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Foreword
ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the development of International Standards through technical committees established by the respective organization to deal with particular fields of technical activity. 

ISO and IEC technical committees collaborate in fields of mutual interest. Other　international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this part of ISO/IEC WD 19763-1 may be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC WD 19763-1  was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 32, Data management services. 

ISO/IEC WD 19763 consists of the following parts, under the general title Information technology — Framework for Metamodel interoperation:

_ Part 1: Reference Model

_ Part 2: Core Model of Metamodel Framework

_ Part 3: Metamodel Framework for Ontology

_ Part 4: Metamodel Framework for Mapping 

Annexes A of this part of  ISO/IEC WD 19763-1 are for information only.

Annex A: 　Basic concept of metamodel
Introduction

Due to the proliferation of E-Business or E-Commerce through the internet, the effective exchange and the interchange of business transactions or other related information across countries and cultures became the first concerns for peoples in both IT industry and other non-IT industries.

To follow the current trends of EB or EC, a lot of industrial consortia have been in charge of standardization of domain specific business objects including business process models and software components using common modeling facilities and exchanging facilities such as UML and XML. They are endeavor to standardize domain specific business process models which represent the best practices of businesses, and standard modeling constructs such as data elements, entity profiles and value domains, at each business domains.

One of the things to be mentioned today is that most of those standard efforts tend to be focused on the contents of metamodel to represent and exchange the semantics of businesses, using the UML Stereotype mechanism and the XML.

The development of metamodels and UML profiles has been progressed through standardization activities such as UN/CEFACT and OASIS for UMM, ebXML, and OMG for MOF, XMI, CWM, EDOC, EAI, etc.

However, every standard group has to specify their metamodel scheme by their own manners. Due to lack of standards that specify common basses for consistent development and registration of metamodels, fudge duplications and inconsistencies had to be brought.

A unified framework for classifying and registering normative model elements could be required to establish harmonization of the metamodels, which are developed independently and to reuse them widely across organizations.

A useful de facto standard or draft standard developed by a standardization organization may be taken up and established as an IS of ISO/IEC/JTC1. Also it is meaningful to build a registry for metamodels based on ISO or de facto standard in order to share the information about those model elements. When defining a business object model according to a metamodel and UML profile, stereotype, pattern, component, framework etc. are basic modeling construct elements to be referred as normative. The business model and information system model within an enterprise or among enterprises should be developed consistently based on those normative elements.

The proliferation of UML and MOF technologies in the model exchanging as de facto standard in the actual markets allows the standardization of some more basic infrastructure, such as this metamodel framework standards.

This part of Meta Model Framework family standards illustrates the basic concept of Meta Model Framework (MMF) and the Core Model which should be used in the development of various types of MMF. The Issues and requirements to be concerned in the development are also defined.

Information Technology–Framework for Metamodel interoperability –Part 1: Reference Model
1 Scope

The metamodel framework family of standards consists of multiple parts which are to be used in the development of a harmonized metamodel to materialize the interoperation of existing registries or metamodels.  

Fig-1 illustrates an overall structure of the standards. However, this structure does not exclude the possibility of future extensions adding other useful metamodel frameworks, such as for model constructs or the registration procedure.
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                   Fig-1 Overall structure of metamodel framework standard
Part-1 Reference model

This part of the standard describes the concept and an overall architecture of the metamodel framework standard to be applied in the development and the registration of the following individual metamodel frameworks.
Part-2  Core model 
 This part of the standard describes a core model of the metamodel framework to be used in the development of any metamodel framework standards. The core model provides a mechanism for metamodel description and normative constructs to be used in the development  of metamodel framework standard.
Part-3  Metamodel framework for Ontology

   This part of the standard describes a metamodel framework for registering individual ontology schema. 
Part-4  Metamodel framework for Model Mapping

   This part of the standard describes a metamodel framework for describing any sort of mapping between objects such as metamodels, model elements or data elements.

1.1 Scope - Metamodel Interoperability

The objectives of this series of standard are focused on improving the interoperability of metamodels  defined by different standard groups in ISO or outside of ISO, providing a normative metamodel framework for developing and registering individual metamodels.

