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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the
Standards Coordinating Committees of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the Institute as well as those
activities outside of IEEE that have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE 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 IEEE 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

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 IEEE Standards represent a consensus of all 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 technical committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal con-
sideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter 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 all
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.

Publication of this trial-use standard for comment and criticism has been approved by the
Institute of Electrical and Electronics Engineers. Trial-use standards are effective for 24
months from the date of publication. Comments for revision will be accepted for 18 months
after publication. Suggestions for revision should be directed to the Secretary, IEEE Standards
Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, and should be received no
later than Sept. 29, 1997. It is expected that following the 24-month period, this trial-use stan-
dard, revised as necessary, shall be submitted to the IEEE Standards Board for approval as a
full-use standard.

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, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (508) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.
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Introduction

[This introduction is not part of IEEE Std 1232-1995, IEEE Trial-Use Standard for Artificial Intelligence and Expert
System Tie to Automatic Test Equipment (AI-ESTATE): Overview and Architecture. ]

The domain of equipment test and diagnosis is one in which numerous reasoner systems have been success-
fully developed and deployed. The benefits of using standards in test-related applications have long been
recognized. The scope for standardization extends from low-level standards associated with instrument con-
trol to high-level standards associated with specifying tests in an implementation-independent manner.

In the 1960s, Aeronautical Radio Incorporated (ARINC) started the development of the Abbreviated Test
Language for Avionics Systems (ATLAS). In 1976, management of the ATLAS standard was passed to the
IEEE, and the meaning of the ATLAS acronym was changed to Abbreviated Test Language for All Systems
to reflect its broader field of application.

Within the IEEE, development of ATLAS-related standards was vested in Standards Coordinating Commit-
tee 20 (SCC20). This was also known as the ATLAS Committee. In the mid-1980s, SCC20 broadened the
scope of its activities to include other potential standards related to testing including Automatic Test Pro-
gram Generation (ATPG) and Test Equipment Description Language (TEDL).

Current and proposed test standards, including IEEE Std 716-1995 (C/ATLAS), IEEE 993-1990 (TEDL)
and IEEE 1029.1-1991 (WAVEYS), provide no guidance regarding the use of artificial intelligence techniques
and test applications. Proposed artificial intelligence standards, such as IEEE P1252 (Draft Standard for a
Frame-based Knowledge Representation), and other artificial intelligence initiatives, such as Knowledge
Query Management Language (KQML) and Knowledge Interchange Format (KIF), do not specifically
address the requirements of test and diagnosis applications. In this context, artificial intelligence techniques
most often take the form of reasoners that control test sequences and perform diagnosis. The use of such sys-
tems can simplify the programming of decision logic and improve the efficiency associated with executing
sequences of stimulus and measurement tests (i.e., test procedures). However, in the absence of defined stan-
dard interfaces and supporting standards, the development of reasoners in test and diagnosis applications
will be arbitrary and system-dependent.

A task group of the IEEE SCC20 meeting in Edinburgh on May 24, 1989, considered the role of artificial
intelligence and expert system technology in testing. This was a continuation of previous SCC20 discussions
on the subject.

The task group determined there were many advantages in using reasoning systems to control test equipment
and perform diagnosis. This view does not eliminate nor conflict with the use of conventional test program
languages. Rather, it establishes the need to standardize the various human and test machine interfaces to
reasoning systems that use artificial intelligence.

As a working title, the acronym AI-ESTATE was coined. AI-ESTATE stands for Artificial Intelligence and
Expert System Tie to Automatic Test Equipment (ATE). The AI-ESTATE standards were to define the inter-
faces between a reasoner and the users of the reasoning system as well as test equipment, test information
knowledge bases, and more conventional databases. In addition to interface standards, the AI-ESTATE stan-
dards were to include a set of formal data specifications to facilitate the exchange of unit under test (UUT)
related data.

At the 90-1 SCC20 meeting (the first meeting of 1990), the AI-ESTATE requirements document and an asso-
ciated rationale document for the various requirements were written and approved by the AI-ESTATE Sub-
committee. In addition, a Project Authorization Request (PAR) was developed at this time and subsequently
approved.
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Following this, a third document was written to describe the AI-ESTATE architecture, that is, the elements of
the AI-ESTATE environment and the relationships between the elements.

It was soon realized that, due to the breadth of the AI-ESTATE concept, multiple standards would be
required to define the various AI-ESTATE functions and interfaces. In such cases, the IEEE recommends
creation of a base document—in this case, numbered 1232—and a set of component standards, numbered
1232.1, 1232.2, and so forth. A revised set of PARs was submitted for approval at the 92-2 SCC20 meeting.

The current document, IEEE Std 1232-1995, is the base standard for the AI-ESTATE set of standards. It
combines and expands information from the requirements, rationale, and architecture documents.

