS were aso able to import and run aload flow on amodd file
that had been previously imported and exported by another participant.

The contents and format of the power system model files exchanged with the CIM XML
file representation are adequate for running power flow applications; however, thereisa
need for more definition and conventions before the Power Flow solutions will match
closely enough to be considered a validation of the file exchange.

During these tests, the following conventions were written:
CIM IOP Test 2011

Definition of Power Flow Parameters:

Psack i [MVA] = Power at the Transmission Network (Slack) interconnection point to the distribution
network

Poc_i [MVA]= Power generated from one distributed generator inside the distribution network

PLoss [MVA] = Sum of all loads (active power) in the distribution network

3-10
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Total Generation =3 Pgack i + 2 Poa i
Total Load = P g + PLosses

Total Shunt

Total Losses

Psiack= Y Proad i - 2 Ppc i + PLosss
Qsiack = 2 Quoad i - 2.Qpa i + QLosses

PowerFlow Result from C10 EDF V1-1-C15 with PSAT
active [MW] reactive [Mvar]

Total Generation 29,494 16,188
Power_Slack 28,593 6,434
Power_DG 0,901 0,360
Total Losses 0,149 2,294
Total Shunt 0,000 9,394
Total Load 29,494 16,188

The validation process included the review and comparison of the number of islands, the
total generation, the total MV ar, the total load, the total losses (verified that total loss +
load = generation), the number of generators and the number of loads for each solution.

Table 3-8 Solution Test Results

Test Number 4211 4241
Import doc-1 Import doc-2

ALSTOM
P-AIGUE
P-C10_EDF P-AIGUE_OGS P-AIGUE_OGS

P-C10 P-C10 P-AIGUE_ OGS || P-AIGUE_0OGS
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Test Number

OpenDSS

4.2.1.1
Import doc-1

4.2.4.1
Import doc-2

P-AIGUE_OGS
P-C10_OGS
P-URBAN_OGS
P-RURAL_OGS

P-AIGUE_OGS
P-C10_OGS
P-URBAN_OGS
P-RURAL_OGS

P-AIGUE_ALSTOM
P-CIRC_Supelec
P-URBAN

P-AIGUE_ALSTOM
P-URBAN_ALSTOM
P-AIGUE_OGS
P-C10_OGS
P-URBAN_OGS
P-IOP2011_OGS
P-RURAL_OGS
P-AIGUE_EDF
P-C10_EDF
P-URBAN_EDF
P-IOP2011_EDF
P-RURAL_EDF
P-AIGUE_Supelec
P-CIRC_EDF

P-C10_OGS_Supelec
SISCO P-AIGUE_ALSTOM
P-CIRC_EDF
P-AIGUE_OGS

Unstructured Tests Procedures & Results

Two participants executed unstructured tests — Open Grid Systems (OGS) and EDF
R&D. The section below describes the tests that were executed. If the test used a current
test procedure, that procedureis referenced. If the test isfor an entirely new procedure,
the procedure steps are included with the results.

There are two unstructured tests completed by OGS. The first test proved that OGS can
adequately combine multiple Profile filesinto a single combined Profile file for each type
of file needed. The second test imported a Graphics Display Profile and used it to
generate displays.

3-12



CIM/XML Interoperability Test Results

The unstructured test provided by EDF was the use of state variable profile (61970-456)
to export load flow calculation.

Unstructured Test 1
OGS performed the following unstructured test sequences to combine multiplefilesinto a

single Profile:

1. Create a combined model instance file using:

a
b.
C.
d.

C10_EDF V1-1-C15 Asset
C10_EDF V1-1-C15_Electrical Properties
C10_EDF V1-1-C15_Functiona

C10_EDF V1-1-C15_Geographical

Which resulted in the C10.XML file
2. Create acombined model instance file using:

a
b.

C10.XML
C10_EDF V1-1-C15-Topology

Thisresulted in the C10 TOP.XML file.
3. Created acombined model instance file using:

a
b.

C10_TOP
C10_EDF V1-1-C15_StateVariables-|OP

Thisresulted in the C10_ TOP_SV.XML

4. Used the above model instance files to derive the State Variable values and the
topology vaues for the SV and TP instance files:

a

b
C.
d

128 SV INJECTION,

. 156 SV POWERFLOW,

128 SV VOLTAGE

. Each topology node has now voltage and angle, discovered on terminas P

& Qvaues

NOTE: C10_TOP_SV_OGS. XML is on the server + screenshots

Unstructured Test 2
OGS performed a second unstructured test sequence to demonstrate the Geographical

Profile:
1.

Imported a Geographical Profile from the AIGUE_EDF _V1-1-C15.xml
model.
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(The graphics profile of EDF files areimported on EDF Tools Prao, and
MatlabPsat, see EDF annex)

2. Demonstrated Geographical View.

|y AIGUE_EDF_v1-1-C15.xml &5

Types (004 %4 v | Imstances 2@ 1

[@ACtinesegment (280

@ pasevoltage (2)
sy ®
[E] sreaker (8)
5 susbarsection (2)
[ connectivityNode (394)
Coordinatesystem (1)

[ EnergyConsumer (101)
Encraysource (1)
[Jceneratingunit (4
GeographicalRegion (1)
70CIMVersion (1)
Eiunction 75)
B utecycienate 1y
Elune 226

{ LoadBreakswitch (107)
Location (762)
[ rame 026)
ameType (3)
[ NameTypeauthoriy (1)
[ Positionpoint (1303)
PowerTransformer (1)
[ErowerTransformertnd )
B PowerTransformerinfa (1)
Wrseryee )
[EshuntCompensator 13
[E subGeographicalRegion (1)

Wwireinfo (280)

type filter text

T (Terminall 73002E0004 JUN_TER
>

> [ (Terminal] 73002€0011 JUN_TER
» [ Terminall 7300260501 JUN_TER
Q.

r (Terminal] 73002P0011_1_EQ_TER
[Terminal] 73002P0012_1_EQ TER

vl . [Terminal] 73002P0013_
L.

» [ (Terminall 73002P1005_1_CM_TER
» [ [Terminall 73002P1008_1_CM_TER
» [ (Terminall 73007E0004 JUN_TER

+ i (Terminal} 73007P0004_1_EQ_TER
» [ (Terminall 7300790005_1_EQ_TER

ﬂ'srmma\i 73007P0012_1_EQ_TER
5B Torminatt 23nn7enn14 1 F0 TR

La 1 Map Loaded

Lo Gron. BoVilard —forét communele
222 sites, 226 lines =

e banvlard

Les
2 g3 Pemeres
Famo| _?1

Bourg euf - pozs
uf

Les Berre

dhiguetelle

~
foret communale
de bomilaret

Monigiben %

Chamou-sur.Gelon A o

betton-8d fonet
Villard-{ e Loty Le Molard
Montsapey
Rache

poet foret de
-) montgiber
~damp-Lauren =5

Glapigny, Le Pontet

Sant-Georges des-Hurli: 25
La Cote.
o

Bourget.en-Huile Saint-Alban des HuT

Provendhtre Les 22

Sant-Piere.de-Believil

2
Les Toppiats
ere
foret de 2
pelain
i
Sant Leger

foretdu
cuchet

3. Selected main MV/LV Substation on Map and showed linkage to
corresponding AIGUE Substation using CIMphony browser.

" B I prapation | o Cimphony Gosgls ez iew 53

abesanas] 73237F0305
Isstuassins| 7332770208
I5s0s ) 7IEIP007
Iistiutesine] 7335770300
Isbisevas] F3IETROND

Itusatsl 7327260008
[setutaina] 7327200001
[Subiszatos] PRITIEON0H

| 73aTar0004

[ ey

CUEDN33_ACL,
15408504 MGUEDOES AL
I5sbautatins] CULTOIS_ACL T
ISsbssmroe) MGUEIE ACLD

[

4. Selected first line connected to AIGUE substation, identified as being
AIGUEOQOL Linein CIM data, containing two ACLineSegentsin CIM data
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Ry AIGUE_EDF_V1-1-Cls.xmi 83 = B |1 Properties | - Cimphony Google Maps View 53 B
Types instances ; clected
" ORI Bl v~ Line AlGUEO001
" ACneSeament @80 ype fiter text

[ (Line] AiGUEOOOT
(@) UUID = _fed6b68bdShE44259bd2b02a3eal
& name = AIGUE000L
» [ Location (1)
v [l tauioments (2)
»[@ (ACLinesegment] AIGUE00D1_ACL_1
» [ (ACLineSegment] AIGUE0001_ACL 2
» [ Region (1)
» [l (Uine] AGUEO0D?
» [ (Line] AIGUED0O3
> [ Line] AIGUEG004
> [ Line] AIGUE000S
» [ (Line] AIGUE000G
» [ (Line] AIGUEO007
> [ Line] AIGUE0008
» [ (Line] AIGUE000S
» [ uine] AIGUE0O10
» [ (Line] AIGUEDOLY
> [ ine] AIGUEGD12
> [ tine) AIGUE0013
> [ Line] AIGUEOO14
> [ tLine) AIGUEOO1LS
> [ (Line] AIGUEO016
I (Linel AIGUEOOL7

EJconnectiityhode (394)
Wl coordinatesystem 1)

[@JErergySource (1)
ceneratingunic ()
[ ceographicalRegion (1)

£C61970CIMVersion (1)
unction 75)
Hufecycledate ()
Bltine @25,

[ osduresisuicn (107)

Enametyee ©)
[ NameTypeAuthoriy (1)

@rowerTransformer (1)
[rowerTransformertnd @)
W powerTransformerinfo (1)

Selected line AIGUEQQ13, indicating 5 PositionPoints and rendering a

start point, end point and three intermediary points corresponding to CIM
data.

Ry AIGUE EDFVI-1-Clsoxml 83

{| Cimphony Google Maps View &3

e (14 % v | mances Sl e Sicbmons
" @ACUineSegment @50) e fiter text
easevolage (2
|
Ereater @ |
Esusbarsection ) I
onnectviyNode (334) |
Bl coordmatesystem 1) LUID - _fd74d076cc1d4 1d5a 97630 :
[energyConsumer 101) » @ PowerSystemesources () |
@energysource (1) positionpoints (5)
[ cenerstingunt &) [0 tpositontoint] _s7bas74efdbass] |
UUID = _57ba574efdbd 488897
@ xposiion - 6312436
Byunction 75) @ sequenceNumber - 5 L
5] fecyceDate (13 @ yposition - 45.522988
» ELocaton (1)

v [ [Positionpoint] _7dc77feB62a344:
WD - _7dc77fesbza3adzasa
@ xpositon 6312511
@ seavenceNumber = 4
(§9)yPosition = 45.52349

» ELocation (1)

v[B] tPositionPoint] _94cdo7b742a48C
@UUID - _4cdo7b742a450590:
@ xposiion - 6312895
@ sequenceNumber - 3
ElshuntCompensator (1) @) yposition - 45.523495
[subGeooraphicalRegion (1) » ELocaion (1)
Hsubstation 276) [0 trositionroine]_d205649911734¢
[@lsunchronaustiachine (4) @I - A>0564001 1724t

Selected line AIGUEQQL, then ACLineSegments->Termina -
>ConnectivityNode->ConnectivityNodeContai ner->Substation following
associations to within the AIGUE Substation. This was highlighted by the

AIGUE substation icon (dual-color) bouncing in the view when selected in
CIM data.
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CIM/XML Interoperability Test Results

Unstructured Test 3

The intention of thistest isto reuse a profile newly defined by IEC TC57 for transmission
purposes. After the CIM import, aload flow is run, and the load flow results are exported
in a StateVariable profile.