         
[image: image2.emf]
                 Fig-2 Registry federation with metamodel framework
Problems to be solved 

  Many standards organizations, both in ISO and outside ISO, have developed registries to enable the sharing and exchanging of various types of business objects such as business agreement documents, transaction messages, or product information. Most of them use a particular modeling facility such as UML to represent business process models and transaction protocols to be shared. As a matter of course, they developed metamodels in their registries for the effective sharing of those objects and for implementation. 

  Today, a lot of commercial registries are available in the market. However, one of issues in metamodel implementation, especially in the business area, is a lacks of harmony in the metamodel technologies and methodologies they use. For instance, ebXML (UN/CEFACT, OASIS) defined the ebXML registry with their own metamodel. Also, UDDI (Universal Destination and Discovery Integration) defined the own registry.
Even if they could use a common modeling facility, such as UML or MOF, the contents of the metamodel and model constructs which they use, might be independent of each other. Then it might be not so easy for registry users to find an appropriate target to collaborate with. (See Fig-3) 
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                        Fig-3    Problems to be addressed
1.2 Scope - Metamodel Framework Architecture

This standard provides an architectural view of a consolidated set of metamodel framework standards in order to obtain the goals and objectives of this family of standards (See Fig.-4).  This view is needed to guide of metamodel framework standard development efforts by showing the concept and relationships of metamodel frameworks. 
In this document, to avoid confusion among the metamodels and the metamodel Frameworks, a metamodel instance which is materialized inheriting a metamodel framework, should be denoted with a hexagon notation while a metamodel framework is denoted by a rectangular.
In this family of standards, every metamodel framework is governed by the core model and they should be developed inheriting the concepts and constructs of the metamodel frameworks of the core model.


[image: image4.emf]Meta Model Framework

Core Model of  MMF

MOF

Framework for               

Meta Model

Interoperability

Ontology

Data Elements

Patterns

Registries

•E-Commerce

•Software 

Components

•Discovery

Metamodel for

Model Constructs

MM for Ontology

Metamodel for

Model Constructs

Metamodel for 

Ontology

MMF for      

Ontology

MMF for            

Model Mapping

MMF for            

Model Constructs

MMF for            

Registration

Metamodel

Metamodel

11179 MDR

Metamodel   

Register

Metamodel Instances


Fig-4   Conceptual View of Metamodel Framework Architecture
The core model is formulated by inheriting both MOF native metamodels and the MDR (ISO/IEC 11179-3) metamodel, accordingly all of the metamodel frameworks have to follow the metamodel concept and basic meta objects of MOF and MDR. The metamodel frameworks in this family of standards should be formulated on UML and MOF.

  The more detailed structure of the architecture is discussed in Chapter 4 of this document.
1.3 Scope – Exclusions

The following are not covered in the scope of this family of standards.

· Standardization of modeling methodology

· Standardization of the contents of the metamodel such as; particular ontology scheme or object values

· Standardization of the contents of model constructs
1.4 Scope – Area of Applicability

This standard is developed intended to be applied in those areas.
1.4.1 Consistent model development

The major purpose of the metamodel is providing a base for model development efforts in terms of clear semantics and syntaxes of the modeling facility to be used.

Then, the standardization of the metamodel framework for a modeling facility could improve the efficiency of modeling efforts by avoiding unnecessary duplications in the model definitions and discrepancies among modeling rules and models to be developed.  

Also, the metamodel framework standardization could help to keep harmonization with a particular ontology and model constructs.
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   Fig- 5    Metamodel frameworks for efficient development of models
1.4.2 Model and software component sharing 

Another purpose of the standardization of the metamodel framework is to encourage the sharing of various types of business objects such as software components and domain models among peoples or organizations (See Fig.-6). 
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Fig-6 Metamodel Frameworks to support sharing of model Constructs 
1.4.3 Business collaboration through EC or EB

   The metamodel framework standards are needed in harmonized business collaborations through E- business or E commerce. Especially, in those domains, industrial initiatives or consortia have been in charge of enforcing guidelines for sharing business objects including business process models. Most of them were tend to install their own metamodel in the repositories. 
   However, by the nature of E-business, it should not be closed within a industrial domain or territory, different domains should be needed to be penetrated by the internet, and inevitably users or consumers will need to access different private individual metamodels.
Those problems are the starting point for the development of this family of standards (see Fig.-7).
    The recent technologies which focused on Web applications, such as Web services, the Semantic Web and RDF (Resource Definition framework) or UDDI (Universal Destination, Discovery & Integration ) also discuss the standardization of the metamodel technologies.
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       Fig-7     Needs for consolidation of different metamodels
1.4.4 Model based development of software reusing components

The current metamodel technologies revealed new area of software development which could make the dream for the automated software development come true.

