XML Metadata |nterchange (XMl)

Proposal to the OMG OA&DTF RFP 3:
Sream-based Model Interchange Format (SMIF)

Joint SUbmission

Cooperative Research Centre for Digtributed Systems Technology (DSTC)
International Business Machines Corporation

Oracle Corporation

Platinum Technology, Inc.

Unisys Corporation

Supported by:
Cayenne Software
Genesis Devel opment
Inline Software
Rational Software Corporation
Select Software
Sorint Communi cations Company
Sybase, Inc.

OMG Document ad/98-07-01
July 6, 1998



Copyright 1998, Cooperative Research Centre for Distributed Systems Technology (DSTC)
Copyright 1998, IBM Corporation

Copyright 1998, Oracle Corporation

Copyright 1998, Platinum Technology, Inc.

Copyright 1998, Unisys Corporation

The companies listed above hereby grant aroyalty-free license to the Object Management Group,
Inc. (OMG) for worldwide distribution of this document or any derivative works thereof, so long as
the OM G reproduces the copyright notices and the below paragraphs on al distributed copies.

The materia inthis document is submitted to the OMG for evaluation. Submission of this document
does not represent acommitment to implement any portion of this specification in the products of
the submitters.

WHILE THE INFORMATION IN THISPUBLICATION ISBELIEVED TO BEACCURATE, THE
COMPANIESLISTED ABOVE MAKE NO WARRANTY OF ANY KIND WITH REGARD TO
THISMATERIAL INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. The companieslisted
above shall not be liable for errors contained herein or for incidental or consequential damagesin
connection with the furnishing, performance or use of this material. The information contained in
this document is subject to change without notice.

This document contains information which is protected by copyright. All Rights Reserved. Except

as otherwise provided herein, no part of thiswork may be reproduced or used in any form or by any
meansoégraphic, electronic, or mechanical, including photocopying, recording, taping, or
information storage and retrieval systemso without the permission of one of the copyright owners.
All copies of this document must include the copyright and other information contained on this

page.

The copyright owners grant member companies of the OMG permission to make a limited number
of copies of this document (up to fifty copies) for their internal use as part of the OMG evaluation
process.

RESTRICTED RIGHTS LEGEND. Use, duplication, or disclosure by government is subject to
restrictions as set forth in subdivision (c) (1) (ii) of the Right in Technical Data and Computer
Software Clause at DFARS 252.227.7013.

CORBA, OMG, and Object Request Broker are trademarks of Object Management Group.



7/6/98

Tableof Contents

1. Preface

11
12
13
14
15
16

2. Proof of Concept

21
22

3. Responseto RFP Requirements

31

3.2

3.3

Cosubmitting Companies and Supporters ...........
Introduction .......... ... i
Submission contactpoints . ......................
Statusof thisDocument . .. ......................
Guidetothe Submission ........................
Conventions. . . ...t

Copyright Waiver. .......... ... ..
Proof of Concept ............ ... ... .. ...

Mandatory Requirements. . ......................
3.1.1 Required Meta-metamodel ..............
3.12 SyntaxandEncoding ..................
3.1.3 ReferencedConcepts ..................
314 UMLSupport............ ...
3.1.5 International Codesets . ................

Optional Requirements. . . .............ccvvvnn...
3.21 Compact Data Representation ...........
3.2.2 Compatibility with other Metamodels and

Interchange Formats. .. ................

Issuesfor discussion. ............coviviiiiiinan..

ad/98-07-01: XML Metadata Interchange



4. DesignRationale . .......... ... ... i i, 4-17

41 DesignOVverVIeW . ..o e 4-17
42 XMlandtheMOF . ....... . i 4-17
421 AnOverviewoftheMOF............... 4-17

4.2.2 Therelationship between XMI and MOF. . . 4-20
4.2.3 The relationship between XMI, MOF and UML 4-21
4.2.4 Why usethe MOF asthe basisfor XMI1?. . . 4-21

43 XMland XML ... .o 4-22
431 Therootsof XML..................... 4-22

432 Benefitsof XML ..................... 4-22

433 XML andtheindustry ................. 4-23

434 How XMLWOrks.......... ... 4-23

435 XMLandtheOMG ................... 4-26

436 XML technologies.................... 4-26

4.4  Specific Design Goalsand Rationale. .. ............ 4-27
441 Universaly Applicable Solution. ... ...... 4-27

442 Model Fragments..................... 4-27

443 lll-FormedModels. ................... 4-27

444 Standardised Transfer Syntax............ 4-28

445 Model Versions. ............. ... ... 4-28

44.6 Mode Extensibility ................... 4-28

447 MOF asan Information Model .. ......... 4-29

5. UsageScenarios. . ... i 5-31
51  PUMPOSE. . .t 5-31
5.2  Combining tools in a heterogeneous environment . . . . . 5-31

5.3  Co-operating with common metamodel definitions. . . . 5-32
5.4  Working in adistributed and intermittently connected

ENVIFONMENE . . .. .o 5-33

5.5  Promoting design patternsandreuse . .............. 5-33

6. XMI DTD Design Principles. ....................... 6-35
6.1  PUMPOSE. . . e 6-35

6.2  OVEIVIBW . ... 6-35

6.3 Useof XMLDTDS. ..o 6-35

6.3.1 XML Validation of XMI documents. . ... .. 6-36

6.3.2 Requirementsfor XMI DTDs............ 6-37

6.4 BasicPrinciples............. .. ... ... i .. 6-37

6.4.1 Required XML Declarations. ............ 6-37

iv ad/98-07-01: XML Metadata I nterchange 7/6/98



7/6/98

6.4.2 Metamodel Class Representation.........

6.4.3 Metamodel Extension Mechanism . ... .. ..

6.5 XMI DTD and Document Structure. . ..............
6.6 Necessary XMI DTD Declarations. . ...............
6.6.1 Necessary XMI Attributes .. ............

6.6.2 XMlremote ........... ... ... . ......

6.6.3 Common XMI Elements. . ..............

664 XMl ... .o

6.65 XMlheader ................ ... ......

6.6.6 XMlcontent.........................

6.6.7 XMlextensions ......................

6.6.8 XMl.documentation...................

6.6.9 XMl.metamodel ......................

6.6.10 XMl.reference . ........... ... ... ....

6.6.11 XMI DatatypeElements................

6.7 Metamodel Class Specification ...................
6.7.1 Classspecification . ...................

6.7.2 Inheritance Specification ...............

6.7.3 Attribute Specification.................

6.7.4  Association Specification. ..............

6.7.5 Containment Specification..............

6.8  Document exchange with multipletools . ...........
6.8.1 Definitions:. . .......... ... ... .. ...

6.82 7.2Procedures.............. .. ...

6.83 Example.............. .. ... L

6.84 Alternatives . .............. ... ...

69 8 UMLDTD...... ... e
7. XML DTDProduction ............... ... ...
71 PUMPOSE. . .ottt
72 RuleSetl: SimpleDTD.............. ...t
721 RuUles........ ...