A snippet of the instance file using state variable profile is provided here after:

<?xml version="1.0" encoding="I150-8859-1" ?>
- <rdf:RDF xmins:cim="http:/ fiec.ch/TC57/2010/CIM-schema-cim15#" xmIns:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns#">
- <cim:Topologicallsland rdf:ID="#_ SIMUMAT_TI">
<cim:Topologicallsland.AngleRef_TopologicalNode rdf:resource="#_ND_BILAN_TN" />
</cim:Topologicallsland>
- <cim:SvVoltage rdf:ID="_42095E0004_TN_SVV">
<cim:SvVoltage.angle>-0.09711</cim:SvVoltage.angle>
<cim:SvVoltage.v>19.6481</cim:SvVoltage.v>
<cim:SvVoltage.TopologicalNode rdf:resource="#_42095E0004_TN" />
</cim:SvWoltage>
- <cim:SvInjection rdf:ID="_42095E0004_ TN_SVI">
<cim:SvInjection.pNetInjection>0</cim:SvInjection.pNetInjection>
<cim:SvInjection.gNetInjection>0</cim:SvInjection.gNetInjection>
<cim:SvInjection.TopologicalNode rdf:resource="#_42095E0004_TN" />
</cim:SvInjection>
<cim:SvVoltage rdf:ID="_42095E0008_TN_SVV">
<cim:SvVoltage.angle>-0.09683 </cim:5vVoltage.angle>
<cim:SvVoltage.v>19.6639 </cim:SvWoltage.v>
<cim:SvVoltage.TopologicalNode rdf:resource="#_42095E0008_TN" />
</cim:SvVoltage>
<cim:SvInjection rdf:ID="_42095E0008_TN_SVI'>
<cim:SvInjection.pNetInjection>0</cim:SvInjection.pNetInjection>
<cim:SvInjection.gNetInjection>0</cim:SvInjection.gNetInjection>
<cim:SvInjection.TopologicalNode rdf:resource="#_42095E0008_TN" />
</cim:SvInjection>
- <cim:5vVoltage rdf:ID="_42095E0018_TN_SVV">
<cim:SvVoltage.angle>-0.09722</cim:SvVoltage.angle>
<cim:SvVoltage.v>19.6198</cim:SvVoltage.v>
<cim:SvVoltage.TopologicalNode rdf:resource="#_ 42095E0018 TN" />
</cim:SvWoltage>
<cim:SvInjection rdf:ID="_42095E0018_TN_SVI">
<cim:SvInjection.pNetInjection>0</cim:SvInjection.pNetInjection>
<cim:SvInjection.qNetInjection>0</cim:SvInjection.gNetInjection>
<cim:SvInjection.TopologicalNode rdf:resource="#_ 42095E0018_TN" />
</cim:SvInjection>
<cim:SvVoltage rdf:ID="_42095E0019_TN_SVV">
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4 SUMMARY OF IDENTIFIED ISSUES

One of the primary objectives of the Interoperability testsis the identification of any issueswith
the Standards, the CIM XML messages, or the Test Procedures themselves. The vendor products
tested in the 2011 OP exposed no interoperability issues among the eight products tested. The
success of thistest effort reflects vendors support for the standards, the standards activities, their
careful implementation and the careful planning of the tests by the 2011 I0P Part 4 and 13 Test
Team.

No outstanding issues surrounding the test models, the standards or the vendor tools were
identified during this test. Neverthel ess more time would have been necessary to run load-flow
calculations. Some issues were found regarding Mandatory/optional attributes, depending on the
applications. Thus some applications require some data value for some attributes, and default
values can conduct to wrong results.
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IMPLEMENTING STANDARDS AT A UTILITY

This report describes how off the shelf products can interoperate viathe use of standards.
However, the deployment of interoperable productsis only one aspect to using and maintaining a
standards based infrastructure. Other key issues, which absolutely require a utility’s attention
include:

Data engineering: Almost all existing data and systems at a utility do not use a CIM mode! or
the GID interfaces. Consequently, deployment of the standards requires that a utility first
analyze how existing data and systems will be modified, wrapped, or replaced. The single
largest task isanalysis of existing data and mapping that data to the CIM. For example,
consider a database containing work orders. The CIM includes awork order related classes
and properties. How is alegacy database containing work orders exposed? An analysis
needs to occur that describes how legacy database tables relate to the CIM. It isimportant
before embarking on a CIM project to make sure that the task of working through of the data
engineering issuesis fully planned for.

System engineering: One of the key benefitsin using the CIM isthat it rationalizes utility
datamanagement. That is, data meaning is more clearly defined and data redundancy is
minimized. Central to system engineering is determining “data ownership” - what systems
are supplying and/or consuming CIM data. System engineering also includes deciding what
GID interface shall be used to expose the data. Frequently, a utility will have redundant data.
Careful analysis needsto be done to discover who should maintain that datafor the rest of
the utility and how it will be accessed. Data engineering and system engineering are
complementary and should be done at the same time.

Organizational changes: Experience has shown that the data and system engineering tasks
should not be taken lightly. Frequently, dealing with data and system engineering issues will
reguire the establishment of a new organization within a utility for the purpose of overseeing
data and system engineering. Typically, this organization will consist of power system
engineers who are more familiar with dataand I T support engineers who are more familiar
with database as well as integration techniques and technology. All engineering need not be
done by this group, but it isimportant to coordinate this activity across the utility. The group
needs to work at the outset of any project to plan and manage the maintenance of the CIM
data and system architecture.

There are severa other key elements that should be taken into consideration when implementing
the |EC standards across the enterprise. These include, but are not limited to:

(1) Do not attempt to implement the standard across the entire enterprise in a single project.

Plan afull vision that includes the full enterprise and have a schedule and budget plan that
will provide the foundation for this effort.



Implementing Standards At A Utility

(2) After thevision isdefined, break it into project phases that can be completed in asingle
budget cycle and that will bring value to the organization.

(3) Be prepared to modify or create new Business Processes to embrace and enhance the new
architecture and software that is implemented.
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6

FUTURE INTEROPERABILITY TESTS

Good progress was made during the CDPSM 2011 Interoperability Test on severa fronts.
However, additional testing is needed to validate the many resolutions reached as a result of
testing, the update of the standards in the future and the issues that still need resolutions. Future
Interop tests should concentrate on the following areas:

Vaidation of all IEC standard changes.
Testing Solution Exchange only (State Variables Profile)
Add State Estimation exchange tests.

Work to generate asingle profile that will work for Balanced and Unbalanced modelsin the
Transmission and Distribution space.

Exchange and Test other Profiles.

Work on defined test models including defined test resultsin order to alow easier
comparison of the results. Those test model's should of course be available ahead of the IOP
schedule.

Future interoperability testswill, of course, till include opportunities for new participants to
complete the tests used for this interoperability test or previoustests.






A

APPENDIX: PARTICIPANT PRODUCT DESCRIPTIONS

This appendix contains descriptions of the different products used for the interoperability tests.
The product descriptions were provided by the individual participants.

A-1



Appendix: Participant Product Descriptions

Alstom Grid e-terraSource

For the 2010 Interop, Alstom Grid tested a pre-release version of e-terrasource version 2.0,
which is the model management product that will support CIM model exchangein Alstom Grid
deliveries going forward.

Product Summary

Both the utility industry and the I T industry have changed considerably in the last decade. These
changes drive the need to redefine how model management is carried out in utility operations.
On the utility business side, security and market analytical functions (state estimation,
contingency analysis and others) are now mission critical functions because of deregulation.
These functions will not operate to required levels without high-quality large-scal e regional
network models, which are very challenging to assemble and maintain. On the IT side, enterprise
integration is now a dominant trend, and one of its goalsis consolidation of modeling such that
any given item of datais entered only once within the enterprise.

The e-terrasource product is atotally redesigned and rebuilt master modeling system that
responds to these trends. It performs all the traditional model management functions for Alstom
Grid’s EM S offering, but includes the following new scope:

e CIM information model. Conformsto CIM interface standards and maintains full
information equivalency with CIM structures.

e Multi-user environment. Concurrent, independent activity by any number of modeling
personsin dispersed locations is supported.

e Graphical edit. User interface includes viewing and editing of the model in schematic form.

e Schematic displays. Power system schematic displays for EMS may be maintained as part of
the modeling process.

e Effective dating and future models. Plans and proposed changes may be captured in work
projects and scheduled in time. Models can be generated for any point in time.

e Model authoritiesand model exchange. Support isincluded for CIM model exchange and
for the new CIM model authority processes for cooperative modeling of an interconnection
by its constituents.

e Multipletarget systems. The product is designed as a common modeling source — thus
EMS, Market and Planning systems, for example, can be supported from a single model.

e On-line model change. Interfaces are provided for support of on-line model update within
target systems such as EMS.

e Metadata driven. The product implementation is metadata driven so that the core CIM
models may be extended without requiring a new product release.

e Multiple names. Remembers names when different targets use different names.

e Work management. Status of work projects can be tracked through stages of development,
approval and installation. Full audit trails of modeling and installation activity are provided.
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NETWORK MANAGEMENT SOLUTIONS

e-terrasource

The power to model

ALSTOM Grid’s worldwide transmission Network Management Solution:
The CIM power system modeler for EMS

e-terrasource provides:

® A single, enterprise view of the power
systern, appropriate for transmission,
distribution, generation and market
systems, in past, present and future time
contexts.

o A modeling toal designed with participation
by real users, reflecting the best modeling
practices and productivity features.

® A new and innovative RDBMS approach
based on CIM standands from TCs7.

An integration-ready design compatible
with CIGRE D224 information architecture
concepts.

Business challenges

e-terrasourceis 2 new tool for power
system modeling, where utilities are facing
increasingly complex data management
Issues:

# Systern models are very large and complex
power systems that are difficult and
expensive to produce, debug and keep up
to date.

® Accurate analysis demands accurate

madels. Appropriate situational awareness

cannat be achieved without quality models.

# Evolving systerm models are needed to
support real-time, forward planning and
post mortem tima contexts, at both the

ransmission and distribution levels.

Systern medels chould be chared betwesn

different applications to save labor and

minimize discrepancies in the models.