Anticipated users of the AI-ESTATE set of standards include the following:

ATE system developers

ATE system maintainers

Test program set (TPS) developers

Test instrument developers

Developers of AI-ESTATE-based tools and systems

Developers of prime mission equipment that have embedded diagnostic reasoning systems

System integrators who are concerned with any of the above

At the time this draft standard was completed, the SCC20 AI-ESTATE Subcommittee had the following

membership:
Leslie Orlidge, Chair
Helmut Scheibenzuber, Vice-Chair
Guy Adam Sharon Goodall Hans Obermeier
Richard Atkins Arnold Greenspan Charles Oliverio
Michel Bantegnie Arthur Hann Dave Pawson
Jean-Yves Barbier James Hanna John Pfalz
Jeffrey Barkley Gary Hardenburg Jean Pouilly
Eric Bergaud Robert Hayes Brian Raffaelli
Luigi Bianchi Leonard Haynes N. Ramachandran
Ivo Bordignon John Heiser Micheal Ray
Maria Bostic Robert Hillman James Reeder
Patrice Brard Gary Hinkle William Reeves
Alan Bridges Steve Karlovic Robert Rolfe
Ronald Brooks Jon Kasprick Albert Sanson
Terry Campbell Helmuth Kaunzinger Micheal Seavey
Patrice Chassard Wayne Kim John Sheppard
Richard Churcher Mats Landerholm Lee Shombert
Frank Conforti John Leuthe William R Simpson
James Cottrell Dave Lewis Philip Smith
Bernard Daniel Peter Lord Joseph Stanco
Bernard Dathy Michael Martin Doug Stinson
Bernd Dinklage Gayle Matysek William Taylor
Pascal Dormal Robert McGarvey Richard Weger
Bernard Dugas Harry McGuckin Daniel Weiss
Wolf-Dieter Erdmann James Mills Kenneth Wilkinson
Jacques Flandrois Charles Morris Glenn Wright
John Goddard David Morris Will Young

Other individuals who have contributed review and comments are:

iv

Elton Howard
Brian Kelley
Paul Knese

Richard Neese

Colin Maunder
Don Meaker
Mukund Modi

Krishna Pattipati
Bill Russell
Charles Sheetz
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The following persons were on the balloting committee:

Guy Adam
Jean-Yves Barbier
Jeffrey Barkley

Jacques Flandrois
Sharon Goodall
Arnold Greenspan

Charles Scheetz
Narayanan Ramachandran
Dave Pawson

Ivo Bordignon James Hanna Jean Pouilly

Maria Bostic Karan A. Harbison William Reeves
Patrice Brard Leonard Haynes William Russell
Alan Bridges Gary Hardenburg Albert Sanson
Ronald Brooks John Heiser Helmut Scheibenzuber
Michael Brown Jon Kasprick Michael Seavey
Joe Buemi Brian Kelley John Sheppard
Terry Campbell Michael S. Martin William Simpson
Frank Conforti Robert McGarvey Philip Smith
James Cottrell Donald Meaker Joseph Stanco
Bernard Daniel Mukund Modi William Taylor
Bernard Dathy Charles Morris Richard Unkle
Bernd Dinklage Richard Neese Daniel Weiss
Pascal Dormal Hans Obermeier Kenneth Wilkinson
Bernard Dugas Les Orlidge Glenn Wright
Wolf-Dieter Erdmann Will Young

When the IEEE Standards Board approved this standard on September 21, 1995, it had the following
membership:

E. G. “Al” Kiener, Chair Donald C. Loughry, Vice Chair

Andrew G. Salem, Secretary

Gilles A. Baril Jim Isaak Marco W. Migliaro
Clyde R. Camp Ben C. Johnson Mary Lou Padgett
Joseph A. Cannatelli Sonny Kasturi John W. Pope
Stephen L. Diamond Lorraine C. Kevra Arthur K. Reilly
Harold E. Epstein Ivor N. Knight Gary S. Robinson
Donald C. Fleckenstein Joseph L. Koepfinger* Ingo Rusch

Jay Forster* D. N. “Jim” Logothetis Chee Kiow Tan
Donald N. Heirman L. Bruce McClung Leonard L. Tripp

Richard J. Holleman Howard L. Wolfman

*Member Emeritus

Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal
Richard B. Engelman
Robert E. Hebner
Chester C. Taylor

Paula M. Kelty
IEEE Standards Project Editor

ABBET is pending trademark registration by the Institute of Electrical and Electronics Engineers, Inc.
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IEEE Trial-Use Standard for Artificial Intelligence
and Expert System Tie to Automatic Test
Equipment (AI-ESTATE):

Overview and Architecture

1. Overview

The Artificial Intelligence and Expert System Tie to Automatic Test Equipment (AI-ESTATE) set of stan-
dards and guides was developed by the AI-ESTATE Subcommittee of the IEEE Standards Coordinating
Committee 20 (SCC20) to serve as standards for the application of artificial intelligence to system test and
diagnosis. The AI-ESTATE set of standards defines interfaces among reasoners and reasoning system users,
test equipment, test information knowledge bases, and more conventional databases. In addition to interface
standards, the AI-ESTATE standards will include a set of formal data specifications to facilitate the exchange
of unit under test (UUT) related data. The AI-ESTATE standards consist of this base standard and a series of
component standards. An introductory guide is associated with the AI-ESTATE standards.

