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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 rjon-governmental, in liaison with ISO and IEC, also take part in the work. In the field ¢f information

technplogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

The fain task of the joint technical committee is to prepare International Standards. Draft
Standards adopted by the joint technical committee are circulated to national bedies for voting. |

an International Standard requires approval by at least 75 % of the national bodies casting a votd.

Attenfion is drawn to the possibility that some of the elements of this.dociment may be the sub
rights| ISO and IEC shall not be held responsible for identifying anyerall such patent rights.

ISO/IEC 19763-1 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informatior
Subcommittee SC 32, Data management and interchange.

ISO/IEC 19763 consists of the following parts, under.thé general title Information technology -
framework for interoperability (MFI):

— Rart 1: Reference model
— Rart 2: Core model
— Rart 3: Metamodel for ontology registration

— Rart 4: Metamodel for model:tnapping

Part 2.
International

Publication as

ject of patent

technology,

— Metamodel
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Introduction

Due to the spread of E-business (EB) and E-commerce (EC) over the Internet, the effective exchange of
business transactions and other related information across countries and cultures has become a prime
concern for people both inside and outside the IT industry.

To follow the current trends of EB or EC. industrial consortia have engaged in the standardization of domain-

specific obje
facilities and
specific busin

Cts including business process models and software components using common mo
interchange facilities such as UML and XML. They are very active in standardizing dg
ess process models and standard modeling constructs such as data elements, entity pr|

and value domains.

Following thg
enable the cag

a) modeling
b) E-Busine
c) descripti
d) businesg
e) registry f
f)  meta-mo
g) ontology
h) facilities

In addition to

as subjects o

These includ¢

a)
b)
c)
d)
e)

f)

common
modeling

registry 1

se trends, many standardization activities have focused on the facilities or‘schema that
llaborations among different organizations, such as

facilities or modeling architectures such as UML or MDA

ss procedures and exchange formats such as ISO/IEC 15944;-ebXML, XMl and SOAP;
bn facilities of information resources such as XML, RDF and)WSDL;

process integration facilities such as BPEL and BRMN;

Acilities such as ISO/IEC 11179 (MDR), ebXML:R&R, UDDI;

deling facilities such as MOF;

descriptive facilities such as OWL, DAML+OIL;

for logic such as CL, CG and DL.

the above, other activities which focus on the contents to be treated by facilities have em
[ standardization.

models forVarious business domains, such as GCI, CPFR and HL7;
profiles.or modeling patterns such as UML profile for EDOC and EAI;

netamodels such as ebXML RIM and HL7 RIM;

Heling
main-
pfiles,

could

erged

metamodels such as CWM for data warehouse and ODM for ontology;

metadata specifications, such as Dublin Core or ebXML Core Component;

ontology models, such as SNOMED in healthcare, SUO in engineering and ISO/IEC 15944-4 E-Business
economic and accounting ontology.

These contents could be stored in registries in order to enable the effective sharing among different
organizations.

NOTE

Vi

UML and OMG are trademarks of the Object Management Group.
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Many registries and repositories have been developed and implemented. However, due to differences in their
metamodels or disharmony in their semantics, effective collaboration among organizations or communities
has been difficult. New facilities are required that enable a harmonized federation among these registries.

To satisfy these requirements, ISO/IEC 19763 provides the facilities for describing various types of registries
or metamodels as a consolidated set of metamodel frameworks.

This consolidated metamodel framework will provide the following features:

a) metamodel registering mechanisms for enabling the federation of registries;

b) scribtion-and-registering-mechanisms-forvarious-modeling-constructs-to-facilitate-theirreuse:
1 g g ) ’

c) description and registering mechanisms for rules of model mapping and transformatien {o enable the
harmonization of registry contents.

This part of ISO/IEC 19763 describes the basic concept of metamodel framework which should be used in the
develppment of other parts of ISO/IEC 19763. The issues and requirements to be consiflered in this
develppment are also described.

© ISO/IEC 2007 — All rights reserved Vi
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INTERNATIONAL STANDARD ISO/IEC 19763-1:2007(E)

Information technology — Metamodel framework for
interoperability (MFI) —

Part 1:
Reference model

1

[ds)

ycope

ISO/IEC 19763 specifies a framework for metamodel interoperability.

