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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 Publlcat|on(s) ). Thelr preparatlon is entrusted to techmcal committees; any
IEC
Interpational, governmental and non- governmental organlzatlons liaising with the IEC also pattigipate in
this preparation.

IEEE] Standards documents are developed within IEEE Societies and Standards Coordinating Comnmittees
of thp IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a
consensus development process, which brings together volunteers representing varsied viewpojnts and
inter¢sts to achieve the final product. Volunteers are not necessarily members of-|[EEE and servg without
compensation. While IEEE administers the process and establishes rules tg.promote fairnesg in the
consgnsus development process, IEEE does not independently evaluate, test,“or verify the acquracy of
any ¢f the information contained in its standards. Use of IEEE Standards/decuments is wholly vpluntary.
IEEE| documents are made available for use subject to important notices and legal disclaimprs (see
http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC ¢ollaborates closely with IEEE in accordance with conditions{determined by agreement betyeen the
two qrganizations.

The |formal decisions of IEC on technical matters expressy as nearly as possible, an intefnational
consgnsus of opinion on the relevant subjects since each technical committee has representation| from all
interested IEC National Committees. The formal decisionsef IEEE on technical matters, once cgnsensus
withih IEEE Societies and Standards Coordinating Committees has been reached, is determirfed by a
balapced ballot of materially interested parties who.indicate interest in reviewing the proposed qtandard.
Finall approval of the IEEE standards document is dgiven by the IEEE Standards Association (IEEE-SA)
Stanfards Board.

IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
Natignal Committees/IEEE Societies in that sense. While all reasonable efforts are made to engure that
the technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the
way |n which they are used or for anymisinterpretation by any end user.

In orfer to promote international unjformity, IEC National Committees undertake to apply IEC Publlications
(inclyding IEC/IEEE Publications) transparently to the maximum extent possible in their natignal and
regignal publications. Any divergence between any IEC/IEEE Publication and the corresponding|national
or repgional publication shallbe clearly indicated in the latter.

IEC Jand IEEE do nof\ provide any attestation of conformity. Independent certification bodies| provide
confgrmity assessment-services and, in some areas, access to IEC marks of conformity. IEC and |EEE are
not responsible fon any services carried out by independent certification bodies.

All ugers should eénsure that they have the latest edition of this publication.

No l|ability shall attach to IEC or IEEE or their directors, employees, servants or agents including
indivldual 'experts and members of technical committees and IEC National Committees, or volunteers of
IEEH Soeieties and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board, for any personal Injury, property damage or other damage of any nature whatsoever,
whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
use of, or reliance upon, this IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications
is indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material 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. IEC or IEEE shall not be held
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patent Claims or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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International Standard IEC 62243/ IEEE Std 1232-2010 has been processed through IEC
technical committee 93: Design automation, under the IEC/IEEE Dual Logo Agreement.

This second edition cancels and replaces the first edition, published in 2005, and
constitutes a technical revision.

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

IEEE Std FDIS Report on voting
IEEE Std 1232-2010 93/320/FDIS 93/327/RVD

Full im{ormation on the voting for the approval of this standard can be found in, thg report
on votipg indicated in the above table.

The IHC Technical Committee and IEEE Technical Committee have. decided that the
contenfs of this publication will remain unchanged until the stability date’indicated|on the
IEC web site under "http://webstore.iec.ch" in the data related to the)specific publication.
At this |[date, the publication will be

o re¢onfirmed,
° wilhdrawn,
e replaced by a revised edition, or

. amended.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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Abstract: Data interchange and standard software services for test and diagnostic environments
are defined by Artificial Intelligence Exchange and Service Tie to All Test Environments (Al-
ESTATE). The purpose of AI-ESTATE is to standardize interfaces for 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. The services to control a diagnostic
reasoned are defined by this standard.

Keywords: AI-ESTATE, Bayesian Network, diagnosis, diagnostic inference, diagnostic model,
diagnostic services, D-matrix, fault tree, IEEE 1232, knowledge exchange, system test

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of Electrical and Electronics
Engineers, Incorporated.

W3C is a registered trademark of the W3C® (registered in numerous countries) World Wide Web Consortium. Marks of W3C are registered
and held by its host institutions MIT, ERCIM, and Keio.
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IEEE Introduction

This introduction is not part of IEEE Std 1232-2010, IEEE Standard for Artificial Intelligence Exchange and Service
Tie to All Test Environments (AI-ESTATE).

The AI-ESTATE standard provides a formal framework for exchanging diagnostic knowledge and
communicating with 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 addli. OIl, bUfLWdIC illLledbe dlc dCﬁllCd WhClC‘Uy dpplideiUllb Cdll bC dCVCiUpCL‘l o L/Ullllllullitdte Wlth
diagnosfic reasoners in a consistent and reliable way.

Notice to users

Laws jand regulations

Users of these documents should consult all applicable laws _and regulations. Compliance Wwith the
provisiops of this standard does not imply compliance to(any applicable regulatory requifements.
Implem¢nters of the standard are responsible for observing, or referring to the applicable rejgulatory
requirements. IEEE does not, by the publication of its Standards, intend to urge action that if not in
compliaphce with applicable laws, and these documents may; not be construed as doing so.

Copyrights

This dofument is copyrighted by the IEEE. It is made available for a wide variety of both puplic and
private uses. These include both wse, by reference, in laws and regulations, and use in privite self-
regulatign, standardization, and the~promotion of engineering practices and methods. By making this
document available for use and‘adoption by public authorities and private users, the IEEE does npt waive
any righits in copyright to this document.

Updating of IEEE documents

Users of IEEE’ standards should be aware that these documents may be superseded at any tim¢ by the
issuancd of‘new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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Errata

Errata,

if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL

for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/icee/interp/
index.html.

Patents

Attentiop is called to the possibility that implementation of this standard may requiteuse of subje

covered

or Valiity of any patent rights in connection therewith. The IEEE is not responsible for idg

Essenti

or scopg of Patents Claims or determining whether any licensing {ferms or conditions proy

connect

or non-discriminatory. Users of this standard are expressly advised that determination of the validit
patent rjghts, and the risk of infringement of such rights, is“¢ntirely their own responsibility.

informa

by patent rights. By publication of this standard, no position is taken withyrespect to the @
Patent Claims for which a license may be required, for conducting'inquiries into the legall

on with submission of a Letter of Assurance, if any, or in any licensing agreements are re

ion may be obtained from the IEEE Standards Association.
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Artificial Intelligence Exchange and
Service Tie to All Test Environments
(AIFESTATE)

IMPORTANT NOTICE: This standard is not intended to ensure ,safety, security, heqlth, or
environéttental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

This IBEE document is made available for use subject to important notices and legal disdlaimers.
These potices and disclaimers appear in all publications, containing this document apd may
be fou’Fd under the heading “Important Notice”, or. “Important Notices and Dis¢laimers
Concernging IEEE Documents.” They can also be obtained on request from IEEE or vipwed at
http://standards.iece.org/IPR/disclaimers. html.