« Transmission and
Distribution System
Operations and Planning

- Regional Transmission
Organizations

- Market and Generation
Operations

- Utility IT Integration &
Architecture Departments

GRID ALSTG}M ‘ MMAMM fﬁe.ézabm
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NETWORK MANAGEMENT SOLUTIONS | e-terrasource

Use cases for Alstom Grid’s new
e-terrasource modeler:

Traditional modeling for EMS takes a
big step forward

If you are 3 utility considering buying an Alstom
Grid EMS or upgrading to 2 new vession of an
Alstom Grid EMS, you may only be looking at
maodeling in its traditional support role.

e-terrasource is the modeling application

that will be supplied with all new Alstom Grid
systems. |t provides state of the art modeling
features that will improve your ability to
develop and maintain the complex power
system models that are required for operational
success. Some of the particularly useful new

features include:
» the ability to edit the modsl schematically

& the mult-user work environment

# the ability to manags the evolution of the
model over time

. s Figure 1 | Inthe graphical modeling environment of e-terrasounce, new structures
Coordinated transmission models for an model are added and connected via convenient visual editing facilites.

interconnection

If you are part of an interconnection populated
by many transmission owners, as is the case
with most major utilities and regional security . - . . o s
organizations, then you share the problem that Verson -2 Verson N-1 Today

your anahytical models must cover not only Modeling A

your territory, but also the territory of other

entities in the interconnection. Model data

A ARy

Planned changes

Z—e
!

Set concepts ariginating from its CIM design, Operations User 1 - Activity 1 Manning User 1 - Activity 2

e-terrasource supparts natively CIM bazed

exchange becomes a key reguirement of your
operation process.

The |EC CIM standards organizations have
developed 2 solution to this problem that
can be implemented in any interconnection
for either operations or planning or both,
consolidated. Thanks to the Mode! Authority

model exchanges and model merges with any Figure 2 | Past, present and future views of the power system can be managed concurrently
kind of CIM compliant systams. thanks to the advanced temporal modeling in e-terrasource.
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NETWORK MANAGEMENT SOLUTIONS | e-terrasource

Modeling as a focal point of IT integration

If you are 3 ublity embarking on Smart Grid enterprise architecture, there
are a few concepts that you may be thinking about:

® Enterprice message bus

» \ebzervices

» Canonical data models for semantic consistency
e The IEC TCs7 CIM standards

» The CIGRE Dz2.24 reference architecture

» [Data mastership and enterprise information flow

Az 3 long-time player in the power system space, Alstomn Gnd has been
at the center of efforts like CIM and CIGRE Dz _24. \We understand
these efforts 2nd we have decigned the e-terrasource product for these
standards. In particular, e-terrasource is designed to serve as a central
enterprise component for coliecting and distributing a comman view of
the power system (past, present or future) in standard CIM form. This
enables applications to exchange business information about the power
system using a common reference point.

Extending models via e-terrasource meta-data driven schema

In 2lmost any situation where you use a modsler, you may have the
need to extand the kinds of data being managed beyond what is required
by the Alstom Grid EMS, or beyond what is defined in the current CIM
standard. If so, you will need to be able to extend the schema of the data
that e-terrasource i managing. We have designed e-terrasourceto
make this a straightforward non-programming operation, thanks to its
meta-data driven schema.

operations

Broader,
enterprice-wids

COncEp

Figure 3:

e-terrasource

from muitiple

to single source modeling

in e-terra 02.24 system architecture

e-lerra
source

Modeling ‘
e

TENSMISsIon
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NETWORK MANAGEMENT SOLUTIONS | e-terrasource

EH

e-terrasource product summary

Key Concepts: The model repository # Property sheets show individual objects in
* A model is 2 representation of some real ® e-terrasource is 3 database application full detail.
world system, such as a power system, supported in Oracle and S0LServer. » Templates allow convenient insertion of

maintained over tme — i.e. past, present common patterns of objects.

; ; Supports a versioned storage of multiple
and future views are available. : : J
models obaying multiple schemas. * Project views show the operations

» A project s an annotated, dated collection encapsulated by a project.

; ) # Schemas for models are configurablz via
of changes to 3 maodel. Projects create .
e o7 metadata.

easy to use audit trails of actiity and,

when specified in the future, provide import and export / Integration

documentation of plans. Viewing and editing ® e-terrasource cooperstes with other
o Multiple workspaces support concurrent » Graphic adit provides 3 schematic _”"GdEh”.E sources viz CIM standard

i : ; T e e ohieds import / export.

independent work by multiple users. FEPrESENIINON OF POWEN SYSTEM ODjECts

= G and supports graphical insert, delete and » e-terrasource supplies sxtended CIM
® A full model may be divided into non- ; =

connection operations. models for deployment to targset systems.

overlzpping madel authority sets
maintained by different parties.

Trees provide configurable navigation
through hierarchies of mode! objects.

Grids provids tabular views with

¥ 5 aeped for any refance placed upon the mform ation contamed in ths brochure, Alspm reserves the rigit to reviseor

change $iese data at any time weshout further nosce. Prnted on paper made with pune ECF [Elemental Chionne Free) ecologcal o luiose praduied from trees grown in pmduction foress under responsiblie management. and selecied recycled three-laver fibnes

where these are mdicated. No Rabis

configurable filtering and sorting on
columns.

GRATHE A | B URT

%3 officens nor emoiogees aceEnt respo meiiity for or should be teken & makng any representaton or waranty {whe fer exgress or imygied

Alstom Grid Worldwide Contact Centre
wwwgrid alstom.com/contactcentre

bt it sxo0 | ALSTOM

ALSTOM Grd -NMS-Sgnid-e-terms oy roe-07.10-2380-EN - © 2020 Akstom, the Alzom logo and any aftemative version thereo ane tradem arks and senvce marks of Alsom, The other names memtioned, regstersd or not are the gropeny of their regpective

companies. The technical and other data contaned m fis docume it are prowided for eformation onky. Nesther Alstom,

o the acuracy or comp leteness of such data or the achevements of any pojected pedformance crig
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EDF

Appendix: Participant Product Descriptions

EDF R&D participated with three products (Gedeon, Prao, CIM API for Advanced DMS
function implemented using Matlab-Psat ) described hereafter.

GEDEON Database

Gedeon is an CIM Oracle Database which is used by EDF R&D in order to test the implementation of CIM mode in
arelational Database, from CIM UML model exported from Entreprise Architect.

Gedeon is used to import, export CIM instances files in global mode, import incrementa filesand apply itto a

global database already created from an import.

Gedeon as also an export facility which allow it to compare two versions of databases and to export their differences

in anincrementa file.

Version of Gedeon : v1.1
Version of Oracle: v10

PRAO Planning Tool

PRAO isthe ERDF MV planning tool.
Version of PRAO : 2.7

incipales PP1 Options 7

AIGUE Import

(SSIZED) RIR[EEE

Chaige totsle almeris (<V2) 521680
Charge totale coupée (<V4) |
Surcharge [KVA]: =i
Pertes totsles (k4] sz
(cort Fer) mo
Chute de tension mas (3 | B

C10 Import with load flow
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C10 Import with other load flow information

Load Flow results from Prao can be exported in an excel sheet. A snippet is given below:

RESEAU : C10 STRATEGIE : test ANNEE :0/30
DATE : 1/04/2011 HEURE : 15:35:33
Schéma normal calculé & P*max
Coefficient pondérateur IMAP souterrain : 0.8625
DEPARTS_DETAILLES
Marge Transit oo Long o Ko TS N . | Nb
Nom du 5 Min Segment & Marge TransitMin. | 219 |28 gecanyg ong. Aule | Long. 1Ot | 00 ikt | N, paints | N, arganes | points | organes | Wi departs [Boucls| Nb Bouclages
+ Libelle en contrainte encontrsinte || en contrainte !
Départ surla Principale sur la Principale &n cantraints (il taleco. teleco Ossafur| Ossature | enbouclage| 985 | avecautres départ
1{m) (m) Um) : S
I () teleco.
'F_VERCO014 |'STFER 4249.48|'F_VERD043 0 o [ 0| 182378 2 7 2 2 1 [ 1
'P_SALCODIO |'FIRMIN 4554.37|'P_SALO0TE i 0 o o] 120269 0 [l 0 i 1 o 1
Schéma normal calculé a P*max
Coefficient pondérateur IMAP souterrain : 0.825
DEPARTS

Nome | a Transformateur 30 | Cosinus | Transt | Longueur | Longueur | Nb Clients| Mb Clients| PsHTA | Surcharge| Pertes | Pertes Merge | Ouvragede | ChutedeT.| Ouviage de

Départ Ll QS HTB/HTA ) Phi (kVA) (km) | Agrien (km)| BT HTA (kW) (KvA) | J () | Fer(Kw)  Min (KVA) | Margemin | Mex (%) | Chute max
'F_VERCONT4 |'STFER |'F_VERBHTO0 [F_VERYO312 | 19.8476] 0.894427) 15250 11.289000] 0000000 804 4| 0.000000| oo0omeo| 3.117738| 0.000000| 4227.123047|'F_VERDO4Z |  0.374335[43184P0003
'P_SALCO0I0|'FIRMIN |'P_SALBHTO0 [P SALv0311 | 1.309084| 0.949629] 507.566772) 8349000  0.000000) 264 o] 0.000000) 0.000000] 0.816408) 0.000000] 4311.897461|'F SALONY 0.224621'43184P0018
Pertes | Pertes Marge | Cusageds | ChutedeT.| Ouvageds | lochin (B) vududépart | Noeudieohiin (B) | Tension | Lang, Soutenaing | Long, Toreads | Long Tofale | Lang, Soutenaing | Long. Aerisnne |,
S0 | Fer(kW) | Min (&vA) | Margemin | Max (%) | Chute max ) Regime Normal (k) (m) (m) Ossature (m) | Dssalure (m) | Ossature(m) |~ oProcustedrs
3117738 0.000000| 4227.123047|'F_VERDO42 | 0.374335('43184P0003 2263.00) '43184E0007| 20.000000) 0.000000 0.000000| 4351.000000 0.000000 0.000000|non
0.516406| 0.000000] 4311.897461)'P_SALO013 0.224521'43184PD019 1803,00) 143184P0012) _20.000000) 0.000000 .000000| _2722.000000 0.000000 0.000000|non




Appendix: Participant Product Descriptions
CIM API for MATLAB-PSAT

EDF R&D has developed aset of Distribution Automation advanced functions in the context of EDF R&D
Distribution Challenge 2015. These advanced functions are connected to a Scada System. These functions are
developed using MATLAB software and a CIM API has been developed to MATLAB in order to configure theirs
datausing CIM CDPSM profile.

The following picture describe the architecture :

Voltage Management Artvanced funciions
State Estimator <

%

Optimal reconfiguration eDF

MATLAB-PSAT o
CIM API

The MATLAB CIM-API is demonstrated during this |OP test through the EDF R& D Digi%al (Distrlbution Grid
Intellingent InTegrAtion Laboratory) platform where the MATLAB-PSAT prototype has been installed.

This CIM API isused during |OP test for test of the imports of C10, AIGUE files and to run aload flow in order to
compare the results with other products.