This part of ISO/IEC 19763 establishes general principles for the metamodel framework and gies guidelines
for developments of other parts of ISO/IEC 19763.

The multiple parts of ISO/IEC 19763 are to be used in the development of a harmonized metamodel to
facilitate the interoperation of existing registries or metamodels.

2 (Conformance

ISO/IEC 19763-1 specifies no conformance requitement. Other parts of ISO/IEC 19763 spegify their own
confofmance requirements, as appropriate.

3 Normative references

The following referenced documents are indispensable for the application of this documenpt. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

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

ISO/IEC 11179-3;Information technology — Metadata registries (MDR) — Part 3: Registry me¢tamodel and
basicl|attributes

ISO/IEC 19502:2005, Information technology — Meta Object Facility (MOF)

4 Terms, definitions and abbreviated terms

4.1 Terms and definitions

411
domain object
object which represents an entity or a process in a particular domain

4.1.2

domain model
model which represents a particular domain

© ISO/IEC 2007 — All rights reserved 1
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41.3
metadata

data which describes other data

NOTE See ISO/IEC 11179-1 and ISO/IEC 19502.

414
metamodel
model which

41.5
metamodel

describes other models

onstruct

model constr

Ict which is used in metamodels

cf. model conistruct

4.1.6
meta-modeli
modeling faci

Ing facility
ity used for meta-modeling

NOTE MQF is an example of a meta-modeling facility.

cf. modeling facility

41.7
model
representatio

41.8

model construct

unit of notatiq

NOTE Mg
patterns rather

419
modeling fac
set of rules a

NOTE UN
41.10
ontology

description of

41.1

n for modeling

than the notations of a particular modeling facility such as UML.
ility

nd notations for use when'modeling

IL is a typical example)

a universe of discourse in a language that a computer can process

h of a universe of discourse (UOD) using a normative 'modeling facility and modeling constrlicts

re generic term for modeling element. Sometimes the term is used to include metadata, code and|object

upper mode
model which

NOTE Se

4112
lower model

restricts or guides other models

e4.1.3.

model which is restricted or guided by another (upper) model

© ISO/IEC 2007 — All rights reserved
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4.2 Abbreviated terms

BPMN

BPEL

CWM

GClI

CPFR

Business Process Modeling Notation
Business Process Execution Language
Common Warehouse Metamodel
Global Commerce Initiative

Continuous Planning Forecasting and Replenishment

ISO/IEC 19763-1:2007(E)

CL

ebXML

EAI

EDO(

<7

HL7

IDEF1X

MDA

MOF

MFI

ODM

OwL

RDF

SOAFR

SUO

SNOMED

uDDI

UML

Common Logic (see ISO/IEC 24707, to be published)

electronic business XML (see ISO/TS 15000:2004)

Enterprise Application Integration

Enterprise Distributed Object Computing (see bibliography item [12])
Health Level 7

Integrated DEFnition Method

Model Driven Architecture

Meta Obiject Facility (see ISO/IEC 19502:2005)

Metamodel Framework for Interoperability (i.e. ISO/IEC 19763-1)
Ontology Definition Metamodel

Web Ontology Language

Resource Description Framework

Simple Object Access Protocol

Standard Upper Ontology

Systematized NOmenclature of MEDicine

Universal Description, Discovery and Integration

Unified Modeling Language

uoD

WSDL

XM

XML

Universe of Discourse
Web Service Description Language
XML Metadata Interchange (see ISO/IEC 19503:2005)

eXtended Markup Language

© ISO/IEC 2007 — All rights reserved
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5 Metamodel framework architecture

This clause describes the structure of the ISO/IEC 19763 family of standards and the architecture of
metamodel framework to be materialized with multiple parts of ISO/IEC 19763.

5.1 Structure of ISO/IEC 19763

Figure 1 illustrates the overall structure of ISO/IEC 19763. However, this structure does not exclude the
possibility of future extensions adding other useful metamodels, such as a metamodel for model constructs or
the registration procedure.

