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Foreword

The Foundation for Intelligent Physical Agents (FIPA) is a non-profit association registered in Geneva, Switzerland. FIPA’s purpose is to promote the success of emerging agent-based applications, services and equipment. This goal is pursued by making available in a timely manner, internationally agreed specifications that maximise interoperability across agent-based applications, services and equipment. This is realised through the open international collaboration of member organisations, which are companies and universities active in the agent field. FIPA intends to make the results of its activities available to all interested parties and to contribute the results of its activities to appropriate formal standards bodies.

This specification has been developed through direct involvement of the FIPA membership. The 48 members of FIPA (October 1998) represent 13 countries world-wide. 

Membership in FIPA is open to any corporation and individual firm, partnership, governmental body or international organisation without restriction. By joining FIPA each member declares himself individually and collectively committed to open competition in the development of agent-based applications, services and equipment. Associate Member status is usually chosen by those entities who want to be members of FIPA without using the right to influence the precise content of the specifications through voting.

The members are not restricted in any way from designing, developing, marketing and/or procuring agent-based applications, services and equipment. Members are not bound to implement or use specific agent-based standards, recommendations and FIPA specifications by virtue of their participation in FIPA. 

This specification is published as FIPA 98 specifications ver 1.0. All these parts have undergone an intense review by members as well as non-members during the past year as preliminary versions have been available on the FIPA web site. FIPA members as well as many non-members have been conducting validation trials of the FIPA 97 specification during 1998 and will continue to subject the new output to further validation during the coming months. During 1999 FIPA will publish revised versions of the current specifications and is also planning to continue work on further specifications of agent based technology.

Introduction

The FIPA specifications represent the primary output of FIPA. It is important to appreciate that these specifications have been derived from examining requirements on agent technology posed by specific industrial applications chosen by FIPA so far, and described in Parts 4, 5, 6, and 7 of the FIPA 97 specifications.

FIPA specifies the interfaces of the different components in the environment with which an agent can interact, i.e. humans, other agents, non-agent software and the physical world. FIPA produces two kinds of specifications:
· normative specifications mandating the external behavior of an agent and ensuring interoperability with other FIPA-specified subsystems; 

· informative specifications of applications providing guidance to industry on the use of FIPA technologies.

In October 1997, FIPA released its first set of specifications, called FIPA 97, Version 1.0. During 1998, comments on this specification were received. Based upon these comments, parts of FIPA 97 were superseded by a second version released in October 1998, introducing minor changes only.

Furthermore, in October 1998 FIPA released a new set of specifications, called FIPA 98, version 1.0, of which this document is a part.

The following tables provide an overview of the complete set of FIPA specifications.

Sorted by part:

Released October 1997
Released October 1998

Part
FIPA 97 Version 1.0
FIPA 97 Version 2.0
FIPA 98 Version 1.0

1
N
Agent Management
Agent Management
Agent Management Extensions

2
N
ACL
ACL


3
N
Agent Software Integration



4
I
Personal Travel Assistant



5
I
Personal Assistant



6
I
Audio Visual Entertainment & Broadcasting



7
I
Network Management & Provision



8
N


Human-Agent Interaction

10
N


Agent Security Management

11
N


Agent Management Support for Mobility

12
N


Ontology Service

13
I/M


Developer’s Guide

N == normative; I == informative; M == methodology; Italicised == superseded
Sorted by topic:
Topic
FIPA 97(Version 1.0, unless otherwise indicated)
FIPA 98 Version 1,0

Agent Management
1. Basic System (Version 2.0)
1. Extension to Basic System



10. Agent Security Management



11. Agent Management Support for Mobility 

Agent Communication

2. Agent Communication Language
    (Version 2.0)
8. Human-Agent Interaction



12. Ontology Service

Agent S/W Integration

3. Agent Software Integration
    


Reference Applications
4. Personal Travel Assistant



5. Personal Assistant



6. Audio/Visual Entertainment &
    Broadcasting



7. Network Management &
    Provisioning


The parts of the FIPA 98 specifications are briefly described below.

Part 1 - Agent Management
This part covers agent management for inter-operable agents, and is thus primarily concerned with defining open standard interfaces for accessing agent management services. It also specifies an agent management ontology and agent platform message transport. This specification incorporates and further enhances the FIPA 97, Part 1, Version 2.0 specification.  The internal design and implementation of intelligent agents and agent management infrastructure is not mandated by FIPA and is outside the scope of this part.

Part 8 – Human-Agent Interaction

This part deals with the human-agent interaction part of an agent system. It specifies two agent services: User Dialog Management Service (UDMS) and User Personalization Service (UPS). A UDMS wraps many types of software components for user interfaces allowing for ACL level of interaction between agents and human users. A UPS can maintain user models and supports their construction by either accepting explicit information about the user or by learning from observations of user behavior. 

Part 10 –  Agent Security Management

Security risks exist throughout agent management: during registration, agent-agent interaction, agent configuration,  agent-agent platform interaction, user-agent interaction and agent mobility. The Security Management specification identifies the key security threats in agent management and specifies facilities for securing agent-agent communication via the FIPA agent platform. This specification represents the minimal set of technologies required and is complementary to the existing FIPA 97 and FIPA 98, Part 1 specifications. This part does not mandate every FIPA-compliant agent platform to support agent security management.

Part 11 – Agent Management Support for Mobility

This specification represents a normative framework for supporting software agent mobility using the FIPA agent platform. This framework represents the minimal set of technologies required and is complementary to the existing FIPA 97 and FIPA 98, Part 1 specifications. Wherever possible, it refers to existing standards in this area. The framework supports additional non-mobile agent management operations such as agent configuration. The specification does not mandate that every FIPA-compliant agent platform must support agent mobility, nor does it cover the specific requirements for agents on mobile devices with intermittent connectivity, which is covered by the scope of the existing FIPA Agent Management activity.
Part 12 – Ontology Service

This part deals with technologies enabling agents to manage explicit, declaratively represented ontologies. It specifies an ontology service provided to a community of agents by a dedicated Ontology Agent. It allows for discovering public ontologies in order to access and maintain them; translating expressions between different ontologies and/or different content languages; responding to queries for relationships between terms or between ontologies; and, facilitating identification of a shared ontology for communication between two agents.

The specification deals only with the communicative interface to such a service while internal implementation and capabilities are left to developers. The interaction protocols, communicative acts and, in general, the vocabulary that agents must adopt when using this service are defined. The specification does not mandate the storage format of ontologies, but only the way the ontology service is accessed. However, in order to specify the service, an explicit representation formalism, or meta-ontology, has been specified allowing communication of knowledge between agents. 

Part 13 – FIPA 97 Developer's Guide

The Developer’s Guide is meant to be a companion document to the FIPA 97 specifications, and is intended to clarify areas of specific interest and potential confusion. Such areas include issues that span more than one of the normative parts of FIPA 97. 
1 Scope

The model of agent communication in FIPA is based on the assumption that two agents, who wish to converse, share a common ontology for the domain of discourse. It ensures that the agents ascribe the same meaning to the symbols used in the message. For a given domain, designers may decide to use ontologies that are explicit, declaratively represented (and stored somewhere) or, alternatively, ontologies that are implicitly encoded with the actual software implementation of the agent themselves and thus are not formally published to an ontology service. 

This Part of FIPA 98 specifications deals with technologies enabling agents to manage explicit, declaratively represented ontologies. An ontology service for a community of agents is specified for this purpose. It is required that the service be provided by a dedicated agent, hereafter called Ontology Agent (OA), whose role in the community is to provide some or all of the following services: 

· discovery of public ontologies in order to access them;

· maintain (e.g. register with the DF, upload, download, and modify) a set of public ontologies;

· translate expressions between different ontologies and/or different content languages;

· respond to query for relationships between terms or between ontologies;

· facilitate the identification of a shared ontology for communication between two agents.

This specification deals only with the communicative interface to such a service while internal implementation and capabilities are left to developers. It is not mandated that every OA be able to execute all those tasks (e.g. translation between ontologies, and identification of a shared ontology are in general very difficult and not always possible to realize), but every OA must be able to participate into a communication about these tasks (possibly responding that it is not able to execute the translation task). The interface is specified at the agent communication level [1,2] as opposed to a computational API. Therefore, the specification defines the interaction protocols, the communicative acts and, in general, the vocabulary that agents must adopt when using this service. 

The specification enables developers to build:

· agents that access such a service,

· agents that provide it,

· agents able to negotiate at run-time a shared ontology for communication.

The application of this specification does not prevent the existence of agents that, for a given domain, use ontologies implicitly encoded with the implementation of the agents themselves. In these cases full agent communication and understanding can still be obtained, however the services provided by the OA cannot apply to implicit encoded ontologies.

It is not intention of this document to mandate that every FIPA Agent Platform must include an Ontology Agent. However, in order to promote interoperability, if one OA exists, then it must comply with these specification. And, if the services here described are required by a specific agent platform implementation, then they must be implemented in compliance with this specification. 

In order to keep the applicability of the specification as unrestricted as possible, the approach used is platform independent. In particular, this specification does not mandate the storage format of ontologies but only the way agents access an ontology service. However, in order to specify the service, an explicit representation formalism has been specified. It is the FIPA Knowledge Model, identified by the name Fipa-meta-ontology, that allows communication of knowledge between agents. As far as possible, care has been taken to integrate existing formalisms, such as RDF [5] and OKBC [3]. 

2 Normative reference(s)

The following normative documents contain provisions which, through reference in this text, constitute provisions of this specification. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. However, parties to agreements based on this specification are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. For undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain registers of currently valid specifications, term(s) and definition(s).

FIPA 1998. FIPA 97 specification – Part 1: Agent Management – version 2.0, October 1998.
FIPA 1998. FIPA 97 specification – Part 2: Agent Communication Language – version 2.0, October 1998.

Vinay K. Chaudhri Artificial Intelligence Center SRI International Adam Farquhar Knowledge Systems Laboratory Stanford University Richard Fikes Knowledge Systems Laboratory Stanford University Peter D. Karp Artificial Intelligence Center SRI International James P. Rice Knowledge Systems Laboratory Stanford University. Open Knowledge Base Connectivity 2.0.4 - April 9, 1998. Chapter 2 – Knowledge Model.

3 Terms and definitions

For the purposes of this specification, the following terms and definitions apply:

Action

A basic construct which represents some activity which an agent may perform. A special class of actions is the communicative acts.

Agent

An Agent is the fundamental actor in a domain.  It combines one or more service capabilities into a unified and integrated execution model which can include access to external software, human users  and communication facilities. 

Agent cloning 

The process by which an agent creates a copy of itself on an agent platform.

Agent code 

The set of instructions used by an agent.

Agent Communication Language (ACL)

A language with precisely defined syntax, semantics and pragmatics that is the basis of communication between independently designed and developed software agents. ACL is the primary subject of the FIPA 97 specification, part 2.

Agent Communication Channel (ACC)

The Agent Communication Channel is an agent which uses information provided by the Agent Management System to route messages between agents within the platform and to agents resident on other platforms.

Agent data 

Any data associated with an agent.

Agent invocation 

The process by which an agent can create another instance of an agent on an agent platform.

Agent Management System (AMS)

The Agent Management System is an agent which manages the creation, deletion, suspension, resumption, authentication and migration of agents on the agent platform and provides a “white pages” directory service for all agents resident on an agent platform. It stores the mapping between globally unique agent names (or GUID) and local transport addresses used by the platform.

Agent Platform

An Agent Platform provides an infrastructure in which agents can be deployed. An agent must be registered on a platform in order to interact with other agents on that platform or indeed other platforms. An AP consists of three capability sets ACC, AMS and default Directory Facilitator.

Agent Platform Security Manager (APSM)

An Agent Platform Security Manager is responsible for maintaining the agent platform security policy. The APSM is responsible for providing transport-level security and creating agent audit logs. The APSM negotiates the requested intra- and inter-domain security services of other APSM's in concert with the implemented distributed computing architectures, such as CORBA, COM, DCE, on behalf of an agent in its domain.

ARB Agent

An agent which provides the Agent Resource Broker (ARB) service. There must be at least one such an agent in each Agent Platform in order to allow the sharing of non-agent services.

Communicative Act

A special class of actions that correspond to the basic building blocks of dialogue between agents. A communicative act has a well-defined, declarative meaning independent of the content of any given act. CAs are modelled on speech act theory. Pragmatically, CAs are performed by an agent sending a message to another agent, using the message format described in FIPA97, part 2.

Content

That part of a communicative act which represents the domain dependent component of the communication. Note that "the content of a message" does not refer to "everything within the message, including the delimiters", as it does in some languages, but rather specifically to the domain specific component. In the ACL semantic model, a content expression may be composed from propositions, actions or IRE's.

Content Language

The content of a FIPA message refers to whatever the communicative act applies to. If, in general terms, the communicative act is considered as a sentence, the content is the grammatical object of the sentence. This content can be encoded in any language, the content language, denoted by the :language parameter of the communicative act. 
Conversation

An ongoing sequence of communicative acts exchanged between two (or more) agents relating to some ongoing topic of discourse. A conversation may (perhaps implicitly) accumulate context that is used to determine the meaning of later messages in the conversation.

CORBA

Common Object Request Broker Architecture, an established standard allowing object-oriented distributed systems to communicate through the remote invocation of object methods.
Directory Facilitator

The Directory Facilitator [1] is an agent that provides a “yellow pages” directory service for the agents. It stores descriptions of the agents and the services they offer. 
Explicit & Implicit

An ontology is explicit when it is specified in declarative form as a set of axioms and definitions (e.g. as a set of Ontolingua statements) that an agent can refer to (e.g. by means of an OKBC interface). An ontology is implicit, when the assumptions on the meaning of its vocabulary are only implicitly embedded in some piece of software.
Feasibility Precondition (FP)

The conditions (i.e. one or more propositions) which need be true before an agent can (plan to) execute an action.

Knowledge model

It is a specification of the set of primitives used by a certain class of representation languages. As such, a knowledge model can be considered as a meta-ontology. For instance, several ontology servers use an object oriented model of knowledge based on primitive notions like classes, frames, properties, constraints, axioms and functions. FIPA adopts for the specification of these notions the OKBC version 2.0.4 Knowledge Model, which is called FIPA-meta-ontology or FIPA knowledge model.
Illocutionary effect

See speech act theory.

Knowledge Querying and Manipulation Language (KQML)

A de facto (but widely used) specification of a language for inter-agent communication. In practice, several implementations and variations exist.

Local Agent Platform 

The Local Agent Platform is the AP to which an agent is attached and which represents an ultimate destination for messages directed to that agent.

Message

An individual unit of communication between two or more agents. A message corresponds to a communicative act, in the sense that a message encodes the communicative act for reliable transmission between agents. Note that communicative acts can be recursively composed, so while the outermost act is directly encoded by the message, taken as a whole a given message may represent multiple individual communicative acts.

Message content

See content.

Message transport service

The message transport service is an abstract service provided by the agent management platform to which the agent is (currently) attached. The message transport service provides for the reliable and timely delivery of messages to their destination agents, and also provides a mapping from agent logical names to physical transport addresses.

Meta-ontology

For allowing a FIPA agent to communicate through ACL messages about ontologies, it is necessary to describe the concepts used to speak about an ontology. This description is called the meta-ontology. It is an ontology itself as it provides the ontology to refer to another ontology. Therefore, the meta-ontology should be powerful enough to deal with all potentially available ontologies and make explicit, at least informally, these concepts.
Mobile agent 

An agent that is not reliant upon the agent platform where it began executing and can subsequently transport itself between agent platforms.

Mobility 

The property or characteristic of an agent that allows it to travel between agent platforms.

Ontology

An ontology is an explicit specification of the structure of a certain domain (e.g. e-commerce, sport, …). For the practical goals of FIPA (that is enabling development and deployment of inter-operable agent-based applications), this includes a vocabulary (i.e. a list of logical constants and predicate symbols) for referring to the subject area, and a set of logical statements expressing the constraints existing in the domain and restricting the interpretation of the vocabulary. Ontologies therefore provide a vocabulary for representing and communicating knowledge about some topic and a set of relationships and properties that hold for the entities denoted by that vocabulary.

Ontology Agent
An agent that provides the Ontology Service specified in this specification. The main objective of the Ontology Agent is to offer to FIPA agents a unified view of the services offered by the different ontology servers. Its second objective is to allow an ontology server to be known by FIPA agents. Moreover some ontology agents can provide the agents with services such as translation facilities. Like any other FIPA agent, the ontology agent has to be registered to the DF and to provide the DF with the published ontologies and available services. 

Ontology Name

The ontologies referred to by the agents can be provided by different ontology servers. Consequently, these ontology names are constructed from: the OA name, and the ontology logical name (given by the ontology designer e.g. “car “). 
Ontology Server

Provider of an Ontology Service, not necessarily in the FIPA domain, or FIPA-compliant. Examples of ontology servers already existing outside FIPA are: Ontolingua, XML/RDF ontology servers, ODL databases ontologies servers. Access to the services provided by these ontologies servers are based on various APIs such as the OKBC interface, the ODL interface or HTTP.
Ontology sharing problem

The problem of ensuring that two agents that wish to converse do, in fact, share a common ontology for the domain of discourse. Minimally, agents should be able to discover whether or not they share a mutual understanding of the domain constants. 