1. Overview

The Artfficial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE) standard was
developgd by the Diagnostic and Maintenance Control Subcommittee of the IEEE Standards Coofdinating
Commitfee 20 (SCC20) on Test and Diagnosis for Electronic Systems to serve as a standard for defining
interfac¢s among diagnostic r€asoners and users, test information knowledge bases, and more conyentional
databasg¢s. In addition to~interface standards, the AI-ESTATE standard includes a set of forrpal data
specificgtions to facilitate the exchange of system under test related diagnostic information.

One approach tocdefining the interfaces for a component of a larger system is to model, formplly, the
information being.passed across the system’s interfaces. Such a model is known as an “information{model.”
The purposel.of an information model is to identify clearly the objects in a domain of discoufse (e.g.,
diagnosfics)to enable precise communication about that domain. Such a model comprises oljjects or
entities, relationships between those objects, and constraints on the objects and their relationships. When
taken together, elements provide a complete, unambiguous, formal representation of the domain of
discourse. In other words, they provide a formal language for communicating about the domain.

Using information models, information exchange can be facilitated in two ways. The first is through a set
of exchange files. Specifically, information can be stored by one application in a file and read by a second
application. The file format is derived directly from the information model and defines the syntax of the
message contained within it. The semantics of the message (i.e., the legal content of the file) is defined by
the semantics of the model. The second means of information exchange is through a set of services defined
for a system component as accessed via the communications backbone. The interface definition for the
component is derived from the information model and defines the syntax of the message. Once again, the
legal content of the message is defined by the semantics of the model.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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The semantics of information models are provided in two ways. First, the model itself defines a machine-
readable semantic structure and associated constraints that ensure consistent exchange and processing of
the concepts and relationships of the model elements. Second, human-readable definitions specify the
correct interpretation of the model elements.

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

— Enable the consistent exchange and integration of diagnostic capabilities

AI-ESTATE defines key data and knowledge specification formats. No host computer depenglence is
containdd in the AI-ESTATE standard. Systems that use only these specifi€ation formats will be portable.
This do¢s not preclude use of AI-ESTATE interfaces with nonconformaht specification formats; However,
such systems may not be portable. A diagnostic model can,be-/moved from one AI-BSTATE
implemgntation to another by translating it into one of two/interchange formats described in the
specificgtion. Another AI-ESTATE implementation can then utilize*this information as a complete [package
by trans|ating the data and knowledge from the interchange format to its own internal form. The trgnslation
step is pot a requirement; an AI-ESTATE implementation~may use the interchange format or|its own
internal [form.

Softwarg specifications defined in this standard;provide a consistent means of communicating with
diagnosfic reasoners through a well-defined sef\of services. This supports interoperability of dipgnostic

reasonell with other elements of a test environment with no effect on the other elements of the systefn.

This stahdard also provides an extension mechanism to allow the inclusion of new diagnostic tedhnology
outside the scope of the AI-ESTATE specification.

An ovefview of EXPRESS-%an be found in Annex B. Overviews of the ISO 10303-28:2007' and
ISO 10303-21:1994 exchange-formats can be found in Annex C and Annex D, respectively.

1.1 Scppe

The AIFESTATE standard defines formal spec1ﬁcat10ns for supporting system diagnosis| These

specificattons—support-the-exehange-and-proeessingof-diagnestie-information-and-the-eentrol-efdfagnostic
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 testing and diagnosis. The standard defines
formal information models and software services specific to several different types of diagnostic reasoners.

'Information on references can be found in Clause 2.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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The purpose is to provide semantically sound definitions of diagnostic knowledge and to specify software
exchange and service interfaces that are consistent with the state of the practice in modern test and
diagnostic systems (e.g., the use of eXtensible Markup Language [XML] and web services).

1.3 Co

nventions used in this document

This standard specifies information models, exchange formats, and services using the EXPRESS language
and uses the following conventions in their presentation.

Information models are provided in the form of EXPRESS schemas. Exchange files provide the instances

of those
use the

informa
diagnost

All sped
EXPRE

Each en|
are liste
function
the entif
are desc

This sta
between|
to the if
and Al-]

1.4 IEE

The sc
http://std

bbllUlllab fUl a pcuti\,ulcu diaguuaﬁb lllUdUI. }VTUtU tllat “iufuuuatiuu 1llUdUI” aud “diaéuuaﬁ\
word “model” in subtly different ways. In an attempt to resolve this confusion, in this de
ion models will be referred to as EXPRESS schemas and instances of a schema corrfespon
ic model will be referred to as instances (e.g., Dynamic Context Part 21 instance),

ifications in the EXPRESS and XML languages are given in the Courien New type fi
8BS schemas include comment delimiters “(*” and “*)”.

tity of each EXPRESS schema is presented in a separate subclause{ Within a schema, su|
d in alphabetical order by constants, types, enumerated types,.select types, entities, g
S. The subclause structure begins with the actual EXPRESS, specification; then, each atti
y is described below the attribute definition heading. If afiy)constraints have been specifis
ribed below the formal propositions heading.

ndard uses the vocabulary and definitions of relevant IEEE standards. In the event of]
this standard and a related standard such as IBEE-Std 1636™-2009 [B5],” the standard as i
formation being produced shall take precedence. In the event of any conflict between thd
ESTATE definitions (Clause 3), the models’ lexical definitions shall take precedence

EE download site

hemas and examples, that accompany this standard are available on the Intg
ndards.ieee.org/downloads/1232/1232-2010.

2. Nommative references

The foll|
be unde

bwing neferenced documents are indispensable for the application of this document (i.e., th
stood and used, so each referenced document is cited in text and its relationship to this doc

model”
cument,
ling to a

bnt. The

bclauses
nd then
ibute of
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conflict
t applies
models

rnet at

ey must
hment is
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the referenced document (including any amendments or corrigenda) applies.

ition of

Internet Engineering Task Force (IETF) RFC 2396 (August 1998), Uniform Resource Identifiers (URI):

Generic

Syntax. [cited 2004-03-15].%

% The numbers in brackets correspond to those of the bibliography in Annex A.
* IETF publications are available from the Internet Engineering Task Force, IETF Secretariat, c/o Association Management Solutions,

LLC (AM

S), 48377 Fremont Boulevard, Suite 117, Fremont, CA 94538, USA (http://www.ietf.org).

* This reference can be downloaded at http://www.ietf.org/rfc/rfc2396.txt.
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ISO 10303-11:1994 Industrial Automation Systems and Integration—Product Data Representation and
Exchange—Part 11: The EXPRESS Language Reference Manual.’

ISO 10303-21:1994 Industrial Automation Systems and Integration—Product Data Representation and
Exchange—Part 21: Clear Text Encoding of the Exchange Structure.

ISO 10303-21:1994 Technical Corrigendum 1.

ISO 10303-28:2007 Industrial Automation Systems and Integraion—Product Data Representation and
Exchange—Part 28: XML Representation of EXPRESS Schemas and Data using XML Schemas.