Part-1: Reference model
Part-2 :
Core model
Part-3: Part-4:
Metamodel Metamodel
for ontology registration for modekmapping
| Part-5:
Metamodel for model constructs
Part-6:
Registration procedure

Figure 1 —Overall structure of ISO/IEC 19763

Part 1: Refernence model

ISO/IEC 19763-1 specifies the concepts 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

ISO/IEC 1976¢3-2 (specifies the core model of the metamodel framework to be used in the development of
metamodel ffaméwork standards. The core model provides a mechanism for metamodel description and

H Ery PN V- At tha A ] + ~f $ dal £ ] 4 P2 | =
nOrmat|Ve CG IOUTULLO TU VT UoTU TIT UTT UTVTITUMTTITTIU UT TTHTTWATTTUUTT TTAlrtiCvwulrin otdliudiuo.

Part 3: Metamodel for ontology registration

ISO/IEC 19763-3 specifies a metamodel that provides a facility to register administrative information of
ontologies.

Part 4: Metamodel for model mapping

ISO/IEC 19763-4 specifies a metamodel framework for describing any sort of mapping between objects such
as metamodels, model elements or data elements.

NOTE Any project for Part 5 or Part 6 is not yet initiated at the first stage of standard development.

4 © ISO/IEC 2007 — All rights reserved
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5.2 Objectives of ISO/IEC 19763

ISO/IEC 19763-1:2007(E)

The objectives of the ISO/IEC 19763 family of standards are focused on improving the interoperability of
metamodels defined by different standards groups in ISO or outside ISO, providing a normative metamodel
framework for registering individual metamodels.

5.3

The f

Exclusions

Database
Catalogue
ISO/IEC11179 uDDI
Registry A~ Registry
OASIS/ebXML . CASE Tool
Registry Interoperation Repository
Software
Component Onto_logy
Registry Registry

Figure 2 — Registry federation with-metamodel framework

a) sfandardization of the modeling methodologies;

b) standardization of the contents ofthe metamodel such as particular ontology schemes or obj

c) sfandardization of the contents of model constructs.

5.4

ISO/I

5.4.1

The n

of cle

Area of applicability

Consistent model development

FC 19763 is intended to be applied in the following areas.

pllowing are not within the scope of the ISO/IEC 19763 family of standards:

najorpurpose of the metamodel technologies is providing a base for model development e
prisemantics and syntax of the modeling facility to be used.

ect values;

forts in terms

The standardization of the metamodel framework for a modeling facility could improve the efficiency of
modeling efforts by avoiding unnecessary duplication in the model definitions and discrepancies between the
modeling rules and models to be developed.

5.4.2 Model and software component sharing

Another purpose of the standardization of the metamodel framework is to encourage the sharing of various
types of modeling constructs such as software components, modeling patterns and domain best practice

models in the developments of software systems at an organization or among organizations.

© ISO/IEC 2007 — All rights reserved
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Meta Modeling Common Facility
Facility (MOF) of ISO11179
‘ Core Model of FMI ‘
Metamodel for Ontology Registration H
lgEmmeet fer Common Ontologies Metamodel for
Model Mapping Model Constructs

[ Mapping Rass | % metadata
—— | Codes
Mapping
Targets | Value Domains

Sharable™ ——_ Patterns
L 1 model

Mapping Rules Common
Modeling Facility (UML)

Model Constructs

Figure 3 — Metamodel framework to support sharing-of models

5.4.3 Business collaboration through E-business or E-conimerce

E-business apd E-commerce have proliferated over the world,facilitating specific standards such as ebXML or
RosettaNet. By the nature of E-business, it is not limited“to a single industrial domain or territory. Different
domains are |linked by the internet, and inevitably users or consumers will need to access different grivate
individual regjstries (see Figure 4).

The ISO/IEC 19763 family of standards facilitates business collaborations through E-business or E-cominerce
by providing fnechanisms for describing and.registering domain specific metamodels in order that they may be
shared amongp different business domains:

Particularly, JSO/IEC 19763-2 provides a mechanism for describing each different metamodel in| local
registries and make them to be sharable by different domains.