Perlocutionary Effect

See speech act theory.

Personalization
An agent’s ability to take individual preferences and characteristics of users into account and adapt its behavior to these factors.

Proposition

A statement which can be either true or false. A closed proposition is one which contains no variables, other than those defined within the scope of a quantifier.

Protocol

A common pattern of conversations used to perform some generally useful task. The protocol is often used to facilitate a simplification of the computational machinery needed to support a given dialogue task between two agents. Throughout this document, we reserve protocol to refer to dialogue patterns between agents, and networking protocol to refer to underlying transport mechanisms such as TCP/IP.

Rational Effect (RE)

The rational effect of an action is a representation of the effect that an agent can expect to occur as a result of the action being performed. In particular, the rational effect of a communicative act is the perlocutionary effect an agent can expect the CA to have on a recipient agent. Note that the recipient is not bound to ensure that the expected effect comes about; indeed it may be impossible for it to do so. Thus an agent may use its knowledge of the rational effect in order to plan an action, but it is not entitled to believe that the rational effect necessarily holds having performed the act.

Software Service

An instantiation of a connection to a software system.

Software System

A software entity which is not conformant to the FIPA Agent Management specification.
Speech Act

The notion of a speech act is derived from the linguistic analysis of human communication. It is based on the idea that with language the speaker not only makes statements, but also performs actions, e.g. a request or an assertion. In this context, a verb denoting a speech act, is called a performative, since saying it makes it so. See FIPA97, part 2 for more details.

Speech Act Theory

A theory of communications which is used as the basis for ACL. Speech act theory is derived from the linguistic analysis of human communication. It is based on the idea that with language the speaker not only makes statements, but also performs actions. A speech act can be put in a stylised form that begins "I hereby request …" or "I hereby declare …". In this form the verb is called the performative, since saying it makes it so. Verbs that cannot be put into this form are not speech acts, for example "I hereby solve this equation" does not actually solve the equation.

Stationary agent 

An agent that executes only upon the agent platform where it begins executing and is reliant upon it.

TCP/IP

A networking protocol used to establish connections and transmit data between hosts 

User Agent

An agent which interacts with a human user.
User Dialog Management Service

An agent service in order for FIPA agents to interact with human users; by converting ACL into media/formats which human users can understand and vice versa, managing the communication channel between agents and users, and identifying users interacting with agents.
User ID

An identifier for a real user.
User Model
A user model contains assumptions about user preferences, capabilities, skills, knowledge, etc, which may be acquired by inductive processing based on observations about the user. User models normally contain knowledge bases which are directly manipulated and administered.

User Personalization Service

An agent service that offers abilities to support personalization, e.g. by maintaining user profiles or forming complex user models by learning from observations of user behavior. 

Wrapper Agent

An agent which provides the FIPA-WRAPPER service to an agent domain on the Internet.
4 Symbols (and abbreviated terms)

ACC
Agent Communication Channel

ACL
Agent Communication Language

AMS
Agent Management System

API
Application Programming Interface

CA
Communicative Act

DB
Data Base

DF
Directory Facilitator

EBNF
Extended Backus Naur Form

FIPA
Foundation for Intelligent Physical Agents

GUID
Global Unique Identifier

HTTP
Hyper-Text Transfer/Transmission Protocol

IRE
Identifying Referring Expression

KBS
Knowledge Base System

KIF
Knowledge Interchange Format

OA
Ontology Agent

ODL
Object Definition Language

OKBC
Open Knowledge Base Connectivity

OQL
Object Query Language

RDF
Resource Description Framework

SL
Semantic Language

TCP/IP
Transmission Control Protocol / Internet Protocol

TKB
Terminological Knowledge Base

XML
Extensible Markup Language

5 Overview

An Ontology Agent (OA) is an agent that provides access to one or more ontology servers and that provides the ontology services, as specified in this specification, to an agent community. As well as all the other agents, the OA registers its service with the DF (see section 6.4) and it is identified by the keyword FIPA-OA for the value of :agent-type. It also registers the list of maintained ontologies and their translation capabilities in order to allow agents to query the DF (see section 6.4.1) for the specific OA that manages a specific ontology.

Every agent can then request the services of the OA by using the communicative interface specified in section 6. In particular, they can request to define, modify or remove terms and definitions of the ontology; they can request to translate expressions between two ontologies for which there exists a mapping; they can query for definitions, or relationships between terms or between ontologies; finally, they can request to find a shared ontology for communication with another agent. Even if any agent requests one of the above services, the OA reserves the right to refuse the request.

The realization of this communication obviously needs an agreement on the language to communicate facts about ontologies. This is described in section 6.2 where the subsumed knowledge model and the FIPA meta-ontology is specified. It describes the primitives, and normatively define their names, used in the communication, like concepts, attributes, relations, … It must be noticed that this specification is neutral in respect to the language used to store and represent the ontology (e.g. RDF, KIF, ODL, …), while it only specifies the language to communicate about ontologies. 

Section 6.7 specifies the interaction protocol to be used by agents to agree on a shared ontology for communication.

The document concludes with two informative annexes. Annex A gives a clear definition of what is intended with the term ontology and, in particular, what is the difference between a conceptualization, an ontology, and a knowledge base. Annex B lists an informative set of guidelines to help developers to define well-founded new ontologies. 

5.1 Rationale for having explicit ontologies

The FIPA communication model [2] is based on the assumption that communicating agents share an ontology of communication defining speech acts and protocols. In order to have fruitful communication, agents must also share an ontology of their domain of application. In an open environment, agents are designed around various ontologies (either implicit or explicit); for allowing their communication explicit ontologies are however necessary, together with a standard mechanism to access and refer to them (e.g., access protocol, naming space).

Without explicit ontologies, agents need to share intrinsically the same ontology to be able to communicate and this is a strong constraint in an open environment where agents, designed by different programmers or organizations, may enter into communication.

An explicit ontology is considered to be declaratively represented as opposed to implicitly, procedurally encoded. It can be then considered as “a referring knowledge” and, as a consequence, could be outside the communicating agents, managed by a dedicated ontology agent.
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Figure 1 FIPA communication model

As better described in Annex A, in general, an ontology is not only a vocabulary, but also contains explicit axioms to approximate meaning, i.e. to constrain the set of intended models. Explicit axioms allow validation of specifications, unambiguous definition of vocabulary, automation of operations like classification and translation.

Several benefits can be envisioned by having explicitly represented ontologies, such as enabling querying for concepts, updating an ontology, reusing ontologies by extending or specializing existing ones, translation between different ontologies, sharing through referring to ontology names and locations, etc. 

5.2 Possible benefits for applications

There are many applications that benefit from having a dedicated agent that manages and controls access to a set of explicit ontologies.

In information retrieval applications, the size of some linguistic ontologies may prevent an agent to store the ontology in its address space, so that agents need to remotely access and refer to ontologies for disambiguation of user queries, for using information about taxonomies of terms or thesaurus to enhance the quality of retrieved results, etc. The definition of a standard interface to access and query an ontology service can increase and simplify the interoperability between different systems.

Semantic integration of heterogeneous information sources in an open and dynamic environment, such as the Web or a digital library, may also benefit from an ontology service. There are already implementations [6] that use one domain ontology to integrate several information sources, managed by a dedicated agent, still allowing each source to use its private ontology. Every user can also have his own ontology depending on his preference, his role in the domain, or simply his known language. Every used ontology is a subset of the domain ontology or there exists a map between it and the domain ontology; the knowledge about these relationships (subset and mapping) is usually maintained by some ontology-dedicated agents.

Some applications use machine learning techniques to adaptively extend an ontology based on the interaction of the user with the system. In this case, at the execution time, several user agents may compete or collaborate to request to a dedicated agent to modify an ontology. 

The development of this specification tried to take into account the requirements from all these kinds of applications. Hopefully, the specification should be general enough to allow even wider applicability.

5.3 Some sample scenarios illustrating offered features

5.3.1 Scenario 1 – Querying the OA for definition of terms 

This scenario shows the usage of an Ontology Agent to access definition of terms when using large linguistic ontologies. 

Let’s consider an agent B able to index pictures based on their captions and send them on a demand basis. 

An agent A, which for instance is a user interface agent, is willing to get pictures of “diseased citrus” for its user, who is a “farmer” and wants to discover a diagnosis for his citrus trees. A, then, requests B, to send pictures of “diseased citrus” by referring to a given domain ontology, e.g. the “farmer” ontology. 

B discovers that no pictures under the name “citrus” are available. Before sending the answer to A, B queries the appropriate OA (where the “farmer” ontology resides) to obtain sub-species of “citrus” (may be also sub-species of the “diseased” property) within the given ontology. 

OA answers B that “oranges” and “lemon” are sub-species of “citrus”. 

Then, B finds pictures of “diseased lemon” and “diseased orange” and sends them to the agent A.

The scenario might continue with the user, i.e. the farmer, looking at the several pictures and finding a match with the problem his trees have. Found the problem, may be he then asks the agent A to find for a diagnosis and a cure for it. Even in this case, the service provided by the OA might be useful again.

The existence of an explicit declarative ontology managed by an external agent, the OA, allows B to concentrate on its actual task, indexing and sending pictures, more than on the maintenance of the ontology itself. The agent B may also be more light-weighted as it is not necessary to encode in its code all the ontology but relations and definition of concepts can be accessed on demand by querying the OA. 

Even the agent A may need to access the same OA, for instance to explain to its user the type of “diseased” is in the figure.

5.3.2 Scenario 2 – selecting a shared ontology

Agent_SP is the Service Provider for electronic commerce of a given merchant. It has simple behaviors referring to the “sell-products” ontology. It has other more complex behaviors referring to the “ sell-wholesale-products” ontology. The complex behaviors are designed as extensions of the simple ones. The “sell-wholesale-products” ontology is defined explicitly in an ontology server (e.g. Ontolingua) as an extension of the “sell-products” ontology. 

The ontology server is accessible by agents of a given FIPA compliant platform through an Ontology Agent named OA1. Following the FIPA ontologies naming scheme, these two ontologies are named as follows: OA1@iiop://cnet.fr/sell-products and OA1@iiop://cnet.fr/sell-wholesale-product. Both of these ontologies refer to the electronic commerce domain. 

Agent_SP would like to sell products. It makes a call for proposal using a CFP communicative act; the content of this communicative act refers to the OA1@iiop://cnet.fr/sell-wholesale-products ontology.  Agent_C is a Customer. It has only simple behaviors referring to the OA1@iiop://cnet.fr/sell-products ontology. Agent-C does not know the OA1@iiop://cnet.fr/sell-wholesale-products ontology and as a consequence has no precise idea of the purpose of this Call-For-Proposals. However Agent_C believes that the Call-For-Proposals of Agent_SP is interesting to it, for instance because: 

· it believes that all Call-For-Proposals from Agent_SP are interesting to it, or 

· a  third party agent knowing the needs of Agent_C and understanding this CFP has recommended Agent_C to answer this CFP, or

· it has behavior referring to the electronic commerce domain (that is at least the case in this example).

Following the Call-For-Proposals of Agent_SP, three different protocols of interaction could be considered :

1. Agent_C queries Agent_SP to know if other ontologies can be used in this Call-For-Proposals. Agent_SP answers that the OA1@iiop://cnet.fr/sell-products ontology can be used. If Agent_C does not know this ontology (this general case does not apply in this example), the process of interaction is repeated. 

2. Agent_C queries the DF to determine if it knows OAs providing access to electronic commerce domain. DF answers to Agent_C with a list of OAs including OA1.  Agent-C queries all these OAs about ontologies related to the OA1@iiop://cnet.fr/sell-wholesale-products. OA1 informs Agent_C that the “ OA1@iiop://cnet.fr/sell-wholesale-products ” ontology is an extension of  “ OA1@iiop://cnet.fr/sell-wholesale-product ” ontology. Agent_C asks Agent_SP if it can use the “ OA1@iiop://cnet.fr/sell-product ” ontology.

3. Agent_C queries the DF to determine if it knows OA1’s address. DF gives back the OA1’s address. Agent-C queries OA1 about ontologies. OA1 informs Agent_C that the OA1@iiop://cnet.fr/sell-wholesale-products ontology is an extension of OA1@iiop://cnet.fr/sell-product ontology. Agent_C asks Agent_SP if it can use the OA1@iiop://cnet.fr/sell-product ontology.

5.3.3 Scenario 3 – testing equivalence

In this scenario an agent has to check the logical equivalence of two ontologies.

· An ontology designer in U.S declares the ontology "car-product” to the ontology agent OA2, which is referred within the OA2 under the name OA2@http://makers.ford.com/car-product, following the FIPA ontologies naming scheme;

· The ontology designer declares a complete French translation of its ontology “car-product” to the ontology agent OA1 in France under the name OA1@http://www.ford.fr/voiture. Moreover these two ontologies are declared equivalent to OA1. The exact mapping is provided to the OA1;
· Agent A2 (in US) requests OA2 to provide an ontology of domain “cars”; the ontology name  OA2@http:// makers.ford.com/car-product is returned;

· Agent A2 wants to communicate with A1 in France about “cars” with the ontology OA2@http:// makers.ford.com/car-product. Note that agent A1 does not know this ontology.

· Agent A1 queries if OA1 is able to provide an ontology equivalent to OA2@http://makers.ford.com/car-product; 

· OA1 returns OA1@http://www.ford.fr/voiture to A1;

· A1 informs A2 that these two ontologies OA1@http://www.ford.fr/voiture and OA2@http:// makers.ford.com/car-producare equivalent. And that OA1 can be used as a translator.

· The dialogue between A1 and A2 can then start.

5.3.4 Scenario 4 – finding ontologies

In this scenario, an agent A wants to know the list of ontologies referring to the “car” term. The agent believes that such ontology exists because it has received a natural language request from a user including this term. However, it has no idea of the kind of concepts underlying this symbol, and it would like to access its definition without any human intervention.

· A1 wants to know the list of ontologies referring to a given term

· A1 queries the DF for the list of OAs available.

· A1 queries each OA for the list of ontologies that include the given term. 

· OA queries all the ontologies that it is able to access, about an object, a property and a class labeled with the given term

5.3.5 Scenario 5 - translation of terms

This scenario gives a pragmatic example illustrating the "use of translation of terms" in a multi-agent context.  It involves naming of terms.  Consider a project integrating two legacy databases.  Users of the integrated system want to continue seeing the integrated databases in the terms they are used to, the terms of the legacy database they were using. The first database contains information about the aircraft parts owned by the aircraft manufacturer; the second database describes aircraft parts owned by the aircraft operator.  In each database an aircraft part has a name.  However, one database calls it a name, and the other calls it nomenclature. In other words, name and nomenclature are based on the same concept definition (the name of a part). A query server answers queries from user agents (user interfaces and agents acting for users).  The query server uses a domain ontology that integrates the data source ontologies. The user interface is based on a user model with user ontologies.  This permits one user to specify and see part nomenclature in his user interface while another will see part name.  We translate terms to answer queries based on each user ontology, and we also translate queries for each database. 
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Figure 2 - Model of scenario 5

· An agent, A1, wants to translate a given term from a first ontology into the corresponding term from a second one.

· A1 queries DF for an OA which supports the translation between these ontologies

· DF returns the name of a given OA;  this OA knows the format of the ontologies involved (XML, OKBC, ..) and has capabilities to make translation between these ones

· A1 queries this OA

· OA translates the requested term from Ontology Server #1 to Ontology Server #2 where Ontologies 1 and 2 contain the terms defined respectively in databases #1 and #2.

6 Specification of the Ontology Service

6.1 Reference Model
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Figure 3 - Reference Model

The figure above shows the reference model of this specification.

Ontologies are stored at an ontology server. In general, several servers may exist with different interfaces and different capabilities. The Ontology Agent allows agents to discover ontologies and servers and to access their services in a unique way, that is more suitable to the agent communication mechanism. Furthermore, it can implement extra functionalities such as a translation service or it can bring to the agent community knowledge about relationships between the different ontologies. This reference model does not preclude that in some particular implementations, the Ontology Agent might wrap directly one Ontology Server.

The scope of this FIPA specification is ACL level communication between agents and not communication  between the Ontology Agent and the Ontology Servers (e.g. OKBC, OQL, any other proprietary protocol). Therefore, a FIPA compliant OA will have to be developed on a custom basis to support interfaces with the non-FIPA compliant ontology severs to be used.

6.1.1 Services provided by the Ontology Agent

The OA must be able to participate in a communication about the following tasks, possibly responding that it is not able to execute these tasks:

· Help a FIPA agent in selecting a shared (sub)ontology for communication,

· Create and update an ontology, or only some terms of an ontology. 

· translate expressions between different ontologies (different names with same meanings),

· Respond to query for relationships between terms or between ontologies,

· discovery of public ontologies in order to access them. 

Furthermore, the OA allows the Ontology Server to make its ontologies publicly available in the agent domain.

6.2 Naming and referring Ontologies

Each ontology is stored at an ontology server. The Ontology Agent (OA) registers the list of supported ontologies with the Directory Facilitator (DF).  Within an OA each ontology is uniquely named, registered and identified by a logical name managed by the Ontology Agent. It hides from the agent community the physical name of the ontology, both the name of the server (e.g. Ontolingua) and the actual name of the ontology itself. The OA is only responsible for knowing the mapping to the physical name, while all ACL messages and references are assumed to refer directly to this ontology identifier. 