3. DeiJinitions, acronyms, and abbreviations

3.1 Definitions

For the| purposes of this document, the following terms and definitions apply. The IEEE Siandards
Dictiondry: Glossary of Terms & Definitions should be consulted for terms fist- defined in this clause.®

ambigujty group: A set of diagnoses that cannot be distinguished with the given set of test outcomgs.

diagnostic reasoner: A system that uses a knowledge base to.infer conclusions.

considefations to be applied to the localization of faults.in a system. (B) The approach taken to eyaluate a

diagnoIic strategy: (A) An approach taken to combine factors including constraints, goals apd other
system in order to obtain a diagnostic result.

EXPRESS schema: A specification of data: types, structural constraints, and algorithmjc rules
correspqnding to some domain of interest.

eXtensiple Markup Language (XML)-schema: A specification of a type of XML document {ypically
expressgd in terms of constraints ofistiucture and content of documents of that type, above and beyond the
basic syptactical constraints imposed by XML itself.

fault isplation: The process”of reducing the set of diagnoses in ambiguity to a degree sufficient to
undertalfe an appropriate, corrective action.

informgqtion model: A specification of a set of objects in a domain of discourse to enable prefise and
unambiguous communication about that domain. Such a model consists of one or more schemata] each of
which cpmptise objects or entities, relationships between those objects, and constraints on the objfects and
their relatienships-

instance: An occurrence of a realized schema or schema element.

interoperability: The ability of two or more systems or elements to exchange information and to use the
information that has been exchanged.

’ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, 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, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

® The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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knowledge base: A set of data, data semantics and relationships, and functions used by diagnostic

reasoners.

native format: Data that exist in a format either produced or consumed by some non—AI-ESTATE

diagnostic reasoner.

UOS document: A document that conforms to a single governing EXPRESS schema and follows Part 28’s

default mapping from EXPRESS to eXtensible Markup Language (XML).

3.2 Acronyms and abbreviations

AI-ESTATE
BNM
CDF
CEM
DAG
DCM
DIM
DLM
FTM
PDF
SCC20
UoS
UUT
w3C®
XML

Artificial Intelligence Exchange and Service Tie to All Test Environments

Bayesian Network Model
cumulative distrubution function
Common Element Model
directed acyclic graph

Dynamic Context Model
Dmatrix Inference Model
Diagnostic Logic Model

Fault Tree Model

probability distribution function
Standards Coordinating Committee 20
unit of serialization

unit under test

World Wide Web Consortium
eXtensible Markup Language

4. Description of AI-ESTATE

4.1 AIFESTATE architecture

This stapdard provides the following:

— An overview of the AI-ESTATE architecture

— A formaldefinition of diagnostic models for systems under test
— Formal definitions of interchange formats for exchange of diagnostic models

— ,A\formal definition of software services for diagnostic reasoners

AI-ESTATE focuses oI tWo diStIICT aspects ot UIe Stated purpose. 1 1e ISt aspect CONCRITS UIe

need to

exchange data and knowledge between conformant diagnostic reasoners. The approach taken to address this
need is by providing interchangeable files. The second aspect concerns the need for an AI-ESTATE
conformant diagnostic reasoner to interact and interoperate with other elements in a test environment (see

Figure 1).
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Support Management
Application System

Communication
Services

Services

Diagnostic Test
Reasoner Environment

Figure 1—AI-ESTATE architectural concept

are provided by AI-ESTATE conformant systems to the other ‘functional elements

environfnent. Reasoners may include (but are not necessarily limited to) diagnostic syste

sequenc
AI-EST
reasonef
The rea

ers, maintenance data feedback analyzers, intelligent user inferfaces, and intelligent test pi
ATE specifically focuses on diagnostic reasoners. Thus, services may be provided by a di

f a test
s, test
ograms.
pgnostic

to the system support application, an information management system, and the test envijonment.

oner will use services provided by these other systems-as required. Note that services pro

these other systems are not specified by the AI-ESTATE standard.

Data in
diagnost
the use

conform
construd
element
commof
(the phy
such as

erchange formats are specified to provide\a means for exchanging knowledge bases
ic reasoners without the need to apply an éahformation management system. This standard f:
f standard representations of diagnostietdata and knowledge within the context of an AI-H
ant diagnostic reasoner. In specifying’data and knowledge for these domains, a structure |
ted, as shown in Figure 2. At the-top level is the Common Element Model (CEM) that

yided by

between
cilitates
STATE
has been
pecifies

common to the AI-ESTATE.domain of equipment test and diagnosis in its entirety. Examples of

element constructs are Diagnosis (diagnostic conclusions about the system under test), Re
sical entity being repaired), Resource, and Test. These constructs are characterized by 4
tosts and failure rates;\which are also specified in the Common Element Model.

pairltem
ttributes

1 1

| |

! Common i

! Element !

\ Model !
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ynamic ! |
Context H :
Model ' !
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| |

i | Fault Tree Bayesian Diagnostic Dmatrix !
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Figure 2—Hierarchical structure of the AI-ESTATE models
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Below the Common Element Model in Figure 2 is a set of data and knowledge models (i.e., the Bayesian
Network Model [BNM], the Diagnostics Logistic Model [DLM], the Dmatrix Inference Model [DIM], and
the Fault Tree Model [FTM]) that specialize the constructs in the Common Element Model and tailor the
constructs to the application’s particular reasoning requirements. The Common Element Model has been
specified such that other data and knowledge specification formats can also utilize its constructs as base
elements that are tailored to the particular application’s needs. As indicated by the dotted line in Figure 2,
the Dynamic Context Model (DCM) does not specialize but rather interacts with the CEM. The DCM
defines entities that represent the context and history of the reasoning process and defines the interface by
which that information can be exchanged.

The models and services for AI-ESTATE utilize four levels of abstraction related to the definition and use
of information in a diagnostic application. These four levels are described as follows:

a)| A definition is the specification of some entity or concept within the AI-ESTATE\domain. A
definition encapsulates all of the information that constitutes an entity or concept.-For dxample,
AI-ESTATE defines the concept of a “Test” as an entity definition in thefGommon [Element
Model.

b)| An instance is the static realization of an entity or concept definition-\For example, a|specific
test used by a diagnostic application may be created in a diagnostic model and includds values
defining the test (e.g., name, description, and the set of available eutcomes).

¢)| An occurrence is the dynamic realization of an instance dgainst a timeline. The ocfurrence
maintains, within its scope, all of the information necessary to evaluate the instance at the time it
is valid. For example, when a sequence of tests has beemspecified to be performed, it is paid that
the tests in that sequence “occur” in the scope of the.corresponding timeline.

d)| An execution is a historical trace of the information that has been collected by occurrenkces over
a period of time. An execution is recordedwhen the test is actually performed. At that time,
specific information related to the performance and results of the test can be captured.

