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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 403: Generic data access

008(E)

FOREWORD

1) Thellnternational Electrotechnical Commission (IEC) is a worldwide organization for sandardlat|on comprising
all pational electrotechnical committees (IEC National Committees). The object of bromote
intenational co-operation on all questions concerning standardization in the elegth yc fields. To
this |end and in addition to other activities, IEC publishes International Standargs)\Techuicak Spesifications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides 3 s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; an inferested
in the subject dealt with may participate in this preparatory work P hd non-
governmental organizations liaising with the IEC also participate in borateg closely
with| the International Organization for Standardization (ISO) in @ccords ined by
agrdement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical mat s R arIy as possible, an |nter|nat|ona|
congensus of opinion on the relevant subjects since eac from all
inteflested IEC National Committees.

3) IEC|Publications have the form of recompiendatio National
Con]mittees in that sense. While all reasonable of IEC
Publications is accurate, IEC cannot be h for any
misipterpretation by any end user

4) In order to promote international uniformit i sittees undertake to apply IEC Publications
trangparently to the maximum_extent possjble a and regional publications. Any divergence
between any IEC Publicatio g 2Spa regional publication shall be clearly indicated in
the latter.

5) IEC|provides no marki g\progc approval and cannot be rendered responsible |[for any
equipment declared to b

6) All Users should 2 st edition of this publication.

7) No ljability shall atta mployees, servants or agents including individual expgrts and
menpbers of its technis it € National Committees for any personal injury, property dajage or
other damage of(an a S whether direct or indirect, or for costs (including legal fees) and
expgnses arising “Qut ‘of icationr; use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Atteptio e references C|ted |n this publication. Use of the referenced publicgtions is
indigpe

9) Atteption K e\possibility that some of the elements of this IEC Publication may be the sybject of
patefnt rights, C shalNnot be held responsible for identifying any or all such patent rights.

International) Standard IEC 61970-403 has been prepared by IEC technical committee 57:

Power|systems management and associated information exchange.

The text of this standard is based on the following documents:

FDIS Report on voting
57/929/FDIS 57/948/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

A list of all parts of the IEC 61970 series, under the general title Energy Management System
Application Program Interface (EMS-API), can be found on the IEC website.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
+ amended.

HA 1 : el Ll ] 1 : [t b b
A bll'n Judl VETSIUTT UT U PuUbicativiT Tiiay U 155UCU dl d 1d1C1 UdlC.
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INTRODUCTION

This standard is one of the IEC 61970 series parts that define services for utility operational
systems. This standard is based upon the work of the Electric Power Research Institute (EPRI)
Control Center APl (CCAPI) research project (RP-3654-1).

The IEC 61970-4xx series specifies a set of interfaces that a component (or application) should
implement to be able to exchange information with other components and/or access publicly
available data in a standard way. The 61970-4xx series component interfaces describe the
specific event types and message contents that can be used by applications independent of
any part|cular component technology The |mpIementat|on of these messages using a

partic 1 Thus,
IEC 61970- 4xx documents describe a Platform Independent Model (PIM) i 7 0-5xx
documents describe a Platform Specific Model (PSM).

IEC 61970-403 Generic Data Access (GDA) defines services that are need 3 3| public
entity 5C. 8 series:
Commion Information Model (CIM). GDA permits a client to acc 8 d by gnother
compdnent (either an application or database) or system witho e logical
schemfa used for internal storage of the data. Knowledge~af theexis e mmon
modellis sufficient

This r¢quest and reply oriented service |s intend Ap\d , - i ess of
compléx data structures as opposed f ¢ S , bmple,
which [is provided by IEC 61970-404, b GDA
would [be used is for bulk data access of [ o-ihitialise an analysis appl'rcation
with the current state of a power system ne and then storage of the resulfs with

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

Part 403: Generic data access

1 Scope

This Ifternational Standard provides a generic request/reply-orienied data ac anism
for applications from independent suppliers to access CIM data i abination with
IEC 61970-402: Common Services. An application is expected to use th€ i \ccess
(GDA)|service as part of an initialisation process or an occasional inf i ization
step. GDA is generic in that it can be used by an application to ac esS\an JBDA is
also deneric in that it also provides a back end storage N eht| query
capability that can be used to facilitate the creation of CIM data V

This specification provides a simple, concise service thz iondli irgments
of curfent and future applications while:

e avoiding unnecessary complexity;

e nof requiring any specific databas

This dervice is designed to support intex S applicati esting
informption is developed, supplled m m the
application supplying the d e i i i that it
is und =S|rable for one sy en s, the

GDA ¢

a) redd access;
b) upd@ate acce
c) change notificatid

It shol ion of this service does not support unconditional access
to criti the update portion allows a requesting application tojsk for
data t ¢ provider, but the service provider is under no obligation to
carry ¢ at any particular time. Furthermore, a positive response from the Lipdate

products currently available on the market, but there is no accepted cross-platform standard for
writing connectors for these products and overall these products do not take full advantage of a
common semantic model such as the CIM. In recommending GDA, WG 13 is recommending a
standard Ell connector model in the form of a simpler, less expensive, and more specialized
interface.

1) For more information on how 61970 excludes direct control of one application by another, see IEC 61970-402
Annex C: The IEC 61970 services and mapping IEC 61968 verbs.
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Though the target of this IEC standard includes the utility control center technical domain,
generic data access encompasses a general set of concepts that can be applied to many types
of systems. Examples of these systems include:

e Energy and distribution management systems

e Work and asset management systems

o Ge
e Ou

ographic information systems

tage management systems

e Other types of technically oriented operational business systems.

necessary, the intent of this specification is to address general GDA requj
that they are common to different types of systems while effectively ad

applic

2 Nq

The fo
dated

IEC 61
Guide

IEC 61
Glossg

IEC 61
401: QG

IEC 61
402: G

OMG,

3 Te

For the purpeses

tion specific needs.