The following grammar defines the syntax for the ontology identifier in EBNF notation. 

OntologyName         =  [ OntologyAgentName Delimiter ] OntologyLogicalName .
OntologyAgentName    =   AgentName .             

OntologyLogicalName  =   Word .                

Delimiter            =  ‘?’ .
Word                 =          see Fipa97 Part 2
AgentName            =           see Fipa97 Part 1
Note: It is required that the OntologyName does not include the character ‘?’ in order to be able to separate the name of the OntologyAgent.

Example: The following is an example of a communicative act naming the car-ontol ontology which is managed by the ontology agent OA1@iiop://cselt.it:50/acc
(inform ... :ontology OA1@iiop://cselt.it:50/acc?car-ontol)

Note: Based on these assumptions, it might happen that two OAs register the same physical ontology with different logical names, or that two OAs register the same logical name for two different physical ontologies. The assumption is here that the OAs are themselves responsible for discovering such equivalence and exploiting this knowledge in the service they provide. 

Note: The grammar allows the ability to include both the version and the name space in the ontology logical name. The way this is done is not mandated by this specification.
6.3 Relationships between Ontologies

In an open environment, agents may benefit, in some applications, from knowing the existence of some relationships between ontologies, for instance to decide if and how to communicate with other agents. Even if in principle every agent may believe such relationships, the ontology agent has the most adequate role in the community to know that. It can be then queried for the value of such relationships and it can use that for translation or for facilitating the selection of a shared ontology for agent communication. The following predicate must be used for this purpose

(ontol-relationship ?O1 ?O2 ?level)

which is defined to be true when a relationship of level level exists between the two ontologies in the arguments O1 and O2. The argument level may assume one of the following values:

Extension 
when O1 extends the ontology O2

Identical
when the two ontologies O1 and O2 are identical

Equivalent
when the two ontologies O1 and O2 are equivalent

Strongly-translatable
when the source ontology O1 is strongly-translatable to the target ontology O2

Weakly-translatable
When the source ontology O1 is weakly-translatable to the target ontology O2

Approx-translatable
when the source ontology O1 is approximately translatable to the target ontology O2

Note : The problem of deciding if two logical theories (as ontologies in general are) have relationships to each other, is in general computationally very difficult. For instance, it can quickly become undecidable if two ontologies are identical when the expressive power of the ontologies concerned is high enough. Therefore, asserting that two ontologies have a relationship to each other as defined in this section, will often require manual intervention.

6.3.1 Level = extension
It is common and good engineering practice to build a new ontology by extending or combining existing ones. The extension level of relationship captures this reuse practice.

When (ontol-relationship O1 O2 extension) holds, then the ontology O1 extends or includes the ontology O2. Informally this means that all the symbols that are defined within the O2 ontology are found in the O1 ontology, with the very important restriction that the properties expressed between the entities in the O2 ontology are conserved in the O1 ontology.

This specification makes no distinction between extension and inclusion relationships between ontologies.
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Figure 4 - Example of extension of ontology

Example 1 (extension): In the Ontology O1 the class “fruit” is split into the “apple”, “lemon” and “orange” classes. The ontology O2 extends O1 by inserting the class “citrus” between the class “fruit” and both classes “orange” and “lemon”. In this case the predicate holds since all entities in O1 are in O2 and since all relations in O1 still hold. For instance, in O1 “lemon is a fruit”, and in O2 “lemon is a citrus” and “citrus is a fruit” implies that “lemon is a fruit”.

Example 2 (inclusion): O1 defines “cars”, O2 defines “cars” and “vans” by reusing without any modification all classes involved in the “cars” class defined in O1. Once more (ontol-relationship O2 O1 extension) holds.

6.3.2 Level = identical
This level is used to assert that two ontologies O1 and O2 are identical. By identical, we mean that the vocabulary, the axiomatization and the representation language used are physically identical, like are for instance two mirror copies of a file. However two identical ontologies could be named and referred under different names. 

Note: It may be important to notice that two identical ontologies may still commit to different conceptualizations, since they may differ in the way their axiomatizations reflect the intended models (see Annex A). Consider for instance two ontologies identical to O1, consisting only of the axioms that reflect the ISA relationships between kinds of fruit: one may commit to a conceptualization where the instances of fruit classes are intended as solid things, while the other one may assume that fruits are amounts of fruit stuff. As long as the commitments with respect to the object/stuff distinction are not made explicit, the two ontologies, although identical, may be used by different applications for very different things. Recognizing the different conceptualizations may not be a problem as long as the vocabulary is the same, but it may lead to serious troubles in case of translatable ontologies, where a wrong ontology translation may be performed on the basis of a mapping between the axiomatizations. This problem is in principle unavoidable, and can be limited only by resorting to a common top-level ontology, used to make explicit the intended conceptualization without the need of detailed axiomatizations.

6.3.3 Level = equivalent
Two ontologies O1 and O2 are said to be equivalent whenever they share the same vocabulary and the same logical axiomatization, but possibly are expressed using different representation languages (for instance Ontolingua and XML). If we consider a particular ontology server with given deduction capabilities, every thing that is provable or deductible from O1 will be provable from O2 and vice versa. Moreover, the following property holds: if O1 and O2 are equivalent then O1 and O2 are strongly-translatable in both ways. In this case only a mapping between the representation languages is required.

Note: It must be noticed that equivalent ontologies may still be served by different ontology servers with different deduction capabilities. That means, in turn, that equivalence between ontologies does not guarantee equivalence of results: what an agent can do or cannot do when using an ontology does not only depend on the ontology but on the couple (ontology, ontology server).

6.3.4 Level = weakly-translatable
This level relates two ontologies Osource and Odest when it is possible to translate from Osource to Odest, even if with a possible loss of information. Odest is then supposed to share a subset of the vocabulary and axiomatization of Osource. It means that some terms or relationships from Osource will be possibly simplified when translated to Odest. It means also that some terms or relationships will not be translatable to Odest, because they do not appear in the Odest axiomatization. Nevertheless, a weak translation should not introduce any inconsistency.

Example: let us consider the French (Osource) and English (Odest) simple ontologies on fruit such as:

· In Osource : a “fruit” is an “agrume” or “pomme” or “poire”, and an “agrume” is either a “citron” an “orange” or a “pamplemousse”

· In Odest: a “fruit” is either a “lemon”, an “orange” or an “apple”

Osource is weakly-translatable to Odest with the vocabulary mapping (“pomme” -> “apple”; “citron”->”lemon”; “orange” -> “orange”; “fruit” -> “fruit”) with a loss of information concerning “pamplemousse”, “poire” and the conceptualization of  “agrume” as the subclass of “fruit” containing “citron”, “pamplemousse” and “orange”. Nevertheless after translation “lemons” and “oranges” are still “fruits”.
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Figure 5 - Example of ontologies weakly-translatable

6.3.5 Level = strongly-translatable
An ontology Osource is said to be related with level strongly-translatable to ontology Odest if  1/ the vocabulary of Osource can be totally translated to the vocabulary of Odest, 2/ the axiomatization of Osource holds in Odest, 3/ there is no loss of information from Osource to Odest, 4/ there is no introduction of inconsistency. However, the representation languages used by Osource and Odest can still be different. 

Example: let us consider the English(Osource) and French(Odest) ontologies, such as:

· In Osource: a “fruit” is a either a “citrus”, an “apple” or a “pear”, and a “citrus” is either a “lemon” or an “orange”.

· In Odest: a “fruit” is an “agrume” or a “pomme” or a “poire”, and an “agrume” is either a “citron” an “orange” or a “pamplemousse”

Osource is strongly-translatable to Odest with the vocabulary mapping (“apple” -> “pomme”; “ lemon”->” citron”; “orange” -> “orange”; “fruit” -> “fruit”, “pear” -> “poire”, “citrus”->”agrume”). Moreover every property that holds in Osource holds in Odest after translation. Thus this is an example of a strongly-translatable predicate. The reverse translation i.e. Odest to Osource is not strongly-translatable since “pamplemousse” is not defined in Osource.
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Figure 6 - Example of ontologies strongly-translatable

6.3.6 Level = approx-translatable
This level is the less restrictive. Two ontologies Osource and Odest are said to be related with level approx-translatable if they are weakly-translatable with introduction of possible inconsistencies, e.g. some of the relations become no more valid and some constraints do not apply anymore.

Example: This example shows two ontologies that refer to a term which has slightly different meanings according to the context in which it is used. The two ontologies are respectively “ingredients for Chinese Cooking” and “ingredients for European Cooking”. In both ontologies, we consider the two following classes “parsley” and “pepper”. The difference is that in “Chinese cooking” ontology, “coriander” is classified as a sort of “parsley”, because its leaves are used and that in European cooking “coriander” is classified as a sort of pepper, because only its seeds (called “Chinese” pepper) are used. The term “coriander” enjoys different properties in the two ontologies, even if it refers to the same plant.

If we consider a translation between these two ontologies, the translation of “coriander” (in the Chinese Cooking ontology) by “coriander” (in the European Cooking ontology) can be useful mainly because as said previously the term designates the same plant. Nevertheless, some of the properties expressed in the “Chinese Cooking” ontology do not hold any more in the “European Cooking” ontology and vice versa.
6.3.7 General properties

The following properties hold between level of relationships:

· strongly-translatable ( weakly-translatable ( approx-translatable

· equivalent(O1,O2) ( strongly-translatable(O1,O2) ( strongly-translatable(O2,O1)

· identical ( equivalent

6.4 Registration of the Ontology Agent with the DF

In order for an agent to advertise its willingness to provide a set of ontology services to an agent domain, it must register with a DF (as described in [1]). Of course, the DF is not responsible for ensuring the validity of the provided service. 

As part of this registration process a number of constant values are introduced which universally identify the ontology services: 

· the :service-type must be declared as a fipa-oa service;

· the :service-ontology is identified by the constant fipa-ontol-service-ontology, which identifies the set of actions that can be requested to be performed by a FIPA Ontology Agent;

· the :fixed-properties list must include the set of supported-ontologies
(:supported-ontologies <ontology-description>+)
The ontology description must include the following attributes:

· :ontology-name - the logical reference to the ontology.  This reference is used as the ontology parameter in ACL messages. Only the OA knows the physical name i.e. the physical location of the ontology server;

· :version – this optional parameter allows to register with the DF the version of the ontology;

· :source-languages -  the languages in which the ontology is stored on the ontology server; 

· :domains - the type of application domains in which the ontology is considered suitable. Syntactically this is an expression.

In addition to the set of supported ontologies, the OA may also register its translation capabilities between different ontologies (if it has any). Notice that the specification does not prevent non-OA agents to also have translation capabilities. The translation capabilities may include ontology translation, language translation or both.  The following constant values must be used to register translation services:

· the :service-type must be declared as a translation-service;

· the :service-ontology must include the fipa-meta-ontology, which identifies the set of actions that can be requested to be performed by a FIPA Ontology Agent, regarding translation services;

· the :fixed-properties list must include the list of available ontology-translation-types
(:ontology-translation-types <translation description>+)
and/or the list of available language translation types
(:language-translation-types <translation description>+)
As a consequence, the Agent Management Grammar [section 9.1 of 5] is enriched as follows:

FIPA-Service-Desc-Item = …         (see Fipa97 Part 1)





|“(“ “:fixed-properties” FixedProperties “)”

FixedProperties        =  SLTerm 

                       |“(“ “:supported-ontologies” OntologyDescription + “)”

                       |“(“ “:ontology-translation-types” TranslationDescr + “)”
                       |“(“ “:language-translation-types” TranslationDescr + “)”.

OntologyDescription    = “(“ “:ontology-name”    OntologyName 





      [ OntologyVersion ]

                             “:source-languages” SLTerm 

                             “:domains”          SLTerm “)” .

OntologyName           = (see section 6.2)

TranslationDescr       = “(“ “:from” OntologyName [OntologyVersion]

                             “:to” OntologyName [OntologyVersion] 

                            [“:level” TranslationLevel ] “)”

                       | “(“ “:from” LanguageName “:to” LanguageName 

                            [ “:level” TranslationLevel ] “)”.

OntologVersion        = “:version” SLConstant.

LanguageName          = Word.

TranslationLevel      = “weakly-translatable” | “strongly-translatable” | 

                        “approx-translatable” | “equivalent” 

The default value for TranslationLevel is equivalent.

Example: The following is an example of registration of an OA with the DF:

(request

  :sender   oa@iiop://agentland.com:50/acc

  :receiver df@iiop://fipa.org:50/acc

  :ontology fipa-agent-management

  :language SL0

  :protocol fipa-request

  :content

    (action df@iiop://fipa.org:50/acc

      (register 

        (:df-description

          (:agent-name oa@iiop://agentland.com:50/acc)

          (:agent-type fipa-oa )

          (:address    (iiop://fipa.org/acc iiop://agentland.com/acc))

          (:agent-services

            (:service-description

              (:service-type     fipa-oa)

              (:service-ontology fipa-ontol-service-ontology)

              (:service-name     Serv_Name1)

              (:fixed-properties

                (:supported-ontologies

                  (:ontology-name    fipa-vpn-provisioning




 :version          a1

            
 :source-languages xml

      

 :domains          telecoms)

                  (:ontology-name     product

                   :source-languages  kif

                   :domains           commerce))))

            (:service-description

              (:service-type     translation-service)

              (:service-ontology fipa-ontol-service-ontology)

              (:service-name     Serv_Name2)

              (:fixed proporties

                (:ontology-translation-types

                  (:from fipa-vpn-provisioning :to product 

                   :level weakly-translatable)

                  (:from product               :to italianproduct 

                   :level strongly-translatable))

                (:language-translation-types

                  (:from SL         :to KIF    :level weakly-translatable)


            (:from OntoLingua :to LOOM   :level strongly-translatable)))))

          (:interaction-protocols (fipa-request))

          (:ontology fipa-ontol-service-ontology)

   
    (:df-state active)))))

6.4.1 Querying the DF

The agent management search action described in FIPA 97 part 1 enables an agent to query the DF for available ontology related services, namely:

· the list of registered OAs;

· the list of OAs that support ontologies in a given domain; 

· the basic properties of a given ontology (e.g. domain, source-language);

· the list of OAs that provide a specific translation service

It is also possible for an agent to query a DF to establish what agents claim to understand a given ontology. The reply could be a list of OA who offer such an ontology, the requesting agent can then use it intelligence to decide which ontology service is wishes to use. 

Example: The following example describes the case where an agent (the pca-agent in the example) queries a DF to establish what OA agents can support the fipa-vpn-provisioning ontology. 

 (request



:sender 
pca-agent@iiop://agentland.com:50/acc



:receiver 
df@iiop://fipa.org:50/acc



:ontology 
fipa-agent-management



:language 
SL0


:protocol 
fipa-request

      :reply-with search-123



:content

(action df@iiop://fipa.org:50/acc


(search 

  (:df-description

    (:agent-services

(:service-description

  (:service-type fipa-oa)

  (:service-ontology fipa-ontol-service-ontology)

  (:fixed-properties

    (:supported-ontologies

     (:ontology-name fipa-vpn-provisioning)))))

    (:df-state active))))

The DF responds listing the details of the appropriate OAs registered in a ACL message of the form:

(inform

  :sender 
df@iiop://fipa.org:50/acc

  :receiver pca-agent@iiop://agentland.com:50/acc

  :ontology fipa-agent-management

  :language SL0

  :protocol fipa-request

  :in-reply-to search-123

  :content

    (result (action df search)

        (:df-description

          (:agent-name oa@iiop://agentland.com:50/acc)

          (:agent-type fipa-oa )

          (:address    (iiop://fipa.org/acc iiop://agentland.com/acc))

          (:agent-services

            (:service-description

              (:service-type     fipa-oa)

              (:service-ontology fipa-ontol-service-ontology)

              (:service-name     Serv_Name1)

              (:fixed-properties

                (:supported-ontologies

                  (:ontology-name    fipa-vpn-provisioning

            
 :source-languages xml

      

 :domains          telecoms)

                  (:ontology-name     product

                   :source-languages  kif

                   :domains           commerce))))

            (:service-description

              (:service-type     translation-service)

              (:service-ontology fipa-ontol-service-ontology)

              (:service-name     Serv_Name2)

              (:fixed proporties

                (:ontology-translation-types

                  (:from fipa-vpn-provisioning :to product 
                   :level weakly-translatable)

                  (:from product               :to italianproduct 
                   :level strongly-translatable))

                (:language-translation-types

                  (:from SL         :to KIF     :level weakly-translatable)


            (:from OntoLingua :to LOOM    :level strongly-translatable)))))

          (:interaction-protocols (fipa-request))

          (:ontology fipa-ontol-service-ontology)

   
    (:df-state active)))))

6.5 FIPA Knowledge Model and FIPA meta-ontology


One of the goals of this specification is to allow agents to talk about and manipulate knowledge, for instance to query for the definition of a concept or to define a new concept. A standard meta-ontology and knowledge model is necessary for this purpose, which describes the primitives used by a knowledge representation language, like concepts, attributes, relations, …

FIPA adopts for its specification the knowledge model of the OKBC version 2.0.4 document (chapter 2 of [3]), which is hereafter defined and referred with the reserved constant Fipa-meta-ontology. The adopted Knowledge Model supports an object-oriented representation of knowledge and provides a set of representational constructs commonly found in object-oriented knowledge representation systems. 