Within the AI-ESTATE architecture, the information models specified in Clause 6 provide the defihition of
the information. Diagnostic models that conform to the specifications in Clause 6 are the instances|of these
informafion models. The instances of the model entities occurring in the application state flow spegified in
7.1 corrgspond to the occurrence of the entities in a diagnostic process. Finally, the record of the ocfurrence
of these|entities collected from seryices performed in the diagnostic process corresponds to the ekecution
(or exeqution trace) of the session. Fhe structure for exporting this execution trace is defined by the DCM
in Clausg 6.

As illusfrated in Figure 3,(thjs standard also defines the software services to be provided by an AI-§STATE
confornjant diagnostic.reasoner. All of the services are defined relative to the entities and attributgs of the
information modelséahd comprise the diagnostic reasoner interface. As can be seen in Figure 2, ea¢h of the
element$ that interface with the reasoner will provide its own set of services to the other] system
compongnts, buf those service definitions are beyond the scope of this document.

=
&
_ o| Diagnostic
Application «— 3 g
5| Reasoner
Y
o

Figure 3—AI-ESTATE interface layer
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The service definitions encapsulate the reasoner so that the underlying implementation details are hidden
from the diagnostic system clients. Such services encompass an abstraction of that behavior that is common
to all diagnostic reasoners, regardless of implementation details. Therefore, it is the mechanism of
encapsulation that provides for the interchangeability of AI ESTATE conformant diagnostic reasoners

within a

system.

A reasoner implementation shall provide, at the least, a status indicator (see 7.2) as a response to any
service request defined by this specification. The Diagnostic Reasoner shall provide the required services
specified by this standard to a client. The diagnostic reasoner shall only utilize a single model during a

session.

4.2 Binding strategy

The inte
expose

standard
ESTAT

An AI-H
reasonef

nt of the binding strategy is to guide software developers in the creation of a binding/ayer
hn interface that matches the interface of the AI-ESTATE services as they are’/specifie
. The binding layer will thus insulate the application and the diagnostic reasoner from any
E details such as connectivity technology, memory management, etc.

STATE software system will consist of at least two components:«the-application and a di
. The diagnostic reasoner will present an interface conformant to’this standard; the applical

use AI-ESTATE services as needed by calls to this interface.

For eac
written

( AI-ESTATE service, there will be a corresponding function in the binding layer thaf]
n the implementation language. The interfaces provided by the functions shall correspong

to the ipterfaces of the services they implement (or as clesely as possible given the constrain

implemg
layer pr
define b
provide

The apq
translati
publishi
interface

ntation language). All other details shall be hidden from the client. This implies that the
vides data type definitions as specified in this-standard. It is beyond the scope of this stal
ndings for each implementation language;;However, in the interest of interoperability, the
the following guidance for services passing and returning data:

Component implementations-should use messages in their native format.
Object-oriented implemeéntations should use objects.
Procedural implementations should use structures.

Other implemeftations should use XML entities defined by Part 28 schemas.

lication and diagnostic reasoner programs may be written in different languages as lon|
bn is handled-transparently by the two programs (i.e., in the binding layer or lower
hg the interface, it is recommended that documentation of traceability of the element
to the services specified in the standard be provided.

that will
| in this
hon—Al-

pagnostic
ion will

will be
exactly
s of the
binding
hdard to
standard

b as the
. When
5 of the

For exatnl ider the initializeDi icP . ified in EXPRESS:

FUNCTION initializeDiagnosticProcess (
itemID : Identifier,
repairItemName : NameType) : NameType;
END FUNCTION

It has the name initializeDiagnosticProcess, accepts two arguments, one of type Identifier and one of
NameType, and returns a NameType. The declaration of a corresponding binding function written in C
would be:

NameType initializeDiagnosticProcess (Identifier itemID, NameType repairltemName);
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This might exist in a C header file and would provide the client code with an interface corresponding
exactly to that of the EXPRESS form. For example,

NameType initializeDiagnosticProcess (Identifier itemID, NameType repairltemName)

{

NameType name;

name = . . .;

ret

The foll

type
type

For pur
objects.

5. AI-ESTATE usage

5.1 Int

AI-EST
intercha
of diagn
ESTAT

5.1.1 1S

Irn name;

bwing C data types could be defined to correspond to the AI-ESTATE types

lef char* NameType;
lef char* Identifier;

b object-oriented languages such as Java, the interface will/have to be presented as me
[t is suggested that the information model be used to start-building the class hierarchy.

prchange format

ATE models are specified to.facilitate data interchange in the context of test and diagnd
hge format permits exchange of diagnostic models using a neutral format, thus providing pq
ostic knowledge across,applications. The following two interchange formats are specifie

7.
.

[SO 10303-21;1994
[SO 10303=28:2007

0.10303-21 Exchange Format

thods in

sis. The
rtability
| by Al-

AI-ESTATE exchange files that use the ISO 10303-21 format shall adhere to ISO 10303-21:1994
Technical Corrigendum 1 (known as version ‘“2”) and conformance class “1” (known as the internal
mapping). The ISO version of ISO 10303-21:1994 and the conformance class of the exchange file shall be
indicated in the exchange file header using the syntax prescribed by ISO 10303-21:1994.

AI-ESTATE exchange files in the ISO 10303-21 format shall meet the “schema conformance”
requirements specified in ISO 10303-21:1994. Schema conformance shall be with respect to one of the Al-
ESTATE exchange schemas listed in 5.3.2, referred to as the governing schema of the file. In addition, the
data in the exchange file shall adhere to the semantic definitions and requirements specified for the
governing schema in Clause 6.
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Given this exchange format, an AI-ESTATE exchange file shall conform to exactly one AI-ESTATE
schema, the data in the exchange file shall exist in a single DATA section in the file, and the data in the file
shall constitute a “valid population” for the schema. That is, one cannot aggregate data that conforms to
different schemas into a single exchange file, nor can one split exchange data across multiple files.

The header of the exchange file shall also identify the unique object identifier of the governing Al-
ESTATE schema, using the syntax described in ISO 10303-21:1994. Annex E of this standard lists the
globally unique object identifiers assigned to exchange schemas in this version of AI-ESTATE. The object
identifier unambiguously identifies the governing AI-ESTATE schema including its version.

5.1.2 1ISO 10303-28 exchange format

AI-ESTATE exchange files that use the ISO 10303-28 format shall use the version: ISO 10303<28:2007.
This vegsion of ISO 10303-28:2007 provides a great deal of flexibility in how data is mapped’to gxchange
files. Tp preserve harmony with the ISO 10303-21 exchange format, exchange (files” that [use the
ISO 10303-28 format shall adhere to the following constraints:

— AI-ESTATE exchange files in the ISO 10303-28 format shall meet the “iso-10303-28
document” conformance class requirements defined in ISO 10303-28:2007.

— Using the syntax prescribed in ISO 10303-28:2007, the exchange file shall specify exdctly one
AI-ESTATE EXPRESS schema that governs all of the data in the file.

