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FOREWORD
This document is submitted for consideration for submission as a possible New Work Item by one or more P-members of IEC Technical Committee 65, in liaison with other Technical Committees, Subcommittees or Working Groups of IEC or ISO as appropriate.
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1.  GENERAL REQUIREMENTS

1.1. Scope

This standard defines a reference model and transfer syntax for the transfer of models of automation objects (AOs) and their associated system configurations from network servers to software tools used in the engineering of industrial-process measurement, control and automation systems. The reference model is defined in terms of the Unified Modeling Language (UML) and the transfer syntax is defined in terms of the eXtended Markup Language (XML).

Figure 1 illustrates the application of this standard in a typical engineering process.

NOTE 1
The transfer syntax defined in this standard may be used, but is not required to be used in the transfer of models and configurations from software tools to servers, among software tools, or between software tools and project repositories.

NOTE 2
The provider of a software tool may specify that the transfer syntax given in this standard is to be used for the transfer of models and configurations from the software tool to servers, or for the interchange of models and configurations with other software tools or project repositories.
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Figure 1 - Scope of this standard (informative)

1.2.  Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this specification.  At the time of publication, the editions indicated were valid.  All normative documents are subject to revision, and parties to agreements based on this specification are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below.  Members of the IEC and ISO maintain registers of currently valid International Standards.

IEC 61131-3 (2002), Programmable controllers, Part 3: Programming languages, 2nd Ed.

IETF RFC 1630, Universal Resource Identifiers in WWW, June 1994, available at http://www.ietf.org.

ISO 2382 (various Parts and dates), Information processing systems - Vocabulary

ISO 8601:1988, Data elements and interchange formats - Information interchange - Reresentations of dates and times

ISO/AFNOR, Dictionary of Computer Science, 1989, ISBN 2-12-4869111-6

ISO/IEC 7498-1, Information Technology - Open Systems Interconnection - Basic Reference Model, 1994

1.3.  Definitions

NOTE 1 -
Terms defined in this clause are italicized where they appear in the bodies of definitions, and typically also on their first occurrence in a clause or subclause.

NOTE 2 -
The ISO/AFNOR Dictionary of computer science and the International Electrotechnical Vocabulary should be consulted for terms not defined or referenced in this specification.

1.3.1.  Definitions from other standards

For the purposes of this specification, the following terms as defined in the IEC Mulitilingual Dictionary apply:

interface
A shared boundary between two functional units, defined by functional characteristics, signal characteristics, or other characteristics as appropriate. [351-11-19]

system
A set of interrelated elements considered in a defined context as a whole and separated from its environment. [351-11-01]

For the purposes of this specification, the following terms as defined in the various Parts of ISO 2382 apply:

NOTE
Definition numbers from ISO 2382 are given in brackets following the definition.

data type
A set of values together with a set of permitted operations. [15.04.01]
data
A reinterpretable representation of information in a formalized manner suitable for communication, interpretation or processing. [01.01.02]
functional unit
An entity of hardware or software, or both, capable of accomplishing a specified purpose. [01.01.40]
network
An arrangement of nodes and interconnecting branches. [01.01.44]
operation
A well-defined action that, when applied to any permissible combination of known entities, produces a new entity.  [02.10.01]

parameter
A variable that is given a constant value for a specified application and that may denote the application. [02.02.04]

For the purposes of this specification, the following terms as defined in the ISO/AFNOR Dictionary of Computer Science apply:

connection
An association established between functional units for conveying information.

hardware
Physical equipment, as opposed to programs, procedures, rules and associated documentation.

information
The meaning that is currently assigned to data by means of the conventions applied to that data.

For the purposes of this specification, the following terms as defined in IEC 61499-1 apply:

***TBD***

1.3.2.  Additional definitions

The following terms are defined for the purposes of this specification.

1.3.2.1
automation object (AO)
functional unit of hardware and software for the performance of automation and control functions
1.3.2.2
automation object configuration (AO configuration)
assigning the parameters and connections of an automation object.