7.22 Auxiliary functions. .. .................

7.3 RuleSet2: Grouped entities. . ....................
731 RuUles........ ...

7.3.2 Auxiliary functions. .. .................

74  Rule Set 3: Hierarchical Grouped entities ...........
741 RuUles........ ...

7.4.2 Auxiliary functions

ad/98-07-01: XML Metadata Interchange



vi

8. XML Generation Principles. ....................... 8-93
81l PUMPOSE. ...t e 8-93
82 Introduction............. ... .. i 8-93
83 TwoModel Sources. ...........coiviiiii.. 8-93
8.3.1 Production by Object Containment. ... .... 8-94
8.3.2 MOF’s Role in XML Production ......... 8-99
8.3.3 Production by Package Extent .. ......... 8-100
8.4  Distinctions between Approaches in Certain Situations. 8-104
8.4.1 ExternalLinks ....................... 8-104
8.4.2 Links not Represented by References. . .. .. 8-104
8.4.3 Classifier-level Attributes. . . ............ 8-105
9. XML Document Production........................ 9-107
9.1 Purpose. . ... .. . 9-107
9.2 Introduction .. ....... ... .. .. . .. e 9-107
9.3 RulesRepresentation . .......................... 9-107
9.4 ProductionRules ........... ... ... .. ... . . . ... 9-109
9.4.1 Production by Object Containment. ... .. .. 9-109
9.4.2 Production by Package Extent .. ......... 9-110
9.4.3 ObjectProductions.................... 9-111
9.4.4 AttributeProduction ................... 9-113
9.45 AttributeContents. .................... 9-115
9.4.6 Reference Productions . ................ 9-116
9.4.7 Composition Production................ 9-117
9.4.8 DataValue Productions................. 9-118
9.4.9 CORBA-SpecificTypes................ 9-123
9.4.10 DocumentPrologue ................... 9-142
94,11 Terminals ........... ... ... 9-145
9.4.12 Helpers....... ... ... . . 9-148
10. Compatibility with Other Sandards................. 10-151
10.1 Introduction ........... ... ... 10-151
11. Conformancelssues ...........c.cciiiiiinnnnn. 11-153
11.1 Introduction .......... ... ... . . 11-153
11.2 Required Compliance........................... 11-153
11.2.1 XMIDTD Compliance................. 11-153
11.2.2 XMI Document Compliance. ............ 11-154

ad/98-07-01: XML Metadata I nterchange 7/6/98



7/6/98

11.2.3 UsageCompliance .................... 11-154

11.3 Optional CompliancePoints. . .................... 11-154

11.3.1 XMI DTD Compliance................. 11-154

11.3.2 XMI Document Compliance. ............ 11-154

11.3.3 UsageCompliance . ................... 11-155
References.......... ... i Reference-157
GloSSary . o Glossary-159

ad/98-07-01: XML Metadata Interchange Vii



viii ad/98-07-01: XML Metadata Interchange 7/6/98



Preface 1

1.1 Cosubmitting Companiesand Supporters

The following companies are pleased to co-submit the XML Metadata Interchange
specification (hereafter referred to as XMI) in reponse to the Object Analysis & Design
Task Force RFP3 - Stream based Model Interchange Format (SMIF):

« Cooperative Research Centre for Distributed Systems Technology (DSTC)
* International Business Machines Corporation

e Oracle Corporation

e Platinum Technologies, Inc.

e Unisys Corporation

The following companies are pleased to support the XMI specification:
e Cayenne Software

« Genesis Development

* Inline Software

« Rational Software Corporation

» Select Software Tools

» Sprint Communications Company

e Sybase, Inc.

1.2 Introduction

The main purpose of XMl is to enable easy interchange of metadata between
modeling tools (based on the OMG UML) and between tools and metadata repositories
(OMG MOF based) in distributed heteroogeneous environments. XMI integrates three
key industry standards:

7/6/98 ad/98-07-01: XML Metadata Interchange 1-1
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« XML - eXtensible Markup Language, a W3C standard
e UML - Unified Modeling Language, an OMG modeling standard
* MOF - Meta Object Facility and OMG modeling and metadata repository standard

The integration of these three standards into XMI marries the best of OMG and W3C
metadata and modeling technologies allowing developers of distributed systems share
object models and other meta data over the Internet.

SMIF (XMI) and OMG Repository Architecture

Repository Common Facility

'[(_J(_Jls & Repositories MOF SMIF UML...
m e "= oW O

APIs

Object Services

Figure1-1 The OMG Repository Architecture and the SMIF

XMI, together with MOF and UML form the core of the OMG repository architecture
that integrates object oriented modeling and design tools between each other and with
a MOF based extensible repository framework as illustrated in Figure 1-1. This
architecture allows tools to share metadata programmatically using CORBA interfaces
specified in the MOF and UML standards or by using XML based stream (or file)
containing MOF and UML compliant modeling specifications. This allows the widest
degree of latitude for tool, repository and object framework developers and lowers the
barrier to entry for implementing OMG metadata standards. The OMG OA&DTF
members have already begun extending this architecture to managing data warehousing
metadata in the Common Warehouse Metadata Interchange (CWMI) initiative.

This submission mainly consists of:

« A set of XML Document Type Definition (DTD) production rules for transforming
MOF based metamodels to XML DTDs

ad/98-07-01: XML Metadata Interchange 7/6/98
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* A set of XML Document production rules for encoding and transfering MOF based
metadata

» Design principles for XMI based DTDs
e Concrete DTDs for UML and MOF

This submission defines these standards and provides proof of concept that covers key
aspects of the XMI. The submission represents the integration of work currently
underway by the co-submitters and supporters in the areas of object repositories, object
modeling tools, web authoring technology and business object management in
distributed object environments. The co-submitters intend to commercialize the XMl
technology within the guidelines of the OMG.

Adoption of this submission would enhance meta data management and meta data
interoperability in distributed object environments in general and in distributed
development environments in particular. While the initial RFP (XMI) addresses stream
based meta data interoperability in object analysis and design domain, the submitters
anticipate the XMl (in part because it is MOF based) to be rich enough to support
additional domains. Examples include metamodels that cover the application
development life cycle as well as additional domains such as data warehouse
management and business object management. OMG is expected to issue new RFPs to
cover these additional domains. The submitters expect this version of the XMI to
evolve in the future to address new requirements.

The adoption of the UML and MOF specifications in 1997 was a key step forward for
the OMG and the industry in terms of achieving consensus on modeling technology
and repositories after years of failed attempts to unify both areas. The adoption of
XMl is expected to address the plethora of proprietary meta data interchange formats
and minimally succesful attempts of the Meta Data Coaltion (Meta Data Interchange
Specification) and Case Data Interchange Format (EIA CDIF) because of widespread
adoption of W3C (XML) and OMG (UML, MOF) standards as well as industry
pressures on integrated and interoperable development environments composed of
tools from multiple vendors. XMl is also expected to ease the integration of CORBA,
Java, and COM based development environments which are both evolving to similar
extensible repository architectures based on standard information models, repository
interfaces and interchange formats.

1.3 Submission contact points

7/6/98

Please send comments on this submission to xmi-feedback@omg.org.
All questions about this submission should be directed to:

Sridhar lyengar

Unisys Corporation

25725 Jeronimo Rd.

Mission Viejo, CA 92691

Phone: +1 949 380 5692

Email: sridhar.iyengar2@unisys.com
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Stephen A. Brodsky, Ph.D.