The following picture describes Digital and Matlab-PSAT product:

€] LaBoratomE =%

]

Qricsiots - © - B B €| Dot S @22 B-LOBHO

N cresse | €] hitpifidighta der ook frf [v] BYok  tens

Ccontack: ariclambe t@adffr

ENTREPOT DE RESE AU ETupes.
D SELECTION DE RESEAUX Deue ° code 110
i)prs

Dmo!

)Ew | Fle Edi Debug Desiton iindow Help

DT D 4 B@B o o Bl B 7 | curetDrectory: | CiProgram FlesWATLAET TworkPSAT 13 ef_couplewr_MATLABasc_PSAT
iLlos -

(7] How o &ddl 7] What's New

= L
58| w < | [eese 4
e Newton-Eaphson Method for Power Flow Computation

— Data file rogrem Files\NATLAET1\work)PSAT 1.3_et_coupleur HATLABsSc_PSAT\outi
DM viewer Writing file "fm call® ...

)WERCURY (STRATHCLYDE) PF solver: Mevton-Faphson method

DMERCURY (local Single slack bus madel

) STl T RS Ireration = 1 Haximun Convergency Ercor = 3860

v Ineravion = 2 Haximuwn Gonvergency Error = 0.010919

Dewsey Iteration = 3 Maximm Convergency Exror = 000012976

Ireration = 4 Hax trown Convergency Ercor = 4.00392-008

Pover Flow completed in 0.718 5

VISU & VALIDATION DE RESEAU

DEMONSTRATEURS. Current Drectory | Workspace |

. Writing the report Tile...
DEAR-RECONEIGURATION oceups wiag eherepore
DPRESENTAT[ON MULTISPEAK

#)DEMO MULTISPEAK (en chantier)

Opening the report file...

Report of Static Results saved in text file "C:\Program Files\MATLABTL\work\PSAT 1
i)SITR-INPACT 2 libre

; b1
DBITR-INRACT 3 L ©d PSAT_1.3_ec_coupleur MATLA

o

mATLABasc_to PSAT et_load flo
pud
e Ci\Program Files)HATLAET1\work\PSAT 1.3_st_couplewr NATLABasc PSAT

s
MATLMBase_to PSAT et_load flo
opud

1s |-

| > <

> 1s

B Terming 3 © Intermet
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-

AdAAAdid
| | ] | [ |
| N | | § ll

-

C10 primary substation

The MATLAB CIM-API allowsto import CIM files and to run |oadflow. EDF recommended to use
C10 whichisasmall MV network in order to be able to compare |oadflow results between tools.

Here after are shown asnippet the C10 Matlab-Psat |oadflow calculation results.

POWER FLOW REPORT

PSAT 134

Author: Federico Milano, (c) 2002-2005

e-mail: fmilano@thunderbox.uwaterloo.ca
website: http://thunderbox.uwaterloo.cal~fmilano

File: C:\Program
FilesMATLAB71\work\SIMULATEUR\Simulateur_de_reseauM#Fichiers de_traitements\SIMU_1\Reseau PSAT _
connexions

Date 30-Mar-2011 16:35:27
NETWORK STATISTICS

Buses: 129
Lines: 127
Transformers: 4
Generators: 1
Loads: 44
SOLUTION STATISTICS
Number of lterations: 4

Maximum P mismatch [MW] 0
Maximum Q mismatch [MVa] 0

POWER FLOW RESULTS
Bus \% phase Pgen Qgen Pload Qload
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[KV]  [rad] [MW] [MVa] [MW] [MVa]
42095E0004 19.6481 -0.09711 0 0 0 0
42095E0008 19.6639 -0.09683 0 0 0 0
42095E0018 19.6198 -0.09722 0 0 0 0

43184P0019 19.5554 -0.02731 O 0 0.116  0.03828
43184P0020 19.5646 -0.02736 O 0 0.014  0.00462
43184P0021 19.5852 -0.02715 O 0 0.022  0.00726

LINE FLOWS
FromBus ToBus Line PFlow QFlow PLoss QLoss
[MW] [MVa] [MW] [MVar]

F_VERB1000 F_VERCO0017 1 32835 17086 O 0
F_VERB1000 F_VERCO0033 2 4443 22215 1e005 1e-005
F_VERB1000 F_VERC0034 3 1769 08845 O 0

ND BILAN F VERBHTO0 130 246781 50366 26005 0.4249
ND BILAN P SALBHTO0 131 39152 13974 0  0.01765

LINE FLOWS
FromBus ToBus Line PFlow QFlow PLoss QLoss
[MW] [MVa] [MW] [MVar]

F_VERCO0017 F_VERB1000 1 -3.2835 -1.7086 O 0
F_VERCO0033 F_VERB1000 2 -4.443 -2.2215 1e005 1e-005

F_VERBHTOO ND_BILAN 130 -24.6781 -4.6117 2e-005 0.4249
P_SALBHTOO ND_BILAN 131 -3.9152 -1.3797 O 0.01765

GLOBAL SUMMARY REPORT
TOTAL GENERATION

REAL POWER [MW] 28.5933
REACTIVE POWER [MVar] 6.434
TOTAL LOAD

REAL POWER [MW] 28.4444
REACTIVE POWER [MVar] 13,5337
TOTAL SHUNT

REAL POWER [MW] 0

REACTIVE POWER (IND) [MVa] 0
REACTIVE POWER (CAP) [MVar] 9.3936

TOTAL LOSSES
REAL POWER [MW] 0.1489
REACTIVE POWER [MVar] 2.2939
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GE Digital Energy Product Descriptions

The Electric Office GI S application and the Smallworld GIS Adapter were the source of
the GIS network export models.

Electric Office

The Smallworld Electric Office™ suite for electric transmission and distribution isa
comprehensive platform that provides geospatial support for the electric utility asset
management lifecycle, from planning and design through replacement and refurbishing. Built on
the proven network technology of GE Energy’s Smallworld™ Product Suite, the Smallworld
Electric Office™ suite contains the underlying data models, industry applications, and
productivity tools required to support the essential utility operations.

More details can be found at:
http://www.gedi gital energy.com/geospati al/catal og/smal lworld office.htm

GE Digital Energy — Smart Grid Solutions

1990 West NASA Blvd Melbourne, FL 32904
Phone: (321)435-5120

Fax: (321) 435-5650

www.GEDigital Energy.com

Company Overview

GE Digita Energy, based in Atlanta, Georgia, is one of the world’ s leading suppliers of power

generation, energy delivery, and smart grid technologies for the energy industry including coal,
natural gas, nuclear energy, and renewabl e resource generation such as water, wind, solar, and

alternative fuels.

The Smart Grid Solutions business consists of Asset Management (design and planning services,
field automation & workforce management including GIS, Mobile solutions, Field force
solutions), Asset Control (Real time control systems for the management of transmission and
distribution networks — DM S, OMS, EMS, Metering & Sensing Systems, Smart Substations)
Intelligent Solutions (real time closed loop data analytics) and Solutions as a Service (Hosted
solutions and consulting services). The Smart Grid Solutions group, with operationsin
Melbourne, Florida, USA, Cambridge UK, Hyderabad India, Montreal, Canada and Livingston,
Scotland, is aleading global supplier of grid management solutions.

The Smart Grid business is focused on bringing together a unique and powerful collection of
skills, products, and partnerships that enable the Smart Grid and help utilities not only improve
their overall performance, but also realize tangible benefits in the areas of operational efficiency,
energy efficiency, customer satisfaction and environmental impact.

Operations
Founded: 1892
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Appendix: Participant Product Descriptions

# Employees: 300,000+
Saes: $155+ Billion

Key Personnel

Larry Sollecito, Vice President, Smart Grid

Sisir Padhy, General Manager, Automation

Claudio Cargnelli, General Manager, Marketing

Melvyn Ten, Product Line Leader, EMS (Melvyn.Ten@ge.com)

David Daly, Product Line Leader, DMS and OMS (David.Day@age.com)

Customers
EMS/DMSOMS: over 175 global utilities
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Open DSS

The OpenDSSisasimulator specifically designed to represent electric power distribution
circuits. OpenDSS is designed to support most types of power distribution planning analysis
associated with the interconnection of distributed generation (DG) to utility systems. It aso
supports many other types of frequency-domain circuit simulations commonly performed on
utility electric power distribution systems. It represents unbalanced conditions, stochastic
processes, and other aspects of electrical power distribution systems and equipment in far greater
detail than many other tools, including commercial products. Through COM and scripting
interfaces, other programs can drive OpenDSS in highly customized simulations, Monte Carlo
analysis, etc. Users can define their own models through dynamic linking, scripting, or
automation.

Electric Power Research Institute, Inc. (http://www.epri.com) uses OpenDSSin its research and
services work and continues to enhance the software. Earlier proprietary versions were used in
dozens of studiesfor electric utility clients, and in a Web-based wind power simulator at
http://www.uwig.org/distwind. There are several goals in making OpenDSS an open-source
project at thistime:

e Enhance the modeling capabilities available to government laboratories, universities, and
other researchers engaged in grid modernization work.

e Encourage interfaces between OpenDSS and complementary tools, such as communication
system simulators or model compilers.

e Encourage the adoption of items 1 and 2 into commercial products used by electric utilities.

e Encourage collaborative efforts between industry, government, and university researchersin
power distribution system analysis for grid modernization efforts.

e Provide a capable testing platform for data and object modeling efforts currently underway in
the electric utility industry, at http://cimug.ucaiug.org and http://www.multispeak.org.

OpenDSS runs on 32-bit Windows, and the programming language is Delphi
(http://www.embarcadero.com). The present version of OpenDSS is compiled with Delphi 2010.
Thereis aso a Free Pascal version of the program. Some of the supporting modules may require
a C++ compiler to build from source. Linux and 64-bit Windows versions are under
development. The OpenDSS software, documentation, source code, and examples may be
downloaded from http://sourceforge.net/projects/electricdss/, A BSD-new type of open source
license applies.
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(0, Open Grid Systems

Open Grid Systems
CIMPHONY

Vendor presentation

Open Grid Systems Ltd. is a consultancy and software company based in Glasgow, UK
providing services to the electrical power industry focussed on model-driven software
engineering, open standards and cutting-edge technologies. Open Grid Systems provides
expertise in the areas of data management, information modelling, data transformation, data-
exchange technologies, visualisation and power system network analysis software. We utilise
the power of open standards and model-driven architectures to provide modern, scalable
solutions to the challenges faced by utilities in the smart-grid enabled world.

Tool description

@ClMPHONv

CIMPHONY began as a research project in the University of Strathclyde and in its previous
incarnation was utilised at a number of EPRI and UCA-sponsored interoperability tests for
model validation. The new version isfully re-engineered, based on open-source software and
utilises the OSGi modular system and an Eclipse-based Ul to provide a multi-platform
framework for data management and power system analysis tools.