970-1, Energy management s
ines and general requirements

NOTE

Refer to International Electrotechnical Vocabulary, IEC 60050, for general glossary definitions.

i often

extent
pration

prmative references
lowing referenced documents are indispensable nt. For
references, only the edition cited applies. For/undatec\re the latest edition of

Part 1:

Part 2:

— Part

— Part

4 Background

This part of IEC 61970 specifies Component Interface Specifications (CIS) for Energy
ement Systems Application Program Interfaces (EMS-API). It specifies the interfaces
that a component (or application) shall implement to be able to exchange information with other
components (or applications) and/or to access publicly available data in a standard way (see
IEC 61970-1 for an overview of these standards). The goal of the creation of this document is
to improve the interoperability of utility operational applications and systems. This specification
provides a mechanism for applications from independent suppliers to access 61970 Common
Information Model (CIM) data using a common service for the purpose of supplementary
processing, storage, or display.

Manag
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In IEC 61970-401, the CIS Framework provides an overview of the CIS documents in the
IEC 61970-4xx series. It explains the separation of these specifications into two major groups.
One group of standards, IEC 61970-402 to IEC 61970-4492), defines a set of generic
application independent services that a component shall use for exchanging information with
another component or for accessing public data. Added “However, as the generic interfaces do
not specify what specific data is exchanged, interoperability between products using IEC 61970
402-449 is not guaranteed.” The other group, IEC 61970-450 to IEC 61970-499, defines the
information content conveyed using the generic services that a particular component or system
exchanges with other components. While IEC 61970-402 to IEC 61970-449 specify application
category independent message exchange mechanisms, IEC 61970-450 to IEC 61970-499
specify application category dependent CIM derived message contents.

As explained in IEC 61970-401, a major aspect of the IEC 61970-4xx sefies i y take
maximum advantage of existing industry standards. Of particular imp6rtance are\stapdards
develgped by the OPC (originally OLE for Process Control) and OMG (O'e dement
Group). However these standards are missing a certain functlonall ed ¥ ant for

IEC 61970-402 provides the base functionality considergd hece hat is
provided by neither the normative standards incorpora efere APls
specified in the IEC 61970-403 to IEC 61970-449 gengfic infe ) . An applicgtion is
expected to use the Common Services in conjun tiop i ic interfaces. [These
generif application category independent interface xde t@ document as well as:

e |EC 61970-404: High Speed Data Acces

e |EC 61970-405: Generic Eventing and\Subscrig

e |EC 61970-407: Time Series Data

IEC 61970-403 Generic D \CQ es services that are needed to access|public
entity [objects for the S stem dowain that)are defined in the IEC 61970-3xx geries:

Common Information

compdnent (eithep~an
schemja used f(@e
modellis sufficient.

5 GDA read access

a’client to access data maintained by gnother
) or system without any knowledge of the [logical
ta. Knowledge of the existence of the cgmmon

51 [Gg

This specification: describés two forms for GDA read access. The first, originally standardized
within the OMG-as_thejUtility Management System (UMS) Data Access Facility (DAF), priovides
clients| a basic ability’to query for instance data and metadata. The second extends UMCF DAF

to proyid€ clients a more advanced ability whereby clients can perform more advanced query
filtering atrd juillilly.

5.2 Read access requirements

GDA read access requirements address the problem of obtaining data from an operational data
store on a read-only basis. This includes information describing a real or simulated state of the
system together with the system's model data. GDA read access should be sufficient for
integrating many applications and systems in a near-real-time or non-real-time mode.

2) At this time, only parts 402 to 408 exist. Additional generic services beyond are not yet under consideration.
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Target applications expected to use this interface are listed in the draft IEC 61970-401 CIS
Framework document. The requirements for the Read Access interface are:

a) Interfaces shall define a standard way to access data appropriate to utility operational
systems in general.

b) Interfaces shall support navigation and access to instance data and metadata within a
single CIM context from:

e third party near-real-time applications developed independently of the GDA read access
provider, including analysis and decision support applications;

e foreign systems that require input from the GDA read access provider on a near-real-
F O | . H ™ . + 1 % tora
arTre \¥A ] nmuTrmrTroedarunnTre vdoilo, QUUTT Ao \YASRAv]) CUTTUIr VI OyOLUIIIO, CUOtUTITOT |||a||a§:ement

systems, trading systems and asset management systems.

c) The facility shall provide access to data organized in a complex sg lar the

CIM) which contains:

e |multiple classes of data. Models may contain between ope usand

classes;

e |class attributes belonging to a variety of fundame
floating point, string, and time;

hteger,

e |reference relationships, which may be single o

¢ |inheritance relationships.

su¢h as selected attribute values™or WukK; i . A filtering capability shall be

e) Interfaces shall not require the use lof q
a yide range of exte
language for their red
prqvide a means tg

gery. | possible to implement the facjlity for
of\these do not support a standard| query
iSya provider does not necessarily need to

o~offer a) meaningful implementation. For expmple,

applications that afe™a \ _data"model and terminology a priori and|use it
directly in the ARI to di ests for data do not need a schema query capability.
f) Interfaces sh ead” transaction. When a read transaction is used to

brdcket a seriesof da ccess\operations, the data obtained are self-consistent fand in

SO nderlypng system

g) Interfaces s ' m of a mapping that can accommodate future change|in the
Cl & ; fine how classes, attributes and associations in the CIM
cofrespand 3trugts orusage patterns in the proposed interfaces.

h) Interfac 5 a means to query and join normalized and de-normalized CIN data.
That is, iDS g possible to retrieve CIM data where the constructs or usage pgtterns

conmsist of-de-naormalized views of CIM data.

i) Interfaces shall define GDA in a manner that supports programming lanjguage
in Innndnnm:

j) The GDA shall not include any services that do not provide for implementation
independence.

k) It must be possible to access CIM data via the standard mapping in the same way
irrespective of the underlying CIM implementation.