Also, ISO/IECQ 19763-3 provwides a common mechanism for registering administrative information of ontojogies
which will be|defined ingndividual domains. This makes it possible to share an ontology by deferent domains
in the E-business collaborations.

ISO/IEC 19763-4 \provides a facility for registering mapping rules to enable federation among diTerent
registries.

6 © ISO/IEC 2007 — All rights reserved
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Metamodel Framework for
Interoperability

MFI Core Model

describe

Metamodel Registry

S [ MM for Model Mapping]

1 ~
Register I Register > S

1 S ~
1 S describe
i RIS

Metamodel - ’\ﬁrﬁ

Eederation
Registry L Registry

/
o

Industry Domain A Industry Domain B

/\

Figure 4 — Registry federation by the metamodel frameworks

5.5 |Metamodel framework architecture

This $ubclause describes the structure of the metamaedel framework architecture and the detail concept of
both metamodel framework and the metamodel framework architecture.

The metamodel framework consists of a core medel and several types of metamodels, such as|a metamodel

for ortology registration, a metamodel for medel mapping and a metamodel for model construgts. However,
other juseful metamodels are expected to.be proposed. (See Figure 5).

Metamodel Framework

Core model of Metamodel
Framework
Metamodel for Metamodel for Metamodel for Modeling
Ontology Registration Model Mapping Constructs Registration
\ |
—

Metamodel

A

‘ Domain Model ‘

Exchanging
& Sharing

Business Domain

Figure 5 — Metamodel framework architecture
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5.5.1 Definition of the metamodel

A metamodel is a model which describes other models. That is, a metamodel governs models, modeling
facilities or modeling constructs to be integrated into a particular model instance.

To establish harmony and consistency among metamodels, a metamodel framework and a core model are
defined in the ISO/IEC 19763 family of standards. Figure 6 illustrates the relationship among those models.
(MO, M1, denotes meta hierarchy levels used in MOF).

In this context, “Govern” means that a metamodel should describe targets not only in a single aspect of the
target, such as type or syntax, but also describe relationships to be applied among targets or model constructs

specifying ty,
A metamodel
a) model e
b) object pg
c) modelin
d) parallel €
e) model dy

Usually, in 1
regarding an

in the sharing of models are caused by the inconsistency of\the perspective of those aspect and con

between mod

In the traditio
describe desi

One of the b
rules or meth

e of rnlafinnehipe orendof the rnla’rinnehip

could provide beneficial additional capabilities for the use of models. These are:
pandability,

lymorphism,

egration and transformation,

xecution and model control,

namism and flexibility.

nodeling or metamodeling efforts, some particular,miodeling aspects or modeling cor
UOD (Universe of Discourse) have to be captured<by*a model developer. Most of the diffi

el developers, even if they could use a normative’modeling facility, such as UML.
hal practical way for regulating the modeling activity, some sort of guidelines are produced

gn rules or procedure using textual sentences.

bds, is its clarity and elimination of ambiguity.

So the first pijiority for preparing metamodel frameworks is providing a common base for normalizing mo
aspects or concerns such as the following.

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

b) How to npake relationships and what type of relationship should be used?

c) Whatty

d) What kind“of-Constructs should be used?

should:be chosen for a selected meta object?

cerns
ulties
cerns

which

pnefits of guiding people by metamodel mechanisms rather than using textual representatjon of

Heling

e) How to represent rules for mapping or transformation between objects?

© ISO/IEC 2007 — All rights reserved
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The fnetamodel framework architecture defines qan" architectural view to the consolidation d

stand

The 1
regist
excha
meta
indivi

The p

MOF Metameta model ‘ m3
Level
Core Model ‘
Metamodel framework inherit
Metamodel m2
— level
< Govern
LOmmon Udla
i Element
Model  G—Modeling | m1
Facility use level
.
refer Modeling Constructs
Z ]
< Values | o
level
_concept > Real World

Figure 6 — Metamodel framework architecture and overall structure of meta hiera

brds to meet the objectives of this standard:

netamodel framework architecture is‘@ set of normative metamodel standards that coul
bring individual metamodels produced by registry implementers in order to enable

odels and the normative modeling aspects to be applied to capture the contents to be d¢
al metamodel.

urpose of the metamodel framework architecture is to provide
clear concept of the relationship between model and metamodel;
n unified view of the functional classification of metamodels;

commpon infrastructure for different modeling facilities to establish interoperability between

5.5.2

rchy

f metamodel

H be used to
harmonized

nging and reusing of various types of domain objects, by providing a unified view of the normative

:Fu

scribed in an

them.