The core CiMPHONY modul es provide model -independent services for:

Data management and editing
OCL-driven validation
Model-driven transformation
Distributed database persistence
Graphical visualisation
Geographical export using KML

The model-driven architecture allows support for new formats and data models to be added to
CiMPHONY without requiring the core frameworks to be atered. Support is already in-place for a
number of data models including established open standards such as CIM (multiple versions
including ENTSO-E profiles), MultiSpeak and IEC61850; or proprietary formats such as PSSE
(v30-32) and extended standard models such as that used at ERCOT. Transformation and
validation services using these models are defined using OM G standard languages allowing the
rapid development of transformation mappings between data models.
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Multiple resources can be combined in dynamic working sets, supporting the ENTSO-E model
multiple profiles and authority set concepts. The workspace provides givesthe user the ability
to integrate, export, substitute, add and remove individual resources on an ad-hoc basis from
their dynamic working set.

In addition to the model management service,
CIMPHONY provides CIM and power-system 0@ v-0-u i
specific functiondity including the ability to sazs
execute |oad-flow simulations on balanced, three-
phase models using an internal power-flow engine,
and supports the export of these results using the
IEC 61970-456/ENTSO-E CIM XML State
Variable profiles. In addition atopology processor
module allows operational models compliant with
IEC 61970-452 to be imported and atopology file
(as defined by IEC 61970-456) to be created and
exported thus allowing an ENTSO-E compatible
planning model to be generated from an
operational CPSM model.

Load Flow Results

The CiMPHONY components can be deployed in a number of environments. an application library
for integration with other Java applications, web-services, command-line application; web-based
Ul; distributed, cloud-computing environments; or as a native, rich-client Ul utilising Eclipse
frameworks.

Therich-client Ul can be run on Windows, Linux or OS X. Aswaell as providing a Ul for the
validation, transformation, import/export and difference model functions, it provides an infinite-
tree model-driven browser and graphical editor with preliminary support for single-line diagram
creation and editing in a common Ul (with support for multiple data-models).

[Ry ENTSO-E 21K Bus Model 23 = E1)(5E Outtine [ Properties 53 \__ £4 | 5| 3> == EI]

& e [Ry ENTSO-E 16 Bus Model 33 o

%%~
=
|

Browser Interface with different hierarchical views
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Graphical Editor acting asa Single Line Diagram editor

CIM functionalities
CimPHONY currently supports the core functionality required for managing the exchange of CIM

dataincluding support for CIM v10-15 (plus v16 draft) and associated modules:

Full dataset RDF XML import/export
Incremental dataset Difference Model RDF XML import/export/generation and merging
Profiled importing and exporting and transparent inter-dataset dependencies
ENTSO-E Profiles and model authority set support
|EC 61970-452/456 CPSM Profile
IEC 61968-13 CDPSM Profile
IEC 61970-552 Header model support including dependency verification

Preliminary support for draft IEC 61970-453 CIM Graphics Exchange standard

CimpHONY will continue to support the latest versions of the CIM in addition to other IEC and
industry standards. Open Grid Systems is committed to continuing involvement with future

interoperability tests while supporting the international standards process through active
participation at the working group level.
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Open Qid Sygene

Open Grid Systems Ltd. is a consultancy and software company based in Glasgc
providing services to the electrical power industry focussed on model-driven so
engineering, open standards and cutting-edge technologies.

Open Grid Systems provides expertise in the areas of data management, inforr
modelling, data transformation, data-exchange technologies, visualisation and

system network analysis software. We utilise the power of open standards and n
driven architectures to provide modern, scalable solutions to the challenges fac
utllltles in the smart-grid enabled world.
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Model-independent Cimphony Browser with
infinite tree data navigation

The model-driven architecture allows support for new
formats and data models to be added to Cimphony without
requiring the core frameworks to be altered.
already in-place for a number of data models including
established open standards such as CIM 10-15, MultiSpeak,
IEEE Common Data Format and IEC 61850 SCL; proprietary
formats such as PSS®E (v30-32) and extended standard
models such as that used at ERCOT.

Validation services using these models are defined using
the OMG standard OCL language to deploy multiple
validation profiles that can be executed against the loaded

Support is

Cimphony is a model-driven
power system data management
application supporting a number
of power system data formats and
provides a modular, multi-
platform framework for data
management and power system
analysis tools.

The core Cimphony modules
provide model-independent
servicesfor:

e Data Management

e Data Validation

e Model-Driven Transformation
e Graphical Editing

e Geographical Network Editing

Data validation
integrated with
Cimphony Browser

J
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" Geographical Editor

\

The Geographical Editor provides a rich

= B[ Gpeery Gosgi v shew 51

Sebee

e L) AT

Google Maps driven interface for building,
editing and visualising geographical network
data within Cimphony. The editor is
integrated with the Cimphony Browser and
Validation views, with real-time
synchronisation between the interfaces.

The interface supports multiple geographical
coordinate systems; uses a template-driven,
plugin architecture to enable pre-defined
network components to be used to quickly
build networks; and supports IEC 61968-13
(Common Distribution Power System Model)

\

ENTSO-E 16 Bus network rendered in Geographical Editor

J

[ Sngle Line Diagram Editor

~

The Single Line Diagram Editor provides a

model-driven graphical editor with support
for the new IEC 61970-453 (CIM Diagram
Layout) standard. The editor can be used to
build new networks; edit existing network
diagrams or to visualise other diagrams
exported in a standard format.

o

|

: The editor integrates with the Cimphony
Browser to allow drag-and-drop placement of

"

i

K ENTSO-E 16 Bus network rendered in Single Line Diagram Editor

componentsfrom itstree view.

J

=
Model Driven

Transformation

i eresoe i B

\
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J

Network as CIM & PSS® Ein Cimphony Browser

Cimphony uses a model-driven approach to data
management, validation and transformation. Data
transformations are defined between models,
allowing complex data translations to be modularised
and defined independently of the source and target
serialisation formats (such as the IEC 61970-552 CIM
RDF XML standard)

Cimphony includes support for a number of
transformations between CIM, PSS® E, MultiSpeak and
KML including inter-version transformations for CIM.
New transformations are being added regularly along
with support for new meta-models and serialisation
formats.

J
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Siemens Product Descriptions
Siemens participated with the products Spectrum Power IMM and Spectrum Power DNA.
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Benefit from all the advantages of
central, consistent data management

The Spectrum Power Information Model
Manager (IMM) is a unique, proven and
tested tool for data modeling, data main-
tenance, and data exchange of power-
system-related models of any size utilized
on a worldwide basis. It provides data for
applications within energy management
systems (EMS) and distribution manage-
ment systems (DMS), for SCADA, for com-
munication with telecontrol devices, and
other company data. Spectrum Power
IMM is a central repository to efficiently
manage data compliant with CIM,

IEC 61970. The component makes all
grid data available for use — for current
operation as well as for planned future
modifications. Innovative functions like
time-based modeling provide an exact
overview of all previous changes and
their documentation along with an
outlook for planned future model ver-
sions based on the planned energization
dates. Spectrum Power IMM ensures
lasting data consistency within a hierar-
chical control center environment

Spectrum Power IMM — open and fully interoperable

Spectrum Power IMM
Smart data management in intelligent grids

through automated electronic coordina-
tion capabilities.

Your benefits at a glance

= Considerable savings potential through
central data management

= Openness and interoperability for the
component’s seamless integration into
the application environment

u Modern, user-friendly architecture

n Service-oriented architecture (SOA
interfaces) for easy integration into
the company platform via enterprise
service bus (ESB)

m Standardized model and information
exchange using CIM-XML/RDF format

= Multilevel security system for the
protection of all data

= Time-based models add the ability to
reflect the evolutionary nature of work
and allows getting the right data at any
point in time from past to planned
future horizons

Solutions for control centers and energy management

Answers for energy.

SIEMENS
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Key features of Spectrum Power IMM

Spectrum Power IMM gives your utility
asingle, central location to input and
maintain all of your power-system-related
data within a future-proof open and stan-
dardized tool. Profile-based import and
export of mass data or of incremental
data changes via CIM-XML/RDF format
are supported. Spectrum Power IMM thus
helps protect investments and further
expand them in a competitive manner.

Spectrum Power IMM is based on the
Common Information Model (CIM)

|IEC 61970. Control systems that are
based on CIM and its extensions accord-
ing to IEC 61968 (DMS) and IEC 62325
(energy market) provide an optimal basis
for IT integration. The CIM-conformant
database allows easy incorporation of
future information types — with all the
advantages for the long-term reliability
of the system:

1 easy, standardized data exchange

1 CIM data remains stable, and data
model expansions are easy to
implement

1 possibility of easier, faster, and lower-
risk upgrade or even migration of
existing data

low-cost interconnection of application
packages from different manufacturer
to a single system through plug and
play via CIM application interface.

Spectrum Power IMM is based on the
standard Microsoft® Windows™ PC plat-
form and a commercial relational data-
base (RDEMS) from QOracle®, This ensures
intuitive operation without the need for
user training as well as highly available,
highly performant data management.

Published by and copyright © 2010:
Slermnens AG, Energy Sector
Freyeslebenstrasse 1 Phone:
91058 Erlangen, Germany Fax:

For more infarmation, contact our
Customer Suppert Center,

+49 180 524 70 00

+49 180 524 24 71
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The component supports the three main
engineering workflows:

During graphical network display con-
struction, the associated CIM domain
data and grid topology is automatically
created

m

1 Powerful graphical templates and
libraries allow mapping of well-de-
signed graphical structures to existing,
optionally imported CIM domain cata
and grid topology

Spectrum Power IMM allows automatic
generation of network displays based
on existing CIM domain data and grid
topology. This significantly saves the
labor effort associated with manually
building displays and ensures the
consistency between the network
model and the operational schematic
displays

The right data model at any point
of time - for any purpose

Spectrum Power IMM provides synchro-
nized chronological model tracking from
planned future to past horizons.

All data changes are recorded with the
exact planned time of commissioning.
The respective time of commissioning
can be rescheduled in order to represent
deferrals of the respective construction
work within the grid in the data model.
Entry of a random future date and time,
as well as the data modifications to be
observed, allows deriving a model of the
system for that particular point in time
for any purpose.

Data version management and automatic
data model archiving facilities provides a
history of model changes. This enables
analyses and investigations in case of
operational incidents with the model that
was in operation at that point in time.
This enables more accurate and correct
conclusions of the analysis to be
achieved.
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Hierarchical data model management
within control center groups

Data changes at one control center with-
in a hierarchical control center group can
affect more than just one’s own system.
Generally, planned data changes must
be submitted, reviewed for regional and
supraregional feasibility, approved or
rejected, and then implemented at the
operating level. As responsibilities and
rights for the entire grid model are clearly
defined within Spectrum Power IMM,
these processes can be automated to a
wide extent.