For instance, the MDA (Model Driven Architecture) technologies promoted by OMG aim to standardize metamodels through MOF and CWM (Common Warehouse Metamodels) and the developing new technologies for automatic mapping between the PIM (Platform Independent Model) and the PSM (Platform Specific Model). This standard will help to materialize those concepts by providing the model mapping metamodel Framework (See Fig.-8)  
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           Fig-8    An example of Model Driven Software development concept
2. Normative References

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
ISO 8601:2000, Data elements and interchange formats – Information exchange – Representation of dates and times

ISO/IEC 11179-1, Information technology – Metadata registries (MDR) ‑ Part 1 : Framework

ISO/IEC 11179-2, Information technology – Metadata registries (MDR) ‑ Part 2 : Classification
ISO/IEC 11179-3, Information technology – Metadata registries (MDR) ‑ Part 3 : Metamodel

ISO/IEC 11179-4, Information technology – Metadata registries (MDR) ‑ Part 4 : Formulation of data definitions

ISO/IEC 11179-5, Information technology – Metadata registries (MDR) ‑ Part 5 : Naming and identification principles

ISO/IEC 11179-6, Information technology – Metadata registries (MDR) ‑ Part 6 : Registration

ISO/IEC 11404:1996, Information technology – Programming languages, their environments and system software interfaces – Language-independent datatypes

ISO 12620:1999, Computer applications in terminology – Data categories

ISO/IEC 19501-1:2002, Information technology – Unified Modeling Language (UML) – Part 1: Specification (Not yet completed)
3. Definitions

3.1 Definition of Metamodel Concept

3.1.1 business object
Objects which represent various business entities or business processes. Typical business objects are Customer, Products, and Ordering, etc. [OMG, 1995.

3.1.2 conceptual domain
See. ISO/IEC 11179-1 & ISO/EC 11179-3

3.1.3 concept domain instance
See. ISO/IEC 11179-1 & ISO/EC 11179-3

3.1.4 data element
See. ISO/IEC 11179-1 & ISO/EC 11179-3

3.1.5 defining facility
This terminology is used in this standard to identify a facility or scheme which is used in defining nature or structure of objects. 

3.1.6 Domain
This terminology is used in standard to represent an area or field to be discussed in the modeling

3.1.7 domain model
A model which represent a particular domain

3.1.8 meta
See Annex A
3.1.9 meta attribute
An attribute which is specified to a meta object.

See MOF.
3.1.10 meta class
An class defined in the meta level (M2 level) to govern classes in the lower level in the meta hierarchy 
3.1.11 metadata
Data which describes other data.

See. ISO/IEC 11179-1
3.1.12 meta object
Objects which are defined in the meta level (M1 level)

See. MOF
3.1.13 meta relationship
Relationship which are defined in the meta level (M1 level)

See. MOF
3.1.14 metamodel
A model which governs other model.

See. Annex A
3.1.15 metamodel construct
Model constructs which are used in meta models

See. Modeling constructs
3.1.16 meta-modeling Facility
A Modeling Facility used for meta modeling. MOF is an example of the meta modeling facility.  See. Modeling Facility
3.1.17 model
A representation of essence of an universe of discourse (UOD) using a normative modeling facility
3.1.18 model elements
Elements which are consist of a model. A rectangular is a typical model element in UML. See. UML and MOF
3.1.19 modeling aspect
A view point on it a particular model is defined.
3.1.20 modeling constructs
More generic terminology for modeling element. Some time modeling construct includes metadata, code, object patterns rather than notations of a particular modeling facility such as UML/
3.1.21 modeling Facility
A set of rules and notations for use of modeling. UML is a typical example.
Broad Terms used in this part of ISO/IEC CD19763-1

3.1.22 identifier
3.1.23 schema
3.1.24 mapping
3.1.25 naming scheme

3.1.26 name space

3.1.27 object
3.1.28 ontology
3.1.29 object pattern
3.1.30 self-descriptiveness
Abbreviations

3.1.31 CWM

　Common Warehouse Metamodel

3.1.32 MDA

Model Driven Architecture

3.1.33 MOF

Meta Object Facility

3.1.34 PIM

Platform Independent Model

3.1.35 PSM

Platform Specific Model

3.1.36 RDF

3.1.37 Resource Definition Framework

3.1.38 UDDI

Universal Destination, Discovery & Integration

3.1.39 UML 
Unified Modeling Language

[NOTE];

Selecting of the necessary and minimal set of the terminologies is needed. Also, the segregation of Broad and Local on those terminologies is needed. 