—Definition of a metamodel framework

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

mode
The p
a) a

b)
c

Is or model constructs.
urpose of a metamodel framework is to provide

normative use of metamodel to meet a particular metamodel concern;

oncern.

© ISO/IEC 2007 — All rights reserved
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5.5.3 Structure of the metamodel framework architecture

The metamodel framework architecture represents the concept that was described above with inheriting meta-
meta model of MOF (ISO/IEC 19502) and the common facility of MDR (ISO/IEC 11179).

However, due to the nature of MOF, only abstract syntax of the metamodel constructs were provided by MOF;
therefore, it is necessary to define specialized own metamodel constructs to represent metamodel frameworks
(see Figure 7).

Meta-meta model of Common facilities
VOF of MDR{ISONET TT179)

VANIIVAN /\

| Core model | Meta mady

Z‘l ] construets

| Normative metamodels |

MFI Standards

Domain specific Model
Metamodel <> constructs

Metamodel instance <)—I

Figure 7 — Structure of the metamodel framework architecture

5.5.4 Concept of the registration

The ISO/IEC|19763 family of standards provides mechanisms for the registration of various types of models or
metamodels.|To understand_mechanisms of the ISO/IEC 19763 core model, the concept of the regisfration
should be clafified.

In ISO/IEC 19763, the registration is intended not only to record items for administrative attributes, but plso it
is needed to $pecify’an upper model which provides an abstract syntax to the models to be registered as| well.

To materialize sharing of models and basic object such as data elements, terminologies, basic classes, basic
relationships, the common facility of ISO/IEC 11179-3 (MDR) which is consisted of a naming space or
identification scheme and classification scheme should be able to be shared by different metamodels.

The common upper model for every instance of metamodel or model, must be the MOF model which provides
an object oriented abstract syntax to them.

The registration also requires the detail modeling constructs which consist of a model or a metamodel to be

registered. This implies that the models and metamodels should be developed using normative pre-existing
constructs in order to materialize the shareability of the models (See Figure 8).

10 © ISO/IEC 2007 — Al rights reserved
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Upper model

Common Facility
of
ISO/IEC11179

Registration
Target

Pre-Existing
models & constructs

Figure 8 — MFI registration concept

5.6 |Part 2: Core model

The dore model (ISO/IEC 19763-2) is a vital part of this family of standards;-It provides a comm@n descriptive
mechpnism for each metamodel framework, such as the ,metamodel for ontology] registration
(ISO/|IEC 19763-3) and the metamodel for model mapping (ISO/IEG19763-4).

In the|core model, the MOF is used as a meta modeling facility,@nd for an object defining facility| the common
facilities of the MDR (Meta Data Registry: ISO/IEC 11179<3) metamodel is used, with some pxtensions to
those|facilities.

Since| MDR provides a generic object defining scheme such as the concept, the conceptual domain, the
elemgnt and the values, then the benefits of using the MDR metamodel in this standard cgme from the
exparndability of the representing object.

In thi$ standard, key portion of the MDR (s represented by using the MOF metamodel in ofder to add a
capability to handle structured objects.

Figure 9 illustrates the meta-meta.model which is materialized with the integration of both MDR and MOF
facilities. For more detail, see ISQ/AEC 19763-2.

Meta-meta model of MOF Common facilities of ISO/IEC11179

4

Model
Concept

]

‘ Sign Core Model of MFI

Quadrant Scheme for

Model Model ‘ representing objects

Selection Instance

Inherited

MM for Model Mapping ‘
MM for Ontology ‘

Figure 9 — Core model as a successor of both MOF and common facilities of MDR
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5.6.1 Mech

anism for the registrations

This standard defines a framework for registration describing the relationship between metamodel and model.
In the layer M2 of the metamodel architecture, standards related to domain object models which are
developed by standardization organizations, are registered specifying a certain namespace and definitions of

concept.