) The interface should be simple and easy to implement to enable standardization and
encourage implementation by suppliers and integrators.
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5.3 GDA resource query module
5.3.1 General

Structures and interface semantics relevant to basic read access requirements have been
substantially covered by the scope of the Object Management Group (OMG) Utility
Management System (UMS) Data Access Facility (DAF) standard, to which the read access
portion of this standard refers. Specifically, this document normatively includes by reference
the UML contained in the UMS DAF resource query interface.

5.3.2 Resource query module description

The DAF resource query module provides UML as shown below. See Figur,
ResourcelD
(from DAFDescriptions)
#container: ULong
#fragment: ULondglong \

sourcelDSequend
ssID -
(from DAFDescriptions)

o

PropertylD
(from DAFDescriptions)

/ \
U Z%
ResourceQueryService L PropertySequence
get_values() 3 o
et_| related vaIues()
et_extent_values() N\ —
Association

et_ descendent val

= eproperty: PropertylD
#type: ClassID

T~ 0..n

Resourc T tlon \\\\\

(from DAFDe' crlpt ns . - .
ResourceDescriptionlterator AssociationSequence

\ \/ (from DAFDescriptions)

*next_n()
*max_left()
*destroy() IEC 887/48

Figuret=DAFresourcequery

The GDA resource query module employs a set of classes for relating and identifying classes,
class properties and instances defined in the DAF resource identifiers and resource description
modules. For more information about these modules, see the DAF specification and
IEC 61970-402: Common services.
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5.3.3 GDA resource query service
5.3.3.1 General

Resource descriptions are obtained from operations on the resource query service. The
interface provides a family of three base operations and one advanced operation intended to
be easy to use. The base operations are: get_values(), get extent_values(), and
get_related_values(). A fourth operation, get_descendent_values(), is a generalization of the
other three and is capable of greater optimization. See Table 1.

Table 1 — DAF resource query operations

Operation Example signature Throws
ResourceDescription get_values Unk o Res
get_valges ) 9
(ResourcelD resource, PropertySequence properties)
ResourceDescription get_extent_values nknewnRasourcd
get_extgnt_values ) ) '
(PropertySequence properties, ClassID C|aS}\Id) \Q EryEror,
AN
ResourceDescription get_related_values \
et_reldted_values ; kownResource,
get_ _ (PropertySequence properties, Asso |at|on asso QueryError
ResourcelD source)
ResourceDescription get_desdende
get_deslcendent_values UnknownResourcd,
— — (PropertySequenge preperties, ‘Asgociat onS path, | QueryError
ResourcelDSequence soyrces, Assogciati nSeque ce tail)
Each i is i e le query. Each resource description rgturned
by a query contains value S perties requested. The property |values
appeaf i ( i t were passed to the query, although sonje may
be om . t i i q_it is not available from the data provider for the
particy he % 8 identifier is unrecognised. This behaviour makes it
possib ats i ices where each answers part of the query. On the
other | L YOIz ut the data provider detects that it is not a member of
the re ’ ’ xception is raised. Similarly, QueryError is raiseq if the
data { i 8 operty is many-valued (a resource description fannot
repres i
From i ‘ ive, there is always exactly one resource query service in g given
context. A~Use QF GDA Proxies describes how multiple data providers are handjed.) A
contea i L _of applications running to meet a specific business need. For expmple,
conteXts might includé test, long term planning, or simulation. Context does not appedr as a
paramgtér in any GDA service. It is assumed that there can be a separate provider for ahy one
servicée-and-context

5.3.3.2 get_values()

This query requests a resource description for a single resource given by its resource identifier.
If the resource identifier is unknown to the data provider, the UnknownResource exception is
raised. For more information about these modules, see the DAF specification.
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5.3.3.3 get_extent_values()

This query requests a description for each resource of a given class, that is, for each member
of the class extent set. The class is given by its ClassID, which is a resource identifier.

e If the resource identifier is unknown to the data provider, the UnknownResource exception
is raised.

e If it is recognized but does not represent a class, the QueryError exception is raised.

For more information about these modules, see the DAF Specification.

5.3.3.4 get_related_values|)

This guery requests a description for each resource associated with a ource.

The spurce is specified by a ResourcelD, and the association b ucture

(defingd below). The data provider evaluates the association for t which

yields gero or more result resources. For each result resource, fhe es the

given itergtor.

e If fhe source resource identifier is unknown to the data source
ex

o |If n, the
Un

Since ciation

is recq e, the

Unkno mation

is avai cts an

error i Odmpatible with the source resougce (as

defined below), the Queryk more information about these mgdules,

see the DAF Specificatpen.

5.3.3.5

This q t form

querie on the

part d DAF

Specif

5.4

5.4.1

The GPA filtered query module enhances access to metadata and instance data mainta|ned in

a GDA read access server. Specifically, GDA filtered query extends the GDA resourcq query

interface by adding the ability to specify property values that are used to qualify a resource
query. In structured query language (SQL) terms, the addition of filters to GDA read access is
equivalent to adding a “where” clause. GDA filters allow clients to more precisely define what
information they are interested in receiving. For methods in the GDA’s resource query service
interface, the GDA'’s filtered resource query service interface adds a filter based on a
property’s value.