International Business Machines Corporation
555 Bailey Ave., L19/F320

San Jose, CA 95141

Phone: +1 408 463 5659

Email: SBrodsky@us.ibm.com

Contact information for the other co-submitting companies is:

Dr. Kerry Raymond

CRC for Distributed Systems Technology
University of Queensland 4072 Australia
Phone: +61 73365 4310

Email: kerry@dstc.edu.au

Dr. Stephen Crawley
CRC for Distributed Systems Technology
Email: crawley@dstc.edu.au

Simon McBride
CRC for Distributed Systems Technology
Email: sim@piglet.dstc.edu.au

Tim Grose
International Business Machines Corporation
Email: TGrose@us.ibm.com

Peter Thomas

Oracle Corporation

Oracle Parkway

Thames Valley Park

Reading

Berkshire

RG6 1RA

Phone: +44 118 924 5132
Email: pthomas@uk.oracle.com

John Cramer

Platinum Technology, Inc.
8045 Leesburg Pike, Suite 300
Vienna, VA 22182

Phone: +1 703 848 3288
Email: cramer@platinum.com

Dr. Gene Mutschler
Unisys Corporation
Email: Gene.M utschler@unisys.com

GK Khalsa

Unisys Corporation
khal sa@objectrad.com
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Contact information for the supporting companies is:

Naresh Bhatia
Cayenne Software
Email: Bhatian@cayennesoft.com

David Frankel
Genesis Development
Email: DFrankel @gendev.com

Bill Dudney
Inline Software
Email: BDudney@inline-software.com

Jack Greenfield
Inline Software
Email: Jack@inline-software.com

Magnus Christerson
Rational Software Corporation
Email: Christerson@rational.com

Lydia Patterson
Select Software
Email: Lydiap@selectst.com

Abdul Akram
Sprint Communications Company
Email: Abdul.Akram@mail.sprint.com

Andrew Eisenberg
Sybase, Inc.
Email: Andrewe@sybase.com

The co-submitters and supporters of the XM submission appreciate the contributions

of the following individuals during the SMIF submission process:

Don Baisley, Robert Blum, Dan Chang, Keith Duddy, Johannes Ernst, Alexander
Glebov, Craig Hayman, Kurt Kirkey, Woody Pidcock, Ashit Sawhney, and Dave

Stringer.

1.4 Satusof thisDocument

This document is an initial submission. A revised submission has been scheduled for

October 20, 1998, as described in the RFP. Refer to the OMG web site,

http://www.omg.org for the latest schedule.

1.5 Guidetothe Submission

7/6/98

This proposal is presented in the following sections:

Section 1 Overview

ad/98-07-01: XML Metadata Interchange
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Introduces the submission and provides the context for the XMI technology within
the OMG architecture

Section 2 Proof of Concept
Describes proof of concept efforts and results, in demonstration of the proposal’s
technical viability.

Section 3 Response to RFP Requirements
Identifies the specific RFP requirements and this proposal’s response to each
requirement.

Section 4 Design Rationale
Describes the design goals and rationale of this proposal, giving an overview of the
proposed solution and insight into the motivation and design forces.

Section 5 Usage Scenarios
Describes how the XMl is expected to be used by customers and tool vendors

Section 6 DTD Design Principles
Provides a discussion of Document Type Definition (DTD) usage, generation and
standard parts.

Section 7 DTD Generation Rules
Specifies the production rules for DTDs, as part of the encoding of MOF based
metamodels into the proposed format.

Section 8 XML Production Principles
Discusses the manner in which a model is represented as an XML document.

Section 9 XML Document Production
Specifies the production rules for encoding any model, with a MOF- defined meta-
model, in the proposed format.

Section 10 Compatibility with other standards
This section discusses how the XMI specification is related to other industry
standards

Section 11 Conformance Issues
This section discusses conformance - mandatory and optional; compliance points in
the XMI specification.

References
Lists the references used in this specification

Glossary

This section describes a glossary of terms relevant to the MOF, UML and XMl
specifications.

ad/98-07-01: XML Metadata I nterchange 7/6/98
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Appendix A
The UML 1.1 DTD

Appendix B
The MOF 1.1 DTD

Appendix C
Example encodings of models

IDL appearsusing thisfont.
XML appears using this font.

hj ect Constraint Language (OCL) appears using this font.

Caution — Cautionary information appears with this prefix, framing, and in this font.

Note — Items of note appear with this prefix, framing, and in this font

Please note that any change bars have no semantic meaning. They show the places that
errata were discovered since the last submission. They are present for the convenience
of readers and submitters so that the final edits can be identified.

ad/98-07-01: XML Metadata Interchange 1-7
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Proof of Concept 2

2.1 Copyright Waiver

In the event that this specification is adopted by OMG, the submitters grant to the
OMG, a non-exclusive, royalty-free, paid-up, worldwide license to copy and distribute
this specification document and to modify the document and distribute copies of the
modified version. For more detailed information, see the disclaimer on the inside of the
cover page of this submission.

2.2 Proof of Concept

7/6/98

XMI cosubmitters and supporters have extensive experience in the areas of meta data
repositories, modeling tools, CORBA and the related problems of interchage of meta
data across tools in distributed heterogeneous environments. Relevant portions of
their experience is highlighted below :

Unisys, IBM, Oracle and Platinum are experienced in the implementation of
commercial meta data repositories that have enabled meta data interchange using
APIs (proprietary, OMG MOF based, COM based etc.) and file based interchange
formats ( proprietary, CDIF, MDIS etc.). These meta data repository vendors have
already begun prototyping the integration of XMI with their respective products.
Most of the leading repository vendors have announced plans to support XMI.

Platinum, Rational and Select are leading modeling tool vendors implementing
UML and are committing to using XMI as the interchange format. IBM and Unisys
have already prototyped round trip engineering of UML models using the XMl
UML DTD for the Rational Rose and Select Enterprise products. This prototype
includes the exporting a model from Select Enterprise and importing it into Rational
Rose proving interoperability between tools produced by different vendors.

Unisys has prototyped and is implementing IDL generation from a MOF and is
extending this work to generate both XML DTDs and XML based streams from a
MOF based repository server.

ad/98-07-01: XML Metadata Interchange 2-9



< IBM has prototyped and is implementing generating both XML DTDs and XML
based streams from their repository server. IBM has also prototyped XMI stream
differencing.

« DSTC has developed prototypes for a MOF repository, along with meta-model
compilers, IDL generators and server generators. These are currently being used to
prototype generators for XMI interchange software that can emit an XML steram
for a model held in a MOF-based repository, and can populate a MOF-based
repository from an XML stream. The interchange software is being trialed with a
wide range of realistic meta-models and test cases.

e The XMI work is based on two key available meta data standards - OMG MOF and
W3C XML - that are being implemented by several vendors. The first major use
of XMI will be for the interchange of UML models based on the OMG standard
UML metamodel

« IBM and Microsoft have implemented XML parsers which were used in our proof
of concepts.

The submitters expect to demonstrate some of these proof of concepts in upcoming
OMG meetings.

2-10 ad/98-07-01: XML Metadata I nterchange 7/6/98



Responseto RFP Requirements 3

3.1 Mandatory Requirements

7/6/98

3.1.1 Required Meta-metamodel

Proposals shall use the MOF as its meta-metamodel.
The XMI proposal uses MOF as its meta-metamodel.