In addition, the model instances conforming those standards, for instance, concrete stereotypes or model
patterns also are registered. Users of the registry, such as model developers, select and use some
stereotypes and patterns that are appropriate to build the own model in the localized standard layer. The
localized standard layer has similar structure to the global standard layer, consisting of named element and

namespace (“Qign") model domain (“I\/Indnlnnmainprnfilp”) and madel classifier (“I\/Indnl(‘nnr‘pp’r"\
[Modellnstances”) and selected model element (“ModelSelection”).

component (“

As shown in

Specification
Then instanc
those referen

One of the b
base for defin
concept.

[s.

Figure 10, the conceptualization of a registration target means that a particular hame
should be sp¢cified and some actual definitions should be provided to the target.

model

7

(sign)

of those concepts is defined through matamodels from various scopes, purposes and viewpoints.
bs of the model governed by the metamodels can be referred to as referents. The sign stands for

conceptualization
[—

Model or Spring

(((® construct to
be registered

Sign Concept
(evoking cvokes (expressed by
Concepts) me?mod@l)s in
omain

refers to

Instances (of the
model associated by
the metamodels)

Figure 10 —"Concept of the four quadrant registration scheme

bnefits ef.the quadrant scheme in the defining objects or models is that this scheme provides a
ing an;object by specifying it's concept by name (sign) and possible variations correspond to the

In this way, the object could be defined from view points such as, the name, possible details and actual

instance.

By those mechanisms, the core model could be able to describe models and metamodels which consist of

many structured objects of various types of business domains.

12
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5.6.2

MFI ¢
mode

ModelDomain
Profile
conformance
0.*/)\+specified by

) ModelClassifier

ModelSign . model type

S d +having +specified by ModelConcept +concept __ | usage type

nameSpace i modelType xmi text

sign 0. 1 1 0.1|attachment type

1 attachment

1 +associated by
*generally expressed by Administered Item
data identifier : String
version : String
] 1.* 1.*| +referesTo
+expressin
o 9 - Modellnstances .
ModelSelection 1.* 1 |association type 0, ModelComponknt
condition component type - [
+selected by +selecting | format #ies

Figure 11 — High level view of MFlicore model

Registration example

ore model provides a scheme which enables“a’ registration of objects or models specify
to be inherited or model constructs to be.uséd in the modeling. Figure 12 shows a basic ¢
metarnodel for representing a target model which-follows the representation scheme described in

Model Name

Model Classification

Author
Date

Pre-defined existing

models and

Concept

\

Model

-

Upper Model

Sub model

¢

Model
constructs

/

o

Applied

ing an upper
oncept of the
Figure 13.

constructs

Pattern

Figure 12 — Scheme for model registration
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Figure 13 shows mechanism for the concept representation in the MFI core model. The concept of a
metamodel or a model to be registered could be identified by a sign following a particular namespace. The
concept of the model should be classified by a classifier and a model type specifying upper model. Detalil
information of the concept could be provided as a profile and actual documents.

Upper Model
Model Type

Model Domain

—~Btrositer bt
rofile
Model Model jﬁ‘,i |
Sign Concept
Attachment

Model Model A Model
Selection Instance XMl schema

R

[

Target of Model Specificafion
registration Document

Figure 13 — Representation of concept

Figure 14 illuptrates an actual registration of a domain metamddel which represents a software systern in a
particular doain such as an application system in an orgahization. At the registration, the MOF model
provides an gbstract syntax to the metamodel to be registered-specifying a sign in a particular namespade and
a concept whjch could be described by a profile.

Abstract Syntax

MOF Model
1

Metamodel Registry

L] M

‘ Register ‘ ‘ ‘ ‘ ‘ ‘

Sign~¢ | Model X

Concept

Model&—TModel
Selection | Instance

M2

— Profle |

Metamodel of a Domain Model

Figure 14 — Registration of metamodels as an upper model
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