5.4.2
5.4.2.1

Figure

Filtered query module description
General

2 below illustrates the GDA filtered queries model.
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ValueFilterNode PropertyFilterNode
Operator Value : SimpleVal .
Value : SimpleValue «ClassID : Class ID
«zPropertyID : PropertylD
1 0..1
0..1
1 1) 1
QpFilterNode FilterNode FilterNodeType
0.1 1 1
. v
. \ Seque nce
\ m/DA )
\ D

FilterNodes

Fil redb‘ue@@e&s{ \

AssociationSequence | <— osL ! d ?\cen nt_valties ()
(from DAFQuery) /< w)\) DN
1
. 7 ResourceID
1.. L/ (f CSldentifiers) ClassIp
Association N@rﬁer ULongLong < (from DAFQuery)
{fiom DAFQUGW)/\ Zifragment : ULonglLong
Ziproperty : Propert N
atype : CIassI[P\
l IEC |888/08

— GDA filtered query

GDA ¢ by—togically AND’ing or OR’ing one or more property value
comps risons Prope parisons are only made on the returned sequence of regource

S , the values of properties returned by a query are used fo filter
: descrlptlons A property value comparison is made by passipng in a
propernty 1D value. This constant value is compared against the returned value
for thel selected>propexty ID. The diagram below (see Figure 3) illustrates how a filter tree can
be constructed whenudsing the Filtered Query Module:
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Ex: (((A = 5) or (B <3)) and C = “Main”)

Op filter node

D Property filter node

Value filter node

IEC 889/08

Figure 3 — Example

5.4.2.2 FilterNode

nt that
r node
ND’ed
iltered

A filter] is constructed from
can bg used to hold an Q
triples|are joined toget ert
or OR’ed filters each o

query glements. :

filtered query elements

AN
Element%ar}o\ \/ Description
FilterNgdeType \%es whether the FilterNode is an OPFilterNode, a
P ryFilterNode, or a ValueFilterNode
Oﬁlﬂtw \ An optional element containing an OpFilterNode
PropMerNo}Q An optional element containing a PropertyFilterNode
VaIueFlIterW An optional element containing a ValueFilterNode

5.4.2.3 FilterNodeType

FilterNodeType indicates whether the FilterNode is an OPFilterNode, a ProperyFilterNode, or a
ValueFilterNode. Table 3 describes GDA filtered query node types.

Table 3 — GDA filtered query node types

Value Description
NODE_EMPTY Used to indicate that the Filter Node is empty
NODE_OP Used to indicate that the Filter Node is an OPFilterNode
NODE_PROPERTY Used to indicate that the Filter Node is a PropertyFilterNode
NODE_VALUE Used to indicate that the Filter Node is a ValueFilterNode
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5.4.2.4 FilterNodes

A sequence of FilterNodes is called FilterNodes.

5.4.2.5 Operator

An Operator is a numeric code used to indicate how a property value defined in a property filter
node is compared to a constant value contained in a value filter node as well as to indicate how
filter node triples are AND’ed or OR’ed together. Table 4 describes GDA filtered query
operatjan types

Table 4 — GDA filtered query operation types

A O
Value Description < \ \ >
XN

OP_AND Used to logically AND filter node triples toggﬁé\
OP_OR Used to logically OR filter node trlples}ﬂggh\\ \

OP_EQ If the property is equal to the value the he& Wle
evaluates to true.
OP_LE If the property is less than or fwﬂe eroperty filter

triple evaluates to true.

OP_GE If the property is\great an or equa Is@v lug’then the property filter
triple evaluates to

OP_LT If the property isNess t evalue th\rH-h/ e property filter triple
evaluates to tyle.

OP_GT &f{e property&i\ r(eﬁ\t\r\haWe then the property filter triple
ates

OP_NE the\&roperty i We value then the property filter triple
[\ luate to ue

OP_LIKE ope WQ and the string contains the value then the
prapertyXilter txipl aluates to true
OP_NOT \NSS/?oglcally not equal to the value then the property filter
/\ tr evalu to true

OP_ISNULL \ If\thWy is null then the property filter triple evaluates to true.

5.4.2.6

An OpFilterNode d to compare a property filter node with a value filter node as we|l as to
AND or OR.filter node triples together. Table 5 describes GDA filtered query OPFilterNode.

Table 5 — GDA filtered query OpFilterNode

Element name Description
Operator An Operator as defined in the section 5.4.2.5
FilterNodes A sequence of Filter Nodes

5.4.2.7 PropertyFilterNode

A PropertyFilterNode is used to specify what property is being compared. Table 6 describes
GDA Filtered Query PropertyFilterNode.
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Table 6 — GDA filtered query PropertyFilterNode

Element name

Description

ClassID

The Class ID associated with the property being compared

PropertylD

The ID for the property being compared

5.4.2.8

ValueFilterNode

A ValueFilterNode is used to contain the value against which the property is being compared.

Table

<l H A _E 1 <l AW | i1t Nl <l
UCTOUTTUTS UUATITICTTU YUTTY vV artutTT TICTINUUT.

Table 7 — GDA filtered query ValueFilterNod

Element name

AN
Descri/gti&k \ )

SimpleValue

A discriminated union usedto hohd.the valie the

property is being comp}x{d ith -

5.4.3

5.4.3.1 General

Each

appea
be om
particd
possib

Resou
descri
corres
of thog

On the
memb
raised|i
canno
operat

Filtered query service

available from the data provider
i3” unrecognised. This behaviour m

e propertyFilters. That is, a given re

values
e may
for the
bkes it

source
jo not
subset

4 not a

rror is
ription
query

Table 8 — GDA filtered query operations

Operation Example signature Throws

ResourceDescription get_filtered_extent_values

get_filtered_extent_ UnknownResource,

values (PropertySequence properties, ClassID class_id, FilterNode QueryError
filter_node)
ResourceDescription get_filtered_related_values

get_filtered_related_ UnknownResource,

values (PropertySequence properties, Association association, QueryError
ResourcelD source, FilterNode filter_node)
ResourceDescription get_filtered_descendent_values

get_filtered_descendent | propertySequence properties, AssociationSequence path, UnknownResource,

_values ResourcelDSequence sources, FilterNode filter_node, QueryError
AssociationSequence tail)
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5.4.3.2 get_filtered_extent_values()

This query requests a description for each resource of a given class, that is, for each member
of the class extent set. The class is given by its ClassID, which is a resource identifier. The
resource descriptions returned are filtered by propertyFilters. If the resource identifier is
unknown to the data provider, the UnknownResource exception is raised. If it is recognized, but
does not represent a class, the QueryError exception is raised.

