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Suppose that "Teacher"is to be removed according to Change_Closure, while it is asked to hold according to Consistency_Closure.
Then we need some Evolution_Strategy to get rid of this confict

Several stategies may make this end meet

Evolution_Strategy 1:We may Retire(Teacher) and the elements depending on it, which is a Change-Prior strategy. Figure shows the result of this strategy
Or we may just keep Java_Language and the elements depending on it, which is a Consistency-Prior strategy. Figure shows the result of this strategy

Or we may first define an element named "Instructor” which share the same attributes and references as Teacher and then retire Teacher so that al inference about Teahcer can be
delegated to the Instructor Figure shows the result of this strategy

Or we may put all the attributes and references of Teacher to Staff and then delegate allinferences about Teacher to Instructor Figure shows the result of this strategy
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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. In the field of information technology, 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, Part 2.

The main task of the joint technical committee is to prepare International Standards. 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 19763 may be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 19763 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information Technology, Subcommittee SC 32, Data Management and Interchange.
ISO/IEC 19763 consists of the following parts, under the general title Information technology —Metamodel framework for interoperability:

· Part 1: Reference model

· Part 2: Core model

· Part 3 (Edition 1): Metamodel for ontology registration 
      (Edition 2): Metamodel for ontology evolution
· Part 4: Metamodel for model mapping
Introduction

Today, in EB(E-Business) or EC(E-Commerce) through the Internet, the effective interchange of business transactions or other related information across countries and cultures is an important concern for people in both the IT industry and other non-IT industries.

To follow the current trends of EB or EC, industrial consortia have been engaged in the standardization of domain -specific business objects including business process models and software components using common modeling facilities and interchange facilities such as UML and XML. They are very active in standardizing domain-specific business process models and standard modeling constructs such as data elements, entity profiles, and value domains.

Moreover, interoperation among autonomous web based applications, such as Web services, is becoming important. For that purpose, ontology is a key issue. Ontology is a description of a universe of discourse. A lexicon, a taxonomy, a thesaurus, and a familiar conceptual model such as a business process model in UML are all examples of ontology. In addition ontology includes a more complex axiomatic theory.

Ontology reflects people’s common understanding about a universe of domain. So when the domain, peoples’s perspective or the ontology description language is undergoing some change, the ontology should be updated accordingly. Otherwise, the outdated ontology may hamper the semantic interoperation between information systems.

This part of ISO/IEC 19763 intends to provide a generic framework for registering administrative information related to ontology evolution, based on the ISO/IEC 19763 Metamodel Framework for interoperability: Part-3 (Edition 1) Metamodel for ontology registration .echnology–Framework for metamodel interoperability –Part 3 (Edition 2): Metamodel for ontology evolutoin
1 Scope
The primary purpose of the multipart standard ISO/IEC 19763 is to specify a framework for metamodel interoperability. This part of ISO/IEC 19763 specifies the metamodel that provides a generic facility to register administrative information related to ontology evolution.

The metamodel that this part specifies and the metamodel specified in MFI Ontology Registration are intended to promote interoperation among different versions of an ontology.Evolution issues which stem from the specialty of a language are out of the scope of this document.Figure 1 shows the scope of this part of ISO/IEC 19763.


[image: image1]
Figure 1 Scope of MFI Ontology Evolution
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/IEC 11179-3:2003, Information technology – Metadata registries (MDR) – Part 3: Registry metamodel
ISO/IEC 19763-1, Information technology – Metamodel framework for interoperability – Part 1: Reference model

ISO/IEC 19763-2, Information technology –Metamodel framework for interoperability – Part 2: Core model
ISO/IEC 19763-3, Information technology –Metamodel framework for interoperability – Part 3(Edition 1): Metamodel for ontology evolution

2 Definitions and abbreviated terms

2.1 Definitions

The definitions provided in 19763-3 Metamodel for ontology registration shall apply to this part of ISO/IEC 19763.
2.2 Broad terms
2 Ontology

Collective description of a universe of discourse
2 Ontology Evolution
The process in which ontology and the ontologies hereto dependent are adapted to changes originating from the universe of discourse, the viewpoint of people or the description language 

