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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ARTIFICIAL INTELLIGENCE EXCHANGE AND SERVICE TIE
TO ALL TEST ENVIRONMENTS (AI-ESTATE)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes International Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National
Committee interested in the subject dealt with may participate in this preparatory work. International,
governmental and non-governmental organizations liaising with the IEC also participate in this preparation.
IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has
representation from all interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly
indicated in the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC/IEEE 62243 has been processed through I|EC technical
committee 93: Design automation.

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
1232 (2002) 93/214/FDIS 93/220/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives.

The committee has decided that the contents of this publication will remain unchanged
until 2007.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance upon
this, or any other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the material contained herein, and
expressly disclaim any express or implied warranty, including any implied warranty of merchantability or fitness
for a specific purpose, or that the use of the material contained herein is free from patent infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.

The existence of an IEC/IEEE Dual Logo International Standard does not imply that there are no other ways to
produce, test, measure, purchase, market, or provide other goods and services related to the scope of the
IEC/IEEE Dual Logo International Standard. Furthermore, the viewpoint expressed at the time a standard is
approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard.

Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a
document is more than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEC and IEEE are not suggesting or rendering
professional or other services for, or on behalf of, any person or entity. Neither the IEC nor IEEE is undertaking
to perform any duty owed by any other person or entity to another. Any person utilizing this, and any other
IEC/IEEE Dual Logo International Standards or IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations — Occasionally questions may arise regarding the meaning of portions of standards as they relate
to specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will
initiate action to prepare appropriate responses. Since |I[EEE Standards represent a consensus of concerned
interests, it is important to ensure that any interpretation has also received the concurrence of a balance of
interests. For this reason, IEEE and the members of its societies and Standards Coordinating Committees are
not able to provide an instant response to interpretation requests except in those cases where the matter has
previously received formal consideration.

Comments for revision of IEC/IEEE Dual Logo International Standards are welcome from any interested party,
regardless of membership affiliation with the IEC or IEEE. Suggestions for changes in documents should be in
the form of a proposed change of text, together with appropriate supporting comments. Comments on standards
and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
General Secretary, IEC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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Abstract: AI-ESTATE is a set of specifications for data interchange and for standard services for the
test and diagnostic environment. The purpose of AI-ESTATE is to standardize interfaces between
functional elements of an intelligent diagnostic reasoner and representations of diagnostic knowledge
and data for use by such diagnostic reasoners. Formal information models are defined to form the
basis for a format to facilitate exchange of persistent diagnostic information between two reasoners,
and also to provide a formal typing system for diagnostic services. This standard then defines the
services to manipulate diagnostic information and to control a diagnostic reasoner.

Keywords: AI-ESTATE, diagnosis, diagnostic interference, diagnostic model, diagnostic services,
dynamic content, fault tree, knowledge exchange, system test
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IEEE Introduction

This AI-ESTATE standard provides a formal framework for exchanging diagnostic knowledge and
constructing diagnostic reasoners. The intent is to provide a standard framework for identifying
required information for diagnosis and defining the diagnostic information in a machine-processable
way. In addition, software interfaces are defined whereby diagnostic tools can be developed to process
the diagnostic information in a consistent and reliable way.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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Artificial intelligence exchange and service
tie to all test environments
(AI-ESTATE)

1. Overview

The Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE) standard
was developed by the Diagnostic and Maintenance Control (D & MC) Subcommittee of the IEEE
Standards Coordinating Committee 20 (SCC 20) on Test and Diagnosis for Electronic Systems to
serve as a standard for the application of artificial intelligence to system test and diagnosis. This
AI-ESTATE standard defines interfaces among reasoners and reasoning system users, test information
knowledge bases, and more conventional databases. In addition to interface standards, the Al-
ESTATE standard includes a set of formal data specifications to facilitate the exchange of system
under test related diagnostic information.

This standard describes a set of formal data and knowledge specifications consisting of the logical
representation of devices, their constituents, the failure modes of those constituents, and tests of those
constituents. The data and knowledge specification provides a standard representation of the common
data elements required for system test and diagnosis. This will facilitate portability of test-related
knowledge bases for intelligent system test and diagnosis.