5.4.3.3 get_filtered_related_values()

This qkery requests a description for each resource associated with a given, parent reqource.
The parent is specified by a ResourcelD, and the association by an agspciatiomnsfructure. In
effect,| the data provider evaluates the association property for the esolnce,| which
yields [zero or more child resources. For each child resource, the data providérjevaltrales the
given properties and generates a resource description, which is ret rator.
The rejsource descriptions returned are filtered by propertyFilters.

If the|parent resource identifier is unknown to the dafa . source
excepfion is raised. If the data provider does not recoghize iatiot of the
associption for the parent resource is not availabje iati tion is
raised| This distinguishes the case where no info ation j Tre the
associption value is empty. z ion or
deternmines that its property is not a eption

is rais¢d.

5.4.3.4

This re¢latively complex ggeryNs desi s if to be
optimised by the dg . IS f the
get_related_values() quewy. ) fre—r€ ipti i Kt step
are filfered by propert i ciated
with given, by a
ResoufcelD, and the

In effect, the dat provider evalua he first association for the parent resource, which| yields
zero of more/ct 6 bject to the filter provided. For each child resource, the data
provider eval g second association to yield grandchildren subject to the filter provided.
This progess.contiaues’ until the end of the association sequence is reached or an assogiation
is encoun ich ts_nofrecognized or for which no value is available. In this way, thg query

traverges a treg of resourtes subject to the filter provided.

If all df the-associations are recognized and have values available, the data provider feturns
descriptions for the leaves of the tree of resources. That is, the resources obtained from the
last association in the chain form the results of the query. For each of these, the data provider
evaluates the given properties and generates a resource description, which is returned through
the iterator. The query also returns an empty association sequence through its tail argument.

If an unknown or unavailable association is reached before the end of the chain, the query
returns partial results. The results are formed from the last level of the resource tree that was
completely traversed. If the n’th association is unrecognised or fails to yield values for a
particular resource, the query returns the resources obtained from the n-1'th association. If the
first association fails, the query returns the parent resource. A resource description containing
no property values is generated for each of these and is returned through the iterator.
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An association sequence representing the failed part of the chain is returned through the tail
argument. This tail sequence begins with the failed association and continues with the
associations that follow it in the chain. The purpose of the tail is to enable clients (especially
proxies) to complete the query by decomposing it and retrying the parts, perhaps through other
data providers.

Exceptions are raised in limited circumstances. If the parent resource identifier is unknown to
the data provider, the UnknownResource exception is raised. If the data provider detects an
error in the association sequence or detects that the first association is not a member of the
parent resource, the QueryError exception is raised.

5.5 |[GDA extended query module
5.5.1 General
GDA'’s| ExtendedQueryService allows the user to join data as oppQ

follow |a path as provided by GDA resource query module and GRA
this wpy, for example, a query can return not only data abo

5.5.2 Extended resource query module description

5.5.2.1 General

The QDA extended resource query fnodile
extended query interfaces to accomplish\que

eringsand\oining, as shown in Figure 4

ExtendedResourceQ@&S\e ce %
{

FilterNode
N ~——>{ | from GDAFilteredQuery)

Fget_join_values()

<)

% Join
JoiSequenge JoinT¥pe
\mfkq \&> <> @retumAllLeft : Boolean < yP
= 1 1
1
o4 7 ™ 1
PropertySequence
(from DAFQuery) 0..1
0.1 PropertyJoin
AssociationJoin wleftClass : ClassID
PleftClass : ClassID weftProp : PropertylD

wrightClass : ClassID

s#assoc : Association :
czrightProp : PropertylD

IEC 890/08

Figure 4 — Extended resource query service UML
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As stated in the requirements subclause, GDA needs to be able to retrieve de-normalized
views of CIM data. The most frequent application of denormalized views is retrieval from
storage of past inter-application messages exchanged via the 61970 Generic Eventing Service
(GES). In this case, message payload attributes frequently do not include entire CIM classes
and their associations. Instead, the message payload often only includes a de-normalized view
of CIM data. After exchange, data related to the de-normalized view is often stored in an
application or database. The Extended Resource Query provides the capability to retrieve data
from the de-normalized sources as well as the capability to join that data with other normalized
CIM data. Consequently, the Extended Resource Query includes the capability to join CIM data
on the basis of an association between classes as well as on the basis of shared property
value. The diagram below illustrates the use case of joining de-normalized data with
normalized data. In this case, the user can employ the Extended Resource Query service to
retrievg data joined from the de-normalized message class and the CIM malized. glasses
using Breaker.Name and Location.Name as the “joining” properties.

The BreakerDeployment class is used to model an

example GES message payload. This class is a

denomalized collection of properties defined in the

dIM. That is, the fields in the message are defined in X

alvariety of CIM classes and collected together in this \Q'Makéf
njessage to meet business process specific needs. Nam

ExampIeMessageCIass Break\ﬂQeab@\gnt

wMessageTimeDate

«Breaker.Name /

«Location.Name % CIM:Location
TimeDateToDepl

@TimeDateTo epo (\ / BName

/ zCoordinate

Q x\> /s

is no Yirect association defined in the CIM
b we denormalized example message class
nd the normalized CIM classes or between the
C reaker class and the CIM Location class.

IEC 891/08
Figure 5 — Example property joining use case

Using |eXtended resource query property joining, it is possible to retrieve data from thg three
joined classes-

When joining classes together, it is convenient to think of what is being joined as a series of
“left” and “right” classes. Using the example illustrated in Figure 5, the first “left/right” pair of
classes could be:
e Firstjoin:

— CIM:Breaker is the left class

— ExampleMessageClass:BreakerDeployment is the right class
e Second join:

— ExampleMessageClass:BreakerDeployment is the left class

— CIM:Location is the right class
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The diagram below (see Figure 6) illustrates how a parse tree might be created in memory for
a query with a property and an association join.