2 Consistency Constraint
The constraint that specifies the implication of which ontology atomic construct still holds in the newly produced ontology

2 Change Constraint

The constraint that specifies the dependency between change operations

2 Evolution Strategy

The measures taken to harmonize the change request and consistency request

2 Propagation Strategy

The measures taken during the evolution propagation phase to harmonize the change originating from the depended ontology and the consistency request about the dependent ontology

2.3 Abbreviated terms
2 MFI Ontology Registration
ISO/IEC 19763-3, Information technology – Metamodel framework for interoperability – Part 3 (Edition 1): Metamodel for ontology registration
2 MFI Ontology Evolution

ISO/IEC 19763-3 ,Information technology – Metamodel framework for interoperability – Part 3 (Edition 2):Metamodel for ontology evolution

3 Structure of MFI Ontology Evolution
3.1 Overview of MFI Ontology Evolution
Ontology evolution is a process in which ontology and the ontologies hereto dependent are adapted to changes of the universe of discourse, the viewpoint of people or the description language. MFI Ontology Evolution provides a facility to register the key information during the evolution process. More specifically, Change Model, Constraint Model, Change Propagation Model and Evolution Model are defined to describe the crucial information during the phase of change capture, change influence analysis and change propagation respectively. Figure2 shows the relationship between the four models.


[image: image2]
Figure 2 The relationship between the models in MFI Ontology Evolution

As defined in Change Model, Change can be either Atomic_Change or Composite_Change. Atomic_Change is applied on Ontology_Atomic_Construct and can not be decomposed into the other changes, while Composite_Change consists of several. There are three types of Atomic_Change: Add, Retire and Modify. Setting the state of an Ontology_Atomic_Construct to “Retired” means this construct will not be used after evolution. Figure 3 shows the structure of Change Model.
As defined in Constraint Model, two types of Constraint, i.e. Consistency_Constraint and Change_Constraint, are identified for the purpose of capturing the influence caused by User_Requested_Consisntency and User_Requesed_Change respectively. User_Requested_Consistency consists of Ontology_Atomic_Constructs, whose implication is asked to keep unchanged in the new ontology, while User_Requested_Change consists of Changes proposed by users. Consistency_Constraint describes the dependency between ontology modeling elements specified in corresponding ontology language metamodel, while Change_Constraint denotes the dependency between changes to ontologies. Consistency_Closure is a set of Ontology_Atomic_Constructs   describing the influence of User_Requested_Consisntency with the assistance of Consistency_Constraint, while Change_Closure is a set of changes describing the influence of User_Requesed_Change with the assistance of Change_Constraint. Evolution_Stategy is provided to get rid of the conflict between Change_Closure and Consistency_Closure. Final_Change_Set ,which is entailed by Evolution_Strategy will be applied on the ontology during the evolution implementation phase. Figure 4 shows the structure of Constraint Model.
As defined in Change Propagation Model, the Final_Change_Set to an ontology play the role of User_Requested_Change to an hereto dependent ontology With User_Requseted_Consitency and Propagation_Strategy, the Final_Change_Set to the dependent ontology can be figured out. Propagation _Strategy is subclass of Evolution_Strategy. The major difference is that this strategy is employed during change propagation phase. Figure 5 shows the structure of Change Propagation Model.
As defined in Evolution Information Model, Evolution_Information of Ontology mainly consists of User_Requested_Change, User_Requested_Consistency and Evolution_Strategy. Figure 6 shows the structure of Evolution Information Model.
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Figure 3 Change Model
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Figure 4 Constraint Model
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Figure 5 Change Propagation Model
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Figure 6 Evolution Information Model

The exact specification of each metaclass is given in 4.3.
3.2 Relationship between MFI Ontology Evolution and MFI Ontology Registration

Some part of MFI Ontology Evolution inherits the metaclasses defined in MFI Ontology registration. Figure 7 shows the relationship between MFI Ontology Registration and MFI Ontology Evolution.

[image: image7]
Figure 7 Relationship between MFI Ontology Registration and MFI Ontology Evolution
3.3 Metamodel for ontology evolution
3.3.1 Change
	Change is an abstract metaclass that is a SuperClass of Atomic_Change and Composite_Change. 