1.1 Scope

The AI-ESTATE set of standards defines the software interface of artificial intelligence to system test and
diagnosis.

1.2 Purpose

The purpose of the AI-ESTATE set of standards is to standardize interfaces between functional elements of
an intelligent test environment and representations of knowledge and data for the functional elements of the
intelligent test environment.

This standard describes the elements of AI-ESTATE and their interrelationships; it establishes guidelines
and requirements that govern the documents in the AI-ESTATE set of standards; and it defines common ter-
minology that is be used throughout the set. The purpose of the guidelines and requirements in this base
standard is to ensure that the elements in the AI-ESTATE set of standards fit together into a cohesive whole.

1.3 Document set

The AI-ESTATE set of standards consists of the current base standard and a series of proposed component
standards (to be designated as IEEE Std 1232.1, IEEE Std 1232.2, etc.). The component standards will pro-
vide an interchange format for diagnostic information and a specification of services for the use of artificial
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intelligence systems in test and diagnosis. The AI-ESTATE set of standards will also include a set of formal
data specifications that define the form of the data and knowledge necessary to support AI-ESTATE. Specifi-
cations will be developed as appropriate to support various types of reasoners.

At the present time, the document set for the AI-ESTATE standard is as follows:

a) IEEE Std 1232-1995, IEEE Trial-Use Standard for Artificial Intelligence and Expert System Tie to
Automatic Test Equipment Overview and Architecture.

b) IEEE P1232.1, Draft Trial-Use Standard for Data and Knowledge Specifications for AI-ESTATE.

c¢) IEEE P1232.2, Draft Trial-Use Standard for Service Specifications for AI-ESTATE.

d) IEEE P1347, Draft Guide for the Understanding of the Artificial Intelligence and Expert System Tie
to ATE.

1.4 Application

This document presents the architectural concept for AI-ESTATE and defines the requirements for the Al-
ESTATE set of standards. The set of AI-ESTATE component standards can be used in developing Al-
ESTATE conformant reasoners, AI-ESTATE conformant knowledge bases, AI-ESTATE conformant systems
for system test and diagnosis, and AI-ESTATE-based automated tools.

The requirements outlined in clause 5 of this document and the component standard requirements in clauses
6 and 7 provide the guidance necessary to develop component standards for the AI-ESTATE architecture.
Each requirement identified in the above-mentioned clauses must be complied with by each component stan-
dard and guide for AI-ESTATE, when the requirement applies. The individual requirements have been iden-
tified with paragraph numbers to facilitate the traceability of requirements.

This standard provides

a)  An overview of the AI-ESTATE set of standards;
b) Requirements for developing component standards and guides;
¢) Requirements for conformance with the AI-ESTATE set of standards.

2. References

This standard shall be used in conjunction with the following publications. Components of the standard shall
reference publications from the following list only:

IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).l

IEEE Std 716-1995, IEEE Standard Test Language for All Systems—Common/Abbreviated Test Language
for All Systems (C/ATLAS).

IEEE Std 993-1990, IEEE Trial-Use Standard for Test Equipment Description Language (TEDL).
IEEE Std 1029.1-1991, IEEE Standard for Waveform and Vector Exchange (WAVES) (ANSI).

IEEE Std 1226-1993, IEEE ABBET™ Trial-Use Standard for Test Equipment Description Language
ABBET), Overview and Architecture.

I[EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
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IEEE
TIE TO AUTOMATIC TEST EQUIPMENT (AI-ESTATE): OVERVIEW AND ARCHITECTURE Std 1232-1995

3. Definitions

This clause defines terms used in the AI-ESTATE set of standards. For electrical and electronic terms not
found in this clause, consult IEEE Std 100-1992.2 A clear understanding of the following terms with respect
to AI-ESTATE is particularly important in order to understand this standard.

3.1 Abbreviated Test Language for All Systems (ATLAS): A standard abbreviated English language used
in the preparation and documentation of test procedures or test programs that can be implemented either
manually or with automatic or semiautomatic test equipment.

NOTE —This language is specified in IEEE Std is 716-1995.