— Using the syntax prescribed in ISO 10303-28:2007%thé exchange file shall indicate [that the
entity of data in the file constitutes a “valid populdtion” for the governing AI-ESTATE [schema.
The file shall not contain data that is not in the population. No subset of the population|shall be
external to the file.

— The exchange file shall contain exactly one “substitute unit of serialization (UOS) elemgnt” that
contains all the data that are being exchanged.

—1 The data in the substitute UOS elément shall adhere to the “default mapping” from EXPRESS to
XML defined in iso-10303-28,

The datp in the ISO 10303-28 formatted exchange file shall be governed by one of the AI-HSTATE
EXPRERS exchange schemastlisted in Clause 6, referred to as the governing schema. In addition, |the data
in the exchange file shall adhere to the semantic definitions and requirements specified for the ggverning
schema |n Clause 6.

AI-ESTATE exchange files in the ISO 10303-28 format shall indicate the target namespace for th¢ data in
the file using the syntax specified in ISO 10303-28:2007. The target namespace shall corresporld to the
governing AI-ESTATE schema. Annex F lists the namespaces assigned to the AI-ESTATE scheras. The
namespge¢ iunambiguously identifies the governing AI-ESTATE schema and version.

In addition to validation with respect to the governing AI-ESTATE EXPRESS schema, ISO 10303-28:2007
requires XML validation with respect to a “derived XML schema,” which is an XML schema that is
derived from the governing EXPRESS schema according to rules specified in ISO 10303-28:2007. Derived
XML schemas for AI-ESTATE are available on the Internet at
http://standards.ieee.org/downloads/1232/1232-2010. Alternatively, users may generate a derived XML
schema using the default mapping rules in ISO 10303-28:2007. The derived XML schemas necessarily
import several XML schemas that are defined within the ISO 10303-28:2007 standard; these are not
available from the IEEE download site.
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5.2 Extensibility

Users of AI-ESTATE may utilize native formats that contain information beyond what is specified by this
standard and may recast their native model formats to standard AI-ESTATE format for purposes of
conformant exchange. Should extensions be exchanged, an EXPRESS schema shall define those
extensions. That schema shall extend an existing AI-ESTATE schema, but shall not redefine concepts that
have been defined in the standard EXPRESS schemas. Extensions to AI-ESTATE model entities and newly

defined

entities will not be recognized as conforming to the standard.

Any application can provide services beyond those defined in this standard and should adhere to the status
codes defined in 7.2. These services will not be recognized as conforming to the standard.

Any imj
and sch
IEEE S

5.3 Conformance

This su
applicat

5.3.1 Djagnostic reasoner application services

Diagnog
also dog

A conformant diagnostic reasoner shall consume(¢onformant exchange model instances of at leas
V[, DIM, DLM, and FTM in addition“to the CEM. A conformant diagnostic reasoner shall also

the BN]
produce

reasonel shall be able to consume all required and optional model elements. The reasoner shall alsq
to consyme extended model instances'that conform to 5.2. The reasoner may ignore any such exter
conformjant exchange model instance-is defined in 5.3.2.

53.2E

A file ghall conforim-ds an exchange model instance for this standard if it satisfies all the fq

conditio

— «The data set encoded in the file conforms as specified in ISO 10303-11:1994 to on|

lemented extensions shall be fully documented to include EXPRESS schemas. All docuni
emas shall be submitted to the recipient of the data and should also be submiitted
[C20 DMC subcommittee.

bclause defines the requirements for conformance with this standard for diagnostic
on services as well as exchange model instances.

tic reasoner applications shall be conformant to all required services in Clause 7. Applicati
ument any deviations from conformance for the(benefit of interoperability.

and consume conformant exchange-model instances of the DCM as specified in Claus

kchange model instances

ns:

entation
to the

recasoner

ns shall
t one of
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sions. A
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for the instance: BNM,DIM, DLM, FTM, or DCM (each of which includes the CEM).

data set will validate against the governing schema).

— Any extensions represented in the file conform to 5.2.

— The data set in the file adheres to the semantic definitions of the governing schema.

schema

The data set in the file consists of a valid instantiation of a single governing schema (i.c., the

The file is encoded in one of the exchange formats specified in 5.1 per the requirements specified Clause 5.
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6. Models

This clause contains the specifications for all of the information models used within an AI-ESTATE
framework. Each of the models is defined using EXPRESS. A brief overview of EXPRESS and EXPRESS-
G can be found in Annex B.

(* EXPRESS Specification starts here. *)
(*

6.1 Al_ESTATE_CEM

The AI{ESTATE Common Element Model information model permits the definition of the fprm and
relationghips of systems under test and tests at their most basic level. The CEM defines-data types and
relationghips that are common to all static reasoner models within AI-ESTATE. The CEMVtself s not an
exchange model schema. Rather, the other static model information models import and)extend the|CEM to
add the fessential logic for generating diagnostic conclusions. The CEM schema is also interfaced|into the
DCM infformation model. See 6.6 for a description how the CEM plays a role in thedDCM.

NOTE—One may think of the CEM as the supertype of the static model information‘models.’

Principal components include system items (which are subtyped as repair items and function items)f actions
(which gre subtyped as tests and repairs), and diagnoses (which.are subtyped as faults and failures). The
common element information model also permits the specificatiof of cost and failure rate informatjon. The
information specified in the common element information model is intended to provide the fundamental
element$ for diagnostics models that are defined as additional information models.

The CEM does not act as an exchange mechanism by itself. However, the data types defined in the CEM
are used by the other EXPRESS schemas withinvthis standard. The data types defined in the (EM are
commoi} to multiple other EXPRESS schemas, thus resulting in their definition here. For exampple, the
CEM d¢fines DiagnosticModel, which is a Supertype to all of the technology-specific diagnostid models
(e.g., faylt tree).

EXPREJS specification:
*)
SCHEMA AT ESTATE CEM;
( *

6.1.1 CONSTANT

EXPREJ}S speeification:

*)
CONSTANT
NoFault : STRING := 'No Fault';
END CONSTANT;

(*

A constant corresponding to a special diagnosis indicating there is no fault. This constant is used with the
associated name attribute of the no-fault diagnosis. With this diagnosis, associated outcomes have different
semantics from those specified with the outcome values themselves. Specifically, GOOD means the

7 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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reasoner has conclusive evidence that there is no fault, BAD means the reasoner has evidence that at least
one fault is present, CANDIDATE means the reasoner has evidence that no fault is present but the evidence
is not conclusive, NOTKNOWN means the reasoner has negligble evidence or conflicting evidence about
whether or not any fault is present, and USERDEFINED is unspecified for this diagnosis.

6.1.2 ConfidenceValue

Type ConfidenceValue defines a type for specifying a numeric representation for the degree of certainty in
the validity of some value or relation between 0 and 1, where 0 is absolute uncertainty and 1 is absolute
certainty. The actual application of confidence values is implementation specific.