It must be noticed that the adoption of this meta-ontology does not prevent the usage of whatever knowledge representation language a designer wants to use. Instead, for a FIPA compliant agent, this is mandated and serves the purpose of the interlingua for knowledge that is being communicated, that is knowledge obtained from or provided to an Ontology Agent must be expressed in this Knowledge Model. It is left to agents, then, the responsibility to translate knowledge from the actual knowledge representation language into and out of this interlingua, as needed.

For an accurate understanding of this knowledge model, the reader should directly refer to [3]. However, for quick reference and to simplify the reading of this document, the following box is an integral reproduction of the Chapter 2 of the OKBC specifications, version 2.0.4. This has been added to the specification for the convenience of the reader. 
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The OKBC Knowledge Model 

The Open Knowledge Base Connectivity provides operations for manipulating knowledge expressed in an implicit representation formalism called the OKBC Knowledge Model, which we specify in this chapter. The OKBC Knowledge Model supports an object-oriented representation of knowledge and provides a set of representational constructs commonly found in object-oriented knowledge representation systems (KRSs) [4]. Knowledge obtained from an KRS using OKBC or provided to an KRS using OKBC is assumed in the specification of the OKBC operations to be expressed in the Knowledge Model. The OKBC Knowledge Model therefore serves as an implicit interlingua for knowledge that is being communicated using OKBC, and systems that use OKBC translate knowledge into and out of that interlingua as needed. 

The OKBC Knowledge Model includes constants, frames, slots, facets, classes, individuals, and knowledge bases. We describe each of these constructs in the sections below. To provide a precise and succinct description of the OKBC Knowledge Model, we use the Knowledge Interchange Format (KIF) [2] as a formal specification language. KIF is a first-order predicate logic language with set theory, and has a linear prefix syntax. 

   
Constants 

The OKBC Knowledge Model assumes a universe of discourse consisting of all entities about which knowledge is to be expressed. Each OKBC knowledge base may have a different universe of discourse. However, OKBC assumes that the universe of discourse always includes all constants of the following basic types: 

· integers 

· floating point numbers 

· strings 

· symbols 

· lists 

· classes 

Classes are sets of entities
, and all sets of entities are considered to be classes. OKBC also assumes that the domain of discourse includes the logical constants true and false. 

   
Frames, Own Slots, and Own Facets 

A frame is a primitive object that represents an entity in the domain of discourse. Formally, a frame corresponds to a KIF constant. A frame that represents a class is called a class frame, and a frame that represents an individual is called an individual frame. 

A frame has associated with it a set of own slots, and each own slot of a frame has associated with it a set of entities called slot values. Formally, a slot is a binary relation, and each value V of an own slot S of a frame F represents the assertion that the relation S holds for the entity represented by F and the entity represented by V (i.e., (S F V)
). For example, the assertion that Fred's favorite foods are potato chips and ice cream could be represented by the own slot Favorite-Food of the frame Fred having as values the frame Potato-Chips and the string ``ice cream''. 

An own slot of a frame has associated with it a set of own facets, and each own facet of a slot of a frame has associated with it a set of entities called facet values. Formally, a facet is a ternary relation, and each value V of own facet Fa of slot S of frame Fr represents the assertion that the relation Fa holds for the relation S, the entity represented by Fr, and the entity represented by V (i.e., (Fa S Fr V)). For example, the assertion that the favorite foods of Fred must be edible foods could be represented by the facet :VALUE-TYPE of the Favorite-Food slot of the Fred frame having the value Edible-Food. 

Relations may optionally be entities in the domain of discourse and therefore representable by frames. Thus, a slot or a facet may be represented by a frame. Such a frame describes the properties of the relation represented by the slot or facet. A frame representing a slot is called a slot frame, and a frame representing a facet is called a facet frame. 

   
Classes and Individuals 

A class is a set of entities. Each of the entities in a class is said to be an instance of the class. An entity can be an instance of multiple classes, which are called its types. A class can be an instance of a class. A class which has instances that are themselves classes is called a meta-class. 

Entities that are not classes are referred to as individuals. Thus, the domain of discourse consists of individuals and classes. The unary relation class is true if and only if its argument is a class and the unary relation individual is true if and only if its argument is an individual. The following axiom holds:
 

   (<=> (class ?X) (not (individual ?X)))

The class membership relation (called instance-of) that holds between an instance and a class is a binary relation that maps entities to classes. A class is considered to be a unary relation that is true for each instance of the class. That is,
 

   (<=> (holds ?C ?I) (instance-of ?I ?C))

The relation type-of is defined as the inverse of relation instance-of. That is, 

   (<=> (type-of ?C ?I) (instance-of ?I ?C))

The subclass-of relation for classes is defined in terms of the relation instance-of, as follows. A class Csub is a subclass of class Csuper if and only if all instances of Csub are also instances of Csuper. That is,
 

   (<=> (subclass-of ?Csub ?Csuper)

        (forall ?I (=> (instance-of ?I ?Csub)

                       (instance-of ?I ?Csuper))))

Note that this definition implies that subclass-of is transitive. (I.e., If A is a subclass of B and B is a subclass of C, then A is a subclass of C.) 

The relation superclass-of is defined as the inverse of the relation subclass-of. That is, 

   (<=> (superclass-of ?Csuper ?Csub) (subclass-of ?Csub ?Csuper))

   
Class Frames, Template Slots, and Template Facets 

A class frame has associated with it a collection of template slots that describe own slot values considered to hold for each instance of the class represented by the frame. The values of template slots are said to inherit to the subclasses and to the instances of a class. Formally, each value V of a template slot S of a class frame C represents the assertion that the relation template-slot-value holds for the relation S, the class represented by C, and the entity represented by V (i.e., (template-slot-value S C V)). That assertion, in turn, implies that the relation S holds between each instance I of class C and value V (i.e., (S I V)). It also implies that the relation template-slot-value holds for the relation S, each subclass Csub of class C, and the entity represented by V (i.e., (template-slot-value S Csub V)). That is, the following slot value inheritance axiom   holds for the relation template-slot-value: 

   (=> (template-slot-value ?S ?C ?V)

       (and (=> (instance-of ?I ?C) (holds ?S ?I ?V))

            (=> (subclass-of ?Csub ?C)

                (template-slot-value ?S ?Csub ?V))))

Thus, the values of a template slot are inherited to subclasses as values of the same template slot and to instances as values of the corresponding own slot. For example, the assertion that the gender of all female persons is female could be represented by template slot Gender of class frame Female-Person having the value Female. Then, if we created an instance of Female-Person called Mary, Female would be a value of the own slot Gender of Mary. 

A template slot of a class frame has associated with it a collection of template facets that describe own facet values considered to hold for the corresponding own slot of each instance of the class represented by the class frame. As with the values of template slots, the values of template facets are said to inherit to the subclasses and instances of a class. Formally, each value V of a template facet F of a template slot S of a class frame C represents the assertion that the relation template-facet-value holds for the relations F and S, the class represented by C, and the entity represented by V (i.e., (template-facet-value F S C V)). That assertion, in turn, implies that the relation F holds for relation S, each instance I of class C, and value V (i.e., (F S I V)). It also implies that the relation template-facet-value holds for the relations S and F, each subclass Csub of class C, and the entity represented by V (i.e., (template-facet-value F S Csub V)). 

In general, the following facet value inheritance axiom   holds for the relation template-facet-value: 

   (=> (template-facet-value ?F ?S ?C ?V)

       (and (=> (instance-of ?I ?C) (holds ?F ?S ?I ?V))

            (=> (subclass-of ?Csub ?C)

                (template-facet-value ?F ?S ?Csub ?V))))

Thus, the values of a template facet are inherited to subclasses as values of the same template facet and to instances as values of the corresponding own facet. 

Note that template slot values and template facet values necessarily inherit from a class to its subclasses and instances. Default values and default inheritance are specified separately, as described in Section 2.8. 

Primitive and Non-Primitive Classes 

Classes are considered to be either primitive or non-primitive by OKBC. The template slot values and template facet values associated with a non-primitive class are considered to specify a set of necessary and sufficient conditions for being an instance of the class. For example, the class Triangle could be a non-primitive class whose template slots and facets specify three-sided polygons. All triangles are necessarily three-sided polygons, and knowing that an entity is a three-sided polygon is sufficient to conclude that the entity is a triangle. 

The template slot values and template facet values associated with a primitive class are considered to specify only a set of necessary conditions for an instance of the class. For example, all classes of ``natural kinds'' - such as Horse and Building - are primitive concepts. A KB may specify many properties of horses and buildings, but will typically not contain sufficient conditions for concluding that an entity is a horse or building. 

Formally: 

   (=> (and (class ?C) (not (primitive ?C)))

       (=> (and (=> (template-slot-value ?S ?C ?V) (holds ?S ?I ?V))

                (=> (template-facet-value ?F ?S ?C ?V)

                    (holds ?F ?S ?I ?V)))

           (instance-of ?I ?C)))

   
Associating Slots and Facets with Frames 

Each frame has associated with it a collection of slots, and each frame-slot pair has associated with it a collection of facets. A facet is considered to be associated with a frame-slot pair if the facet has a value for the slot at the frame. A slot is considered to be associated with a frame if the slot has a value at that frame or there is a facet that is associated with the slot at the frame. For example, if the template facet :NUMERIC-MINIMUM of template slot Age of frame Person had a value 0, then facet :NUMERIC-MINIMUM would be associated with the frame Person slot Age pair and the slot Age would be associated with the frame Person. In addition, OKBC contains operations for explicitly associating slots with frames and associating facets with frame-slot pairs, even though there are no values for the slots or facets at the frame. 

We formalize the association of slots with frames and facets with frame-slot pairs by defining the relations slot-of, template-slot-of, facet-of, and template-facet-of as follows: 

   (=> (exists ?V (holds ?Fa ?S ?F ?V)) (facet-of ?Fa ?S ?F))

   (=> (exists ?V (template-facet-value ?Fa ?S ?C ?V))

       (template-facet-of ?Fa ?S ?C))

   (=> (or (exists ?V (holds ?S ?F ?V))

           (exists ?Fa (facet-of ?Fa ?S ?F)))

       (slot-of ?S ?F))

   (=> (or (exists ?V (template-slot-value ?S ?C ?V))

           (exists ?Fa (template-facet-of ?Fa ?S ?C)))

       (template-slot-of ?S ?C))

So, in the example given above, the following sentences would be true: (template-slot-of Age Person) and (template-facet-of :NUMERIC-MINIMUM Age Person). 

As with template facet values and template slot values, the template-slot-of and template-facet-of relations inherit from a class to its subclasses and from a class to its instances as the slot-of and facet-of relations. That is, the following slot-of inheritance axioms hold.   

   (=> (template-slot-of ?S ?C)

       (and (=> (instance-of ?I ?C) (slot-of ?S ?I))

            (=> (subclass-of ?Csub ?C) (template-slot-of ?S ?Csub))))

   (=> (template-facet-of ?Fa ?S ?C)

       (and (=> (instance-of ?I ?C) (facet-of ?Fa ?S ?I))

            (=> (subclass-of ?Csub ?C)

                (template-facet-of ?Fa ?S ?Csub))))

Collection Types for Slot and Facet Values 

OKBC allows multiple values of a slot or facet to be interpreted as a collection type other than a set. The protocol recognizes three collection types: set, bag, and list. A bag is an unordered collection with possibly multiple occurrences of the same value in the collection. A list is an ordered bag. 

The OKBC Knowledge Model considers multiple slot and facet values to be sets throughout because of the lack of a suitable formal interpretation for (1) multiple slot or facet values treated as bags or lists, (2) the ordering of values in lists of values that result from multiple inheritance, and (3) the multiple occurrence of values in bags that result from multiple inheritance. In addition, the protocol itself makes no commitment as to how values expressed in collection types other than set are combined during inheritance. Thus, OKBC guarantees that multiple slot and facet values of a frame stored as a bag or a list are retrievable as an equivalent bag or list at that frame. However, when the values are inherited to a subclass or instance, no guarantees are provided regarding the ordering of values for lists or the repeating of multiple occurrences of values for bags. The collection types supported by a KRS can be specified by a behavior and the collection type of a slot of a specific frame can be specified by using the :COLLECTION-TYPE facet (see Section 2.10.2). 

   
Default Values 

The OKBC knowledge model includes a simple provision for default values for slots and facets. Template slots and template facets have a set of default values associated with them. Intuitively, these default values inherit to instances unless the inherited values are logically inconsistent with other assertions in the KB, the values have been removed at the instance, or the default values have been explicitly overridden by other default values. OKBC does not require a KRS to be able to determine the logical consistency of a KB, nor does it provide a means of explicitly overriding default values. Instead, OKBC leaves the inheritance of default values unspecified. That is, no requirements are imposed on the relationship between default values of template slots and facets and the values of the corresponding own slots and facets. The default values on a template slot or template facet are simply available to the KRS to use in whatever way it chooses when determining the values of own slots and facets. OKBC guarantees that, unless the value of the :default behavior is :none, default values for a template slot or template facet asserted at a class frame will be retrievable at that frame. However, no guarantees are made as to how or whether the default values are inherited to a subclass or instance. 

   
Knowledge Bases 

A knowledge base (KB) is a collection of classes, individuals, frames, slots, slot values, facets, facet values, frame-slot associations, and frame-slot-facet associations. KBs are considered to be entities in the universe of discourse and are represented by frames. All frames reside in some KB. The frames representing KBs are considered to reside in a distinguished KB called the meta-kb, which is accessible to OKBC applications. 

   
Standard Classes, Facets, and Slots 

The OKBC Knowledge Model includes a collection of classes, facets, and slots with specified names and semantics. It is not required that any of these standard classes, facets, or slots be represented in any given KB, but if they are, they must satisfy the semantics specified here. 

The purpose of these standard names is to allow for KRS- and KB-independent canonical names for frequently used classes, facets, and slots. The canonical names are needed because an application cannot in general embed literal references to frames in a KB and still be portable. This mechanism enables such literal references to be used without compromising portability. 

   
Classes 

Whether the classes described in this section are actually present in a KB or not, OKBC guarantees that all of these class names are valid values for the :VALUE-TYPE facet described in Section 2.10.2. 


:THING   class
:THING is the root of the class hierarchy for a KB, meaning that :THING is the superclass of every class in every KB. 


:CLASS   class
:CLASS is the class of all classes. That is, every entity that is a class is an instance of :CLASS. 


:INDIVIDUAL   class
:INDIVIDUAL is the class of all entities that are not classes. That is, every entity that is not a class is an instance of :INDIVIDUAL. 


:NUMBER   class
:NUMBER is the class of all numbers. OKBC makes no guarantees about the precision of numbers. If precision is an issue for an application, then the application is responsible for maintaining and validating the format of numerical values of slots and facets. :NUMBER is a subclass of :INDIVIDUAL. 


:INTEGER   class
:INTEGER is the class of all integers and is a subclass of :NUMBER. As with numbers in general, OKBC makes no guarantees about the precision of integers. 


:STRING   class
:STRING is the class of all text strings. :STRING is a subclass of :INDIVIDUAL. 


:SYMBOL   class
:SYMBOL is the class of all symbols. :SYMBOL is a subclass of :SEXPR. 


:LIST   class
:LIST is the class of all lists. :LIST is a subclass of :INDIVIDUAL. 

   
Facets 

The standard facet names in OKBC have been derived from the Knowledge Representation System Specification (KRSS) [6] and the Ontolingua Frame Ontology. KRSS is a common denominator for description logic systems such as LOOM[5], CLASSIC [1], and BACK [7]. The Ontolingua Frame Ontology defines a frame language as an extension to KIF. KIF plus the Ontolingua Frame Ontology is the representation language used in Stanford University's Ontolingua System [3]. Both KRSS and Ontolingua were developed as part of DARPA's Knowledge Sharing Effort. 


:VALUE-TYPE   facet
The :VALUE-TYPE facet specifies a type restriction on the values of a slot of a frame. Each value of the :VALUE-TYPE facet denotes a class. A value C for facet :VALUE-TYPE of slot S of frame F means that every value of slot S of frame F must be an instance of the class C. That is, 

   (=> (:VALUE-TYPE ?S ?F ?C)

       (and (class ?C)

            (=> (holds ?S ?F ?V) (instance-of ?V ?C))))

   (=> (template-facet-value :VALUE-TYPE ?S ?F ?C)

       (and (class ?C)

            (=> (template-slot-value ?S ?F ?V) (instance-of ?V ?C))))

The first axiom provides the semantics of the :VALUE-TYPE facet for own slots and the second provides the semantics for template slots. Note that if the :VALUE-TYPE facet has multiple values for a slot S of a frame F, then the values of slot S of frame F must be an instance of every class denoted by the values of :VALUE-TYPE. 

A value for :VALUE-TYPE can be a KIF term of the following form: 

   <value-type-expr> ::= (union <OKBC-class>*) | (set-of <OKBC-value>*) |

                         OKBC-class

A OKBC-class is any entity X for which (class X) is true or that is a standard OKBC class described in Section 2.10.1. A OKBC-value is any entity. The union expression allows the specification of a disjunction of classes (e.g., either a dog or a cat), and the set-of expression allows the specification of an explicitly enumerated set of possible values for the slot (e.g., either Clyde, Fred, or Robert). 