Any model or model fragment that has a MOF compliant metamodel can be exchanged
using XM, as can the metamodels themselves. The XMI proposal specifies how any

MOF compliant meta-model maps to XML DTDs, and how a corresponding model or
model fragment maps to XML.

3.1.2 Syntax and Encoding

Proposals shall provide a complete specification of the syntax and encoding
needed to export/import models and meta-model extensionsincluded in-line as
part of the transfer stream. This syntax and encoding shall have an unambiguous
identification to support evolution of this technology.

The XMI specification provides a complete specification for syntax and encoding
needed to export and import meta-models and models including extensions. Evolution
of the XMI technology is also specified. Please refer to Section 6, XMI DTD Design
Principles on page 35 and Section 8, XML Generation Principles on page 93 for
details on syntax and encoding. Example DTDs for XM encoding of UML models and
MOF metamodels are provided in the Appendices.

Evolution of technology is supported using the following specific mechanisms:
1. The XML header identifies the XML version - currently 1.0 as adopted by W3C.

2. The XMI header identifies the XMI specification version number - currently 1.0.

ad/98-07-01: XML Metadata Interchange 311



3. The XMI header identifies the MOF metamodel(s) for the model information
encoded in an XMI transfer stream, giving metamodel names, versions and links to
their definitions.

4. The XMI.extensions element allows XMI to handle extensions to a metamodel; for
example to represent the layout of a model’'s diagram. Extension meta-data can be
transmitted inline as part of the transfer stream.

3.1.3 Referenced Concepts

Proposals shall provide a means for unambiguous identification of any concept
specified in a MOF-compliant metamodel that is referenced (but the specification
is not included) in a transfer stream.

The XMl.references element is used to refer to concepts used but not included in an
XMI specification. Refer to Section 9.4.Bletamodel Extension Mechanism on page
104 for details.

3.1.4 UML Support

Proposals shall demonstrate support for import/export of UML models and the
UML metamodel. This demonstration shall include demonstration of a round-trip
model exchange without information loss. Submissions will be evaluated
regarding the extent of the UML metamodel subset (including any MOF-
compliant extensions) covered by the submitter’s choice of examples.

XMI has been used extensively by the co-submitters as described in Section 2 Proof of
Concept. This prototyping includes:

1. Round-trip transfer of UML models from a tool (e.g.: Rational Rose) to an XML
file and back.

2. Transfer of UML models from between tools (e.g.: Select Enterprise to XML file to
Rational Rose)

3. Transfer of UML models between a repository and tools (e.g.: Unisys UREP or
IBM TeamConnection to XML file to Rational Rose)

4. Transfer of the complete UML metamodel between tools.

Refer to the appendix for details.

3.1.5 International Codesets

Proposals shall support use of international standard codesets.

The XMI uses the optional encoding declaration of XML to specify the character set.
This follows the 1SO-10646 (also called the Unicode) standard. XML also permits
switching of encodingsin afile.

312 ad/98-07-01: XML Metadata I nterchange 7/6/98



3.2 Optional Requirements

7/6/98

3.2.1 Compact Data Representation

The interchange of metamodels may require a compact data representation in
addition to the text-based representation as an alternative to the interface-based
representation defined in the MOF.

Not addressed in this proposal.

3.2.2 Compatibility with other Metamodels and Interchange Formats

In order to preserve the investments of OMG members, proposals may be
upward-compatible with the EIA/CDIF 1994 (CDIF94) Transfer Format
standards. This does not imply downwar d-compatibility. The SMIF
specification may contain constructs unsupported by CDIF94.

Not addressed in this proposal.

Proposals may contain an unambiguous, complete mapping of the conceptsin the
CDIF94 meta-meta-model to the concepts in the MOF.

Not addressed in this proposal.

Proposals may identify the impact of the proposed SMIF specification on transfer
files produced using the CDIF94 Transfer Format standards. This includes
identification of any changes to CDIF transfer files required to produce valid
syntax and encoding per the proposed SMIF specification. This requirement may
be met by providing a specification for a conversion utility for transfer files
created using the CDIF94 Transfer Format standards to make them compliant
with the proposed SMIF specification.

Not addressed in this proposal.

Proposals may provide transfer stream examples that use concepts from other
industry standard metamodels.

Not addressed in this proposal.

Proposals may identify specific modeling language differences between EXPRESS
and the MOF/UML and discuss ways to map between these languages. A direct
mapping of all the conceptsin either language to the other may not be possible.

Not addressed in this proposal.

Proposals may identify the impact of the proposed SMIF specification on existing
schema definitions and transfer files produced using STEP EXPRESS. This may
include identification of any changesto STEP EXPRESS filesrequired to produce
valid syntax and encoding per the proposed SMIF specification. Submissions may
include a specification for converting STEP schemas and/or transfer files created
using STEP EXPRESS standards to make them compliant with the proposed
SMIF specification.
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3.3

3-14

Not addressed in this proposal.

The submitters may consider addressing some of these optional requirements for the
final submission.

| ssuesfor discussion

Proposals in response to this RFP may discuss the usage and relevance of related
technologies such as Meta-Object Definition Language (MODL), Object
Constraint Language (OCL) and Universal Object Language (UOL) to the SMIF
RFP. Note that these languages have been discussed in the OMG OAD Task Force
recently.

MODL (non-normatively referenced in the OMG MOF standard) is a text-based
language that is expressly designed for expressing MOF metamodels. Naturally, it has
a direct correspondence with the MOF meta-metamodel. MODL was initially
developed by the DSTC to support the MOF submission.

UOL is atext-based object modeling language for expressing UML and OML models.

The alignment of the core concepts in the UML metamodel with those of the MOF
meta-metamodel mean that UOL can also be used to express MOF metamodels. UOL

is being developed jointly by Recerca Informatica, Universitat Politecnica de

Catalunya and Daimler-Benz Research and Technology in response to the SMIF RFP.

Since both MODL and UOL can both express MOF compliant meta-models, they can
both be used as human-readable interchange formats for MOF meta-models. In the
same way, UOL is a human-readable interchange format for UML models. However,
neither of MODL or UOL is suitable as an interchange format for models in general.

OCL, as defined in the UML standard, is a language for expressing constraints over a
collection of objects. OCL has been used to define semantic aspects of the MOF and
UML standards, and is used in this proposal to define the XMI stream production
rules. OCL can also be used to define semantic constraints in MOF metamodels and
UML models. However, since OCL has no capability of modeling data structures, it is
not directly applicable to model or metamodel interchange.

Note: the separation of information from presentation issues is a key feature of both
XML and XMI. While this proposal does not address this issue, it will be feasible to
use W3Cis eXtensible Style Language (XSL) to define “style sheets” for XMI. For
example, XSL style sheets can be defined to map XMI encodings of MOF compliant
metamodels onto either MODL or UOL. Similarly, we can map XMI encodings of
UML compliant models onto UOL or the UML graphical notation.

Proposals in response to this RFP should discuss how to support semantic
interoper ability between tools that share and manipulate STEP schemas and
STEP schema instances in addition to tools that support sharing and
manipulation of OAD models. The proposal may provide or reference different
specifications for transferring schemas and transferring schema instances as long
as there is a way to reference the schemas when transferring schema instances.
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This proposal does not address STEP schema interoperability. However, the MOF and
its precursors have been used in a number of domains which entail model and schema
transformations. Assuming that MOF metamodels for STEP schemas are defined, XM|I
could therefore be used to interchange STEP schemas and instances.