3.2 Definition of the Metamodel and Metamodel Framework Architecture
Metamodel is a model which describes other model. That is, a metamodel governs a model, modeling facility or modeling constructs to be integrated into a particular model instance. To establish harmony and consistency among metamodels, metamodel frameworks and a core model are defined in this family of standards. Fig -9 illustrates the relationship among those models. (M0, M1, denotes meta hierarchy levels).
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Fig- 9  Metamodel framework Architecture and overall structure of meta hierarchy

The metamodel framework architecture defines an architectural view to the consolidation of metamodel framework standards to meet the objectives of this standards..

The metamodel framework architecture is a set of normative metamodel framework standards that could be used to enable harmonized exchanging and reusing of various types of business objects, by providing a unified view of the normative metamodels and the normative modeling aspects to be applied to capture the contents to be described in an individual metamodel. 

The purpose of the metamodel framework architecture focuses; 

· Providing a clear concept of the relationship between model and metamodel

· Providing a unified view of the functional classification of metamodels

· Providing a common infrastructure for different modeling facilities to establish  interoperability between them. 

3.3 Definition of the Metamodel Framework

A metamodel framework is a set of meta objects and meta model constructs to be used in the development of a metamodel in the actual implementation of a registry. A metamodel framework has as its scope a particular meta-modeling concern or a metamodel domain, such as mapping or registering model constructs. 

The purpose of the metamodel framework focuses on;

· Providing a normative use of meta objects defined in the core model to meet a particular metamodel concern

· Providing a normative use of meta-model constructs specified by the core model to meet a particular metamodel concern
4 Metamodel Framework Architecture 

4.1. Overall Structure of the Metamodel Framework Architecture

This section describes the structure of the metamodel framework architecture and the detail concept of both metamodel framework and the metamodel framework architecture.

The metamodel framework architecture consists of a core model and several types of metamodel frameworks, such as a metamodel framework for ontology, a metamodel framework for mapping and a metamodel framework for model constructs. However, other useful metamodel frameworks are expected to be proposed. (See Fig -10).
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                Fig- 10     Metamodel Framework Architecture
4.1.1 Structure of the Metamodel Framework Architecture

The metamodel framework architecture represents the concept that was described above with inheriting meta-meta model of MOF and object descriptive concept of MDR (ISO/IEC 11179). 

However, due to the nature of MOF, only abstract syntax of the metamodel constructs were provided by MOF, then, the core model should define specialized own metamodel constructs to represent metamodel frameworks. Typical metamodel constructs are meta objects to represent the quadrant representation scheme provided in the MDR metamodel.
   At the Metamodel instance level, every metamodel instance which materialized following a Meta Model Framework is capable to represent model constructs to be used in the metamodel instance. However, those model constructs should be correspond to the meta meta model constructs of the core model level. 


[image: image11.emf]Core model 

Metamodel Framework

Metamodel 

Framework 

Architecture 

Metamodel Facility 

(MOF)

Meta object defining 

facility (MDR)

Model 

constructs

Meta Model 

constructs

Metamodel Instance

MMF Standards

Domain Specific

Metamodels


           Fig-11   Structure of the Metamodel framework architecture 
4.2.1 Metamodel Framework 

A metamodel framework is a set of normative meta objects and constructs to be used to represent a particular metamodel for a metamodel domain, such as selecting model constructs, mapping between models or model constructs.

A metamodel is a model which provides precise semantics and syntaxes of the model to be defined. Also, a metamodel could provide beneficial additional capabilities for the use of models. These are: (See:  Annex A)

· Model Expandability 
· Object Polymorphism  

· Model integration and transformation

· Parallel execution and model control 

· Model dynamism and flexibility 
  Usually, in modeling or meta modeling efforts, some particular modeling aspects or modeling concerns regarding an Universe of Discourse (UOD) have to be captured by a modeler. Most of the difficulties in the sharing of models are caused by the inconsistency of the perspective of those aspect and concerns between modelers, even if they could use .a normative modeling facility, such as UML.