Ex: (ClassA.Property_a = ClassB.Property_b)
and ClassB.Assoc_To_ClassC

ClassA, Property_a

Property ClassB, Property b
Sequence

( List of rList oq
Class A Class B
(Left) (Right)
E Property Array of Props Props
Join Node two Join

nodes

C> Association
Join Node

Fig

Figure] 6 depicts two join nodes i in fo the

get_joln_values method along with the

5.5.2.2 Join

A join|is constructed f atomic

element that ca us nodes
are passed as a ry join
elements.

DA filtered query join elements

N

/EI{n}(nt Q{$ Description

jome\ \ Indicates whether the join is an association join or a property join.

assocJajn An optional element containing an AssociationJoin

propJoin An optional element containing a PropertyJoin

leftProperties A list of properties to return from the “left” class

rightProperties A list of properties to return from the “right” class

returnAllLeft If set, an out join is being requested, i.e. all instances of the “left” class
are to be returned even if there are no matching instances on the right
side of the join.

5.5.2.3 JoinType

JoinType indicates whether the join is an association join or a property join. Table 10 describes
GDA filtered query join types.
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Table 10 — GDA filtered query join types

Element name Description

JOIN_ASSOCIATION Used to indicate that the Join Node is an AssociationJoin Node

JOIN_PROPERTY Used to indicate that the Join Node is a PropertyJoin Node

5.5.24 AssociationJoin node

An AssociationJoin node is used to specify what class and association is being joined on. Table
11 degqcribes GDA filtered query join nodes.

Table 11 — GDA filtered query join nodes/\ %
Element name Description \ \/

leftClass The “left” Class ID for the class being joineé\ \ \ )

Assoc The Association ID for the associatior@e%\jg\qem‘ \

~N

5.5.2.5 PropertyJoin node

A PropertyJoin node is used to specifyxwh q propertjes are being joined. Tgble 12
describes GDA filtered query property joi

Table 12 — GDA fj

ZANIVN N
Element name N \& Mescription
leftClass l ﬁqweft”(@a\»{m\kkr\th‘e-céss being joined
leftProp /\ > Th%Pr erw\ﬁx{tﬁ property being joined on

rightClass /{he\wghtk@\laséD for the class being joined
rightProp /\ TNrope%ﬁffor the property being joined on

perty join node

5.5.2.6

A JoinBequehge\consists™of an array of join triples.

5.5.3 Extended resource query service

5.5.3.1 General

Each operation on this interface performs a single query. Each resource description returned
by a query contains values for a subset of the properties requested. The property values
appear in the same order as the properties that were passed to the query, although some may
be omitted. A property value is omitted when it is not available from the data provider for the
particular resource, or when the property identifier is unrecognised. This behaviour makes it
possible to federate multiple query services where each answers part of the query. Table 13
describes GDA extended resource query operations.
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Table 13 — GDA extended resource query operations

Operation Example signature Throws

UnknownResource,

ResourceDescriptionSequencelterator get_join_values UnknownAssociation,

get_join_values
(JoinSequence joins, FilterNode filter_node)

QueryError

5.5.3.2 get_join_values

This method accepts a sequence of join conditions and returns an iterato € sed to
iterate|through the resource description sequences where each resource’x i uence
represgnts a single row in the resulting rowset. The caller can also spesi ilte pplied
to the |resulting rowset. Resource description sequences are obtain i itera turned

by get|join_values (). Each resource description sequence repres QW e fi bwset.

A resqurce description sequence is a sequence of resoufc S fext of
get_join_values (), resource description sequence has th i i

e The number of ResourceDescriptions in the Regource i | to or
less than the total number of classes being jojae

e Typically, ResourceDescriptions Mi Qrder in which classgs are
referenced in the JoinSequence, butkthis\s

e Fof outer joins, if there is not a matchi A ription
wil| not be present in the ResourceDescripti

e On| the client side, typica i to the
original class IDs. To be Qmpli i% f:type”
in poth leftPropertie 1 ID of
eitiher the original c assubclassiof the original class.

6 GDA update

6.1 |General

The QDA u NE ds GDA read access by providing limited write accpss to
metadpta’a 3

6.2 |GDA update requirements

The GPA update module is required to provide limited write access to metadata and instance
data maintained in a GDA server.

6.3 GDA update module

6.3.1 General

The GDA update interface provides the following functionality.

e Update of objects: In common services terms, this is the ability to update the property

values of extant resources.

e Update of multiple objects: Provide the ability to update a collection of objects in one
operation.

e Control of object lifecycles: Provide the ability to create and destroy objects accessible
through GDA. In Common services terms, this is the ability to create and delete resources.
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This also implies associating and disassociating uniform resource identifiers (URI’s) with

res

ources?).

e Update of multiple objects: Provide the ability to update a collection of objects in one
operation.

e Update of metadata: Create, delete and update data definitions. In common services terms,
this means creating, deleting and updating resources of type rdf:Class and rdf:Property.

e Wrap extant systems:

systems including proprietary databases and existing EMS systems.

It must be possible to implement the interfaces for a variety of

e Multiple clients, providers and concurrency: Provision must be made for multiple clients and
multiple data providers. Where updates are concerned, this requirement is interpreted to

im
6.3.2

6.3.2.1

The G
updatg

6.3.2.2

The p4

transag

correc
locking
Implen
penalt
design

bly a form of concurrency control.