:INVERSE   facet
The :INVERSE facet of a slot of a frame specifies inverses for that slot for the values of the slot of the frame. Each value of this facet is a slot. A value S2 for facet :INVERSE of slot S1 of frame F means that if V is a value of S1 of F, then F is a value of S2 of V. That is, 

   (=> (:INVERSE ?S1 ?F ?S2)

       (and (:SLOT ?S2)

            (=> (holds ?S1 ?F ?V) (holds ?S2 ?V ?F))))

   (=> (template-facet-value :INVERSE ?S1 ?F ?S2)

       (and (:SLOT ?S2)

            (=> (template-slot-value ?S1 ?F ?V)

                (template-slot-value ?S2 ?V ?F))))


:CARDINALITY   facet
The :CARDINALITY facet specifies the exact number of values that may be asserted for a slot on a frame. The value of this facet must be a nonnegative integer. A value N for facet :CARDINALITY on slot S on frame F means that slot S on frame F has N values. That is,
 

   (=> (:CARDINALITY ?S ?F ?N)

       (= (cardinality (setofall ?V (holds ?S ?F ?V))) ?N))

   (=> (template-facet-value :CARDINALITY ?S ?F ?C)

       (=< (cardinality (setofall ?V (template-slot-value ?S ?F ?V)) 

           ?N)))

For example, one could represent the assertion that Fred has exactly four brothers by asserting 4 as the value of the :CARDINALITY own facet of the Brother own slot of frame Fred. Note that all the values for slot S of frame F need not be known in the KB. That is, a KB could use the :CARDINALITY facet to specify that Fred has 4 brothers without knowing who the brothers are and therefore without providing values for Fred's Brother slot. 

Also, note that a value for :CARDINALITY as a template facet of a template slot of a class only constrains the maximum number of values of that template slot of that class, since the corresponding own slot of each instance of the class may inherit values from multiple classes and have locally asserted values. 


:MAXIMUM-CARDINALITY   facet
The :MAXIMUM-CARDINALITY facet specifies the maximum number of values that may be asserted for a slot of a frame. Each value of this facet must be a nonnegative integer. A value N for facet MAXIMUM-CARDINALITY of slot S of frame F means that slot S of frame F can have at most N values. That is, 

   (=> (:MAXIMUM-CARDINALITY ?S ?F ?N)

       (=< (cardinality (setofall ?V (holds ?S ?F ?V))) ?N))

   (=> (template-facet-value :MAXIMUM-CARDINALITY ?S ?F ?C)

       (=< (cardinality (setofall ?V (template-slot-value ?S ?F ?V)) 

           ?N)))

Note that if facet :MAXIMUM-CARDINALITY of a slot S of a frame F has multiple values N1,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Nk, then S in F can have at most (min N1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Nk) values. Also, it is appropriate for a value for :MAXIMUM-CARDINALITY as a template facet of a template slot of a class to constrain the number of values of that template slot of that class as well as the number of values of the corresponding own slot of each instance of that class since an excess of values for a template slot of a class will cause an excess of values for the corresponding own slot of each instance of the class. 


:MINIMUM-CARDINALITY   facet
The :MINIMUM-CARDINALITY facet specifies the minimum number of values that may be asserted for a slot of a frame. Each value of this facet must be a nonnegative integer. A value N for facet MINIMUM-CARDINALITY of slot S of frame F means that slot S of frame F has at least N values. That is,
 

   (=> (:MINIMUM-CARDINALITY ?S ?F ?N)

       (>= (cardinality (setofall ?V (holds ?S ?F ?V))) ?N))

Note that if facet :MINIMUM-CARDINALITY of a slot S of a frame F has multiple values N1,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Nk, then S of F has at least (max N1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Nk) values. Also, as is the case with the :CARDINALITY facet, all the values for slot S of frame F do not need be known in the KB. 

Note that a value for :MINIMUM-CARDINALITY as a template facet of a template slot of a class does not constrain the number of values of that template slot of that class, since the corresponding own slot of each instance of the class may inherit values from multiple classes and have locally asserted values. Instead, the value for the template facet :MINIMUM-CARDINALITY constrains only the number of values of the corresponding own slot of each instance of that class, as specified by the axiom. 


:SAME-VALUES   facet
The :SAME-VALUES facet specifies that a slot of a frame has the same values as other slots of that frame or as the values specified by slot chains starting at that frame. Each value of this facet is either a slot or a slot chain. A value S2 for facet :SAME-VALUES of slot S1 of frame F, where S2 is a slot, means that the set of values of slot S1 of F is equal to the set of values of slot S2 of F. That is, 

   (=> (:SAME-VALUES ?S1 ?F ?S2)

       (= (setofall ?V (holds ?S1 ?F ?V))

          (setofall ?V (holds ?S2 ?F ?V))))

A slot chain is a list of slots that specifies a nesting of slots. That is, the values of the slot chain S1, PRIVATE "TYPE=PICT;ALT=$\ldots$"… ,Sn of frame F are the values of the Sn slot of the values of the Sn-1 slot of PRIVATE "TYPE=PICT;ALT=$\ldots$"… of the values of the S1 slot in F. For example, the values of the slot chain (parent brother) of Fred are the brothers of the parents of Fred. Formally, we define the values of a slot chain recursively as follows: Vn is a value of slot chain S1,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Sn of frame F if there is a value V1 of slot S1 of F such that Vn is a value of slot chain S2,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Sn of frame V1. That is,
 

   (<=> (slot-chain-value (listof ?S1 ?S2 @Sn) ?F ?Vn)

        (exists ?V1 (and (holds ?S1 ?F ?V1)

                         (slot-chain-value (listof ?S2 @Sn) ?V1 ?Vn))))

   (<=> (slot-chain-value (listof ?S) ?F ?V) (holds ?S ?F ?V))

A value (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) for facet :SAME-VALUES of slot S of frame F means that the set of values of slot S of F is equal to the set of values of slot chain (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) of F. That is, 

   (=> (:SAME-VALUES ?S ?F (listof @Sn))

       (= (setofall ?V (holds ?S ?F ?V))

          (setofall ?V (slot-chain-value (listof @Sn) ?F ?V))))

For example, one could assert that a person's uncles are the brothers of their parents by putting the value (parent brother) on the template facet :SAME-VALUES of the Uncle slot of class Person. 


:NOT-SAME-VALUES   facet
The :NOT-SAME-VALUES facet specifies that a slot of a frame does not have the same values as other slots of that frame or as the values specified by slot chains starting at that frame. Each value of this facet is either a slot or a slot chain. A value S2 for facet :NOT-SAME-VALUES of slot S1 of frame F, where S2 is a slot, means that the set of values of slot S1 of F is not equal to the set of values of slot S2 of F. That is, 

   (=> (:NOT-SAME-VALUES ?S1 ?F ?S2)

       (not (= (setofall ?V (holds ?S1 ?F ?V))

               (setofall ?V (holds ?S2 ?F ?V)))))

A value (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) for facet :NOT-SAME-VALUES of slot S of frame F means that the set of values of slot S of F is not equal to the set of values of slot chain (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) of F. That is, 

   (=> (:NOT-SAME-VALUES ?S ?F (listof @Sn))

       (not (= (setofall ?V (holds ?S ?F ?V))

               (setofall ?V (slot-chain-value (listof @Sn) ?F ?V)))))


:SUBSET-OF-VALUES   facet
The :SUBSET-OF-VALUES facet specifies that the values of a slot of a frame are a subset of the values of other slots of that frame or of the values of slot chains starting at that frame. Each value of this facet is either a slot or a slot chain. A value S2 for facet :SUBSET-OF-VALUES of slot S1 of frame F, where S2 is a slot, means that the set of values of slot S1 of F is a subset of the set of values of slot S2 of F. That is, 

   (=> (:SUBSET-OF-VALUES ?S1 ?F ?S2)

       (subset (setofall ?V (holds ?S1 ?F ?V))

               (setofall ?V (holds ?S2 ?F ?V))))

A value (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) for facet :SUBSET-OF-VALUES of slot S of frame F means that the set of values of slot S of F is a subset of the set of values of the slot chain (S1 PRIVATE "TYPE=PICT;ALT=$\ldots$"… Sn) of F. That is, 

   (=> (:SUBSET-OF-VALUES ?S ?F (listof @Sn))

       (subset (setofall ?V (holds ?S ?F ?V))

               (setofall ?V (slot-chain-value (listof @Sn) ?F ?V))))


:NUMERIC-MINIMUM   facet
The :NUMERIC-MINIMUM facet specifies a lower bound on the values of a slot whose values are numbers. Each value of the :NUMERIC-MINIMUM facet is a number. This facet is defined as follows: 

   (=> (:NUMERIC-MINIMUM ?S ?F ?N)

       (and (:NUMBER ?N)

            (=> (holds ?S ?F ?V) (>= ?V ?N))))

   (=> (template-facet-value :NUMERIC-MINIMUM ?S ?F ?N)

       (and (:NUMBER ?N)

            (=> (template-slot-value ?S ?F ?V) (>= ?V ?N))))


:NUMERIC-MAXIMUM   facet
The :NUMERIC-MAXIMUM facet specifies an upper bound on the values of a slot whose values are numbers. Each value of this facet is a number. This facet is defined as follows: 

   (=> (:NUMERIC-MAXIMUM ?S ?F ?N)

       (and (:NUMBER ?N)

            (=> (holds ?S ?F ?V) (=< ?V ?N))))

   (=> (template-facet-value :NUMERIC-MAXIMUM ?S ?F ?N)

       (and (:NUMBER ?N)

            (=> (template-slot-value ?S ?F ?V) (=< ?V ?N))))


:SOME-VALUES   facet
The :SOME-VALUES facet specifies a subset of the values of a slot of a frame. This facet of a slot of a frame can have any value that can also be a value of the slot of the frame. A value V for own facet :SOME-VALUES of own slot S of frame F means that V is also a value of own slot S of F. That is, 

   (=> (:SOME-VALUES ?S ?F ?V) (holds ?S ?F ?V))


:COLLECTION-TYPE   facet
The :COLLECTION-TYPE facet specifies whether multiple values of a slot are to be treated as a set, list, or bag. No axiomatization is provided for treating multiple values as lists or bags because of the lack of a suitable formal interpretation for the ordering of values in lists of values that result from multiple inheritance and the multiple occurrence of values in bags that result from multiple inheritance. 

The protocol itself makes no commitment as to how values expressed in collection types other than set are combined during inheritance. Thus, OKBC guarantees that multiple slot and facet values stored at a frame as a bag or a list are retrievable as an equivalent bag or list at that frame. However, when the values are inherited to a subclass or instance, no guarantees are provided regarding the ordering of values for lists or the repeating of multiple occurrences of values for bags. 


:DOCUMENTATION-IN-FRAME   facet
:DOCUMENTATION-IN-FRAME is a facet whose values at a slot for a frame are text strings providing documentation for that slot on that frame. The only requirement on the :DOCUMENTATION facet is that its values be strings. 

Slots 


:DOCUMENTATION   slot
:DOCUMENTATION is a slot whose values at a frame are text strings providing documentation for that frame. Note that the documentation describing a class would be values of the own slot :DOCUMENTATION on the class. The only requirement on the :DOCUMENTATION slot is that its values be strings. That is, 

   (=> (:DOCUMENTATION ?F ?S) (:STRING ?S))

Slots on Slot Frames 

The slots described in this section can be associated with frames that represent slots. In general, these slots describe properties of a slot which hold at any frame that can have a value for the slot. 


:DOMAIN   slot
:DOMAIN specifies the domain of the binary relation represented by a slot frame. Each value of the slot :DOMAIN denotes a class. A slot frame S having a value C for own slot :DOMAIN means that every frame that has a value for own slot S must be an instance of C, and every frame that has a value for template slot S must be C or a subclass of C. That is, 

   (=> (:DOMAIN ?S ?C)

       (and (:SLOT ?S)

            (class ?C)

            (=> (holds ?S ?F ?V) (instance-of ?F ?C))

            (=> (template-slot-value ?S ?F ?V)

                (or (= ?F ?C) (subclass-of ?F ?C))))

If a slot frame S has a value C for own slot :DOMAIN and I is an instance of C, then I is said to be in the domain of S. 

A value for slot :DOMAIN can be a KIF expression of the following form: 

   <domain-expr> ::= (union <OKBC-class>*) | OKBC-class

A OKBC-class is any entity X for which (class X) is true or that is a standard OKBC class described in Section 2.10.1. 

Note that if slot :DOMAIN of a slot frame S has multiple values C1,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Cn, then the domain of slot S is constrained to be the intersection of classes C1,PRIVATE "TYPE=PICT;ALT=$\ldots$"…,Cn. Every slot is considered to have :THING as a value of its :DOMAIN slot. That is, 

   (=> (:SLOT ?S) (:DOMAIN ?S :THING))


:SLOT-VALUE-TYPE   slot
:SLOT-VALUE-TYPE specifies the classes of which values of a slot must be an instance (i.e., the range of the binary relation represented by a slot). Each value of the slot :SLOT-VALUE-TYPE denotes a class. A slot frame S having a value V for own slot :SLOT-VALUE-TYPE means that the own facet :VALUE-TYPE has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-VALUE-TYPE ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:VALUE-TYPE ?S ?F ?V))))

As is the case for the :VALUE-TYPE facet, the value for the :SLOT-VALUE-TYPE slot can be a KIF expression of the following form: 

   <value-type-expr> ::= (union <OKBC-class>*) | (set-of <OKBC-value>*) |

                         OKBC-class

A OKBC-class is any entity X for which (class X) is true or that is a standard OKBC class described in Section 2.10.1. A OKBC-value is any entity. The union expression allows the specification of a disjunction of classes (e.g., either a dog or a cat), and the set-of expression allows the specification of an explicitly enumerated set of values (e.g., either Clyde, Fred, or Robert). 


:SLOT-INVERSE   slot
:SLOT-INVERSE specifies inverse relations for a slot. Each value of :SLOT-INVERSE is a slot. A slot frame S having a value V for own slot :SLOT-INVERSE means that own facet :INVERSE has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-INVERSE ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:INVERSE ?S ?F ?V))))


:SLOT-CARDINALITY   slot
:SLOT-CARDINALITY specifies the exact number of values that may be asserted for a slot for entities in the slot's domain. The value of slot :SLOT-CARDINALITY is a nonnegative integer. A slot frame S having a value V for own slot :SLOT-CARDINALITY means that own facet :CARDINALITY has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-CARDINALITY ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:CARDINALITY ?S ?F ?V))))


:SLOT-MAXIMUM-CARDINALITY   slot
:SLOT-MAXIMUM-CARDINALITY specifies the maximum number of values that may be asserted for a slot for entities in the slot's domain. The value of slot :SLOT-MAXIMUM-CARDINALITY is a nonnegative integer. A slot frame S having a value V for own slot :SLOT-MAXIMUM-CARDINALITY means that own facet :MAXIMUM-CARDINALITY has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-MAXIMUM-CARDINALITY ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:MAXIMUM-CARDINALITY ?S ?Csub ?V))))


:SLOT-MINIMUM-CARDINALITY   slot
:SLOT-MINIMUM-CARDINALITY specifies the minimum number of values for a slot for entities in the slot's domain. The value of slot :SLOT-MINIMUM-CARDINALITY is a nonnegative integer. A slot frame S having a value V for own slot :SLOT-MINIMUM-CARDINALITY means that own facet :MINIMUM-CARDINALITY has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-MINIMUM-CARDINALITY ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:MINIMUM-CARDINALITY ?S ?F ?V))))


:SLOT-SAME-VALUES   slot
:SLOT-SAME-VALUES specifies that a slot has the same values as either other slots or as slot chains for entities in the slot's domain. Each value of slot :SLOT-SAME-VALUES is either a slot or a slot chain. A slot frame S having a value V for own slot :SLOT-SAME-VALUES means that own facet :SAME-VALUES has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-SAME-VALUES ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:SAME-VALUES ?S ?F ?V)))


:SLOT-NOT-SAME-VALUES   slot
:SLOT-NOT-SAME-VALUES specifies that a slot does not have the same values as either other slots or as slot chains for entities in the slot's domain. Each value of slot :SLOT-NOT-SAME-VALUES is either a slot or a slot chain. A slot frame S having a value V for own slot :SLOT-NOT-SAME-VALUES means that own facet :NOT-SAME-VALUES has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-NOT-SAME-VALUES ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:NOT-SAME-VALUES ?S ?F ?V)))


:SLOT-SUBSET-OF-VALUES   slot
:SLOT-SUBSET-OF-VALUES specifies that the values of a slot are a subset of either other slots or of slot chains for entities in the slot's domain. Each value of slot :SLOT-SUBSET-OF-VALUES is either a slot or a slot chain. A slot frame S having a value V for own slot :SLOT-SUBSET-OF-VALUES means that own facet :SUBSET-OF-VALUES has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-SUBSET-OF-VALUES ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:SUBSET-OF-VALUES ?S ?F ?V)))


:SLOT-NUMERIC-MINIMUM    slot
:SLOT-NUMERIC-MINIMUM specifies a lower bound on the values of a slot for entities in the slot's domain. Each value of slot :SLOT-NUMERIC-MINIMUM is a number. A slot frame S having a value V for own slot :SLOT-NUMERIC-MINIMUM means that own facet :NUMERIC-MINIMUM has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-NUMERIC-MINIMUM ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:NUMERIC-MINIMUM ?S ?F ?V)))


:SLOT-NUMERIC-MAXIMUM   slot
:SLOT-NUMERIC-MAXIMUM specifies an upper bound on the values of a slot for entities in the slot's domain. Each value of slot :SLOT-NUMERIC-MAXIMUM is a number. A slot frame S having a value V for own slot :SLOT-NUMERIC-MAXIMUM means that own facet :NUMERIC-MAXIMUM has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-NUMERIC-MAXIMUM ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:NUMERIC-MAXIMUM ?S ?F ?V)))


:SLOT-SOME-VALUES   slot
:SLOT-SOME-VALUES specifies a subset of the values of a slot for entities in the slot's domain. Each value of slot :SLOT-SOME-VALUES of a slot frame must be in the domain of the slot represented by the slot frame. A slot frame S having a value V for own slot :SLOT-SOME-VALUES means that own facet :SOME-VALUES has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-SOME-VALUES ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:SOME-VALUES ?S ?F ?V)))


:SLOT-COLLECTION-TYPE   slot
:SLOT-COLLECTION-TYPE specifies whether multiple values of a slot are to be treated as a set, list, or bag. Slot :SLOT-COLLECTION-TYPE has one value, which is either set, list or bag. A slot frame S having a value V for own slot :SLOT-COLLECTION-TYPE means that own facet :COLLECTION-TYPE has value V for slot S of any frame that is in the domain of S. That is, 

   (=> (:SLOT-COLLECTION-TYPE ?S ?V)

       (and (:SLOT ?S)

            (=> (forall ?D (=> (:DOMAIN ?S ?D) (instance-of ?F ?D)))

                (:COLLECTION-TYPE ?S ?F ?V)))
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For questions regarding OKBC
Symbols in the FIPA-meta-ontology

The following is the normative list of predicates and constants that compose the Fipa-meta-ontology and that must be used by a FIPA agent when talking about and manipulating ontologies. It is here reported as a quick reference for the programmer of this specification.