1.3.2.3
automation object connection (AO connection)
association between an AO output and an AO input

1.3.2.4
automation object input (AO input)
interface of an AO model which acts as the destination of an AO connection
1.3.2.5
automation object model (AO model)
model of a particular aspect of an automation object

1.3.2.6
automation object diagram (AO diagram)
network whose nodes are AO models and whose branches are AO connections
1.3.2.7
automation object output (AO output)
interface of an AO model which acts as the source of an AO connection
1.3.2.8
automation object type (AO type)
type of an automation object (AO).
2.  REFERENCE MODEL

Objects stored on and delivered by an AO server as shown in Figure 1 are instances of the AOLibraryElement class shown in Figure 2. Both an AOSystem and an AOType may contain an AODiagram. An AOType is a kind of AOModelType, and is specialized from the latter by containing an AODiagram. Similarly, although both an AOSystem and an AOType may contain an AODiagram, the AOType is distinguished from the AOSystem by having an Interface, a characteristic it shares with its parent AOModel class.
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Figure 2 - Reference model

All AOLibraryElements contain Identification, VersionInfo and possibly Document and Tool elements for use by software tools. For detailed descriptions of these elements and their XML syntax see Tables A.2 and A.1, respectively.

The elements of an AODiagram are illustrated in Figure 3.  An AOModel is considered to be an instance of an AOModelType, i.e., a software representation of an automation object.  Since an AOType is a kind of AOModelType containing an AODiagram, it follows that higher-level AOTypes can be constructed by functional composition of lower-level AOModels.

EXAMPLE 1
An AOModel may represent an electrical model as defined in ISO/IEC 10303-212; a functional model (function block, device, or resource) as defined in IEC 61499-1; a mechanical model as defined in an appropriate Part of ISO/IEC 10303; or an operational model as defined by a simulation tool.

NOTE
The provider of an AOModelType is only required to provide the definition of its Interface and the documentation of its functionality.  If the AOModelType is in fact an AOType, the provider may but is not required to provide documentation of its internal AODiagram if any.

AOConnections are used by the constructor of an AODiagram to specify the information exchange associations among the AOModels of the diagram, as well as parameters (if any) of the diagram elements.

EXAMPLE 2
An AOConnection may represent an event connection, data connection or adapter connection as defined in IEC 61499-1; a joint between links of a mechanism, a message-passing connection between objects, a network connection between devices, etc.

EXAMPLE 3
Parameters of an AOModel may represent physical dimensions, processing speeds, etc.

EXAMPLE 4
Parameters of an AOConnection may represent values of particular elements of a data structure, data transmission speeds, etc.
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Figure 3 - AO diagram elements
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Figure 4 - Elements of an AO model type
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Figure 5 - Elements of an AO model instance

3.  SOFTWARE TOOL FUNCTIONS

Figure 6 illustrates
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Figure 6 - Software tool functions

Table 1 - Software tool functions

Function identifier
Description

view
Display the contents of a source file in a graphical or textual form

print
Produce textual or graphical hard copy of a source file.

edit
Modify and store the contents of a source file

compile
Create an object file from a source file

run
Load and execute the code from an object file

manage
Manage (create, delete, connect, disconnect, start, stop) instances of the type defined in an object file on a local or remote run-time platform

ANNEX A - DOCUMENT TYPE DEFINITION (DTD) (normative)

Table A.1 presents the Document Type Description (DTD) for the exchange of Automation Object (AO) models between software tools. This DTD is defined in the syntax given in the eXtended Markup Language (XML) specification at http://www.w3.org/TR/1998/REC-xml-19980210.

Table A.2 provides references to the textual syntax (if any) and explanations of the elements and attributes in the DTD.

An XML document complying with this DTD represents an AOLibraryElement object as described in Figure 2.  The possible root elements of such a document are AOType and AOSystem.