Proposals should include information on how to perform conformance tests (for
checking syntax and transfer stream specific validation rules for schemas and
schema instances) on transfer streams prior to import into other applications.

The XML Recommendation provides explicit rules for XML document validation,
based on both the syntax of XML and the specific DTD of the document. This
validation can be performed by any validating XML parser. An XML consumer can
choose to validate the entire document before beginning the decoding process.

In XMI, the specific DTD for a document is produced from the model’s MOF
metamodel according to mapping rules in this specification. The DTD expresses the
structural aspects of the meta-model. This means that any validating XML parser can
check that an XMI document containing a model is structurally conformant to the
model’'s meta-model.

The XML DTD language is not rich enough to represent all aspects of a MOF meta-
model. In particular, it cannot express multiplicity constraints (i.e. cardinality and
uniqueness) or arbitrary semantic constraints. Hence validation of an XMI stream by a
standard XML parser does not guarantee full conformance.

Sharing of metamodels is the anticipated basis for full validation. An XMI stream
header includes an unambiguous reference to the model’s metamodel. Thus, an XMl
enhanced XML parser can ensure total model conformance by validating an XMl
stream against a local copy of its metamodel. Similarly, a MOF compliant model
repository for a given metamodel can validate any model that is loaded into it. Note
however, that exchange of incomplete models is also supported.

This may include recommendations for adding additional functionality to the
MOF to satisfy transfer file conformance test requirementsidentified by the
STEP community.

Proposals should discuss an approach to address this differencein problem scope.
For example, proposals may describe how to use the MOF to describe STEP
schemas at the same level asthe UML meta-model.

The submitters believe that MOF is rich enough to be used to define STEP schemas at
the same level as the UML metamodel. A possible approach is to define a mapping
between the STEP meta-metamodel and the MOF meta-metamodel so that STEP
schemas can be treated as MOF metamodels. Alternately, a MOF metamodel for STEP
that allows STEP schemas to be expressed as MOF based models.

The MOF does not need extensions to handle conformance rules. The MOF already
provides meta-metamodel elements (e.g. Model::Constraint) for attaching well-
formedness rules (e.g. expressed in OCL or any other language) to a MOF metamodel.
The MOF standard also addresses conformance and well-formedness of models. If we
assume that STEP is incorporated into the MOF metadata framework using the second

ad/98-07-01: XML Metadata Interchange 315



3-16

alternative above, STEP conformance requirements can be handled as part of the MOF
metamodel for STEP.

The focus of the XMI proposal on current and emerging OMG metadata standards. The
submitters believe that integration of XMI and STEP EXPRESS to address EDI and
related requirements is an important next step.

Proposals should discuss the connection, if any, between the proposed transfer
format syntax and encoding and the Objects-by-Value syntax and encoding.

There is no direct connection between the XMI proposal and the new OMG Object-by-
Value specification.

The MOF supports the use of the complete range of CORBA data types in metamodels
using CORBA TypeCodes. This alows the MOF to evolve with extensions to the

CORBA data types. As new CORBA data types are defined, XMI will be extended to
support their transmission in models. The new Object-by-Value “value” types are no
exception.

Object-by-Value encoding could be used for transmission of models in compact binary
form. However, the submitters have not chosen to address this optional requirement.
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DesignRationale 4

4.1 DesignOverview

This submission proposes the Extensible Markup Language (XML), as defined by the
W3C Recommendation 1.0, as the Stream-based Model Interchange Format. That
recommendation includes specification of XML in Extended Backus-Naur Form
(EBNF) notation, which is LL(1) parsable.

The encoding of metadata is specified by the XML Document Production Rules.
When these rules are applied to a model or model fragment, the result is an XML
document. The rules ensure that encoding a given model or model fragment will
always result in equivalent XML documents. Since these documents contain all of the
information in the original model or model fragment, a stream consumer can apply the
XML Document Production Rules in reverse to produce metadata that is an identical
copy the original.

The XML Document Production Rules are expressed in detail using a combination of
grammar fragments and OCL expressions.

4.2 XMl and the MOF

7/6/98

XMI is an interchange format for models and meta-models that are defined in
conformance with the Meta Object Facility (MOF) standard. This section provides an
overview of the MOF and gives a rationale for basing XMI on the MOF rather than
some other modelling technol ogy.

4.2.1 An Overview of the MOF

The MOF is the OMG's adopted technology for modelling metadata and representing it
as CORBA objects. The MOF can support any kind of metadata that is describable
using object modelling. The designers envisaged that the MOF would be used for a

wide range of metadata; for example
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e metadata repositories to support the software analysis, design and development
processes,

» type repositories for types used by infrastructure services such as COS Trading,
COS Events and ultimately the CORBA Interface Repository itself.

« metadata repositories for data warehousing and mining and database
interoperability,

* metadata indices for free-text data sources such as online document collections and
the world-wide web.

The MOF specification has three main parts; i.e. the MOF Model, the MOF IDL
Mapping and the MOF’s interfaces. The purpose of these components and the
relationship between them will become clear as they are described.

The MOF Model

The “MOF Model” is the MOF's builtin meta-metamodel. The best way to understand
the MOF Model is to think of it as an “abstract language” for defining MOF
metamodels. This is analogous to the way that the UML metamodel is an abstract
language for defining UML models. The MOF uses the UML notation rather than
specify its own graphical notation.

There is an even closer parallel between MOF and UML in this area. While the two
facilities have been designed for two different kinds of modelling (i.e. metadata versus
object modelling), the MOF Model and the core of the UML metamodel are closely
aligned in their modelling concepts. Indeed, the alignment is so close that UML's
object modelling notation can easily be used to express MOF metamodels.

The three main metadata modelling concepts supported by the MOF are Classes,
Associations and Packages.

« Classes can have Attributes and Operations at both “object” and “class” level.
Attributes have the obvious usage; i.e. representation of metadata. Operations are
provided to support metamodel specific functions on the metadata. Both Attributes
and Operation Parameters may be defined as “ordered”, or as having structural
constraints on their cardinality and uniqueness. Classes may multiply inherit from
other Classes.

» Associations support binary links between Class “instances”. Each Association has
two AssociationEnds that may specify “ordering” or “aggregation” semantics, and
structural constraints on cardinality or uniqueness. When an Class is the type of an
AssociationEnd, the Class may contain a Reference that allows navigability of the
Association’s links from a Class “instance”.

» Packages are collections of related Classes and Associations. Packages can be
composed by importing other Packages or by inheriting from them. Packages can
also be nested, though this provides a form of information hiding rather than reuse.

The only other significant MOF Model concepts are DataTypes and Constraints.
DataTypes allow the use non-object types for Parameters or Attributes. In the OMG
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M OF specification, these must be data types or interface types expressible in CORBA
IDL.

Constraints are used to associate semantic restrictions with other MOF model
elements. This defines the well-formedness rules for the metadata described by a
metamodel. Any language may be used to express Constraints, though there are
obvious advantages in using a formal language like OCL.