Note: If readers find this list incomplete they are welcome to send additional symbols for FIPA consideration.

6.5.1.1 List of predicates

Standard predicates
Informal description

(<classname> ?class)
Is true if and only if ?class is an instance of the class <classname>

(<facetname> ?class ?slot ?value)
Is true if and only if value is the value of the facet <facetname> of the slot slot of the class class

(<slotname> ?class ?value)
Is true if and only if value is the value of the slot <slotname> of the class class

(CLASS ?X)
Is true if and only if its argument X is a class

(FACET ?X)
Is true if and only if its argument X is a facet

(FACET-OF ?facet ?slot ?frame)
Is true if and only if the argument facet is a facet of the slot slot of the frame frame

(FRAME-SENTENCE ?frame ?predicate)
Is true if and only if the predicate ?predicate is asserted within the frame ?frame

(INDIVIDUAL ?X)
Is true if and only if its argument X is an individual

(INSTANCE-OF ?I ?C)  
Predicate expressing the instance relation between an instance I and a class C it belongs to.

(PRIMITIVE ?x)
Is true if and only if its argument X is a primitive class.

(SLOT ?X)
Is true if and only if its argument X is a slot

(SLOT-OF ?slot ?frame)
Is true if and only if the argument slot is a slot of the frame frame

(SUBCLASS-OF ?Csub ?Csuper)
Is true if and only if all instances of the class Csub are also instances of Csuper

(SUPERCLASS-OF ?Csuper ?Csub)
Is true if and only if all instances of the class Csub are also instances of Csuper. It is the inverse of the relation SUBCLASS-OF

(TEMPLATE-FACET-OF ?facet ?slot ?frame)
Is true if and only if the argument facet is a template facet of the slot slot of the frame frame

(TEMPLATE-FACET-VALUE ?facet ?slot ?frame ?value)
Is true if and only if the argument value is the value of the facet facet of the slot slot of the frame frame

(TEMPLATE-SLOT-OF ?slot ?frame)
Is true if and only if the argument slot is a template slot of the frame frame

(TEMPLATE-SLOT-VALUE ?slot ?frame ?value)
Is true if and only if the argument value is the value of the slot slot of the frame frame

(TYPE-OF ?C ?I)  
Predicate expressing the instance relation between an instance I and a class C it belongs to. It is the inverse of the relation INSTANCE-OF

6.5.1.2 List of standard classes

:THING


:CLASS


:INDIVIDUAL


:NUMBER


:INTEGER


:STRING


:SYMBOL


:LIST


6.5.1.3 List of standard facets

:VALUE-TYPE


:INVERSE


:CARDINALITY


:MAXIMUM-CARDINALITY


:MINIMUM-CARDINALITY


:SAME-VALUES


:NOT-SAME-VALUES


:SUBSET-OF-VALUES


:NUMERIC-MAXIMUM


:NUMERIC-MINIMUM


:SOME-VALUES


:COLLECTION-TYPE


:DOCUMENTATION-IN-FRAME


6.5.1.4 List of standard slots

:DOCUMENTATION


6.5.1.5 List of standard slots on slot frames

:DOMAIN


:SLOT-VALUE-TYPE


:SLOT-INVERSE


:SLOT-CARDINALITY


:SLOT-MAXIMUM-CARDINALITY


:SLOT-MINIMUM-CARDINALITY


:SLOT-SAME-VALUES


:SLOT-NOT-SAME-VALUES


:SLOT-SUBSET-OF-VALUES


:SLOT-NUMERIC-MINIMUM


:SLOT-NUMERIC-MAXIMUM


:SLOT-SOME-VALUES


:SLOT-COLLECTION-TYPE


6.6 Responsibilities, Actions and Predicates Supported by the Ontology Agent

This section describes responsibilities, actions and predicates supported by the ontology agent. They compose the fipa-ontol-service-ontology, whose symbols are listed in section 6.8. 

An action can be REQUESTed or CANCELed using FIPA ACL.  

Example: 

(request


:sender client-agent


:receiver ontology-agent


:content (action ontology-agent
                      (assert (subclass-of whale mammal)) )


:language sl2


:ontology (fipa-ontol-service-ontology animal-ontology)


... )

In the above example, agent client-agent requests ontology-agent the action of assertion (see below) that whale is an instance of mammal in an ontology called animal-ontology with language sl2 and ontology fipa-ontol-service-ontology.

Predicates can be INFORMed, CONFIRMed, DISCONFIRMed or QUERY-IF/REF'ed.  

Example: 


(inform



:sender ontology-agent



:receiver client-agent



:content (subclass-of whale mammal)



:language sl2



:ontology (fipa-ontol-service-ontology animal-ontology)



... )

In the above example ontology-agent informs client-agent that (it believes it is true that) whale is a subclass of mammal.

For more details about actions and predicates, see FIPA 97 Part 2: Agent Communication Language [2].

6.6.1 Responsibilities of the Ontology Agent

The ontology agent maintains ontology by defining, modifying or removing terms and definitions contained in the ontology.  It responds to queries about the terms in an ontology or relationship between ontologies.  Ontology agent can provide the translation service of expressions between different ontologies or different content languages by itself, possibly as a wrapper to an ontology server. The actions and predicates described in this section are used in conjunction with FIPA ACL to perform these functions.

6.6.2 Assertion

The action ASSERT must be used to request to assert a predicate in an ontology.  The syntax of ASSERT action is as follows:


(ASSERT (predicate))

The ontology in which the predicate must be asserted is identified by its ontology-name in the ontology parameter of the ACL message. The effect of asserting a predicate is to add, create or define the said predicate in the ontology definition.  The OA is responsible to respect the consistency of the ontology and it can refuse (using REFUSE communicative act) to do the action if the result would produce an inconsistent ontology. 

All predicates in the Fipa-meta-ontology can be passed as parameter of this action.

6.6.3 Retraction

The action RETRACT must be used to request the OA to retract a predicate in an ontology.  The syntax of RETRACT action is as follows:


(RETRACT (predicate))

The ontology in which the predicate must be asserted is identified by its ontology-name in the ontology parameter of the ACL message. The effect of retracting a predicate is to remove, delete or detach the said predicate in the ontology definition.  The OA is responsible to respect consistency of the ontology and it can refuse (using REFUSE communicative act) to do the action if the result would produce an inconsistent ontology.

All predicates in the Fipa-meta-ontology can be passed as parameter of this action.

6.6.4 Query

This section describes the actions and predicates for querying and identifying the ontologies.  Typical queries include questions about relationship between terms or between ontologies, and identifying a shared sub-ontology for communication.

QUERY-IF standard ACL communicative act is used to query a proposition, which is either true or false.  QUERY-REF is used to ask for identifying referencing expression, which denotes an object.  

Note: The reader might ask why the query is not an action, as the previous ones, but a communicative act. It must then be noticed that the previous actions correspond to an administrative request to actually modify an ontology. In this case, the intention of the sender agent is instead to query the knowledge base of the Ontology Agent.

All predicates in the Fipa-meta-ontology can be used in the content of these communicative acts.

The :ontology parameter of the ACL message should include both fipa-ontol-service-ontology and the identifier of the ontology being queried.

Example: the following is a query from client-agent to ontology-agent asking for the reference of instances of a class citrus:


(query-ref



:sender     client-agent



:receiver   ontology-agent



:content    (iota ?x (instance-of ?x citrus))



:language   sl



:ontology   (fipa-ontol-service-ontology fruits-ontology)



:reply-with citrus-query



... )

The ontology-agent can then reply with the following INFORM message answering that the queried instances of the class citrus are orange, lemon and grapefruit:


(inform



:sender ontology-agent



:receiver client-agent



:content (=
(iota ?x (instance-of ?x citrus))





(orange lemon grapefruit) )



:language sl



:ontology (fipa-ontol-service-ontology fruits-ontology)



:in-reply-to citrus-query



... )

6.6.5 Modify

This section describes the action for modifying ontologies.  Basically, this kind of action is a combination of querying, removing and adding predicates about the symbols in the ontology.  However, different from doing these actions one by one, the execution of the sequence of actions must be atomic, that is other actions cannot intervene in the modify action during the execution of it in order to assure the consistency of the transaction.  If at least one of the atomic actions in the modify action fails, the ontology agent must recover the situation just before the modify action commences.  Actions must be executed in sequence.  The sequence of actions is independent from other actions that are running at the same time on the same ontology agent.  Other agents cannot see the interim status of the modify action.

To enable such an action, the following action operator


(ATOMIC-SEQUENCE action*)

is introduced.  The semantics of ATOMIC-SEQUENCE is a sequence of actions with guaranteed atomicity, consistency, independence and durability (ACID property).  Some locking mechanism is assumed but the kind of lock is implementation dependent.  

Example: 


(action OA

       (atomic-sequence




(action OA (assert animal (class mammal)))




(action OA (retract animal (subclass-of whale fish)))




(action OA (retract animal (class fish)))




(action OA (assert animal (subclass-of whale mammal))) ))

6.6.6 Translation of the Terms and Sentences between Ontologies

TRANSLATE is an action of translating the terms and sentences between translatable ontologies.  Before issuing the translate action, the agent must check whether the ontologies are translatable or not, using the predicate described in the next section.  The following is the syntax of TRANSLATE action:


(TRANSLATE expression TranslationDescr)
where the syntax of  TranslationDescr is that defined in section 6.4
This action has always a result and should be used in a FIPA-request interaction protocol in order to receive the result of the translation of an expression. 
Example: For example, if agent client-agent wants to translate a US-English sentence to Italian, it will use the following ACL:


(request



:sender client-agent



:receiver ontology-agent

      :content (action ontology-agent

               (translate (temperature today (F 50)

                          (:from us-english-ontology :to italian-ontology))) 



:ontology fipa-ontol-service-ontology



:protocol FIPA-request



:language sl2



:reply-with translation-query-1123234



... )

Ontology-agent will reply with an INFORM:


(inform



:sender ontology-agent



:receiver client-agent



:content (= (iota ?i

 




(result (action ontology-agent

                         (translate (temperature today (F 50)))

                           (:from us-english-ontology
                           :to italian-ontology))) 

                 
 ?i))





(temperatura oggi (C 10)) )



:ontology fipa-ontology-service



:language sl2



:in-reply-to translation-query-1123234



... )

The following predicate can be used to determine the relationship between source-ontology and destination-ontology:


(ontol-relationship ?source-ontology ?destination-ontology ?level)

where ontol-relationship is the predicate described in section 6.3. 
Example: An agent wishing to know if there exists a translation between two ontologies may use the following communicative act:

(query-ref 
  :sender   Agent1
  :receiver OA
  :language SL
  :ontology Fipa-ontol-service-ontology
  :content (iota ?level (ontol-relationship O1 O2 ?level)) )

An Ontology Agent that is not able to provide any translation between the two ontologies may answer

(inform 
  :sender   OA
  :receiver Agent1
  :language SL
  :ontology Fipa-ontol-service-ontology
  :content  nil )

6.6.7 Error handling

Not-understood reasons


The not-understood reasons are not specific to the OA specs. The reader should directly refer to FIPA97 Specifications Part 2.

Failure reasons


The following failure reasons can be used by the OA in accordance to the FIPA97 Part 1 specification


UNAUTHORISED
 
UNWILLING-TO-PERFORM

Refuse reasons


The following refuse reasons can be used by the OA to refuse to modify a frame when it is read-only or when it creates an inconsistency in the ontology.

(READ-ONLY <frame-name>)


(INCONSISTENT <frame-name>)

Example:

Agent client-agent requests ontology-agent to assert a predicate but it is refused.


(request



:sender client-agent



:receiver ontology-agent



:content (action ontology-agent

       (assert animal-ontology (instance-of whale fish)) ))


(refuse



:sender ontology-agent



:receiver client-agent



:content ((action ontology-agent

       (assert animal-ontology (instance-of whale fish)) ) 

             UNWILLING-TO-PERFORM ))

Example 2:

Agent client-agent queries ontology-agent the result of asserting a predicate.  It is rejected by ontology-agent because of an error.


(query-ref



:sender client-agent



:receiver ontology-agent



:content (iota ?r (result (action ontology-agent

                                 (assert animal-ontology

                                  (instance-of whale fish) ))







   ?r ))))


(inform



:sender ontology-agent



:receiver client-agent



:content (= (iota ?r (result (action ontology-agent

                                    (assert animal-ontology

                                    (instance-of whale fish) ))







   ?r ))





 UNWILLING-TO-PERFORM ))

6.7 Interaction Protocol to agree on a shared ontology

Agents must agree on an ontology in order to communicate. 

Consider an agent A that commits to ontology O1 and requests a service provided by agent B.  The simplest approach is for agent A to request the service from agent B, specifying ontology O1.  If agent B understands ontology O1, it will perform the service, otherwise it will answer not-understood.  In the latter case the communication cannot be achieved because the two partners do not share a common understanding of the symbols used in the domain of discourse.

The most simple alternative to this situation, and probably also the most used, is that an agent, who is searching for a specific service, queries the DF for agents which provide that specific service and that, in addition, support a specific ontology. Provided that such an agent exists, the ontology sharing is guaranteed. 

A second approach allows agent A to communicate with agent B when the agents share two ontologies with different names but that are identical or equivalent (see section 6.3). The knowledge about the existing relationships between two ontologies can be accessed in general from the OA by querying with the ontol-relationship predicate. Provided that such an identical or equivalent relationship exists, the communication is again guaranteed because of the sharing of both the vocabulary and the logical axiomatization. As a sub-case of the previous one, if O1 is a sub-ontology of one of the ontologies known by B, the agent A can still communicate with B, even if the vice-versa is not guaranteed. 

Finally, an other approach is when a translation relationship exists between O1 and one of the ontologies to which B commits. In this case, A can query the DF for an agent who provides such a translation service and it can still communicate with B by using the translation as a proxy service. 

6.8 FIPA-Ontol-service-Ontology


This is the ontology that should be used by agents to request the services of an Ontology Agent. It extends the FIPA-meta-ontology described in section 6.5 by including all the symbols in it plus the following.

All the following keywords are case-insensitive.

6.8.1 List of predicates
Standard predicates
Informal description (see section 6.3 for a detailed description)

(ontol-relationship ?o1 ?o2  
 ?level)
Is true if and only if there is a relationship of type level between the ontology o1 and the ontology o2. See section 6.3 for a detailed description of this predicate

6.8.2 List of actions

Standard actions
Informal description (see section 6.6 for a detailed description)

(assert predicate)
Asserts the predicate in the ontology specified by :ontology parameter

(retract predicate)
Retracts the predicate in the ontology specified by :ontology parameter

(atomic-sequence <action>*)
Introduces a transaction-type sequence of actions which is treated as if to be a single action.  It is used to modify an existing ontology by combining the actions of retraction and assertion, for example.  The mechanism to maintain the consistency inside the sequence and to protect values from outside the sequence is dependent on the implementation.

(translate <expression> 
 <translation-description>)
Translates the expression as specified by the translation-description.  Should be used with FIPA-Request protocol.