   In the traditional practical way for regulating the modeling activity, some sort of guidelines are produced which describe design rules or procedure using textual sentences.

One of the benefits of guiding peoples by metamodel mechanisms rather than using textual representation of rules or methods, is its clarity and redactor of ambiguity. 

   So the first priority for preparing metamodel frameworks is providing a common base for normalizing modeling aspects or concerns such as;

· What kind of meta objects should be applied to represent a metamodel

· How to make relationships and what type of relationship should be used

· What type should be chosen for a selected meta objects

· What kind of constructs should be used

· How to represent rules for mapping or transformation between objects

4.2　Core model

The core model is a vital part of this family of standards. The core model  provides for a common descriptive mechanism for each metamodel framework. It is based on well accepted facilities for both modeling and defining. For a meta modeling facility, the MOF of OMG was used, and for an object defining facility, the MDR (Meta Data Registry: ISO/IEC 11179-3) metamodel is used, with some extensions to those facilities.
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  Fig-12   Core model as a successor of both MOF and MDR  

  Since MDR provide a generic object defining scheme extending the famous semantic triangle scheme such as the concept, the conceptual domain, the element and the values, then the benefits of using the MDR metamodel in this standards come from the expandability of the representing object. (see: Fig-13 ) 

    In this standard, key portion of the MDR is represented by using the MOF metamodel in order to add a capability to handle structured objects.
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           Fig-13      Basic defining scheme of MDR (ISO/IEC 11179-3)
By those mechanisms, the core model could be able to describe models and metamodels which consist of many structured objects although MDR uses same manner to describe  single objects such as data elements.
Fig-14 illustrates the capability of the core model for describing a model or a metamodel, specifying a “model concept” and “model domain”.  In this example, an object named “BCC” is specified as a model concept to select a proper model. The core model provides a mechanism for representing and showing a metamodel named “ebXML Core Component Metamodel” as a “Model Domain”. Then, it becomes possible to select a model or a part of model with the exact model concept and its underlying metamodel.

The Core model should be used in the development of normative metamodel frameworks such as the Meta Model Framework (MMF) for Ontology and the MMF for Model Mapping.  
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         Fig- 14 Example of quadrant scheme for describing a metamodel 
  Fig-15 illustrates the meta-meta model which is materialized with the integration of both MDR and MOF facilities. For more detail see document ISO/IEC WD19763-2 (Core model).
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         Fig-15   MDR scheme represented by MOF metamodel
4.3 MMF for Ontology

This standard is a part of the metamodel framework family of standards. It is based on  inheritance of the core model. 

This standard represents a normative metamodel framework which enables harmonized compliance with a normative identification and classification scheme because the sharing and the reusing of heterogeneous business objects among different organizations have  to rely upon using common identification and classification schemes.

Today, a lot of consortia or organizations have defined those schemes in their own way in terms of their own ontology. 

Then, this part of MMF standards should be developed to provides a metamodel framework to enable both registering and using of a particular set of terminologies to represent an ontology scheme.
Today, many organizations are in charge of the standardization of the ontology or the ontology related topics. In the ISO/IEC SC32, the Common Logic standardization was initiated. Also, in the W3C, RDF(Resource Description Framework) and the OWL (Web Ontology Language) are standardized. OMG is also discussing ODM (Ontology Descriptive Metamodel). 

In the development of the MMF for Ontology, it should be inevitable to watch those activities and keep consistency with them. Then following issues are considered. 

(1) MMF for Ontology should provide a super set (minimal set )of the ontology metamodel

(2) MMF for Ontology should not provide any contents for ontology scheme

(3) MMF for Ontology should provide a facility to register a particular ontology or a ontology metamodel in order to make them sharable and reusable.
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    Fig-16 Metamodel framework for Ontology

4.4   MMF for Model mapping

This standard is a part of the metamodel framework family of standards. It is based on inheritance of the core model. 

This standard provides solutions to resolve problems typically found in a heterogeneous environment which consists of different software platforms and middleware. Even in a single environment which consists of similar platforms, a business object might be implemented or installed in different formats or syntaxes.