The MOF IDL Mapping

The MOF “IDL Mapping” is a standard set of templates that map a MOF metamodel
onto a corresponding set of CORBA IDL interfaces. If the input to the mapping is the
metamodel for a given kind of metadata, then the resulting IDL interfaces are for
CORBA objects that can represent that metadata. The mapped IDL are typically used
in a repository for storing the metadata.

The IDL mapping is too large to describe here in detail. Instead, we will simply the
main correspondences between elements in a MOF metamodel (M2-level entities) and
the CORBA objects that represent metadata (M1-level entities).

« A Class in the metamodel maps onto an IDL interface for metadata objects and a
metadata class proxy. These interfaces support the Operations, Attributes and
References defined in the metamodel, and in the case of class proxy, provide a
factory operation for metadata objects.

« An Association maps onto an interface for a metadata association proxy that
supports association queries and updates.

« A Package maps onto an interface for a metadata package proxy. A package proxy
acts as a holder for the proxies for the Classes and Associations contained by the
Package, and therefore serves to define a logical extent for metadata associations,
classifier level attributes and the like.

The IDL that is produced by the mapping is defined in great detail so that different
vendor implementations of the MOF can generate compatible repository interfaces
from a given metamodel. Similarly, the semantics of the mapped interfaces are defined
by the MOF specification so that the metadata repositories can be interoperable.

In addition to the metamodel specific interfaces for the metadata (defined by the IDL
mapping), MOF metadata objects also inherit from a group of Reflective base
interfaces. These interfaces allow a ‘generic’ client program to access and update
metadata without either being compiled against the metamodel’s generated IDL or
having to use the DII.

The MOF Interfaces

The final component of the MOF specification is the set of IDL interfaces for the
CORBA objects that represent a MOF metamodel. These are typically not of interest
to the meta-modeller who would use vendor supplied graphical editors, compilers and
generator tools to access a MOF Model repository. However, they are of interest to
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MOF-based tool vendors, and to programmers who need to access metadata using the
Reflective interfaces.

In fact, there is not alot to say about these interface, except to explain how they were
derived. Conceptually, the MOF Model can be viewed as meta-metadata defined by a
higher meta-level model. In the MOF specification, the MOF Model is defined using

the MOF Model as its own modelling language. The IDL mapping is then applied to

this metamodel (or strictly speaking meta-metamodel) to produce the MOF Model's
IDL interfaces. Likewise, the MOF Model IDL's operational semantics are largely
defined by the mapping and the OCL constraints in the MOF Model specification.

4.2.2 The relationship between XMI and MOF

The purpose of XMl is to allow the interchange of models in a serialised form. It is
fairly obvious that in the overall context of the OMG there are many different kinds of
model. Indeed, any “complete” set of metadata is arguably a model of something. The
MOF is the OMG's adopted technology for describing metadata and defining metadata
repositories.

From the point of view of a user of MOF-based metadata repositories, XMI represents
an alternate way of transferring metadata from one repository to another. Since XMl is
a transfer format rather than a CORBA interface, there is no need for ORB to ORB
connectivity to effect the transfer: indeed any mechanism capable of transferring
ASCII text will do. Thus XMI enables a mode of metadata transfer that significantly
enhances the usefulness of the MOF.

From a wider point of view, XMI can be viewed as a common interchange format that
can be used between any kind of metadata repository or between arbitrary XMl
applications such as modeling tools, repositories, web authoring tools, etc. Any
repository that can encode and decode XMI streams can use this capability to exchange
metamodels with other repositories with the same capability. There is no need for such
a repository to implement MOF defined CORBA interfaces, or even to “speak”

CORBA at all.

Since XMl is text based and self descriptive, it also provides a route for interchange of
meta-data with repositories that use other transfer syntaxes. This may be a possible
solution for interoperability with CDIF-based repositories for example.

XMl is based on XML which does not have the same expressiveness as the MOF
Model. Thus it is not possible to express Attribute cardinality and uniqueness
constraints, or arbitrary metamodel Constraints in an XML DTD. In theory, this means
that someone or something could produce an XMI document that, while conforming to
the metamodel’s XMI DTD, does not represent a well-formed model. However, this
should not be a problem in practice. Firstly, a compliant MOF repository can detecting
that a metamodel that is inserted into it is malformed. Secondly, a compliant MOF
repository can store a partial or malformed model anyway.

Since the MOF Model is defined in terms of ifself, there is no reason why MOF
servers cannot also exchange MOF meta-models using XMI. Indeed, a MOF repository
sends the XMl files for both a model and its MOF meta-model, a receiving MOF
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repository has in theory got enough information to fully reproduce the meta-model,
even if it had no prior knowledge of the meta-model.

4.2.3 The relationship between XMI, MOF and UML

There are two points to make under this heading. First, as mentioned above, thereis a
close relationship (alignment) between the (meta-)modelling concepts of MOF and
UML. Thus the increasing popularity of and knowledge of UML modelling concepts
should make an XMI based on the MOF more accessible than an XMI based on other
meta-modelling concepts (for example CDIF).

The second point is that the adopted OMG UML specification defines the UML meta-
model as a MOF meta-model. For XMI, UML and MOF are the first of two OMG
modeling standards that will be supported.

4.2.4 Why use the MOF as the basis for XMI?

There two ways of answering this question. One isto look of the advantages of the
MOF, and the other is to look at the disadvantages of the alternatives.

The advantages of using MOF meta-modelling concepts in XM| are self-evident. The

MOF is the adopted OMG technology for metadata and meta-modelling. This allows

any OMG metadata (including UML models) to be encoded. In addition, the MOF’s
alignment with UML core means that a UML literate user should have less problems
understanding XMI than would be the case with some alternatives.

At this stage there appear to be two alternative approaches proposed for SMIF. One is
to use CDIF as the model interchange format, and the other is to define a model
interchange format for UML.

A CDIF-based proposal would have the problem that the MOF Model and CDIF meta-
metamodel are not fully aligned. This may present technical problems when trying to
exchange metadata described by a MOF metamodel; e.g. UML models. [If you try to
translate between CDIF and MOF at the m2-level you lose information. On the other
hand, if you try to make CDIF the “top of the meta-stack” (i.e. by modelling the MOF
Model as a CDIF metamodel) then the SMIF to model mapping must be defined an
extra meta-level removed. Finally, if you respecify all MOF metamodels as CDIF
metamodels, you have effectively taken MOF out of the meta-data picture!]

An approach which defines a model interchange format for UML alone is flawed in
two respects. First, there are many kinds of model for which there is a fundamental
mismatch in modelling paradigms with UML; e.g. relational schemas. A model
interchange format that supports only UML and its derivitives is not going to support
such models. Second, if you try to use UML as a meta-modelling language, you run
into the problem that, unlike the MOF, UML has no standardised mapping to CORBA
IDL.

7/6/98 ad/98-07-01: XML Metadata Interchange 4-21



4

4.3 XMl and XML

4.3.1 The roots of XML

The Web is the visual interface to the Internet's vast collection of resources. HTML
(HyperText Markup Language) is the predominant form for expressing the Internet’s
web pages. HTML consists of a set of display tags which specify the visual layout of
the page contents for web browsers. Between the tags is the content, the information
designed to be displayed on the page. The content (data) and the meaning of the
content (metadata) are mixed with the layout information to provide visually
interesting results for a human viewer when displayed in a web browser. For
automated access to web sites, however, the extraction of information is quite difficult
since visual interpretation is often required. HTML, while flexible enough to provide
visual web pages, lacks to the capability to deliver general electronic interchange to the
Internet.