Within a hierarchical group of control
centers, Spectrum Power IMM maximizes
transparency and process reliability:

m clear-cut responsibilities and user

rights

= faster availability of modified models

within the entire control center group

1 lower risk of inconsistent models and
increased data integrity

reduction of time-consuming and
labor-intensive manual processes

m conflict detection in model mergers

Spectrum Power IMM is open and com-
pletely interoperable. Sponsored by EPRI,
this has been validated in extensive requ-
lar interoperability tests with products
from leading suppliers of control centers
or components. With Spectrum Power
IMM, Siemens has passed these tests
from the outset.

Spectrum Power IMM is there to support
grid operators in their efforts to control
the grids in an intelligent, safe, and effi-
cient manner — today and tomorrow.

All rights reserved.

Trademarks mentioned in this document are
the property of Siemens AG, its affiliates, or
their respective owners,

Subject to change without prior notice,

The information in this document contains
general descriptions of the technical options
available, which may not apply in all cases,
The required technical options should therefore
be specified in the contract.
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Spectrum Power DNA:
future-proof solution for advanced
distribution network operation

The Spectrum Power Distribution Metwork
Applicatiors (DMAY suite provides the

too b req wired for the sdwanced operation
of distribution netaworks 3z well 5 for the
operational maragerment of fauks and
planred outages in these networks, They
increas« the reliability and efficie noy

of control centeropermtionand field
activities, minimize dow ntine, and
increzze weor K safety,

The Spactrurn Power DMA s uite
integrated in the Spactrumn Power
Diztribation Ma rage rent Swtern (DWS
Thanks to it service-oriented achitecture
500, the DMA suite Can ako ba
integrated with other DRMSIOMWES s yate e
Eing Enterprise Service Bus (ESB)

rnid dkwm re,

Infarration avaikble frormdistribution
autorration and autormated rmetering

t used b the DMA suite, which i

dezig ed toreetcurrentas well ==
evohving industry standads and tosatisfy
requbatory requirerients, This e kes

the DMA suite an essentim| compore nt

of ary srrart distribution grid solbation,

CHe Opr aon OF AEYIL

Benefits that speak for themsalves
Irnproved roonitoring and oontnalof the
distribution network with anaccumte
reabtire state of the nebaork

Ability to 2mzess networkl state in real
tirrwe for iretant ide ntification of
equiprient overloads, waltags limit
vioktions, losses, boops, pamlkls, and
cther =bnorral o pemting conditions,

Ability 1o evaluate and o prirally
s bect metwor K cont nol actions urder

= wid € variety of what-if conditions,

Irnproed real-tire secure ope@tion of
the distribution retwark in open loop
rmode orincheed boop rod e witha fully
autorated irmple mentation via SCADA,

Irnpronved faul location process, including
the coond iration withfield crews, and
acceberated restoration of service,

Irnproved fied crew safety and reduced
service interruptions,

Solutions for contno | centersand energy manager-ent

SIEMENS

Answers for energy.
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The Spectrum Power DNA suite comprises
two main functional areas: network
analysis applications, and network
optimization and planning applications.

Distribution network analysis
applications

These applications are used to determine
and assess the state of the distribution
network and to automate fault location,
fault isolation, and service restoration.

A mathematically robust tool for the
estimation of the real-time state of the
distribution network using all available
measurement results and load data
profiles. The application provides
improved results over actual measure-
ments and network state as determined
from SCADA measurements only, and
detection of certain measurement errors.
The application will also monitor and
alarm any real-time operational limit
violation.

An efficient and intelligent tool for the
evaluation of alternatives and strategies
for the real-time network situation, as
well as for studying planned configu-
rations under different load conditions
in the distribution system. It calculates
the state of the distribution network
elements to detect potential equipment
loading and voltage limit violations.

This application quickly identifies the
most probable location of electrical faults
in the distribution network. It evaluates
real-time data received from the feeder
breaker, reclosers, fault relays, and
indicators.

This application determines switching
actions which enable the operator to
efficiently isolate faulted areas of the
network and restore service to customers
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on non-faulted feeder sections - even
before repair work begins.

This application determines the impact
of faults as well as planned outages on
the security of the distribution network.
It simulates single, multiple, and cascad-
ing or conditional equipment outages
including that of distributed generators.

This application calculates fault currents
in the distribution network to determine
potential operating conditions and
network configurations that may exceed
circuit breaker ratings. It can also be used
to verify circuit breaker capacity and
protection settings.

Distribution network optimization
and planning applications

These applications are used to optimize
system operation while avoiding
potential system limit violations, to
restore security in the presence of
operational limit viclations, and to

plan optimal capacitor placement for

a secure voltage profile.

This application provides recommen-
dations for the control of transformer
tap changers and switchable shunt
reactive devices (typically capacitors) in
order to keep distribution feeder equip-
ment loading and voltages within defined
limits. Optimization options include the
minimization of power losses, demand
or reactive power, and the maximization
of revenue. The application can be used
in either automatic closed-loop mode or
user-interactive open-loop mode for
global or local optimization.

This application determines switching
plans and options for feeder reconfigu-
ration accounting for equipment loading
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limits, voltage limits, and feeder losses.
It can supply multiple prioritized plans
to the operator and is particularly
effective in Large Area Restoration.

This application determines the optimal
size and location of the capacitors in
the distribution network to minimize
power loss, undervoltage, and power
factor constraints. It is mainly used

for distribution network planning and
design.

An overview of the key features:

Availability of all applications in real-
time and study mode

Field-proven application suite used
with many distribution networks of
all sizes

Improved distribution transformer
load model

Automated fault isolation and service
restoration based on automated device
controls

Optimization of voltage profile,
network losses, and network
configuration

Interactive and automated creation
of switching plans to support work
and restoration activities

Easy integration with outage manage-
ment and distribution SCADA systems

Architecture and model-building tools
that support enterprise integration
with a geographic information system

Support of temporary operational
network changes such as jumpers,
cuts, and grounds

Support of multiple simultaneous
studies

All rights reserved.

Trademarks mentioned in this document are
the property of Siemens AG, its affiliates, or
their respective owners.

Subject to change without prior notice.

The information in this document contains
general descriptions of the technical options
available, which may not apply in all cases.

The required technical options should therefore
be specified in the contract.
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UIB Adapter for the OSIsoft PI System

Description

SISCO's Wity Integration Bus (IB) adapter for
the Pl Systern (PI) from O Slsoft combines the
power of the OSlsoft woarld-leading platform far
real-time performance  management  with  the
application integration and common infarmation
exchange model capabilities of SISCO's LB, The
UIB FI adapter receives mmodeling information,
such as a network connectivity model typically
maintained by a network modeling tool, EMS,
OMS, or GIS system; and avtomaticall configures
the Pl Module Database and Analysis Framewnork
far thoge points that are being historized by the FI
Server. The LIE Adapter organizes the Pl tags
within the context of models familiar to the user
such as ERPRI's Commaon Infarmation Model (CIY,
existing models from ather applications like GIS ar
EmMS, or a user-defined power system model
Changes made to the connectivity model are
delivered via the LB to the UIB Pl adapter, which
automatically creates the PIAF 2IMDB entries, and
Pl configuration needed. The B and Fl Systemn
provide & unigue cost saving solution for electric
utility users that minimizes manual reconfiguration
and data handling.

Features

O Warkswith customer defined madels, models
derived from applications, orindustry standard
models such as CiM, IECE1850, 15A, ete.

O Imports XML model definitions and netiark
connectivity information into the P MDB-AF 2,

O Can auto-creaste PI tag names based upon the
madel definitions.

O Supports model synchroniz ation hetween the Pl
and the power systerm models in other systems
to enable historz ation of these external model
changes within the Pl emvironment.

Benefits
o Yiew and search for Pl tags within the cortext of
familiar power system models.

0 Faciltatesthe development of reusable analxnsis
and display applications for Pl ProcessBook .

O Lowers configuration and maintenance costs by
providing automatic configuration updateswhen
changes are made to the system model.

0O Provides a common integration framewwark: that
eliminates costly point-to-point data
transformations and integration links.

O Leverages existing Enterprise Application
Integration (BAD and middieware products such
as |BM WehSphere and others to provide
maximum performance and flexibility for
integration with other enterprise applications.

O Support far industry standard models and ARl s
reduces costs for integrating utility applications
based on commercial EAL and middleware
software,



The need to Organize Tags

What tags
belong to
which
equipment?

The OSlsoft Pl Server organizes data as an array
of tags with history. Typically, users have
developed their own customized naming strategies
as a way of representing the relationship of one tag
to another tag. The tag relationships and model
information can be conveyed to the user of the
information that understands this naming strategy.
Relying solely on encoded tag names makes the
resulting displays and applications more highly
customized to that naming strategy. This can
increase the complexity and cost of developing
reusable generic displays and applications that
make use of the information.

To illustrate this, imagine that a tag for status
information associated with a breaker in an
AIRPORT substation is given the Pl Tag name of
AIRPORT_B1_001. Another breaker in the same
substation may have a tag name of
AIRPORT_B2_003. Even though the tags
represent the status of breakers, the unique names
create difficulties in developing reusable generic
breaker applications and displays.
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PI Analysis Framework

Now | can
see the
relationships!

Historized
Models and
Values

=]

The Pl Analysis Framework (AF) or Module
Database (MDB) allows model and relationship
E definitions to be defined. The SISCO UIB PI
L Adapter enhances the capability of Pl through
algorithmic and model centric population and
¢ maintenance of the Pl AF2 or MDB. The
Adapter allows for model relationships based
upon class hierarchy (e.g. a breaker is a type of
C switch) and instance relationships (e.g. a
breaker contained within a given substation) to
be visualized and maintained as part of the PI
c System.

The benefit, to the user, is that programming
based upon prior knowledge is minimized.
Consistent algorithms for displaying information
(e.g. Status) can be programmed in PI
ProcessBook instead of relying on hard coded
tag names. This will significantly decrease
application life-cycle costs (e.g. development,
c deployment, and maintenance) because it
reduces the number of unique displays and
applications that must be supported.

Anatomy of a Model

- Breaker32

Name

Properties
Aliases
ParentOf
ChildOf

Get
Set

Alias Name Pl Tag Name
Status AIRPORT_B1_001

Pl Module

Through modularization, object definitions are
created for each equipment type (e.g. Breakers).
Particular instances of breakers become Pl AF
objects with user assigned names (e.g. Breaker32)
and an alias (e.g. Status) that can be referenced to
the appropriate Pl Tag. Using the alias allows
applications to be written generically (e.g. for all
breakers) without requiring the prior knowledge of
the specific tags. The cross-referencing of the alias
to the Pl Tag can be done algorithmically resulting
in a reusable generic display or application.

ptions
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How it Works

SISCO’s UIB Pl Server
Adapter consists of: the
v AF2 & Model/Schema adapter itself and a
MDB sISco Definitions Process Book compatible

Pl ActiveX ActiveX Control. The
software allows for model

creation and maintenance
in the Pl AF2
automatically enabling
standardized or customer

Pl API

UIB Interface / XML defined models to be
used.
SISCO UIB Adapter Pl ProcessBook Adud Madel

Other Information Manual model creation
Applications and  maintenance is
the

performed through

Extemnal import  of  eXtensible
Model Markup Lan-guage (XML)
Repository Resource Description
Format (RDF) files whose

format has been

standardized within the
International Electrotechnical Committee (IEC). The two formats that have been standardized allow for
schema/model definitions and actual object instance information to be conveyed using XML RDF.