Table A.1 - AOLibrary Element DTD

<?xml version="1.0" encoding="UTF-8"?> 
<!-- Common elements --> 
<!ELEMENT Identification EMPTY> 
<!ATTLIST Identification
  standard CDATA #IMPLIED
  classification CDATA #IMPLIED
  applicationDomain CDATA #IMPLIED
  function CDATA #IMPLIED
  type CDATA #IMPLIED
  description CDATA #IMPLIED
  source CDATA #IMPLIED
  object CDATA #IMPLIED
  icon CDATA #IMPLIED>

<!ELEMENT Document EMPTY> 
<!ATTLIST Document
  location CDATA #IMPLIED
  type CDATA #IMPLIED
  title CDATA #IMPLIED>

<!ELEMENT VersionInfo EMPTY> 
<!ATTLIST VersionInfo
  organization CDATA #REQUIRED
  version CDATA #REQUIRED
  author CDATA #REQUIRED
  date CDATA #REQUIRED
  remarks CDATA #IMPLIED >

<!ELEMENT Tool EMPTY>
<!ATTLIST Tool
  functions CDATA #REQUIRED
  class CDATA #IMPLIED
  location CDATA #IMPLIED
  description CDATA #IMPLIED >

<!-- Interface elements --> 
<!ELEMENT Interface (Inputs?,Outputs?,Parameters?,Association*)> 
<!ELEMENT Inputs (VarDeclaration+)> 
<!ELEMENT Outputs (VarDeclaration+)> 
<!ELEMENT Parameters (VarDeclaration+)> 
<!ELEMENT VarDeclaration EMPTY> 
<!ATTLIST VarDeclaration
  name CDATA #REQUIRED
  type CDATA #REQUIRED
  initialValue CDATA #IMPLIED
  description CDATA #IMPLIED >
<!ELEMENT Association EMPTY> 
<!ATTLIST Association
  type CDATA #IMPLIED
  varList CDATA #REQUIRED>

<!-- AODiagram elements -->
<!ELEMENT AODiagram (AOModel+, AOConnection*)> 
<!ELEMENT AOModel (Tool*,Parameter*)> 
<!ATTLIST AOModel
  name CDATA #REQUIRED
  type CDATA #REQUIRED
  location CDATA #IMPLIED
  description CDATA #IMPLIED
  coordinates CDATA #IMPLIED>

<!ELEMENT Parameter EMPTY>
<!ATTLIST Parameter
  destination CDATA #REQUIRED
  value CDATA #REQUIRED
  comment CDATA #IMPLIED>

<!ELEMENT AOConnection (Parameter*)> 
<!ATTLIST AOConnection
  source CDATA #REQUIRED
  destination CDATA #REQUIRED
  comment CDATA #IMPLIED
  coordinates CDATA #IMPLIED>

<!-- AOModelType elements --> 
<!ELEMENT AOModelType (Identification,Document*,VersionInfo+,Tool*,Interface)>
<!ATTLIST AOModelType
  name CDATA #REQUIRED >

<!-- AOType element --> 
<!ELEMENT AOType (Identification,Document*,VersionInfo+,Tool*,Interface,AODiagram)>
<!ATTLIST AOType
  name CDATA #REQUIRED >

<!-- AOSystem element --> 
<!ELEMENT AOSystem (Identification,Document*,VersionInfo+,Tool*,AODiagram)> 
<!ATTLIST AOSystem
  name CDATA #REQUIRED >

Explanations of some of the elements of the above DTD, and (where applicable) references to the formal syntax for their attributes, are given in Table A.2.