	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the change


3.3.2 Atomic_Change
	Atomic_Change is a metaclass designating the most primitive changes that are applied on Ontology_Atomic_Construct. The type of Atomic_Change can be either Add,Retire or Modify.


	SuperClass

Change

	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the change

	Reference
	Class
	Multiplicity
	Description

	originalValue
	Ontology_Atomic_Construct
	0..1
	The original value of the Ontology_Atomic_Construct which has experienced evolution

	newValue
	Ontology_Atomic_Construct
	0..1
	The new value of the Ontology_Atomic_Construct which has experienced evolution


3.3.3 Composite_Change
	Composite_Change is a metaclass designating the change that is composed of several changes.



	SuperClass

Change



	Attribute
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the change

	Reference
	Class
	Multiplicity
	Description

	consistsOf
	Change 
	2..*
	Composite_Change consists of several Changes, be Atomic_Change or Composite_Change

	Constraints
	

	Composite_Change can be decomposed into several Changes, at least two.


3.3.4 Add

	Add is a kind of Atomic_Change which represents the addition of Ontology_Atomic_Construct to an ontology.



	SuperClass

Atomic_Change



	Attribute 
	DataType
	Multiplicity
	Description

	name
	String
	1..1
	The name of the change 

	Reference
	Class
	Multiplicity
	Description

	newValue
	Ontology_Atomic_Construct
	1..1
	The Ontology_Atomic_Construct which is added to the ontology

	Constraints
	

	For “Add” changes, the default value of originalValue is empty.


3.3.5 Retire

	Retire is a kind of Atomic_Change which represents the abolition of Ontology_Atomic_Construct of an ontology.



	SuperClass

Atomic_Change



	Attribute 
	DataType
	Multiplicity
	Description

	name
	String
	1..1
	The name of the change

	Reference
	Class
	Multiplicity
	Description

	originalValue
	Ontology_Atomic_Construct
	1..1
	The Ontology_Atomic_Construct which is removed from the ontology

	Constraints
	

	For “Retire” changes, the default value of newValue is empty.


3.3.6 Modify
	Modify is a kind of Atomic_Change which represents the modification of Ontology_Atomic_Construct in an ontology.



	SuperClass

Atomic_Change


	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the change

	Reference
	Class
	Multiplicity
	Description

	originalValue
	Ontology_Atomic_Construct
	1..1
	The original status of the Ontology_Atomic_Construct which has experienced evolution

	newValue
	Ontology_Atomic_Construct
	1..1
	The new status of the Ontology_Atomic_Construct which has experienced evolution


3.3.7 Constraint
	Constraint is an abstract metaclass that is a SuperClass of Consistency_Constraint and Change_Constraint.



	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the Constraint.


3.3.8 Consisntecy_Constraint
	Consistency_Constraint is metaclass designating the dependency between Ontology_Atomic_Constructs.



	SuperClass

Constraint



	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the Constraint.

	Reference
	Class
	Multiplicity
	Description

	depender
	Ontology_Atomic_Construct
	1..*
	The Ontology_Atomic_Constructs whose implication should also hold when the implication of the depended  Ontology_Atomic_Construct is to hold

	depndee
	Ontology_Atomic_Construct
	1..1
	The Ontology_Atomic_Construct which is depended by the other Ontology_Atomic_Constructs


3.3.9 Change_Constraint

	Change_Constraint is metaclass designating the dependency between Changes.



	SuperClass

Constraint



	Attribute 
	DataType
	Multiplicity
	Description

	name
	string
	1..1
	The name of the Constraint.

	Reference
	Class
	Multiplicity
	Description

	depender
	Change
	1..*
	The Change which should also be employed when the depended  Ontology_Atomic_Construct is to be executed

	depndee
	Change
	1..1
	The Change which is depended by the other Changes


3.3.10 User_Requested_Consistency

	User_Requested_Consistency is a metaclass designating a set of Ontology_Atomic_Constructs whose implication are suggested by users to hold after evolution.