Automatic model creation and maintenance is enabled through the use of SISCO’s Utility Integration
Bus (UIB). Using the UIB with the Pl Server Adapter allows changes made in an external model to be
automatically delivered to SISCO’s Pl Server Adapter and to other non-Pl applications as well (e.g.
network applications, GIS, EMS, and others). The model repository can contain model information
relating to standard models (e.g. CIM, IEC, ISA, ...), customer defined models or models residing in
other applications such as GIS, EMS, PSS/ODMS, and other network modeling applications and tools.

The Result

Users of the PI MDB, and other PI MDB L
related tools, will have the ability to view the i Classes
relationship between measurements and ﬁ-%cim:[nstances
equipment. The SISCO UIB Adapter ; %cmeIass:Company
creates and maintains the various “@ cimlnstance: Utility1
relationships specified by the model Bkl cim: Utility1.Operates_PSRs
R % 2 B cimlnstance: Controlareal
definition. As a result, it is now possible for . )
a Pl MDB user to locate a transformer (e g [Z- cim: Controlareal Contains_Substations
- = cimlnstance: AIRPORT
TXAP) that |S_ contained Wlthm a SUbs_tatlon E cim: AIRPORT Contains_PowerTransformers
whose hame is AIRPORT without having to Fi cimInstance: TXAP

know the Pl tag in advance.
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About SISCO

SISCO, Inc. is a private company founded in
1983. We have offices in Michigan, New Jersey
and Alabama with engineering staff in other
locations as well.

Over the years SISCO has established itself as a
leader in several technologies. Today our
capabilities are used in a wide variety of industries
from automotive manufacturing to electrical and
gas power ftransmission, distribution and
generation systems. We work with both end users
and OEMs serving those end users. SISCO's
ability to partner with other OEMs and integrators
allows us to deliver more capabilities at a lower
cost resulting in better solutions for you. Today
SISCO has demonstrated leadership and
capabilities to provide solutions in the following
areas:

Message bus based integration technology based upon advanced publish/subscribe and
object oriented technology for enterprise integration of heterogeneous applications

Real-time communications and networking based upon open, public, and international
standards such as:

» Inter-control Center Communications Protocol (ICCP) per IEC60870-6 TASE .2
» |EC 61850 Substation Automation and Centralized Remedial Action Systems

NOTES: 1.) Specifications presented herein are thought to be accurate at time of publication but
are subject to change without notice. NO WARRANTIES OF ANY KIND ARE IMPLIED ON THE
INFORMATION CONTAINED IN THIS DOCUMENT. 2.) All company hames, product hames,
tradenames, and trademarks are trademarks or registered trademarks of their respective
companies. 3.) Some digital Imagery © copyright 2001 PhotoDisc, Inc.

Systems Integration Specialists Company, Inc.
6605 19Y5 Mile Rd, Sterling Hgts, MI 48314-1408 USA
Tel: +586-254-0020 Fax: +586-254-0053
Info@sisconet.com http:/fwww.sisconet.com
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Supelec

Supélec (http://www.supelec.fr) is a French engineering institute with a threefold mission:
degree courses, research & development, continuing education. It is the reference in its field,
electric energy and information sciences, with classes of 440 engineers graduating each year.

TOOL DESCRIPTION

CimClipse (http://wwwdi.supelec.fr/software/cimclipse) is a set of tools used within or based on
Eclipse or its plugins, used for CIM related tasks and released as Open Source as an Eclipse
plugin. Currently, it encompasses tools developed in the Computer Science Department of
Supélec with funding from EDF R&D. CimClipse is designed as a demonstrator of the benefits
of using Model Driven Engineering approach in the context of CIM tasks.

The tools currently available in the CimClipse plugin allow to:

- import and merge CIMXML files

- import and merge ZIP (as defined in ENTSO-E profile version 2) of CIMXML files (headers not
checked)

- display and edit objects and their attributes

- export data as CIMXML files

- check data against constraints expressed in OCL (Object Constraint Language). These rules
can correspond to a profile or can be defined by a company to enforce some business rules.

- apply incremental file to loaded data

- create incremental file by comparing existing data to a CIMXML file

OTHER TOOLS LINKED TO THE CIMCLIPSE OCL VALIDATOR

Other CIM tools are available on the CimClipse site that are either used inside CimClipse or
used to build it:

- Some versions of CIM models compliant with the UML2 layer of Eclipse

- Same versions of CIM models compliant with the Ecore layer of Eclipse

- Some model transformation tools used to obtain previous models

EXPECTED CIM FUNCTIONALITIES
The full support of sub-profiles (profile defines by several parts corresponding to different data
files) is expected for the next release.

CimClipse does not support the computation of load flow. A preliminary version for this task
exists, but is not adapted to ENTSO-E profile.
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TIBCO® IntelliIEDGE for CIM

Equipment and network topology represent critical information assets for network operationsin
the utility industry. While many efforts are currently underway to implement distributed real -
time infrastructure to support many smart grid initiatives, their successis largely dependent on
ensuring that critical equipment assets information is aligned internally and across the value
chain and delivered to people and systems alike in real time.

TIBCO® IntelliIEDGE for CIM solution manages the network equipment master data assets and
supports the necessary processes, policies and procedures to ensure that clean data stays clean.

Background

Headquartered in Palo Alto, Caifornia, TIBCO Software Inc. (NASDAQ:TIBX) provides enterprise
software that hel ps companies achieve service-oriented architecture (SOA), business process management
(BPM) and Business Optimization success. With over 4,000 customers and officesin 40 countries,
TIBCO has given leading organizations around the world better awareness and agility—what TIBCO cals
The Power of Now®.

Business
Optimization

Service-
Oriented
Architecture

Markets and technol ogies are changing more quickly than ever, so the ability to adapt is becoming a key
competitive advantage for large organizations, requiring:

o Real-Time Vishility: The power to see what is happening right now across your operations and
marketplace.

¢ Real-Time Understanding: The power to make sense of it al so you can understand devel oping
situations.

¢ Real-Time Action: The power to adapt immediately in order to seize opportunities, mitigate
risks, and avoid threats.
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Enabling PREDICTIVE BUSINESS®

TIBCO has huilt its legacy on integration and Enterprise Service Bus (ESB) technology and continues to
be aleader in developing solutions to support Service Oriented Architecture (SOA). In addition, TIBCO
isworking toward enabling a future in which organizations will have such a complete and current
understanding of their operations and markets that they can identify and address threats and opportunities
before they impact operations, customers or the bottom line. This future involves the theory of Complex
Events Processing (CEP) and the Master Data Management (MDM) within the enterprise. TIBCO has
delivered on this vision by evolving the following capabilities.

e The ability to discern meaningful patterns among countless discrete events which occur both

inside and outside the enterprise.

e The ability to seamlessly merge historical data with real-time information to aid in the
identification and optimal resolution of situations.

o Theability to apply extremely sophisticated rulesto automate the identification and resolution of
issues thereby avoiding human intervention.

e The ahility to manage data coming from al of your disparate systems and information sources.

TIBCO® Intel iEDGE for CIM

Equipment and network topology represent critical information assets for network operationsin the utility
industry. While many efforts are currently underway to implement distributed real -time infrastructure to
support many smart grid initiatives, their success islargely dependent on ensuring that critical equipment
assets information is aligned internally and across the value chain and delivered to people and systems
alikeinreal time.

TIBCO IntelliEDGE for CIM solution manages the network equipment master data assets and supports
the necessary processes, policies and proceduresto ensure that clean data stays clean.

The diagram in Figure 1 illustrates the component architecture for the TIBCO IntelliIEDGE for CIM
solution.
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6. Populate Semantic Model

Synchronisation
workflow

Approval workflow
Validation workflow

4. Populate Catalog with mode

5. Generate SemantiE‘ Model

(only "blessed" data)

7. Semantically enhanced
Monitoring events

Y

6. Real-time
Datal

Figure 1: Import flows in TIBCO InteliEDGE for CIM

In order to accelerate the implementation of a network equipment master data management solution,
TIBCO InteliEDGE for CIM provides the capabilities to quickly create and maintain:

e A master catalogue for all equipment types as defined within the CIM data model, generated from
CIM Profile definitions. The creation of such catalogues can be aggregated from multiple CIM
Profile definitions that describe different characteristics of the same equipment types.

e With the master catal ogue creation, validation and initialization rules are generated based on
constraint definitions as captured in the CIM Profile definitions.

e Rdationships and hierarchies between equipment modules, representing electrical connectivity
and topol ogy as derived from the corresponding CIM Profile definitions.
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e Batchimport definitions for each of the equipment types, facilitating out of the box import of
eguipment model data into the TIBCO catalogues by reading the RDF representations of both
Equipment and Topology datain CIM format.

o Reationship mappings for the batch import definitions, to facilitate the management of
relationshi ps between equipment elements when importing Equipment and Topology profilesin
CIM RDF format.

Technology Platform

For many organizations, the ultimate goal isto create an integrated enterprise. Service Oriented
Architectures (SOA) connect people, processes, and information by integrating systems and providing a
platform to develop new functionality while getting the most out of existing investments.

TIBCO's Master Data Management (MDM) provides the information management component —
ensuring that critical information assets and foundation for other solutions, is aigned internally and across
the value chain and delivered to people and systems alike in rea time.

The combination of SOA and MDM allows organi zations to be connected in real time at nearly every
level, from processing day-to-day activities to making strategic decisions. SOA augmented with MDM
provides the ability to take advantage of accurate up-to-the-minute data about equipment and topol ogy
and ensures that information is being properly managed and utilized throughout the organization to help
achieve business objectives.

TIBCO IntelliEDGE for CIM solution is built on a real-time event platform, allowing organizations to
respond to eventsin rea-time to take advantage opportunities or avert problems before they escalate,
through real -time notifications and automated corrective action.

Key Features of TIBCO® InteliEDGE for CIM

Information M anagement

e Master catalogue creation; aggregation from multiple data sources with survivorship; version
control.