Table A.2 - AOLibraryElement DTD Elements

Element
   Attributes
Syntax (NOTE 1,2)


Explanation

Identification 
Information for data base retrieval

  standard
Primary reference standard in number-part-subclause format

  classification
Classification code (NOTE 3)

  applicationdomain
Application domain  (NOTE 3)

  function
Function of this element  (NOTE 3)

  type
Element type (e.g., device type) (NOTE 3)

  description
Descriptive phrase  (NOTE 3)

  source
Location of source code for this element (NOTE 4)

  object
Location of runnable code for this element (NOTE 4)

  icon
Location of an alternate graphical representation (NOTE 4)

Document
Documentation of this element (possibly one of several)

  location
The location of the document (NOTE 4)

  type
The document type, e.g., UserManual

  title
The document title

VersionInfo
Possibly one of several entries:

· First entry - Most recent version

· 2nd entry - Immediately preceding released version...

· last entry - First released version

  organization
The organization supplying this library element (see NOTE 5)

  version
digit [digit] '.'digit [digit] [letter]


The version identification for this library element

  author
The author of this library element

  date
The release date of this version in YYYY-MM-DD format

  remarks
Comments relating to this version

Tool
Possibly one of several tools used with this library element

  functions
identifier {',' identifier}


A comma-separated list of tool function names taken from Table 1

  class
The tool class within its archive, e.g., FBViewer.class

  location
The location of the archive containing the tool (NOTE 4)

  description
A short (1-line) description of the tool

Interface
Inputs, outputs, parameters and their associations.

Inputs
Declarations of the inputs of an AO type or AO model type

Outputs
Declarations of the outputs of an AO type or AO model type

Parameters
Declarations of the parameters of an AO type or AO model type

VarDeclaration
A declaration of an input, output or parameter.

name
ao_identifier


The name of the input or output (see NOTE 3)

  type
The object type, data type or class of the input or output

  initialValue
The initial value of the input or output

  comment
A short (1-line) description of the input or output

Association
An association among AO inputs, AO outputs, or parameters

  type
identifier


The type of association, e.g., WITH

  varList
ao_identifier {',' ao_identifier}


A comma-separated list of associated items  (see NOTE 3).

AODiagram
An AO diagram.

AOModel
An AO model.

  name
ao_identifier


The name of the instance of the AO model (see NOTE 3).

  type
The type or class of the model within its archive

  location
The location of the archive containing the model (NOTE 4)

  description
A short (1-line) description of the model

  coordinates
integer ',' integer


Coordinates of the upper-left corner of the model display

AOConnection
An AO connection

  source
ao_identifier '.' ao_identifier


The source of the connection, e.g., AO1.OUTPUT2 (see NOTE 3)

  destination
ao_identifier '.' ao_identifier


The destination of the connection, e.g., AO2.INPUT1 (see NOTE 3)

  comment
A short comment about the connection; e.g., "Motor speed".

  coordinates
integer [',' integer ',' integer]


Coordinates of a 3- or 5-segment connecting line

Parameter
Specification of the value of a parameter of a model.

  destination
ao_identifier


The name of the parameter or input to be set (see NOTE 3)

  value
The specified value for the parameter, e.g., 6.023E+23

  comment
A short comment about the parameter specification;
 e.g., "Avogadro's number".

AOModelType
Declaration of an AO model type

  name
identifier


The name of the AO type

AOType
Declaration of an AO type

  name
identifier


The name of the AO type

System
A declaration of an AO system configuration

  name
identifier


The name of the system configuration

NOTE 1
See Annex A of IEC 61131-3 for a description of the formal syntax used in these specifications.

NOTE 2
See Annex B of IEC 61131-3 for definitions of non-terminal symbols used but not defined in these specifications.

NOTE 3
The non-terminal ao_identifier is an extension of the IEC 61131-3 identifier non-terminal, defined as:
ao_identifier::= aoid_char {aoid_char}
aoid_char ::= letter | digit | '_' | '$'
NOTE 4
The format of this atttribute is a Universal Resource Identifier (URI) as specified in IETF RFC 1630, Universal Resource Identifiers in WWW, June 1994

NOTE 5
The format of this atttribute is preferably, but is not required to be, a Universal Resource Identifier (URI) (see NOTE 4).
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