The goals of this standard are summarized as follows:

— Incorporate domain specific terminology

— Facilitate portability of diagnostic knowledge

— Permit extensibility of diagnostic knowledge

— Enable the consistent exchange and integration of diagnostic capabilities

This standard provides a controlled extension mechanism to allow inclusion of new diagnostic
technology outside the scope of the AI-ESTATE specification.

One of the purposes of this standard is to define information models for knowledge bases to be used in
the context of test and diagnosis and, from these models, to derive a data interchange format. The
specifications in this standard shall support fully portable diagnostic knowledge. No host computer
dependence is contained in the AI-ESTATE standard.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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AI-ESTATE defines key data and knowledge specification formats. Implementations that use only
these specification formats will be portable. This does not preclude use of AI-ESTATE interfaces with
nonconformant specification formats; however, such implementations may not be portable. As shown
in Figure 1, a diagnostic model can be moved from one AI-ESTATE implementation to another by
translating it into the interchange format. Another AI-ESTATE implementation can then utilize this
information as a complete package by translating the data and knowledge from the interchange
format to its own internal form.

translator translator

AI-ESTATE
interchange
format
data and " data and
knowledge knowledge

Figure 1—An example of AI-ESTATE’s portability mechanism for data and knowledge

The translation step is not a requirement; an AI-ESTATE implementation may use the interchange
format for its own internal form.

Software specifications defined in this standard will ensure the interchangeability of diagnostic
reasoners through the definition of encapsulated services. This will allow diagnostic reasoners to be
interchanged within an AI-ESTATE conformant system with no effect on the other elements of the
system.

1.1 Scope

The AI-ESTATE standard defines formal specifications for supporting system diagnosis. These
specifications support the exchange and processing of diagnostic information and the control of
diagnostic processes. Diagnostic processes include, but are not limited to, testability analysis,
diagnosability assessment, diagnostic reasoning, maintenance support, and diagnostic maturation.

1.2 Purpose

The AI-ESTATE standard provides formal models of diagnostic information to ensure unambiguous
access to an understanding of the information supporting system test and diagnosis. The standard
unifies and expands on the specifications published in IEEE Std 1232™-1995 [B3],'! IEEE Std
1232.1™.1997 [B4], and IEEE Std 1232.2™-1998 [B3].

"The numbers in brackets correspond to those of the bibliography in Annex A.
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1.3 Conventions used in this standard

This standard specifies information models using the EXPRESS language and uses the following
conventions in their presentation:

All specifications in the EXPRESS language are given in the Courier type font. This includes
references to entity and attribute names in the supporting text. The EXPRESS models found in
Clause 5 include comment delimiters “(*”” and “*),”” thus allowing extraction of the models from an
electronic version of the standard for direct use.

Each entity of each EXPRESS schema is presented in a separate subclause. Within a schema,
subclauses are listed in alphabetical order by constants, types, enumerated types, select types, entities,
and then functions. The subclause structure begins with the actual EXPRESS specification, then each
attribute of the entity is described below the attribute definition heading. If any constraints have been
specified, these are described below the formal propositions heading.

This standard uses the vocabulary and definitions of relevant IEEE standards. In case of conflict of
definitions, the following precedence shall be observed: 1) AI-ESTATE definitions (Clause 3);
2) SCC20 documentation and standards; and 3) IEEE 100™, The Authoritative Dictionary of IEEE
Standards Terms, Seventh Edition [B2].

Clause 6 of this standard presents the formal specification of the encapsulated services of this standard.

EXPRESS is used to represent the interface of each individual service defining the semantics and type
of the required value to be returned.

2. References

This standard shall be used in conjunction with the following publications.

ISO 10303-11:1994, Industrial Automation Systems and Integration—Product Data Representation
and Exchange—Part 11: Description Methods: The EXPRESS Language Reference Manual.?

ISO 10303-21:2002, Industrial Automation Systems and Integration—Product Data Representation
and Exchange—~Part 21: Implementation Methods: Clear Text Encoding of the Exchange Structure.

2180 publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembe¢, CH-1211, Genéve 20,
Switzerland/Suisse (http://www.iso.ch/). ISO publications are also available in the United States from the Sales Department,
American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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