HTML is a subset of the more powerful SGML (Standard Generalized Markup

Language), a sophisticated tag language which separates view from content and data

from metadata. Due to the complexity of SGML’s rich feature set, widespread use is
not practical for many applications.

XML, the Extensible Markup Language, is a new data format for electronic
interchange designed to bring structured information to the web. XML is an open
technology standard of the World Wide Web Consortium (W3C), the standards group
responsible for maintaining and advancing HTML.

XML is a subset of SGML which maintains the important architectural aspects of
contextual separation while removing nonessential features. XML focuses on the
ability to express rules for the structure of data (grammar) and a document format for
clearly expressing the data within its contextual metadata. Document contents can be
more easily interchanged on the Internet since automated systems can to separate the
data and metadata and validate the document with its grammar. The XML document
may be expressed visually for human users by applying layout style information with
technologies such as XSL (Extensible Style Language). Web sites and browsers are
rapidly adding XML and XSL to their functionality.

Another important feature of XML is its inherent simplicity. Like HTML, there is very
little required to get started. XML documents can be created by hand with any text
editor. XML documents are similar in ease of use and human readability to HTML,
and, due to its more structured nature, is in some cases simpler.

4.3.2 Benefits of XML

4-22

There are several benefits of basing metamodel interchange on XML. XML is an open
standard, platform and vendor independent. XML supports the international character
set standards of extended ISO Unicode. XML is metamodel-neutral and can represent
metamodels compliant with OMG’s meta-metamodel, the MOF. XML is programming
language-neutral and API-neutral. XML APIs are provided in additional standards,
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giving the user an open choice of several access methods to create, view, and integrate
XML information. Leading XML APIsinclude DOM, SAX, and WEB-DAV.

XML isvalidated through the wide experience and proven capabilities of the members
of the XML family: SGML, used in high-end document processing, and HTML, the
predominant language of the web. XML is the next step in the evolution of the web,
as demonstrated by its incorporation into the latest upcoming versions of the leading
web browsers by Netscape and Microsoft. This enhances the ability of XMI
documents based on XML to be smoothly integrated into the information web of the
Internet.

There is a growing set of tools available for XML development, including a complete,
free, commercially unrestricted XML parser written in Java available from one of the
submitting companies (IBM). A variety of other support tools are available on the
Internet. The simplicity of XML and widespread tool support provide a very low cost
of entry.

4.3.3 XML and the industry

Applications using are described in many locations on the web. Included are web
commerce, publishing, repositories, modeling, databases and data warehouses,
services, financial, health care, semiconductors, inventory access, and more.
Companies involved in standardizing XML include: Adobe, ArborText, DSTC, HP,
IBM, Microsoft, Netscape, Oracle, Platinum, Select, Sun, and Xerox.

XML has spawned a large number of books in response to the widespread interest it

has received. Amazon.com lists 28 books published in the last year on XML,

including two books in the “XML for Dummies” series. The cover article of Byte
Magazine’s March 1998 issue was on XML, with a multi-page article by Bill Gates.

4.3.4 How XML works

This section provides a simple overview of XML technology. Additional features are
described in sections of the submission which use particular aspects XML extensively.

Structure elements

XML documents are tree-based structures of tags containing nested tags and data. In
combination with its advanced linking capabilities, XML can encode a wide variety of
information structures. The rules which specify how the tags are structured are called
a DTD, or a Document Type Declaration.

XML tags can be very simple. A tag consists minimally of a tag name enclosed by
less- and greater-than signs. For example, <car> is an XML tag. Tags in XML are
always nested as open-close pairs, similar to the concept in most programming
languages of Begin and End. To close a tag, precede the tag name with a slash symbol.
For example, </car> closes the tag above. Tags may contain other tags which may
contain other tags in turn. The innermost tag must be closed before its containing tag
may be closed. The requirement to match the beginning and ending tags is what
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provides XML with the tree data structure and an architectural foundation missing
from HTML.

Enclosed tags and text are together called the “content” of the enclosing tag. The
formal name for an opening and closing tag pair is an “element.”

Example
This is an example document describing a car.

<Car>

<Make> Ford </Make>
<Model> Mustang </Model>
<Year> 1998 </Year>
<Color>red </Color>
<Price> 25000 </Price>
</Car>

The car contains five elements which describe it more detail: Make, Model, Year,
Color, and Price. Each of those elements contain text with a value and a closing tag.

DTD

A DTD for the car would contain the following declaration: <!Element Car (Make,
Model, Year, Color, Price)> This indicates that for a Car to be valid, it must contain
each of the Make, Model, Year, Color, and Price elements. The declaration for an
element can have a more complex grammar, including multiplicities (zero to one ‘?’,
one ‘‘, zero or more “*', and one or more ‘+') and logical-or ‘|".

DTDs are typically external files referenced using a URI. For example,
“http://www.xmi.org/car.dtd”, or “file:car.dtd”.

The DTD specifies the metamodel by declaring the rules the model elements must
follow. The document is the model since it carries the model elements following the
DTD metamodel.

Attributes

In addition to contents, the element declaration may contain the declaration of element
attributes. The attributes are specified as part of the opening tag. For example: <Class
name="c1"> </Class>. The declaration of the attributes in the DTD using an

ATTLIST. For example, <!ATTLIST car name CDATA #REQUIRED >. This

indicates that specifying the name of the Class is required in every Class tag, and that
the name consists of a character data string.

XML has a special attribute, the ID, which provides a uniqueness identifier to an
element within a document. The ID is discussed in detail in the section on XMl IDs.
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Correctness

The example document above is called “well-formed” because the elements are
properly structured as a tree with the opening and closing tags correctly nested. Well-
formed documents are essential for information exchange.

The next level of semantic reliability is “validation.” The element structure may have
grammatical rules regarding the placement of elements specified in the DTD.
Although a DTD is not required to be specified in a document, and it is an option of
the receiver as an optimization technique not to use the DTD, without the DTD the
highest level of correctness XML can assert is “well-formed.”

The highest level of reliability is semantic correctness, a level beyond the capabilities
of XML, but not the document creator and readers. This level requires domain
knowledge that is not expressed the document, such as “is that color manufactured for
that combination of make, model, and year.”

Architecture

XML as used in XMl is fully compatible with the four layers of the OMG meta-
modelling architecture, illustrated in Table 1 below. To transfer an (M1 level) model,
an (M2 level) XML DTD that corresponds to an (M2 level) MOF metamodel describes
the encoding of an (M1 level) XML document that contains the model. For example,
a UML model is encoded in conformance to a UML DTD which corresponds to the
UML metamodel.

MOF compliant metamodels can be interchanged at the next meta-level in the metadata
architecture. Thus, an (M2 level) metamodel such as the UML metamodel is encoded
in conformance with an (M3 level) XML DTD for the (M3 level) MOF meta-
metamodel.

The XMI proposal includes concrete DTD’s for UML and MOF, as well as DTD
generation rules for additional future MOF compliant metamodels, or future versions
of existing metamodels.