EXPREJS specification:

*)
TYPE ConfidenceValue = REAL;
WHERE
yange : (0.0 <= SELF) AND (SELF <= 1.0);
END| TYPE;

Formal propositions:

rangg Proposition range ensures the range of legal valpes for confidence is restricted,{and the
actual value is restricted to lie within this legal range.
6.1.3 CpstValue

Type CqstValue defines a type for representing a.aumerical expense or penalty.

EXPREJS specification:

*)
TYPE CostValue = REAL;
END| TYPE;

( *
6.1.4 DpscriptionType
Type DgscriptionType defines a type used to provide descriptive text for an entity within the model

EXPRE}YSSpecification:

*)
TYPE DescriptionType = STRING;
END TYPE;

( *
6.1.5 DistributionPoint

Type DistributionPoint defines a real-valued data type for representing a specific value at a specific point in
time in a probability distribution.
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EXPRESS specification:

*)
TYPE DistributionPoint = REAL;
WHERE
nonNegative : (SELF >= 0.0);

END TYPE;
(*

Formal propositions:

nonNegative Proposition nonNegative ensures that the distribution point is greater than or equal to
0.

6.1.6 FailureRate

Type FdilureRate defines a single values corresponding to the static failure rate associated with a particular
fault or failure. The failure rate shall be specified “per million hours.”

EXPREJS specification:

*)
TYPE FailureRate = DistributionPoint;

END| TYPE;
(*

6.1.7 NameType

Type NameType defines a type used to provide @n identifying name for an entity within the moflel. The
name is jan identifier that is also human readable:

EXPREJS specification:

*)
TYPE NameType = STRING;

END| TYPE;
x|

6.1.8 ProbabilityValue

Type PfobabiltyValue defines a real-value constrained to be in the range O ... 1 that represents the
probabi1ity of'occurrence of some event.

EXPRESS specification:

*)
TYPE ProbabilityValue = REAL;
WHERE
validRange : ((0.0 <= SELF) AND (SELF <= 1.0));

END TYPE;
(*
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Formal propositions:
validRange Proposition validRange ensures the value is restricted to be in the range O ... 1.

6.1.9 QualifierType

Type QualifierType defines a string qualifier for providing a finer grained specification of test outcomes.
As a string, it permits application-specific labels to be used.

EXPRESS specification.
*)

TYPE QualifierType = STRING;

END| TYPE;
x|
6.1.10 TimeValue
Type TimeValue defines a real-valued data type for indicating the time at which some event occurd relative
to some|initial or prior time.
EXPREJS specification:
*)

TYPE TimeValue = REAL;

WHERE

rlonNegative : (SELF >= 0%90);

END| TYPE;
x|
Formal propositions:

nonlYegative Proposition nonNegative ensures that the time value is not less than zerp.
6.1.11 ActionCostType
Enumerigted type ActionCostType defines a type for categorizing the expense or penalty associated [with the
cost of gn action‘in-the diagnostic process. Current enumerated values include the following:
USER_DEFINED COST : an unspecified application-specific cost
PERFORMANCE : the expense to execute the action
SETUP the expense to prepare for the action
ACCESS the expense associated with entry to the location where the action is to

be performed

REENTRY the expense to access a location where the action is to be performed

given the same action was previously performed within the current

session
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CONSUMABLE . the expense associated with replenishable material
ROTABLE the expense associated with in-place repairs to equipment
REPAIRABLE the expense associated with items that are repaired and returned to
inventory
EXPRESS specification:

*)

TYPE ActionCostType = ENUMERATION OF
(USER _DEFINED COST,

Low i~ 0s)

END| TYPE

(*

6.1.12 NonTimeUnit

ERFORMANCE,
ETUP,
CCESS,
EENTRY) ;

r

Enumerijted type NonTimeUnit defines legal units for costs other thanime. Non-time costs are fypically
incurred in terms of monetary amounts, skill level, training, or coufits of some expendable; how¢ver, the

user-defined value allows for other types of non-time costs to be iticluded.

EXPREJS specification:

*)

TYPE NonTimeUnit = ENUMERATION OF
USER_DEFINED NON TIME,

OUNT,

URRENCY,

KILL,

RAINING) ;

END| TYPE;

H n O O

(*

6.1.13 QutcomeValues

Enumergted type OutcomeValues provides a list of legal outcomes for actions, tests, and diagnoses.

Aborted|

Serves as a constant for action outcomes indicating an action was attempted| but not
completed.

Bad

Candidate

Serves as a constant for outcomes indicating a bad or negative state. Specifically, the
reasoner has test evidence indicating the associated diagnosis is present.

Serves as a constant for outcomes indicating a candidate state. Specifically, there is no
test evidence indicating the associated diagnosis is not present, and there is test
evidence to suspect the associated diagonsis might be present. As a member of a set of
candidate diagnosis, the set should be interpreted as a disjoint group where any one or
more of the candidates is present. The distinction between Candidate and Bad is that
Candidate diagnoses form a disjoint set, where any one diagnosis being present would
explain the test results. Bad diagnoses do not form a disjoint set. Each Bad diagnosis is
believed to be present.
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Completed Serves as a constant for action outcomes indicating the action completed without error.
Fail Serves as a constant for outcomes indicating a failed result.
Good Serves as a constant for outcomes indicating a good or positive state. Specifically, the
reasoner has test evidence indicating the associated diagnosis is not present.
NotAvailable Serves as a constant for outcomes indicating the associated outcome is not available.
NotKnown :  Serves as a constant for outcomes indicating the associated outcome is not known.
Specifically, this corresponds to the situation where the reasoner has negligible or
conflicting evidence related to this diagnosis.
NotStarfed :  Serves as a constant for action states (i.e., outcomes) indicating the assogiatgd action
has not been initiated.
Pass Serves as a constant for outcomes indicating a passed result.
UserDefined :  Serves as a constant for outcomes indicating a user-defined\fesult. The semaptics for
this constant are application/model-specific.
EXPREYS specification:
*)
TYPE OutcomeValues = ENUMERATION OF
ABORTED,
HaD,
JANDIDATE,
JqOMPLETED,
HAIL,
FooD,
NOTAVAILABLE,
NOTKNOWN,
NOTSTARTED,
HaSS,
UJSERDEFINED) ;
END| TYPE;
[
6.1.14 ResourceCostType
Enumerijited type-ResourceCostType defines a type for categorizing the expense or penalty associated with
the cost jof annaction in the diagnostic process. Current enumerated values include the following:
USER _DEFINED COST : anunspecified application-specific cost
PERFORMANCE . the expense to execute the action
SETUP the expense to prepare for the action
ACCESS the expense associated with entry to the location where the action is to be
performed
REENTRY :  the expense to access a location a location where the action is to be

performed given the same action was previously performed within the

current session
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CONSUMABL . the expense associated with replenishable material
ROTABLE . the expense associated with in-place repairs to equipment
REPAIRABLE the expense associated with items that are repaired and returned to
inventory
EXPRESS specification:

*)