3.2 ambiguity: In fault isolation, an ambiguity that exists when the failure(s) in a system have not been
localized to a single diagnostic unit for a repair level.

3.3 ambiguity group: The collection of all diagnostic units that are in ambiguity.
3.4 anomaly: Irregularity; deviation from usual behavior.
3.5 architecture (of AI-ESTATE): The elements of AI-ESTATE and their interrelationships.

3.6 artificial intelligence: 1) The study of designing computer systems exhibiting the characteristics associ-
ated with intelligence in human behavior including understanding language, learning, reasoning from
incomplete or uncertain information, and solving problems. 2) The discipline for developing computer sys-
tems capable of passing the Turing Test in which behavior of the computer system is indistinguishable from
human behavior. 3) The study of problem solving using computational models.

3.7 Artificial Intelligence and Expert System Tie to Automatic Test Equipment (AI-ESTATE): A set of
specifications that defines the software interface of artificial intelligence and expert systems to system test
and diagnosis.

NOTE: The AI-ESTATE set of standards currently includes IEEE Std 1232-1995, IEEE P1232.1, IEEE P1232.2, and
IEEE P1347.

3.8 automatic test equipment (ATE): A system providing a test capability for the automatic testing of one
or more units under test (UUTSs). The ATE system consists of a controller, test resource devices, and periph-
erals. The controller directs the testing process and interprets the results. The test resource devices provide
stimuli, measurements, and physical interconnections. The peripherals, such as displays, keyboards, printers,
mass storage, etc., supply the necessary capability for information management.

3.9 built-in-test (BIT): A test approach using built-in-test equipment (BITE) or self-test hardware or soft-
ware to test all or part of the unit under test (UUT).

3.10 built-in-test equipment (BITE): Any device that is part of an equipment or system and is used for the
express purpose of testing the equipment or system. BITE is an identifiable unit of the equipment or system.

3.11 component standard: One standard, within a set of standards, that is developed in accordance with the
architecture, terminology, guidelines, and requirements set forth in the base document of the same set of
standards, and that provides a detailed definition of a component part of the architecture.

3.12 dependency: A logical relationship between two tests or between a test and an element of the unit
under test (UUT) (either an actual part or a failure mode of a part). A diagnostic test is said to be dependent

Information on references can be found in clause 2.
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on a particular diagnostic element or test if the failed outcome of the test implies the failed condition of the
diagnostic element or test on which the dependent test relies.

3.13 dependency model: A diagram, list, or topological graph indicating which events depend on related
elements and other events.

3.14 diagnosis: The conclusion(s) resulting from tasks, tests, observations, or other information.

3.15 diagnostic procedure: A structured combination of tasks, tests, observations, and other information
used to localize a fault or faults.

3.16 diagnostic unit (recursive): A collection of one or more diagnostic conclusions and diagnostic units. It
represents a conclusion that might be drawn through the process of diagnosis and is related to repair by
physical mapping and repair actions.

3.17 Electronic Design Interchange Format (EDIF): An industry standard for transfer of schematic and
structured connectivity information for electronic design automation.

3.18 encapsulation: In the context of AI-ESTATE, the act of specifying a test or collection of tests together
with associated preconditions and post conditions.

3.19 expert system: A computer system designed to solve a specific problem or class of problems by pro-
cessing information specific to the problem domain. (Typically, information processed by an expert system
corresponds to rules or procedures applied by human experts to solve similar problems.)

3.20 EXPRESS: A standard information modeling language being developed by ISO 10303-11 : 1994.

3.21 failure: The loss of ability of a diagnostic unit, equipment, or system to perform a required function.
The manifestation of a fault. Within the context of AI-ESTATE models, a manifestation is given by the out-
come of a test unit.

3.22 false alarm: An indicated fault where no fault exists.
3.23 fault: A physical condition that causes a device or a diagnostic unit to fail to perform nominally.
3.24 fault isolation: Fault localization to a degree sufficient to undertake repair.

3.25 fault localization: The reduction of ambiguity by the application of tests, observations, or other infor-
mation.

3.26 fault tree: An ordered arrangement of tests that are intended to lead to the localization of faults.

3.27 functional element: A component of the AI-ESTATE architectural concept that is expected to perform
specific duties. These include reasoning system, human presentation system, unit under test (UUT), knowl-
edge/data base management system, test system, maintenance data/knowledge collection system, and other
system.

3.28 human presentation system: One system within the AI-ESTATE architectural concept. This system
supports all users by providing a user interface for data entry and display to an AI-ESTATE implementation
and knowledge acquisition support.

3.29 interface test adapter (ITA): A device or series of devices designed to provide a compatible connec-
tion between the unit under test (UUT) and the test equipment. May include proper stimuli or loads not con-
tained in the test equipment.
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