¢ Management of relationships and hierarchies including across data domains

Matching and de-duplication through an advanced fuzzy match engine that uses human-similarity

algorithms rather than rules to determine a match

Images and unstructured information

Metadata import and export from Ul

Structured and context-free search

Role- and user-based access control

Business Collaboration

User-configurable data quality and business rules

Long-lived, stateful, cross-enterprise workflow

Out-of-the-box  workflow templates such as new equipment introduction
Data stewardship and exception handling

Universal Data Connectivity
e Bus-based integration (including non-TIBCO)
e Mapping and transformation
o Web service API for rea-time access to metadata, data, and application functionaity
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BusinessIntelligence and Analysis
o Process effectiveness visihility
e Detailed versioning, including version compare and roll back
o Full event history for data lineage tracking and auditing

Robust Architecture
¢ Redl-time event-based architecture
Zero client footprint
JM X -based monitoring
Multi-threaded parall€elization and caching for high performance access, loading, and workflow
Distributed enterprise deployment
Support for industry standard databases, operating systems, application servers, and EAl and B2B
platforms

TIBCO® IntelliEDGE for CIM Functionality

TIBCO IntelliEDGE for CIM provides areal -time event driven integration and management environment,
which delivers new levels of timely visibility and intelligence with respect to operational exceptions and
exception management for system operatorsin the utility industry. The solution framework facilitates real
timeintelligence for operations optimization and addresses the issue of sub-optimal asset condition
management and process execution efficiency that is part of the system operator’ s core business model.
The TIBCO IntelliEDGE for CIM solution framework leverages the CIM data model as a Common Data
Model in order to:
e Implement both import and export functionality, as well as event-driven integration of equipment
and topology data within the data life-cycle management workflows of TIBCO Collaborative
Information Manager to automatically integrate with transactional systems based on a CIM

derived common data model.

e  Support a solution based template to maintain the semantic data model based on CIM including
entities and relationships.

o Develop CIM based situational awareness applications built with TIBCO BusinessEvents which
delivers new levels of timely visibility and intelligence with respect to operational exceptions and
exception management for system operatorsin the utility industry.

Tools Linked to the TIBCO® IntelliEdge for CIM Solution

The TIBCO IntelliEDGE for CIM framework leverages the CIM data model as a Common Data Model to
accelerate the creation of real-timeintegrated and event-driven operations environment for utility system
operators. Within this framework the TIBCO solution works seamlessly together with TIBCO
ActiveMatrix BusinessWorks™, TIBCO Collaborative Information Manager™ and TIBCO
BusinessEvents™.
e TIBCO ActiveMatrix BusinessWorks™ - Thisisthe core of TIBCO's SOA/ESB product suite
and one of the leading service creation, orchestration, and integration products on the market. It

has been depl oyed by many companies worldwide and is the foundation for several of the largest
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mission critical service-oriented business applications in production today. Built on open
standards, ActiveMatrix BusinessWorks enables companies to expose existing systems as
services, build new services, and orchestrate and assembl e services into applications with little or
no coding.

TIBCO Collabor ative I nformation Manager™ - Thisis the core of TIBCO’s master data
management solution that enables organizations to manage their enterprise master data assets and
build and support the necessary processes, policies and procedures to ensure that clean data stays
clean. It allows organizationsto align master data across multiple business units, departments
and partners and synchronize that information with downstream IT transactiona systems.
TIBCO Collaborative Information Manager takes a process-centric approach to managing master
data by providing customizable processes to introduce, edit, and publish data.

TIBCO BusinessEvents™ helps companies identify and quantify the impact of events and notify
people and systems about meaningful events so processes can be adapted on-the-fly and people
can take action to capitalize on opportunities and remediate threats. TIBCO BusinessEvents uses
a unique model-driven approach to collect, filter, and correl ate events and deliver real-time
operational insight and is TIBCO' s solution for Complex Events Processing (CEP).
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CIMTool by Langdale Consultants

CIMTool is an open source tool that supports the Common Information Model (CIM) standards
used in the electric power industry. It is potentially useful for other semantic applications too.
CIMTool can be downloaded in several forms from www.cimtool.org. A presentation given at
the Austin CIM Users Group meeting explains the motivation for CIMTool:
CIMUGPresentation.pdf.

CIMTool lets you create and use profiles of alarger, globa information model. The global
model is generally the IEC Common Information Model with extensions. A profileisasmall
model used for specific application that conforms to the larger model.

CIMTool can:

read and merge CIM and local UML modesin XMI form

browse models and check inconsistencies

generate equivaent OWL ontologies

create and edit profiles

generate XML schemas, OWL and RDFS ontologies for profiles

validate instances against profiles (including very large CIM/XML instances)
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APPENDIX: TEST APPROACH AND DESCRIPTIONS

Test Approach

As stated in the test objectives, there will be three types of model exchange 1) CDPSM fulll
model data exchange tests using CIM XML-RDF files; 2) CDPSM Incremental model data
exchange tests using CIM XML-RDF Incremental files; and, 3) CDPSM full GIS model data for
exchange with aDMS system. Participants may perform one, two or all three of these exchange
tests. Full and Incremental models will be sufficient to allow a Power Flow solution to be
executed.

The CDPSM data exchange tests can be performed by participants with exchange adapters and
some type of display (tabular or graphical) to show the completion of the import. However, the
Solution tests will require the use of power flow applications to operate on the power system
models to calculate power flow solutions. These solutions will be used to validate the correct
transfer and transformation of mode! files between participants. The Solution tests may use the
same model files as the other model and data exchange tests.

Full Distribution Model Exchange Test

Each participant in this test will be required to (1) generate and export afile that conforms to the
standards for the model used and/or (2) import afile from another vendor’ s product and correctly
interpret the model data contained. The model files used will be the EDF and GE model instance
files prepared by the participants. These models contain at least one instance of the CIM classes,
attributes and relationships defined in the CDPSM profiles. These models will be available
before the formal testing begins to allow the participants to checkout and debug their software as
well asto discover any discrepancies or errorsin the files themselves.

Test Process

Figure 1 shows the process applied by the products under test to export and/or import CIM XML
files (also referred to as CIM XML documents). For export, an XML/RDF version of the CIM is
used by a product to convert a proprietary representation of the sample model file into a standard
CIM XML representation of that model. Separate XML tools are used to validate the format of
the file and the conformance with XML and the RDF Syntax.

For import, the product converts the standard CIM XML representation to the product’s
proprietary interna representation. Product specific tools are used to validate that the import is
successful.
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Participant cIM Participant
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Figure 1: Export/Import Process Basics

The sample modél file and files successfully exported by a participant’s product will be loaded
onto a storage device for use by other participants to test their import capability.

Testing will be accomplished in two parts. First, each participant’s product will demonstrate
correct import/export from/to the standard CIM XML/RDF format. Thiswill show compliance
with the standard. Second, each participant able to successfully export afile to the CIM
XML/RDF format will make it available for the other participants to import. Thistests
interoperability of different vendor’s products.

The basic stepsinvolved are illustrated in Figure 2 below. Each participant (Participant A in
Figure 2) will be required to import the CIM XML-formatted test files (CIM XML Doc 1) from
the storage device and demonstrate successful conversion to their product’ s proprietary format
(step 1). If the product has an internal validation capability to check for proper connectivity and
other power system relationships, that will be used to validate the imported file. If theimport is
successful, the file is then converted back into the CIM XML format (step 2) to produce CIM
XML Doc 2, which should be the same as the original.

For this test, the Test Witnesses will validate the files used on the participant computer or deliver
the files produced in step 2 to the validation station (where step 3 will be executed) and the
original will be compared to the file produced in step 2. In addition, the file produced in step 2
will be used as input to the Validation tools to validate that the CIM XML file meets the
minimum requirements defined in the CDPSM profile group.

If the files produced in step 2 pass the validation and comparison tests (step 3), Participant A will
have demonstrated compliance to the standard. The comparison test executed as part of step 3,
verifies that no changes are introduced in the process of converting to the internal format and
back to the CIM XML format.
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CIM XML CIM XML

Participant
A

Participant -
B _

Figure2: CIM XML Interoperability Test Process Steps

At this point the exported file will be loaded onto the storage device for another participant
(Participant B in Figure 2) to import and verify that the model imported is in fact the same as the
model initially stored in Participant A’s application (Step 4). Thisfinal step demonstrates
interoperability of different vendor’s products through use of the CIM XML/RDF standard.

Steps 2 — 4 will be performed on unmodified test files.

Participants will be allowed to correct deficiencies or errors found during testing and, if time
permits, retesting will be allowed.

Solution Test

The Solution test will verify the correct exchange and transformation of power system model
filesincluding generation and load through the execution of power flow applications.
Verification will be accomplished by a comparison of solutions before and after transformation
and model exchange, asillustrated in Figure 3.
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Figure 3: Solution Test Process

Test Process
The steps for this process are as follows:
(1) Participant A imports a sample power system model file (CIM XML doc 1) created by

another participant from the storage device and convertsit to aloca representation. The
imported model in the local representation is then validated using participant’s tools.

(2) Participant A then runs a power flow and records the solution results for later
comparison.

(3) Participant B imports CIM XML Doc 2 and converts to local representation. The
imported model in local representation is then validated using participant’s display tools.

(4) Participant B then runs a power flow and checks to verify correct operation.

(5) A comparison with Participant A’s results from step (2) and Participant B’ s results from
step (5) iscompleted. If the solutions match within a reasonable margin, thetest is
successful?,

2 The solutions of multiple runs of a power flow after exporting and re-importing from another
participant should result in consistent solutions, or with reasonable differences that may come
from model trandlation to local representation.
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Incremental Exchange Test

The incremental model update test will demonstrate the ability of products to accept small
changes to existing model files, rather than sending a compl ete replacement model file.

This test will use either the GE or EDF instance files, depending on the incremental filesthat are
used. The Test Participants may generate incremental filesthat will be used for thistest. These
fileswill be provided on a mass storage device by the Test Director. The format and syntax for
these files are described in IEC 61970, Part 552-4: CIM XML Model Exchange Format.

Test Process

The most redlistic testing isto have the incremental file produced by one participant imported by
another. Thistests the ability of the first participant to produce a correctly formed file with
correct resource 1Ds, and tests the second participant’s ability to interpret the file correctly and
apply it to the internally stored base model file. In the event that the participant is not able to
produce an incremental file, these tests may be executed using one or more of the pre-configured
files that are loaded on the mass storage device.

Each system participating in the incremental model update test needs to follow these steps:
(2) import the full model file and validate, then

(2) import the incremental file(s) for the model used, apply the updates to the base model
file, and demonstrate correct interpretation of the incremental file changes.

Due to the contents of the incremental file changes, there may be an import order that is required
to be followed. The exact order will depend on the incremental instance files use but a possible
order for multiple incremental instance files may be:

1. Peform al incrementa additions first
2. Complete all incremental modifications
3. Implement al incremental deletes |ast

Examples of changes may include the following:

1. change the value of some attributes on existing classes

2. add anew instance of aclass and enter attribute values for that class
3. deleteasingle leaf instance of aclass

4. delete an entire equipment class instance

GIS Exchange Test

The GIS exchange model test will verify the ability of the GIS system to produce a connectivity
model and the DM 'S system to import and correctly apply the model.

The test will use the GE connectivity model.
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Test Process
The steps for thistest are as follows:

(1) Participant A with a GIS system exports the profiles for the connectivity model and the
files are validated with one of the model validation tools.

(2) Participant B with a DM S system imports the GIS profiles and validates that the model
instance data is now stored in the internal representation.

(3) Participant B exports the model files and the files are validated with one of the model
validation tools to ensure the CIM XML files are correctly exported.
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