TYPE ResourceCostType = ENUMERATION OF

d
H
H
END
(*
6.1.15

Enumer

EXPRE

*)

TYP

[l s Bicdil 6o -

END

(*

6.1.16 ¢

Enumer
Values 4
of sever
failure 1|

EXPRE]

Uth_L)bh lNhL)_(,Ub'l' ,
ONSUMABLE,

OTABLE,
EPAIRABLE) ;

| TYPE;

Role
hted type Role defines the objective of an operation, mission, or t€st scenario.

bS specification:

E Role = ENUMERATION OF
TRAINING,

ERIFICATION,

CHEDULED MAINTENANCE,
AINTENANCE ACTION,

EADY FOR_ISSUE,
SER_DEFINED ROLE) ;

| TYPE;

BeverityCategory.

hted type SeverityCategory is used to assign one of four standard values to the severity 4
ssigned are’one of CATASTROPHIC, CRITICAL, MARGINAL, or MINOR (in decreasi
ity). Noté that this can be used in conjunction with failure probability information (deriv
hte) to.determine the criticality of a diagnosis.

ttribute.
hg order
ed from

bS\specification:

*)

TYPE SeverityCategory = ENUMERATION OF
(CATASTROPHIC,
CRITICAL,
MARGINAL,
MINOCR) ;
END TYPE;

(*
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6.1.17 TimeBaseline

Enumerated type TimeBaseline identifies the reference point for determining usage time. Valid values
include the following:

INITIAL OPERATION

PRIOR_INSPECTION

PRIOR IMAINTENANCE :  indicates the time is determined relative to when the/sysf
last underwent either scheduled or unscheduled maintenance
PRIOR |REVISION :  indicates the time is determined relative to when the syst

UNSPE(CIFIED . indicates the time basis is not known

EXPREYS specification:

*)

(*

6.1.18 TimeUnit

Enumergted type TimeUnits speeifies units of time. The user-defined value allows for other types
costs to pe included.

EXPREJS specification.

*)

(*

TYPE TimeBaseline = ENUMERATION OF

END| TYPE;

TYPE TimeUnit = ENUMERATION OF

was first placed into service

last underwent an inspection or operational evaluation

indicates the time is determined relative to when the system item

indicates the time is determined relative to when the system item

last underwent a significant engineering modification

INITIAL OPERATION,
RIOR INSPECTION,
RIOR MAINTENANCE,
RIOR_REVISION,
NSPECIFIED) ;

oo

USER"DEFINED TIME,

Em item

em item

of time

HOURS

MINUTES,
SECONDS,
MSEC,
USEC,
NSEC,
PSEC) ;

END TYPE;
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Select Type FailureDistribution enables selection between a simple failure rate designation and a full
probability distribution for determining probability of failure.

EXPRESS specification:

*)

TYPE FailureDistribution = SELECT

(FailureRate,
ProbabilityDistribution) ;
END TYPE;
( *
6.1.20 Action
Entity Action represents a specific action taken in support of either testing or repairing \an item. Acfions are
the primary entities to which costs are assigned. Ultimately, the diagnosis afd 'repair procepses are
concerngd with optimizing the sequence of actions required to return a unit to_setvice. Test and r¢pair are
both prdcesses that are hierarchical in nature and composed of atomic actiens./This relationship provides
the orgahizing structure for this assertion.
EXPREJS specification:
*)
ENTETY Action
JUPERTYPE OF (ONEOF (Repair, Test))s
name : NameType;
description DescriptienType;
subAction OPTIONAL; SET [1:?] OF Action;
allowedStatus OPTIONAL LIST [2:?] OF UNIQUE ActionOutcpme;
hasCost OPTBIONAL SET [1:?] OF Cost;
category OPTIONAL ActionCostType;
requiredResource QPTIONAL SET [1:?] OF Resource;
mustOccurln SET OF ContextState;
INVERSE
partOfModel DiagnosticModel FOR modelAction;
partOf SET OF Action FOR subAction;
UNIQUE
oneName name;
WHERE
graphisAcyclic NOT (EXISTS (SELF.subAction)) OR
actionDag (SELF, subAction) ;
dniqueCostLabels NOT (EXISTS (hasCost)) OR
costLabelUnique (hasCost) ;
END ENTITY;
( *
Attribute definitions:
name :  Attribute name provides a means for identifying the action.
description . Attribute description is used to provide an elaborated description of the action.
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subAction Attribute subAction identifies the set of constituent actions of which this
Action is composed.

allowedStatus Attribute allowedStatus identifies the list of possible states of the action.

hasCost Attribute hasCost identifies a set of cost entities that represents the expenses
assumed to be incurred if the action is performed. This attribute is optional with
a minimum cardinality of one, should it exist.

category :  Attribute category specifies what type of action this is to determine the

associated cost.

requjredResource Attribute requiredResource identifies the resources required to perforn a given

action. This attribute is optional with a minimum cardinality of.one, ghould it

exist.

mus{Occurln Attribute mustOccurln identifies a disjoint set of ContextState items, where any
one of them must be fulfilled for an Action to be considered. This atffibute is
defined to be a set. If the set is empty, then the corresponding Action is
available in all ContextStates.

partQfModel Attribute partOfModel identifies the DiaghosticModel to which thd Action
belongs.

partQf : Attribute partOf identifies the set of actions that have the current action as a
subAction.

Formal propositions:

graphlsAcyclic Proposition graphlsAcyclic ensures that the structure of Action corresponds to
a directed agyclic graph. In other words, traversing the member relationships
from an-Aetion should not result in returning to the same Actign. This
constraint)is verified by using the function actionDag, which travqrses the
Action structure.

uniqpeCostLabels Proposition uniqueCostLabels requires that the cost categories be uniqy

o

6.1.21 ActionOutcome

Entity Action@utcome defines an outcome to be associated with some action in the model| Action
outcomgs asseciate Boolean values to action states and form the basis for ordering actions in the dipgnostic
process.

EXPRESS specification:

*)
ENTITY ActionOutcome
SUBTYPE OF (Outcome) ;

INVERSE

forAction Action FOR allowedStatus;
UNIQUE

outcomeKey allowedValue,

forAction;
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[NotStarted, Completed, Aborted, NotKnown,

NotAvailable, UserDefined];

forAction Attribute forAction links the outcome to the specific action with that outcome.
Formal propositions:
legalValues Proposal legalValues specifies that an outcome can only have ong)0f‘the agsociated
values.
6.1.22 ContextState
Entity (ontextState is a container for other user-defined conditions of a.diagnostic problem, ipcluding
system §tate, operational state, and the particular reason for performing-diagnosis. Only one ConfextState
can be gctive at a given time during a diagnostic session. This infldences how context is modelirjg in the
static mgdel.
EXPREJS specification:
*)
ENTETY ContextState;
name NameType;
description : DescriptienType;
occursIn SET OE~ModeOfOperation;
hasPurpose : Purpose;
UNIQUE
oneName namey;
END] ENTITY;
( *
Attribut¢ definitions:
nam¢ Attribute name provides a unique identifier for a particular ContextState wjthin the
model.
description Attribute description provides a means of associating descriptive text with the
ContextState.
occursln Attribute occursln identifies the relevant operational mode within which the
particular maintenance actions are being performed.
hasPurpose Attribute hasPurpose identifies the purpose of actions performed in the given

ContextState.
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6.1.23 Cost
Entity Cost specifies the expense or penalty that is expected to be incurred relative to the performance of

some ac

tion. It is typically used as a metric for optimization via some objective function. Costs are

categorized by the type of cost to which they relate. One dimension of Cost identifies whether the cost is a

measure
pertains:

of time or some other unit. The second dimension to Cost is based on the task to which the cost
for time costs, performance, setup, access, reentry, and for non-time costs, consumable, rotable,

and repairable. Each cost has an associated unit to enable consistent processing of included values.