6.8.3 List of objects and constant values

Fipa-meta-ontology
The :ontology parameter of the ACL message may assume this constant value to indicate the fipa-meta-ontology

Fipa-ontol-service-ontology
The :ontology parameter of the ACL message may assume this constant value to indicate the fipa-ontol-service-ontology

Fipa-oa
Every OA must register with the DF this constant value for its :agent-type and its :service-type.

Extension
The parameter ?level in the onto-relationship predicate may assume this value when one ontology extends the other

Identical
The parameter ?level in the onto-relationship predicate may assume this value when two ontologies are identical 

Equivalent
The parameter ?level in the onto-relationship predicate may assume this value when two ontologies are equivalent 

Strongly-translatable
The parameter ?level in the onto-relationship predicate may assume this value when one ontology is strongly-translatable into another

Weakly-translatable
The parameter ?level in the onto-relationship predicate may assume this value when one ontology is weakly-translatable into another

Approx-translatable
The parameter ?level in the onto-relationship predicate may assume this value when one ontology is approximately translatable into another

:supported-ontologies
This object must be registered with the DF as one of the :fixed-properties of an ontology agent. 

:ontology-name
This slot contains the name of the ontology

:version
This slot contains the version of the ontology

:source-languages
This slot contains the source languages in which the ontology is stored on the server

:domains
This slot contains the list of domains for which the ontology can be used

:ontology-translation-types
This object must be registered with the DF as one of the :fixed-properties to indicate the types of ontology translations available

:language-translation-types
This object must be registered with the DF as one of the :fixed-properties to indicate the types of language translations available

:from
This slot contains the source ontology of language for a translation

:to
This slot contains the destination ontology of language for a translation

:level
This slot contains the supported level of translation between ontologies or languages
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付属書 A
(参考)
オントロジと概念化 (脚注 
)

エージェント間の意味ある情報の交換を保証することは、非常に重要なことである。しかし、オントロジというまさしくその概念が、理論的には未だ明確になっておらず (文献上で提案される様々な定義は、ゆっくり収束の方向に進んでいるが) 、FIPAアーキテクチャで利用されるために、オントロジの適切な「参照モデル」が現在求められている。
この節の目的は、そのような参照モデルの一つを提示することであり、そのモデルは以下のポイントを明確にすることを目指している。
· オントロジとその基礎概念化の間の区別
· 単純な用語集と比較した、公理的オントロジの重要性
· オントロジ共有問題の特徴付け
· 基本的なオントロジの分類
I. オントロジと概念化
哲学的な観点からいうと、オントロジは世界のある見方を説明するためのカテゴリからなる特定のシステムと言える。そういったものとして、このシステム (オントロジ) は特定の言語に依存しない。アリストテレスのオントロジはどんな言語を使って表すかに関らず、いつも同じである。一方で、AI におけるもっとも通用している使い方では、オントロジは工学的に作られたものを指す。これはある現実を表すための特定の語彙とその語彙に現れる単語の意図された意味に関する明確な仮定の集合から成り立っている。後者の仮定の集合は通常一階論理という形をとり、その中に語彙の単語は概念と呼ばれる単項の述語名あるいは関係と呼ばれる二項の述語名として現れる。もっとも簡単な場合のオントロジは概念の包含関係による階層関係を記述する。より複雑な場合のオントロジではさらに概念の間のその他 (包含関係以外) の関係を表現し、同時にそれらの概念の意図する解釈を制約するための適切な公理が加えられる。
上で述べた「オントロジ」のこの二つの解釈は実際に互いに関係している。しかし用語の混乱を避けるために、「オントロジ」の意味としては AI での解釈を用いて、別の言葉「概念化」を哲学的な解釈を表すために使うことにする。従って二つのオントロジは一つの同じ「概念化」を共有しながら、使う語彙は異なる (たとえば英語の語彙あるいはイタリア語の語彙) ことが可能である。
このように用語をはっきりさせることにより、「オントロジ」は「概念化」の仕様として定義することができる (脚注

)。「概念化」はエージェントがこの世界の知覚をどのように構造化するかを考える。 「オントロジ」はエージェントがその知覚を伝えるために使う語彙に意味を与える。二つのエージェントは同じ概念化を共有しながら、同時に別の語彙を使うことができる。たとえば、 英語の単語「apple」のもとになる (通常) の概念化はイタリア語の単語「mela」と同じであり、その概念化はすべてのりんごに関してそれらに固有な本質と構造に関連している。この二つの単語は同じ概念化を共有しながら、二つの別々のオントロジに属している。オントロジ共有、融合、翻訳などに関することを議論する際には通常複数の言語と複数の世界の見方を含むので、オントロジと概念化の明確な分離は、本質的になる。
概念化は意味を割り当てることには関係しておらず、エージェントによって知覚され、構造化された現実の形式的な構造だけに関係している。このことは以下の点とは独立である。
· 概念化を記述するするための言語
· 特定の状況の発生
一方オントロジはまず第一に語彙である。しかしながら、語彙だけからなるオントロジは使える範囲が非常に限られてしまう。それは意図された意味が明確になっていないためである。従って、語彙を特定するだけではなく、オントロジはその語彙が意図する意味、すなわちそのもとになる概念化を特定する必要がある。時には、使われている用語が非常に独特な技術用語の語彙に属し、それらの用語の意味は、人のコミュニティで非常によく合意がとれている。しかし日常会話に属する曖昧な用語やソフトウェアエージェントがやり取りする際には状況は全く異なる。
II. オントロジと概念化の形式的な説明
オントロジ、その意図されたモデル、そして概念化間の関係を明確にするために、これまでに導入した概念の適切な形式化が必要である。最後の概念は、著名な AI の教科書 [Genesereth and Nilsson 87] の中において、構造 <D, R> と定義された。ただし D は領域であり、 R は D 上の集合あるいは適切な関係である。この定義は、オントロジを「概念化の仕様」 [Gruber 95]と定義した Gruber により用いられた。 Gruber による表現の妥当性を保つため、既に導入したように、このドキュメントでは、 Genesereth と Nilsson により導入されたものとは異なり、 [Guarino and Giaretta 95] においてなされ、さらに [Guarino 98] で改められた提案に従った 「概念化」の概念を採用する。
II. 1概念化とはなにか
 Genesereth と Nilsson による概念化という概念での問題は、概念化が D 上での通常の数学的関係、すなわち外延的関係と捉えられている点である。これらの関係は、たとえばブロックの世界におけるテーブル上のブロックの特定な配置 (図1) というように、特定な事態を反映する。 事態とは独立に、これらの関係の意味に注目する必要がある。たとえば、「above」という関係の意味は、空間配置に従ったある特定のブロックの対に注目する仕方に依存する。したがって内包的関係について述べる必要がある。内包的関係を概念的関係と呼び、 単なる「関係」という用語は通常の数学的関係に用いる。
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図１．テーブル上のブロック。 (a) あるブロックの配置。 (b)別の配置。異なる概念化か？ ( [Guarino and Giaretta 1995] より引用)

通常の関係が領域上で定義されるのに対して、概念的関係は領域空間上で定義される。構造 <D, W> として領域空間を定義する。ただし D は領域であり、 W はこの領域における可能な状態事態全てからなる集合 (可能世界群とも呼ぶ) である。たとえば、 D をテーブル上にあるブロックの集合とおき、 W をこれらブロックの可能な全ての空間配置とすることができる。領域空間 <D, W> に対し <D, W> における n 引数の概念的関係 n を、 W から D 上の全ての (通常の) n 項関係の集合への全関数 n :  W ( 2 D n で定義する。一般的な概念的関係 について、集合 E = { (w) | w( W } は の容認できる拡張を含む。ここで D に関する概念化を、三項組C =  <D, W, (> で定義することができる。ただし (  は <D, W>  (注釈

) における概念的関係の集合とする。したがって概念化とは領域空間上で定義された概念的関係の集合であると言える。
ここで Genesereth と Nilsson により導入された構造 <D, R> について考える。その構造がある特定の世界 (または事態) を示すことから、世界構造と呼ぶことにする。概念化は、このような多数の世界構造を、各世界に対して一つずつ定義することが容易にわかる。それらの世界構造を、その概念化に従った意図された世界構造と呼ぶ。C =  <D, W, (> をある概念化とする。各可能世界 w(W について、 C に従った対応する世界構造とは構造 S w C  =  <D, R w C> である。ただし R w C  = { ( (w) | ((( } は(の要素の (wに関する) 拡張の集合である。 S C により、 C の全ての意図された世界構造である集合 { SwC | w(W } を示す。
ここで語彙 V を伴う論理言語 L について考える。標準的な定義を修正し、 L に対するモデルを構造 <S, I> で定義する。ただし S  = <D, R> は世界構造であり、I: V ( D ( R は V の定数記号に対して D の要素を、 V の述語記号に対して R の要素を割り付ける解釈関数である。よく知られているように、モデルは言語のある外延的解釈を定める。同様に、構造 <C, (> によって内包的解釈を定義することができる。ただし、C =  <D, W, (> は概念化であり、(: V ( D(( は V の定数記号に対して D の要素を、 V の述語記号に対して(の要素を割り付ける関数である。この内包的解釈を L に対するオントロジ制約と呼ぶ。もし K  =  <C, (> がLに対するオントロジ制約であるならば、 L は K によって C を制約する、また C は K  (注釈

) の基礎概念化であると言う。
語彙 V を伴う言語 L 、および L 対するオントロジ制約 K  = <C, (> が与えられたとする。このとき、モデル<S, I> が K と両立するとは、 i) S(SC; ii) 各定数 c について、I(c) = ((c); iii) 各述語記号 p について、 I はこの述語を ((p) の容認される拡張へ写像する、すなわち ((p) =  ( (w) = I(p) となる概念的関係  および世界 w が存在する場合である。 K と両立する L の全てのモデルからなる集合 IK(L) を、 IK(L) に対する L の意図されたモデル集合と呼ぶ。
一般には、ある言語のオントロジ制約を、その意図されたモデルの集合から再構成する方法はないかもしれない。なぜならモデルが必ずしもある特定の世界を反映するとは限らないからである。実際上、考えられる適切な関係が事態の完全な特徴付けを行うには不充分であるかもしれないため、現実的にはモデルは多くの事態に共通な状況を記述しているのかもしれない。このことは、基礎概念化により確立された世界と外延的関係間の対応を再構成することは不可能であることを意味している。したがって意図されたモデル集合は、概念化の弱い特徴付けでしかなく、実際には語彙の「意味」を記述せずに、多少の不合理な解釈を除くだけである。
II.2 オントロジとは何か
ここで語彙の意図された意味を定める論理的な公理の集合として、オントロジの役割を明確にすることができる。 オントロジ制約 K を伴う言語 L が与えられたならば、 L に対するオントロジとは、 K に従った L の意図されたモデルをできるだけ最良に近似するモデルの集合として設計された公理集合である (図 2) 。一般的には、最適な公理集合を見つけることは容易でも利便でもないため、オントロジは意図したモデルを含め他のモデルも許容することになる。したがって，オントロジは非常に間接的な方法でしか概念化を「特徴付ける」ことができない．なぜならi) オントロジは意図されたモデルの集合を近似するだけであり， ii) そのような意図されたモデルの集合は概念化の弱い特徴付けでしかないからである．言語 L に対するオントロジ O が概念化 C を近似 
するとは、 K に従った L の意図されたモデルが O のモデルに含まれるようなオントロジ制約 K = <C, (> が存在する場合である。オントロジが C を制約するとは、オントロジが i )  C を特徴付けるために設計され、かつ ii) Cを近似する場合である。言語 L がオントロジ O を制約するとは、 O が合意するある概念化 C を制約する場合である。これらの説明から、 Gruber の定義をオントロジと概念化間の違いを明確にすることで改良した、以下の定義に達する：
論理的な観点から見れば、オントロジとは形式的な語彙 （注釈

） に関する意図された意味、すなわち世界のある概念化に対するオントロジ制約を説明するための論理的な理論である。このような語彙を用いた論理的言語の意図されたモデルは、そのオントロジ制約により制約される。オントロジは、このような意図されたモデルを近似することにより、この制約(と基礎概念化)を間接的に反映する。
語彙、概念化、オントロジ制約、そしてオントロジ間の関係は、図 2で示される。
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図 2. 論理的言語の意図されたモデルはその概念化に対する制約を反映する。オントロジは、この意図されたモデルの集合を近似することにより、この制約 (と基礎概念化) を間接的に反映する。[Guarino 98より引用]

III. オントロジ統合問題
情報統合はオントロジの主要な適用領域である。 よく知られているように、たとえ二つのエージェントが同じ語彙を採用したとしても、同じ概念化に従わないのであれば、ある情報に関して合意することができるとは保証の限りではない。各エージェントがそれぞれ独自の概念化を持つと仮定すると、合意を可能にするための必要条件は、両者の概念化の意図されたモデルが重なり合うことである (図3) 。
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図3. 同じ言語 L を使用している二つのエージェント A と B は、それぞれの概念化に対応する意図されたモデル IA(L) と IB(L) が重なり合う場合に限り、通信することができる [Guarino 98] 。
　　　　　　
いま、これらの意図されたモデルの二つの集合が、二つの異なるオントロジによって近似されていると仮定すると、それらの意図されたモデルが重なり合っていないが、後に重なり合う場合 (すなわち、共通にいくつかのモデルを持つ) があるかもしれない (図4) 。これは、特に局所オントロジが、ある特定の文脈に関連した概念的関係に焦点を当てている場合には、多種多様の局所オントロジに基づく、システム統合へのボトムアップアプローチがうまくいかないかもしれず、それゆえ、意図されたモデルに対する弱くその場しのぎの近似にすぎないことを意味する。したがって、異なるオントロジの共通部分に基づく合意に頼るより、むしろ一つのトップレベルオントロジに合意する方が便利だと思われる。
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図4. 二つの異なるオントロジにそれぞれ対応する公理化のモデルは、意図されたモデルの集合が交差しない限り、共通部分を持たない [Guarino 98]。
IV. オントロジの基本的な種類
オントロジはいくつかの要因に応じて分類される。
- 特定のタスクまたは領域への依存関係の度合
- 公理化の詳細さに関するレベル
- (「オブジェクトレベル」または「メタレベル」の)  領域の特性
IV.1 トップレベルからアプリケーションレベルへ
最初の要因は以下の図5で例示した違いを示している。
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図5. 特定のタスクや観点への依存関係のレベルに応じたオントロジの種類。太矢印は特殊化の関係を表している。[Guarino 98] より。
· トップレベルオントロジは空間、時間、事柄、オブジェクト、イベント、アクションなど、特定の問題や領域とは独立した、非常に一般的な概念を記述している。それゆえ、少なくとも理論的には、大きなユーザコミュニティに対するトップレベルオントロジを統合したことは理にかなっていると思われる。十分に汎用的なトップレベルオントロジの開発は、まだ完全には達成されていない、非常に重要な仕事である (オントロジに関する ANSI X3T2 アドホックグループの成果を見られたし)。しかしながら、一つの折合いが取れたトップレベルの採用は、おもにセクションIIIで議論された理由から、より限定されたオントロジの統合に基づく「ボトムアップ」アプローチの方が望ましいようである。「オントロジ統合問題」。
· ドメインオントロジとタスクオントロジは、トップレベルオントロジで導入された用語を特殊化することによって、それぞれ (医学あるいは自動車のような) 一般的なドメインおよび (診療あるいは販売のような) 一般的なタスクやアクティビティに関連する語彙を表現する。
· アプリケーションオントロジは、ある特定のドメインとタスクの両方に依存し、しばしばその両者の関連したオントロジの特殊化となっている概念を表現する。これらの概念は、あるアクティビティを遂行する間に、置き換え可能なユニットや予備のコンポーネントのように、ドメインの実体によって果される役割にしばしば合致する。
アプリケーションオントロジと知識ベースとの違いを明らかにすることは重要かもしれない。その答は、ある特別の知識ベースで、使用される語彙の定められた意味のおかげで、ユーザコミュニティによって常に真であると仮定される事実を記述しているオントロジの目的に関りがある。これに対し、一般的な知識ベースは、特定の仕事の状態や認識的な状態に関係した、事実や主張もまた記述しているかもしれない。それゆえ、一般的な知識ベースにおいては、 (状態非依存の情報を含む) オントロジと (状態に依存した情報を含む) 「コア」知識ベースとを区別することができる。
IV.2 共有可能オントロジと参照オントロジ
オントロジのもう一つの重要な分類尺度は詳細さのレベルである。言い換えるならば、意図されたモデルの特徴付けの度合いである。完全な一階論理のように非常に表現力の高い言語で書かれた多くの公理を持つ、きめ細かいオントロジは、語彙の意図された意味を規定するようになっていく (したがって、その語彙または語彙を使用する知識ベースを共有するコンセンサスを得るのに使われるかもしれない) が、開発するのも推論を行うのも通常は困難である。逆に、粗いオントロジは、基礎概念化にすでに合意しているユーザの中で共有することを目指し、ある限られた特定のサービスのみをサポートするために必要最低限の表現力を持つ言語で書かれた、最小の公理集合からなる。したがって、詳細な参照オントロジと粗い共有可能オントロジ、あるいは、恐らくオフラインオントロジとオンラインオントロジとを区別することができる。前者はときどき参照目的でアクセスされるのみで、後者はコアシステムの機能をサポートする。
IV.3 メタレベルオントロジ
さらに別の種類のオントロジは、表現オントロジと呼ばれるもの [Van Heijst et al. 1997] によって構成されている。それらは実際には知識表現言語によって使われるプリミティブ (概念、属性、関係など) の分類を記述するメタレベルオントロジである。表現オントロジの例は、異なる知識表現言語間の変換をサポートするのに利用される OKBC オントロジである。さらに別の例は、[Guarino et al. 94] で述べられている、メタレベルのプリミティブに関するオントロジである。これは、表現プリミティブに対する明確なオントロジ制約を仮定するという点で OKBC オントロジとは異なる。
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付属書 B
(参考)