	Reference
	Class
	Multiplicity
	Description

	consistsOf
	Ontology_Atomic _Construct
	1..*
	Ontology_Atomic_Constructs whose original implication are asked to hold after evolution 


3.3.11 User_Requested_Change

	User_Requested_Change is a metaclass designating a set of Changes which are suggested by users to perform on the ontology during evolution process.



	Reference
	Class
	Multiplicity
	Description

	consistsOf
	Change
	1..*
	Changes which are asked to perform on the ontology during evolution process.


3.3.12 Consistency_Closure
	Consistency_Closure is a metaclass designating a set of Ontology_Atomic_Constructs which are produced on the  basis of User_Requested_Consistency and Consistency_Constraint. For each Ontology_Atomic_Construct in the Consistency_Closure, all the Ontology_Atomic_Constructs which depend on it are also included in the Closure.



	Reference
	Class
	Multiplicity
	Description

	stemFrom
	User_Requested_Consistency
	1..1
	The User_Requested_Consistency which provides source for the Consistency_Closure

	governedBy
	Consistency_Constraints
	1..*
	The Consistency_Constraints which are employed during the process to get Consistency_Closure


3.3.13 Change_Closure
	Change_Closure is a metaclass designating a set of Changes which are produced on the basis of User_Requested_Change and Change_Constraint. For each Change in the Change_Closure, all the Changes which depend on it are also included in the Closure.



	Reference
	Class
	Multiplicity
	Description

	stemFrom
	User_Requested_Change
	1..1
	The User_Requested_Change which provides source for the Change_Closure

	governedBy
	Change_Constraints
	1..*
	The Change_Constraints which are employed during the process to get Change_Closure


3.3.14 Evolution_Strategy
	Evolution_Strategy is a metaclass designating the strategy used to harmonize Consistency_Closure and Change_Closure.



	Attribute
	DataType
	Multiplicity
	Description

	Description 
	string
	1..1
	Description about the Evolution_Strategy

	Reference
	Class
	Multiplicity
	Description

	aboutConsistency
	Consistency_Closure
	1..1
	The Consistency_Closure which provides source for Evolution_Strategy

	aboutChange
	Change_Closure
	1..1
	The Change_Closure which provides source for Evolution_Strategy

	resultingIn
	Final_Change_Set
	1..1
	The set of changes which are produced on the basis of Consistency_Closure, Change_Closure and Evolution_Strategy.


3.3.15 Final_Change_Set
	Final_Change_Set is a metaclass designating a set of changes which are produced by Evolution_Strategy.



	Reference
	Class
	Multiplicity
	Description

	consistsOf
	Change
	1..*
	The Changes which are included in Final_Change_Set


3.3.16 Propagation_Strategy
	Propagation_Strategy is a metaclass designating the strategy used during the evolution propagation phase to harmonize Consistency_Closure and Change_Closure for the Ontology which is influenced by the other Ontology.



	SuperClass

Evolution_Strategy



	Attribute
	DataType
	Multiplicity
	Description

	Description 
	string
	1..1
	Description about the Evolution_Strategy

	Reference
	Class
	Multiplicity
	Description

	aboutConsistency
	Consistency_Closure
	1..1
	The Consistency_Closure which provides source for Evolution_Strategy

	aboutChange
	Change_Closure
	1..1
	The Change_Closure which provides source for Evolution_Strategy

	resultingIn
	Final_Change_Set
	1..1
	The set of changes which are produced on the basis of Consistency_Closure, Change_Closure and Propagation_Strategy.

	dependerOntology
	Ontology
	1..1
	The Ontology which is influenced by the other Ontology

	dependeeOntology
	Ontology
	1..1
	The Ontology which produce influences on the other Ontology


3.3.17 Evolution_Information
	Evolution_Information is a metaclass designationg the premitive information about the evolution process of an Ontology.