Solution approach
General

DA write access module is shaped by the forgoing
concurrency and update constraint issues that arise

Concurrency control solution

ly over these systems. Furthermo ns provide only coarse-g
facilities which work at the w bte, or physical partition
nentations that hoId Iocks of this ty e o fof clients incur severe perfor

This

solution, similar to"so imysti king strategies, is scaleable and is simple to impl
Each ppdate on is acéompanied, by precondition information that the server u
detect| conflicting Concurre 5. 1he precondition information represents the

assumfptions aboutntf ime’the update was formulated. If these assumptior

true |
intervdg
is equ
an upq

The g
granul
period

valentMo a [o ict. The client controls the scope of the preconditions accomp
ate” [ : the scope of the read-lock in a locking scheme.

arity. <Fhe data provider is required to lock out other sources of updates in theg
whileJan update operation is executed. However, this period is far shorter than th

pecification relies onditions to check concurrency conflicts.

ar the

hented
rained

level.
mance
erface
S.

This
ement.
ses to
client’s
s hold

have
. This
anying

e lock
short
e time

taken

by the client to formulate the update and does not include any network latency. Th

e data

provider is not required to maintain Tock state information on behalf of the clienis between
update operations. There are no abandoned locks to be timed out, nor deadlocks
detected and cleared.

to be

3) Internet Engineering Task Force: RFC2396, Uniform Resource Identifiers (URI): Generic Syntax; Berners-Lee,
Fielding, Masinter, Internet Draft Standard August 1998

4) ACID is an acronym that stands for “Atomicity, Consistency, Isolation, Durability”. These four qualities are the
hallmark of transaction models typical supported by a Relational Database Management System such as Oracle

orS

QL Server.
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6.3.2.3 Update constraints solution

The standard database operations are insert, update and delete. Effective application of these
operations to a data repository requires that the client be aware of update constraints beyond
those expressed in the schema. This is in contrast to read access where the schema is
sufficient. Update constraints arise from many implementation-dependent causes. The
following examples apply mainly to enterprise-scale relational database systems (even more
constraints may be imposed by the proprietary database system used in a control data

provider).

V)

Primary key, foreign key, index and other constraint definitions

O

Stc radnrocedures-that control undates
Fee—pHoceautes—tHat-coAtHo+tHpaate

&
S
)

an
ot

O

)
)
) The effect of trigger definitions
)

(o}

The use of separate staging tables for input so that the mai
upglateable

e) The use of views that cannot be directly updated
Implementation choices such as a), b) and c) above tend tg

of opgrations. The exact nature of the constraints
implementation. It is common for certain updates to d

dering
bf the

at in turn depend

on stil| other updates. There is no universal rule fo 5 (such as all |nserts
then updates then deletes) that works for all impl

Implementation choices such as d) i dpplication of any updates. In
order for a change to be effected in a visj S ~ gquence of operations must be

applied to staging tables or tables hidde

This specification removesg't
for a glient to specify a
transattion is encoded a
differepces) and remoyed
An implementatioh 1
differepce.

ement
pad, a
brward
order.
model
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6.3.3 Resource update service module description
6.3.3.1 General

The update functionality is provided by a new service, ResourceUpdateService. This is defined
as an interface within the GDAUpdate module. The following class diagram in Figure 7 shows
the service and its associated structures.

ResourceUpdateService DifferenceModel
csheader
“apply_updates() gpreconditions
gforwardDifferepces
{;reverseDﬁf(efe\ ces
ResourceUpdateService N
Wcreate_resource_ids
Sicreate_resource() ! — > qua{eggm\ESe\uenﬁg
Wset_values() 5/ %
Fdelete_resource()
Fapply_updates() é Q@ )\>

dateé'/ mand

)

+resource

ResourceDescription
(from DAFDescriptions)

IEC 8p3/08

igure 7 — GDA update module
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6.3.3.2 DifferenceModel

A DifferenceModel describes the differences between the model before apply updates() is
invoked and the model after apply_updates() successfully completes. A Difference Model is
made up of four groups of statements, each encoded as a sequence of ResourceDescription
structures. Any or all of these sets of statements may be empty.

6.3.3.3 headers

This member carries header statements, consisting of statements about the difference model
itself. These may indicate authorship, date and purpose. These properties consist of a subset

of the

maintgined within a document managed by the GDA server (for more informatio
documents within a GDA server, see Annex C of 61970-402: The |

mappi

Header statements are optional and are provided to assist in
updatds. If present, they must not affect the model itself.

6.3.3.4 forwardDifferences

This 1
updats

6.3.3.9

model
6.3.3.6 preconditions
This n

both tie old mo
model|in some appliCati

updatgs.

resour

conflicti

6.3.4

6.3.4.1

IM_document class nropnerties  This member is tuynicallv emnloved when svustem
Ll Lad J T J Ll J J

tate is

on the

ng IEC 61968 verbs).

nember carries forward difference stateme
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GDA Read Access. Table 14 describes GDA resource update service operations.

Table 14 — GDA resource update service operations

le via

Operation Example signature Throws
ResourcelDSequence apply_updates PreconditionFailed
apply_updates
(DifferenceModel differences) UpdateError
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6.3.4.2 apply_updates()

This operation requests that a series of updates be performed to effect the given model
difference as a single operation. The differences argument is a DifferenceModel structure,
which is defined in the next section. The operation causes the preconditions to be tested and
the model to be updated to reflect the forward and reverse differences.

e The operation will raise a PreconditionFailed exception if any statement in the preconditions
or reverse differences of the DifferenceModel is false (not present in the model) prior to
updating.

6.3.5 Adding and removing resources

of the.classes|in the

For the purpose of the GDA, adding a resource means adding it to one
model| That is done in two steps:

e A |ResourcelD is obtained for the new resource. This may Nk m the
create_resource_ids() operation or by constructing a new UR o d trapslating it
to @ ResourcelD using the ResourcelDService. Note that thi§ step does\not cregte anything

e The rdf:type property of the new resource is set to the af 9 S urcelD
for| the rdf:type property and the desired class afre bo urcelD
selvice. The property is set by adding this inform y E vardDifferences member of
a DifferenceModel and passing it to apply_update

Convefsely, removing a resource me S y ctdss in the model. To remove
a resoprce, the statement that would cre i gd in\t erseDifferences membgr of a
DiffergnceModel that is then passed to

7 GDA events

71 General

GDA ¢venting
packaze provides

data afcess.