   The metamodel framework for model mapping provides a normative metamodel which allows the describing of differences regarding formats and types of objects to be exchanged or shared. This metamodel framework also provides a capability for describing transformation rules between different objects in term of a metamodel instance.
   Fig -17 illustrates the basic structure of the MMF for Model mapping which could be minimal set of metamodel for representing both mapping targets and mapping rules.
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                    Fig-17  Metamodel framework for model mapping 
    In the development of MMF for model mapping, following issues should be concerned.

(1) Discussions which are taking places in the standard organizations such as OMG, should be watched

(2) Actual implementation of those scheme, i.e. CWM (Common Warehouse Metamodel ) or some other commercial products for the data warehouse should be investigated

(3) The mapping between models or model elements which were defined with different modeling facilities, such as UML or IDEF1X should be investigated and some sort of the transform metamodel framework should be provided in this standard.
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 Fig- 18 Example of Model Mapping

[ NOTE: ]

 The mapping between models defined by different modeling facilities might be a hard trial in the development of the MMF for model mapping. However, a place holder for this sort of framework should be prepared in the standard.  
4.5   MMF for model constructs

This standard supports the registration of various types of model constructs and their reuse. Typical model constructs could be;

· Data elements

· Data base records

· Object patterns

· Object definition templates

· Message format 

· etc.

[NOTE]

At the moment, no sub project to a metamodel framework for modeling constructs has been initiated. 
6. Conformance

     TBD
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Annex A:  Basic Concept of Metamodel 
[NOTE]

This part is informative for ISO/IEC AWI 19763-1

1 Metamodel Concept

The terminology “meta” is sometime used to mean “super”, “type”, or “transition”.  Typical terminologies with “meta” can be denoted like “metaphor”, “metamorphose” or “metaphysical” etc.

         In the Information Technology area, those terms such as “Meta Language”, “Meta Logic” or “Meta data” have been widely used to represent higher level descriptions information or software constructs.  For instance “Meta language” is used to represent “language which describes language” and “Metadata” is used to represent “data which describes data” 

The first trial of the meta concept definition in the information technology area, especially in the software engineering or the database technology area, was probably be the standardization effort on the information repository such as IRDS (Information Resource Dictionary System, IS 10728, 1993). 

  In the IRDS specification, the “metadata” was defined as “data which describe data”. The IRDS also defined the four limited hierarchy called the meta hierarchy shown on fig-16 . This meta hierarchy concept was inherited by MOF (Meta Object facility) of OMG (Object Management Group) (see. fig-17).
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                    Fig-16  Meta hierarchy in the IRDS 

	Layer
	Role 
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	Meta-metamodel
（M3）
	Definition of metamodel
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	・An Instance of metamodel
・Definition of model
	Class
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（M1）
	Language for describing information domain
	Employee,
Products

	 
	・An instance of the model
・An example  information domain
	Mr. Tanaka
TV


Fig.-17  Meta hierarchy in MOF

2 Basic idea for metamodel taxonomy
Fig-18 illustrates the basic idea of metamodel concept and the relationship between a metamodel and its targets. Generally, a metamodel governs a modeling facility, modeling constructs and model products.
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                  Fig-18  Where a metamodel is located
· Modeling Facility

The terminology “Modeling facility” was used to identify a particular set of rules and notations to be used in the modeling efforts. UML and the IDEF1X are typical modeling facilities. 

[Editor’s note]

Although the UML (Unified Modeling Language) is recognized as a language for modeling, but some others, such as IDEF1X, NIAM or SSADM were considered as more than a language. Some time, those are recognized as modeling methodologies. In this standard the terminology “Modeling facility” is used.

· Domain Model

To distinguish between actual models which represent particular domains of the real world according to rules and notations specified by the modeling facility, a set of rules and notations is called a modeling facility and the model which represents an particular UOD (Universe of Discourse) is called “Domain model”.
· Modeling construct

Modeling constructs are predefined elements to be used in modeling efforts. A domain model must consist of many modeling elements which are predefined and regulated by the modeling facility being used.     Typical predefined modeling constructs are object patterns, object templates, data elements, identification elements, classification elements. 

 It should be mentioned that those modeling elements are not parts of any modeling facility. They should be independent from any modeling facility. This independence would bring high level share-ability of models to business system modeling. 

For instance, in the UML, a STEREOTYPE template is prepared to improve object share-ability and it is recognized as one of UML’s unique capabilities. The Stereotype feature might be an UML unique concept. However, the results of modeling work using the stereotype feature should be independent from the UML modeling facility. 