	Reference
	Class
	Multiplicity
	Description

	previousVersion
	Ontology
	1..1
	The version of the Ontology before evolution

	newVerstion
	Ontology
	1..1
	The version of the Ontology after evolution

	changeReq
	User_Requested_Change
	1..1
	The change set requested by user at the beginning of evolution

	consistencyReq
	User_Requested_Consistency
	1..1
	The consistency set requested by user at the beginning of evolution

	strategy
	Evolution_Strategy
	1..1
	The Evolution_Strategy used during the evolution process


4 Conformance

4.1 General 
An implementation claiming conformance to this part of ISO/IEC 19763 shall support the metamodel specified in 4.3, depending on a degree of conformance as described below.
4.2 Degree of conformance
4.2.1 General
The distinction between “strictly conforming” and “conforming” implementations is necessary to address the simultaneous needs for interoperability and extensions. This part of ISO/IEC 19763 describes specifications that promote interoperability. Extensions are motivated by needs of users, vendors, institutions, and industries, but are not specified by this part of ISO/IEC 19763.
A strictly conforming implementation may be limited in usefulness but is maximally interoperable with respect to this part of ISO/IEC 19763. A conforming implementation may be more useful, but may be less interoperable with respect to this part of ISO/IEC 19763.
4.2.2 Strictly conforming implementation
A strictly conforming implementation:
a)  shall support the metamodel specified in 4.3;

b)  shall not support any extentions to the metamodel specified in 4.3.

4.2.3 Conforming implementation
A conforming implementation:
a)  shall support the metamodel specified in 4.3;

b)  may support extentions to the metamodel specified in 4.3 that are consistent with the metamodel specified in 4.3.  

4.3 Implementation Conformance Statement (ICS)
An implementation claiming conformance to this part of ISO/IEC 19763 shall include an Implementation

Conformance Statement stating: 
a)  whether it is a strictly conforming implementation or a conforming implementation (5.2);

b)  what extensions are supported if it is a conforming implementation.

Annex A  Example of Metaclasses in Constraint Model (informative)
A.1 Example of an Ontology

Figure 8 shows the basic structure of an ontology, which depicts the implication about “Staff”, “Teacher”, “Course”, “Daisy”, “Java_Language” etc.


[image: image8]
Figure 8 An Ontology

A.2 Example of Change_Constraint, User_Requested_Change and Change_Closure

Suppose that this ontology is defined with an languages, which specifies that when an Individual is retired, the instanceOf relationship between this Individual and its Class and the links between this Individual and the others should also be retired, then this Change_Constraint can be summerized as following:

	<Retire(Individual),Retire(instanceOf(Class,Individual))>

<Retire(Individual),Retire(Link(Individual,Individual))>


Suppose a users asks to retire ”Daisy”, then “instanceOf” between “Teacher” and “Daisy” and “Link” between “Daisy” and “Java_Language” should also be retired. The User_Requested_Change can be summarized as:

	{Retire(Daisy)}


And the corresponding Change_Closure can be summarized as:

	{Retire(Daisy),

Retire(instanceOf(Teacher,Daisy)),

Retrie(teach(Daisy,Java_Language))}


A.3 Example of Consistency_Constraint, User_Requested_Consistency and Consistency_Closure

Suppose the ontology language specifies that when the implication of an Individual is to hold after evolution, the implication of its Class and the Link between this Individual and the others should also be kept, then this Consistency_Constraint can be summarized as:

	<Individual,instanceOf(Class,Individual)>
<Individual,link(Individual,Individual)>


Suppose another user asks to keep “Java_Language”, then “Course” should also be kept. The User_Requested_Consistency can be summarized as:

	{Java_Language}


And Corresponding Consistency_Closure can be summarized as:

	{Java_Language, Course, instanceOf(Course,Java_Language)}


A.4 Example of Evolution_Strategy

Suppose that “Teacher” is to be removed according to Change_Closure, while it is asked to hold according to Consistency_Closure.Then we need some Evolution_Strategy to get rid of this conflict.Several stategies may make this end meet.

Evolution_Strategy 1 We may first define an element named  “Instructor” which share the same attributes and references as “Teacher” and then retire “Teacher” so that all inference about “Teahcer” can be delegated to the “Instructor”.Figure 8 shows the result of this strategy. 

Evolution_Strategy 2: We may put all the attributes and references of “Teacher” to “Staff” and then delegate all inferences about “Teacher” to “Instructor”.Figure shows the result of this strategy.


[image: image9]
Figure 9 Result based on Evolution_Strategy 1


[image: image10]
Figure 10 Result based on Evolution_Strategy 2
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