新しいオントロジを定義するためのガイドライン (脚注 
)
I. オントロジの開発に役立つ方針
· 明確さと客観性：オントロジは、客観的な定義と正確な意味を提供するための、自然言語による語彙辞典とする。
· 完全性：必要十分条件による定義は、必要条件や十分条件だけのような部分的な定義より良い。
· 論理的一貫性：定義に矛盾しない推論を許すものとする。
· 最大限に変化のない拡張：新しい一般的な用語や特定の用語は、既存の定義を修正することなく、オントロジに含まれるものとする。
· 最小限のオントロジ制約：モデル化される世界は、できる限り少ない公理で表されるものとする。
· 異なるオントロジに関する原則：同一性に関する異なる基準をもつクラス同士は結合しない。この原則は、[Guarino 98]に詳細に述べられている。
II. オントロジ開発過程
オントロジ開発過程は、オントロジを構築するときのタスクに注目する。IEEEソフトウェア開発プロセスをオントロジ開発プロセスに適用すると、図1に示すように、タスクは三つのカテゴリに分類される。
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(図1)  オントロジ開発過程 ( [1] より) 

II.1 プロジェクト管理
プロジェクト管理の主な目的は、オントロジが適切に動作することを保証することである。プロジェクト管理のタスクは典型的なソフトウェア開発過程では普通のことで、すぐに連想される。
· 計画：Gantt ダイアグラムのように、なすべきタスクを順序づけすることである。異なるタスク （すなわち、人、予算、ソフトウエアツール、ハードウエアプラットフォーム）に割り当てられるリソース情報も与える。
· 制御：制御の目的は、予定通りの方法で計画されたタスクが行われることを保証することである。遅れ、エラー、手抜かりを防ぐ。
· 品質確保：タスク間の引き渡しが、与えられた質的基準にあっていることを保証する。
II.2 開発
オントロジ開発に使われる、実用的なスキルや技術、方法を次に述べる。
· 仕様化：検討中のオントロジの適用範囲として、そのオントロジの目的や考えられる使用方法やエンドユーザのニーズを定義しなくてはならない。この要求仕様の形式は、非公式なテキストから、より構造化された枠組みへ変化するかもしれない（たとえば実力試験問題）。
· 概念化：概念化の目的は、問題と解決を記述した概念モデルを構築することである。
· 形式化：形式化とは、概念モデルを、準計算可能な形式モデルに変換することである。概念グラフ、フレーム表現、論理表現が、オントロジの形式化に利用される。
· 統合：オントロジは再利用されるので、オントロジ開発は、これまでのオブジェクトのソフトウエア開発よりも、重複する仕事は非常に少ない。それゆえに、既存オントロジの再利用が促進されるが、異なる分類の知識をオントロジ的に統合する一般的な方法は知られていない。6.3章で述べるように、これを仕様化することは、オントロジ間の関係を表現することを許す。
· 実装：形式言語によるオントロジのコード化。言語の選択は[7]を参照。
· 保守：オントロジの追加や修正を可能とする。 

II.3統合
統合におけるタスクは重要なタスクである。なぜなら、統合におけるタスクの質によって、開発タスクすべての質が決まってくるからだ。開発と統合との相互作用は、オントロジのライフサイクル （下のほう） で説明する。
· 知識獲得：知識の抽出過程では、知識ベースシステムの知識抽出技術[8]が利用される。結果として、抽出過程で使われた、知識源のリストや技術の概観が得られる。
· 評価：オントロジを公開する前に、判断基準となった枠組みについて、技術的な審査がなされなくてはならない。
· ドキュメント：オントロジの再利用や共有のために、質の良いドキュメントが必須である。
· コンフィギュレーション管理：オントロジー開発段階で出された各リリースの記録を残す。これは、ソフトウエア開発では、典型的なタスクである。
II.4オントロジライフサイクル
オントロジライフサイクルとは、実行されるべき活動やタスクの順序や深さのことである。ライフサイクルは、開発されたオントロジの状態を示す。すなわち、仕様化、概念化、形式化、統合、実装、管理、を示す。統合フェーズは、利用可能なオントロジを再利用するために、実装フェーズより前におかれるが、統合フェーズを除く他のライフサイクルは、伝統的なソフトウエア開発のライフサイクルと似ている。
III. オントロジ構築方法論
開発における方法論というものは、その要素である開発過程についてのガイドラインや、使用するのに適した技術、目的となる生産物などを与えるものである。ここではそのような方法論を一つ提供してみよう。
III.1 仕様化
仕様化のゴールは、自然言語で書かれた仕様書を作成することである。仕様書については非形式的、準形式的、形式的な場合がいずれも考えられるが、以下の情報はこれに含まれるべきである。
1. オントロジの目的。すなわち、その意図された用途 （たとえば、教育、製造、技術 など） や、エンドユーザ （たとえば、教師、製造部門管理者、研究者など） や、使用時に想定されるシナリオ （たとえば、アクタと役割）など。（* 訳注 原文では、エンドユーザとシナリオの例が逆になっている）
2. オントロジ記述に用いられた言語の形式化の程度。これは非形式的な自然言語から、厳密な形式的言語まで様々なものがあり得るだろう。

3. オントロジの記述範囲。すなわち、その内容の細部についてのまとめ。
オントロジ仕様書の形式化の程度は、その中で、自然言語や実力試験やミドルアウトアプローチが使用されているか否かによって変化するものである。
たとえばミドルアウトアプローチをとる場合には、何らかの用語集を出発点として、最初の基本概念を定義することができる。さらに、これらの基本概念を用いて新しい概念を定義することも可能である。また、これらの概念をグループ化して概念の分類系樹を作るのも良い方法だろう。このような中間表現を使う利点は、既定義語や未定義語の検証にオントロジ作成の初期段階から役に立つことばかりでなく、同義語や関連のない用語を除去し易くなる点にもある。この種のチェックは、オントロジ仕様書の簡潔さと完全さを保証するために必要なことである。古典的なトップダウンやボトムアップのアプローチと比べて、ミドルアウトアプローチでは、構築するオントロジの根本概念を最初に同定することができる。その後で、必要に応じてこれらの概念の特化や汎化を行なえばよい。こうした性質から、使用される用語達がより安定したものになるため、オントロジの改訂や全体的な見直しを強いられる機会はより少ないものになる。
著者達の何人かが述べ、また実際に伝統的なソフトウェア開発の分析フェーズで利用されているように、問題を問題や事例のひとくさりと直観的な解として表現する誘導的なシナリオ (使用例) は非常に有用である。このようなシナリオは、いくつかの非形式的な実力試験問題集のようなかたちで与えられたものでも良い。これらの問題に対しては、そのオントロジがまず自然言語で回答可能でなければならない。次の段階では、問題集が一階 （またはより高階な） 述語論理で形式化され、オントロジの拡張を評価するためにも使用することができる。
(図2) は、化学の領域におけるこのような仕様書の簡単な例である。
オントロジ要求仕様書

領域： 化学
日付： 1996年 5月15日
概念化担当：化学製品協会
実装担当：ソフトウェアハウス株式会社
目的：
教育、製造、分析において、元素の情報が必要とされる際に使用される、化学物質に関するオントロジ。たとえばナトリウム原子量の確認などに使用。
形式化のレベル：準公式
記述範囲：
103種の元素のリスト：リチウム、ナトリウム、塩素 など。
概念のリスト：ハロゲン、希ガス、半金属、金属 など。
特性とその値のリスト：原子番号、原子量、20°Cでの原子体積など。
知識源：
Handbook of chemistry and Physics. 65th edition. CRC-Press Inc., 1984-1985.

(図2) オントロジ要求仕様書 ([1]より)

オントロジ仕様書の全体的な完全性を検証することは不可能であるため、新たな関連語や含められるべき用語が誰かによって発見される可能性は常にある。そこで、良いオントロジ仕様書が持っているべき性質は以下のようになるだろう。
· 簡潔さ：それぞれの単語の間には何らかの関連性があり、重複や関連のない用語を含まない。
· 部分的完全性：用語の有効範囲
· 現実性：各用語やその間の関係は、オントロジの適用領域において理解可能な意味を持っている。
III.2 知識獲得
知識獲得は、オントロジ構築の一つの過程として独立はしているが、構築の他の過程の中で行なわれるものである。ほとんどの知識獲得は、要求仕様書の作成時に行なわれ、構築が進むにつれてその機会は減っていく。
専門家、書籍、ハンドブック、図、表、及び他のオントロジさえも、それらをブレーンストーミングや、取材、アンケート調査、（形式的または非形式的な） テキストの解析、知識獲得ツールなどの手法で扱うことによって、知識源にすることができる。たとえば、オントロジの目的がはっきりしないような場合には、ブレーンストーミングや専門家への取材や既存の同種オントロジの調査が、関連のありそうな語についての予備的な用語集を作りあげるのに役に立つだろう。さらに、この用語集の登録語や意味を磨きあげて行くためには、文献やハンドブックの （形式的または非形式的な） テキストの解析と （系統的または非系統的な） 専門家への取材を組み合わせることが、概念の分類系樹を作ったり、それを文献中のものと比較することが有用だろう。
III.3 オントロジと自然言語(脚注
)
オントロジの確立や知識獲得に有望な一つのアプローチは、言語学などの他の学問分野と協働することである。たとえば言語学の研究者達は、文書中で概念の命名に使われている用語の分析から、概念的領域を整理することに興味を持っている。また、あるオントロジが、構造化・形式化された概念の定義に基づいている場合もある。これらの定義の多くは、取材ノートや、技術文献などの文書解析から得られるものである。こういう場合のその領域の理論は、用語の方から概念に近づくことによって、確立される。
数年間、術語学の研究者達は、彼らの分野の実用的な部分とAIの知識工学の分野が類似していることに気づいている。また、知識工学の方から見てみると、現在は二つ方向で協働が進んでいる。一つは言語学の分野で広く使われている自動解析ツールを、知識を抽出するために使用する提案であり、もう一つは、術語学の手法を介した AI と言語学のシナジー的研究である。これらの協働のあらましを以下で概観してみよう。
自然言語処理ツールは、二つの点で文書データからのモデル化に役立つ。第一は、ある分野の用語の特定を助けることである[Bou94] [BGG96] [OFR96]。既存の術語集や類語集の再利用により、用語を増やしたり、新規の用語集を作成することができる。第二は、概念間の関係を見つけることによって、術語ベースの構造化を支援することである [Jou95] [JME95] [Gar97]。
ある分野の用語を特定する過程には、三つのステップがある。まず、対象としている分野を代表するようなコーパスから、名詞群を抽出する。次に、形態上や意味上の理由から用語に含めるべきでないものを候補から落す。最後に、用語に認定するべき名詞列を選択する。最後のステップでは通常その分野の専門家の助けが必要になる。
概念間の関係を特定する過程にも三つのステップがある。最初のステップは、用語の共起関係を決定することである。二つの用語は、その両方がある特定された範囲のテキストに同時に現われた時に共起したと言われる。この範囲の与え方には、ある数の単語の中、文書上の区分の中 （全文書、節 など） 、シンタックス的に切り出された文の中、などがある。次に、用語達が共有している文脈に関する類似度が計算される。最後のステップでは、関連した意味を持つ用語間の関係が決定される。多くの場合、ここで特定される関係は、意味上の近縁関係や部分全体関係、因果関係やさらに具体的な関係になる。
また、言語学と知識工学の両方にまたがるようなアプローチの利用に注力している研究者達もいる。彼らは互いの成果を研究して、精巧な術語知識ベース (Terminological Knowledge Base: TKB) を作りあげている。 TKB の概念は、 Ingrid Meyer [SMe91] [MSB+92] によって最初に定義されたものである。
TKB の構築は、形式的オントロジの構築への途上にあるもののように見える。一つの TKB は、計算機上に実現された、領域概念のネットワークで構成される概念データであると同時に、概念の命名に使われる用語の言語学的な集積でもある。それゆえ、TKB には三つのレベルの実体が含まれることになる。それらは、用語、概念、テキストであり、三つの種類のリンクで構造化されている。用語と概念間のリンクは、考慮すべき同義性や近縁性を表現しており、概念同士のリンクは、領域概念のネットワークを構成している。テキストと用語、テキストと概念、テキストと他の二実体両方の間のリンクは、標準化の正しい方向や文書化されるべき知識を決定するために役立つ。知識ベースの構築という観点から見ても、TKBは面白い対象である。特にそれが、用語に関する言語学的情報を集めているところが興味を引く。この部分は、専門家と知識工学者、エンドユーザの間のコミュニケーションの向上に使えるし、知識工学者が概念の命名を考えるのにも非常に有用だろう。このようなTKBの構成自体は、多くの研究者から支持されているとしても、まだその包括性とコーパスの構築・利用方法には問題がある。特に、コーパスの問題はTKB構築のために非常に重要な位置を占めている。何故ならそれはモデリング自体の正当性に大きくかかわってくるからである。現在のTKB研究はこういう方向に進んでいる。
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� We use the term class synonymously with the term concept as used in the description logic community.


� KIF syntax note: Relational sentences in KIF have the form (<relation name> <argument>*) 


� Notes on KIF syntax: Names whose first character is ``?'' are variables. If no explicit quantifier is specified, variables are assumed to be universally quantified. <=> means ``if and only if''. 


� Note on KIF syntax: holds means ``relation is true for''. One must use the form (holds ?C ?I) rather than (?C ?I) when the relation is a variable because KIF has a first-order logic syntax and therefore does not allow a variable in the first position of a relational sentence.


� Note on KIF syntax: => means ``implies''


� cardinality is a unary function whose argument is a finite set and whose value is the number of elements in the set. setofall is a set-valued term expression in KIF that takes a variable as a first argument and a sentence containing that variable as a second argument. The value of setofall is the set of all values of the variable for which the sentence is true. =< means ``less than or equal''. 


� KIF syntax note: >= means ``greater than or equal''. 


� Note on KIF syntax: listof is a function whose value is a list of its arguments. Names whose first character is "@" are sequence variables that bind to a sequence of 0 or more entities. For example, the expression (F @X) binds to (F 14 23) and in general to any list whose first element is F. 


� The Open Knowledge Base Connectivity protocol is a result of the joint work between the Artificial Intelligence Center of SRI International and the Knowledge Systems Laboratory of Stanford University. At Stanford University, this work was supported by the Department of Navy contracts titled Technology for Developing Network-based Information Brokers (Contract Number N66001-96-C-8622-P00004) and Large-Scale Repositories of Highly Expressive Reusable Knowledge (Contract Number N66001-97-C-8554). At SRI International, it was supported by a Rome Laboratory contract titled Reusable Tools for Knowledge Base and Ontology Development (Contract Number F30602-96-C-0332), a DARPA contract entitled Ontology Construction Toolkit, and NIH Grant R29-LM-05413-01A1.  


� このAnnexは、主に[ Guarino 1998 ] の翻案です。


� この表現は [Gruber 1995] で導入されたものと同じであるが、ここで採用した「概念化」の概念は以下で議論しているようにその論文で参照されているもの  ( [Genesereth and Nilsson 1987] )  からとられた)とは異なる。


�  以下、構造や集合の集合を指す記号はボールド体で表記する。


� 「“オントロジ制約」”という表現は、しばしば制約の結果そのもの、すなわち我々の用語における基礎概念化を指すのに用いられている。


� この形式的な語彙が論理的な言語の一部を成す必要はない。たとえば，それはエージェント間の通信プロトコルであってもよい。


� この付随書の大部分は、参考文献 [1] を参考にしている。


� Chantal Reynaud (Contribution from Univ. d’ Orsay,  Paris  Sud,  LRI) による。(Chantal Reynaud)





�PAGE \# "'ﾍﾟｰｼﾞ : '#'�'"  �11 この表現は [Gruber 1995] で導入されたものと同じであるが、ここで採用した「概念化」の概念は以下で議論しているようにその論文で参照されているもの ([Genesereth and Nilsson 1987]) からとられた)とは異なる。


�PAGE \# "'ﾍﾟｰｼﾞ : '#'�'"  �12　以下、構造や集合の集合を指す記号はボールド体で表記する。





�PAGE \# "'ﾍﾟｰｼﾞ : '#'�'"  �13　「オントロジ制約」という表現は、しばしば制約の結果そのもの、すなわち我々の用語における基礎概念化を指すのに用いられている．


�PAGE \# "'ﾍﾟｰｼﾞ : '#'�'"  �14 　この形式的な語彙が論理的な言語の一部を成す必要はない。たとえば、それはエージェント間の通信プロトコルであってもよい。
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