· Metamodel

             Generally, the metamodel can be defined as a model which describes another model.  More precisely, a metamodel is a model which defines the semantics and syntaxes of models to be developed.  A metamodel governs the modeling facility, modeling constructs and domain models. The roles of metamodel for each target are :

Metamodel for modeling facility: A modeling facility provides a consistent set of modeling rules and notations which can be applied to various type of modeling efforts (development, reference, change, and interchange of models).  It could be a most critical feature of a metamodel to define semantics and syntaxes of a particular modeling facility and represent those in term of a common semantics and syntax. This implies that a metamodel should be represented in the same way as what a modeling facility requires to support modeling efforts. This concept is called “Self descriptiveness”

Metamodel for model construct:  A metamodel should provide information of various type of model constructs to support modeling work, such as data elements, object patterns, identification elements and classification elements in terms of type, constraint and location of those constructs.

Metamodel for domain models: A metamodel should govern models which were produced by modeling efforts providing capabilities to represent and manage attributes of those products.

· Meta-meta model

       One of the issues for formulating a metamodel is the self-descriptiveness of the metamodel. That means a metamodel should be represented with the same rules and notations which will be applied to model products.  

In order to achieve the self-descriptiveness, another model which describes the metamodel is necessary. Usually, a metamodel for the metamodel is called “Meta-meta model”.  A meta-meta model represents semantics and syntax of the metamodel by specifying rules and abstracted objects to be applied in formulating a metamodel. By referring to a metamodel, the characteristics and the constitution of the metamodel can be easily recognized. Then, to standardize meta-metamodel means to standardize ways of defining, describing and reading metamodels.

2.3 Basic idea of metamodel architecture  

      To help the understanding of a metamodel architecture, an example follows (see; Fig-19)

In the object orientation, an object instance has to belong to a particular Class. A class has multiple attributes and operations and an unique object name. Those relationships could be represented in a metamodel. Class “Employee” belongs to a class in the metamodel which is called MetaClass (see Fig-20). Furthermore, the relationship between classes such as “Inheritance” and the associations between classes should be represented by the metamodel.
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                Fig-19   Example of metamodel and model
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Fig-20  Example of metamodel for relationship 

That metamodel could intern be described by a higher level metamodel called a meta-metamodel, shown on fig-21.
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Fig-21  Example of Meta-meta models
3   Purpose and benefits of a Metamodel
The objectives and benefits of a metamodel could be summarized as followed.

· Provide a clear base for modeling

     The most basic feature of a metamodel is to provide to modelers consistent and clear modeling criteria. The standardization of a metamodel as a modeling base could bring various benefits to modeling and software development.

· Make it easy to understand a modeling facility

· Improve model share-ability by sharing modeling views

· Establish uniqueness of model semantics, so that software process automation become possible

· Improve visibility of the system lifecycle and management ability
· Promote compliance to common predefined modeling constructs

         Since the metamodel could provide a facility to navigate various types of modeling constructs, by following a metamodel, the share-ability and the reusing of objects in both modeling and implementation could become easier. Then the conformance to normative modeling constructs and software components could be expected to be improved.

Especially in businesses it could be a critical issue in the realizing a quick response in business collaborations. 

· Expandability of models

     One of the difficulties in reusing and sharing models could be caused by the rigid structure of the models. The Metamodels provide a capability for expanding and modification of a model which represented by the model rather than the textual representation of extending procedures. 
To extend a model to meet individual requirements by the metamodel, for instance, UML “SteroType” is a one of typical feature for the model extending.

· Polymorphism

         The software capability for modification or change an object at the execution time. Those capability (sometime, called the “Introspection” in the object technology domain)　became considered as another key role of the metamodel technology.

· Model integration and transformation

           The capability for the automatic transformation between different objects.  Since the metamodel could describe differences and transformation rules, a metamodel framework for mapping was included in this family of standards

· Parallel execution and control of model

         In a particular domain such as embedded computing, the metamodel is considered as a control mechanism for model executions at the parallel and multiple objects environment.

· Dynamism and flexibility of model

The software capability which enables the changing of an object at execution time, sometime, metamodel itself could be rewritten. (called the “intersection “or the “reflex ion” in the object technology domain).
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