Table1: OMG MetaM odelling Architecture

M3 MOF MOF DTD
M etaM etaM odel
M2 UML MetaModel UML DTD MetaModels as
(and others) (and others) XML Documents
M1 UML Models UML Models
(and others) (and others) as
XML Documents
MO Instances
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4.3.5 XML and the OMG

There is strong synergy between the OMG technologies and XML. OMG defines
CORBA as the medium for interchange of data between objects. XML is an ideal
interchange medium for OMG metadata.

OMG can use the MOF and XMI to leverage XML by taking the following steps. The
OMG can initiate processes to standardize M OF-based metamodels for metadata of
significance to industry. XMI can then be used to generate standard XML DTDs for
these metamodels. The DTDs would allow the interchange of metadata, both between
and beyond CORBA-based systems.

The XMI submitters believe that this approach would enhance the OMG's position as
providing leadership in the data and metadata interchange standards of the future.

4.3.6 XML technologies

The following are capsule summaries of additional XML technologies which are in the
process of being standardized by the W3C and other organizations and will further
enhance the capabilities of XML. The XMI submission is designed to be upwards
compatible with these technologies. However, since none are in their final form as
adopted recommendations, XMI does not place any dependencies nor directly make
use of any nonstandard technology. In addition, some of these technologies may be
adopted at a later time by their respective organizations, and it is possible although not
anticipated that XMI may be revised at a later time to enable their more efficient use.

Namespaces - The namespace draft by the W3C is work in progress with the goal of
providing support for multiple DTDs in the same document. Each DTD is given a
local namespace within a document (no global registration necessary) which prevents
any conflicts by differing definitions of similarly named constructs.

Links - There are two linking technology drafts in progress at the W3C which provide
advanced linking facilities which are integrated with web technology. XLink is for
cross document links and XPointer is for links within a document. They are used
together and are discussed in more detail in the discussion of the XMI Reference
Element section.

There are three proposals for enhancing the base capabilities of XML at the W3C.
RDF (Resource Description Framework) is a working draft specification for
infrastructure to support web metamodels. RDF-Schema is a working draft to provide
types for XML. XML-Data is a note to the W3C for public comment on providing
schemas and types for XML.

XSL - Extensible Style Language is a working draft of the W3C which specifies user-
definable declarative transforms of XML documents with the goal of providing
formatting style information. XSL is used in conjunction with XML to create the
visual layout of the underlying XML data and metadata.

There are three major APIs to XML. DOM, the Document Object Model, is a
language-neutral interface to XML documents for creation and reading data and
metadata information. DOM also works with style processing and scripts. SAX is an

ad/98-07-01: XML Metadata I nterchange 7/6/98



4

event-driven API for XML parsing. Web-DAV is an API for Web based Distributed
Authoring and Versioning and is currently a working draft of the IETF (Internet
Engineering Task Force) standards body. It usesthe HTTP protocol to provide online,
distributed XML access and modification.

4.4 Fecific Design Goalsand Rationale

4.4.1 Universally Applicable Solution

The SMIF proposal shall provide the meansto define an interchange
format for the data of any metamodel which is an instance of the
OMG Meta Object Framework (M OF), without requiring specific
knowledge of the metamodel.

The XMI proposal defines DTD generation and stream production rules that can be
used to transfer models described by any M OF-based metamodel.

Since XMI allows interchange of MOF metamodels, it is feasible to implement tools
that can consume and produce fully valid XMI model documents with no prior
knowledge of the metamodel. (This assumes that all of the Constraints in the
metamodel are expressed in a constraint language that the tools can interpret.)

4.4.2 Model Fragments

The SMIF proposal shall allow model fragmentsto be produced and
consumed.

Obtaining closure over an entire model could encompass a great many more model
elements than are required by a stream consumer. The consumer might already have
many of those elements, such as built-in types. The flexible generation of DTDs, and

the use of XML linking — via the XML Linking Language (XLink) — makes it possible
to exchange arbitrary model fragments.

4.4.3 |ll-Formed Models

The SMIF proposal shall not require a model to be well-formed.

Requiring a modeler to bring a model into compliance with all well-formededness
rules before sharing is too restrictive. Ideas need to be shared before all the details are
filled in. For a given MOF-defined metamodel, the candidate model only must meet:
« the XML validation rules (including those specified by the DTD corresponding to
the metamodel);
« the set of constraints defined in the metamodel with the evaluationPolicy attribute
having a value of immediate; and
« the intrinsic constraints on the metamodel which are immediately enforced
(maximum multiplicity constraints, type constraints, etc.).
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4.4.4 Sandardised Transfer Syntax

The SMIF proposal shall define the generation of a standard
transfer syntax for a model, based solely on the model's metamodel.

The typical means of specifying the syntax for a data interchange format isin the form
of areference document which lists the contents of files and fields, etc. While useful
to the human coder who must implement the import and export programs, such a
document can be ambiguous or incomplete, since it is prepared by a human author.
Errors and omissions by the syntax author mean that the import/export coder must
make arbitrary decisions, resulting in cases where data cannot be exchanged.

The rules provided in this specification allow for the automated generation of XML
DTDs based on the original MOF specification of a metamodel. Such DTDs do not
have the problem of ambiguities and other shortcomings introduced by human authors.
They are also machine-readable, which has the potential for the developmen of
automated tools to help in the development of import/output programs.

445 Mode \ersions

The SMIF proposal shall support versions of models.

The XMI proposal allows model and metamodel version information to be included in
the XMI header. It is up to the producers and consumers of XMI streams to manage
the allocation of version numbers.

4.4.6 Model Extensibility

The SMIF proposal shall allow metadata conforming to a standard
metamodel and one or more non-standard extensions to be
transmitted simultaneously

The XMI proposal takes advantage of a key attribute of XML; i.e. an XML document
is self describing. XMI documents are divided into two parts. The first part contains
metadata that conforms to the MOF metamodel. The second part contains additional
metadata that is not described by the base metamodel. This part may have multiple
sections, each corresponding to the model extensions made by a particular tool.

For example, many UML tool vendors add extra attributes to various UML classes to

support “value added” features of their tools. While UML provides Tagged Values and
Stereotypes to support these extensions, this approach is clumsy and can result in
name conflicts when metadata is exchanged between different vendors’ tools. Using
XM, tool vendors can define new classes to extend the standard UML classes. The
resulting metadata is encoded a separate, self-contained section of the XMI document,
simplifying its management.
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4.4.7 MOF as an Information Model

The SMIF proposal shall be capable of being used to transmit
operational data as well as metadata.

The distinction between the MOF Model as a meta-metamodel and a metamodel is
only in the use of the models it defines. When an instance of the MOF Mode is used
to define the UML meta-model, the MOF Model is a meta-metamodel. When a MOF
Model defines a model and instances of that model are not intended as models, then
the MOF Model is a meta-model.
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5.1 Purpose

Usage Scenarios )

This section describes some of the problems that IT users and vendors face today and
illustrates how XMI helps to address these problems.

5.2 Combining toolsin a heterogeneous environment

7/6/98

Implementing an effective and efficient IT solution for an enterprise requires a detailed
understanding of processes, rules and data used by the business and how each map to
supporting applications. Without this information, it is difficult to assess the
effectiveness of the application components in use, to identify opportunities for
improvement and to evaluate candidate solutions. A further complication is that the
applications in use will probably originate from a variety of sources and consequently
be a mix of custom solutions and packaged applications implement