Wit a more powerful mechanism. The GDA Egvents
nts of specific data changes and to ensure confistent

7.2 |GDA
7.21
The GPDA ev ule¥allows the resource ID’s for object instances to be embedded in an

event gs well-as a\hintto clients as to the nature of the change.

7.2.2 Events module description

7.2.21 General

The events module allows a client to receive call back events from a server. Figure 8 shows
the UML for the GDA event model.

ResourceChangeEvent
Zaffected : ResourcelDSequence Callback
gaversion : unsigned long _—— =
Gverbs : Verbs ®on_event()

IEC 894/08

Figure 8 — GDA event model
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7.2.2.2 affected

The affected member is a sequence of resource identifiers that indicates what data has
changed. If affected is empty, then the client must assume that any or all of data supplied by
the data provider may have changed. Otherwise, affected contains one or more class or object
identifiers. The client should assume that instances of each class or object have been created
or destroyed, or their property values have changed, etc., as described by the verb.

7.2.2.3 verbs

The verbs member is a sequence of numbers that indicates how data has changed. For every
member of the affected sequence, there must be a member of the verbs sequence. If affected
is emgty, then the client must assume that any or all of data supplied by the-data provider may
have ghanged. Otherwise, affected contains one or more class or @ dentifiens. For
example, the verbs member could indicate if instances of each clag hjeet\have been
createfl or deleted, or their property values have changed.

7.2.2.4 version

The vgrsion member is a unique integer assigned to each may be ysed to
correlgte events with changes detected through the DA operation. The
version number in an event is equal to the value retu 8 version() at the time
the event was generated.

7.2.3 Events service
7.2.3.1 General

This ipterface allows a client to receive 15 describes GDA Resource| Event

Servicg Operations.

1 ent service operations

Operatipn @Ie anatu Throws

on_event or%\%«\ww ent event)

7.2.3.2

This dtructur
delivelled aftersa

as an event to indicate a data change. Events of this type are
a change and indicate that the client may begin reading or re-reading data.

7.2.3.3 ~ Fvent compression

An implementation is not required to issue an event for every update as it occurs. A data
provider may be capable of grouping a series of transactions or simple updates into a larger
unit. This series may constitute a logical grouping or a temporal grouping of changes. A single
resource change event may be issued after the last change of the series, to cover all of the
changes. This is referred to as event compression.

Notwithstanding the use of event compression, the DAF current_version() method must track
all of the visible changes as they occur.

7.2.3.4 Event handling guidelines

This specification describes an eventing mechanism that can be seen as a compatible
extension of DAF Eventing. When used in combination with DAF Eventing, a client may receive
one of three types of events. The most basic type is called a general update event and contains
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empty affected and verb sequences. The second most basic event type is called a specific
update event and only identifies the changed classes via data and non-empty affected
members. The most powerful event type is called an extended update event and identifies the
changed classes or objects via data and non-empty affected and verb members. The precision
used depends on both the capability of the data provider and the nature of the update. A given
data provider may use any of these event types depending on circumstances.

To ensure interoperability, the following guidelines for events should be observed.

e If affected or verb are not empty, then they should identify every class of data changed
since the preceding event.

ites. It

ipdate

 treat

8 GDA server status and capabilities

8.1 General

The GDA server module extends GDRQA
GDA Herver’s status and capabilities.

providing information apout a

8.2 GDA server module

8.2.1 General

This GDA server module i be used by the GDA server interfaces to
allow g client to defer server, as shown in Figure 9.

SenrerSenvice

vV

SenrerStatus

gstart_time : DateTime
«zmajor_version : long
<zminor_version : long
«build_number : long
zzvendor_info : string

SenerCapabilities SenerState

IEC 895/08

Figure 9 — GDA server model

8.2.2 ServerStatus

This class is returned by the server as a result of invoking the status method. See Table 16.
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Table 16 — GDA server status

Element Description
start_time Contains the date/time when the server started
Server_state Contains the current state of the server per Section 7.1.1.2
Major_version Contains the major version of the server
Minor_version Contains the minor version of the server
Build_number Contains the build number of the server
Vendor_info Contains vender specific information
Server_capabilities DESCTIDES e capabiiies of e Servers per section 7. 1. T

8.2.3 ServerState

An instance of the class ServerState describes the state of a
single jattribute called ServerState. The value of ServerState shgll co

Table 17 — GDA server st

Vaiue [~ oexkgten D

SERVER_STATE_ RUNNING Indicates'th égpé%s }/L\.Qnirh\

SERVER_STATE_ FAILED < Nic(es‘the@servé( ha\sigilqd‘/

SERVER_STATE_ INDETERMINATE |Nindicate\the Sfver is.in arindeterminate state

8.2.4 ServerCapabilities

An insftance of the class
class has a single attri

conform to Table f:
<\ 8.— GDA server capabilities
\

descrip€s the capabilities of a GDA Serve
ilities. The value of ServerCapabilitie

r

»]

\ \/ Description

 Valve
SERV!%_&%\QU\BQY\ x The server supports the GDA Resource Query Interface.

S/ERV{R\CA&%T-E\?\ED_E{JERY The server supports the GDA Filtered Query Interface.

SN&P}? NDED_QUERY The server supports the GDA Extended Query Interface.
P U

SERVER\. ATE The server supports the GDA Update Interface.

SERVER_CAPMENTS The server supports the GDA Eventing Interface.

SERVER CAP EXTENDED ID The server supports the Extended Resource ID
Interface.

8.2.5 GDA server module description

This module is used to obtain the status of a server.

8.2.6 Status

This method returns ServerStatus to the caller as described in Table 19.

Table 19 — GDA server status operations

has a

. This

shall

Operation Example signature Throws

status status ()
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