EXPRESS specification:

*)

ENTETY Cost

ABSTRACT SUPERTYPE OF (ONEOF (TimeCost, NonTimeCost));
upperBound : OPTIONAL CostValue;
lowerBound : OPTIONAL CostValue;
predictedvalue : OPTIONAL CostValue;
costLabel : CostCategory;

WHERE
validBound : NOT (EXISTS (upperBound) ) \OR

NOT (EXISTS (lowerBound)<\ OR
(lowerBound <= uppeg¢gBound) ;
validUpperBound : NOT (EXISTS (predictedValue)) OR
NOT (EXISTS (upperBound)) OR
(predictedvValuen<= upperBound) ;
validLowerBound : NOT (EXISTS (predictedvalue)) OR
NOT (EXISTS{lowerBound)) OR
(lowerBound <= predictedValue);
boundOrValue : (EXISTS)predictedValue)) OR
(EXISTS (upperBound) AND EXISTS (lowerBounpd)) ;

END| ENTITY;
x|
Attribut¢ definitions.
uppdrBound . Attribute upperBound provides the nominal upper limit for the value of|the cost
entity.
lowgrBound . Attribute lowerBound provides the nominal lower limit for the value of|the cost
entity.
predjctcdValue : Attribute predictedValue provides the nominal, expected, or some other gredicted
value tfor the cost entity.
costLabel : Attribute costLabel provides a name and description for an implementation to
label like costs to be used for optimizing the test or repair process (e.g., all of the
costs associated with the skill level required to perform a test).
Formal propositions:
validBound When they exist, proposition validBound ensures the lowerBound and

upperBound attributes are constrained to values such that the value of the
lowerBound attribute is less than or equal to the upperBound attribute.
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validUpperBound When they exist, proposition validUpperBound ensures the predictedValue and
upperBound attributes are constrained to values such that the value of the
predictedValue attribute is less than or equal to the upperBound attribute.
validLowerBound When they exist, proposition validLowerBound ensures the predictedValue and
lowerBound attributes are constrained to values such that the value of the
lowerBound attribute is less than or equal to the predictedValue attribute.
boundOrValue Proposition boundOrValue requires that either a predictedValue be provided or
both upper and lower bounds be provided. Because the constraint uses an
inclusive-OR, all three may be provided.
6.1.24 CosiCategory
Entity (JostCategory defines the type or category of cost element being defined for the medel. This entity
provided identifying information (name and description) for the cost metric. Thi$ ‘€ntity | permits
identifigation of a class of cost metrics to be used when determining optimization criteria: for the regsoner to
follow. This is used with an entity in the DCM to select the cost-based optimization eriteria.
EXPREJS specification:
*)
ENTETY CostCategory;
name : NameType;
description : DescriptionType;
INVERSE
specifiedCost : SET [l:?] OF SOst FOR costLabel;
UNIQUE
oneName : name;
END| ENTITY;
x|
Attribut¢ definitions:
nam¢ Attribute name provides a means for identifying the cost category.
desctiption : Attribute description is used to provide an elaborated description of fhe cost
category.
speclfiedCost™ : Attribute specifiedCost identifies the set of costs defined within a diagnostic model
belonging to the give category (e.g., all of the skill-level costs).

6.1.25 Diagnosis

Entity Diagnosis corresponds to a conclusion or group of conclusions to be drawn about a system or unit
under test. Diagnosis is a directed acyclic graph (not just a tree); therefore, any particular diagnosis can
belong to one or more higher level groups of diagnoses (e.g., belonging to one or more higher order
functions) and contain one or more lower level diagnoses (e.g., containing multiple subfunctions). At run
time, the outcome of a particular diagnosis is logically consistent as a roll up of the outcomes of its child
diagnoses such that if the parent diagnosis is good, then all child diagnoses must also be good. Similarly, if
any child diagnosis is a candidate, then so is the parent diagnosis. Interoperability is not assured in the
presence of user-defined outcomes without prior agreement on the associated inference rules.
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A Diagnosis that is neither a Fault nor a Failure and has no children indicates that the Diagnosis has not
been modeled to the level of detail of a Fault or Failure. It simple represents a conclusion that can be
drawn.

Some forms of diagnostic reasoning require the specification of an explicit NoFault diagnosis entity;
however, others would not work properly if such an entity were included. If the model includes a diagnosis
for NoFault, then that model shall use the “NoFault” constant in the name of that entity.

EXPRESS specification:
*)
ENTETY Diagnosis
JUPERTYPE OF (ONEOF (Failure, Fault));
name : NameType;
description : DescriptionType;
subGroup : OPTIONAL SET [1:?] OF Diagnosissy
allowedOutcomes : OPTIONAL LIST [2:?] OF UNIQUE
DiagnosisOutcome;
hasDistribution : OPTIONAL FailureDistributién;
severity : OPTIONAL SeverityCategoXy’;
atIndenturelevel : OPTIONAL Level;
mustOccurln : SET OF ContextStateé;
INVERSE
partOfModel : DiagnosticModel ¥'OR modelDiagnosis;
memberOf : SET OF Diagnosis FOR subGroup;
UNIQUE
oneName : name;
WHERE
outcomesRequiredForAtomicDigagnosis : (EXISTS(SELF.subGroup)) OR
EXISTS (allowedOutcomes) ;
minimalOutcomes : (NOT (EXISTS (allowedOutcomes))) OR
((SIZEOF (QUERY (tmp <* allowedOutcomes |
tmp.allowedValue = Good)) = 1) AN[
(SIZEOF (QUERY (tmp <* allowedOutcomes |
tmp.allowedValue = Candidate)) = 1));
allOrNone : NOT (EXISTS (SELF.subGroup)) OR
( (SIZEOF (QUERY (tmp <* subGroup |
EXISTS (hasDistribution))) =
SIZEOF (subGroup)) XOR
(SIZEOF (QUERY (tmp <* subGroup |
EXISTS (hasDistribution))) = 0));
graphIsAcyclic : NOT (EXISTS (SELF.subGroup)) OR
diagnosisDag (SELF, subGroup) ;
parcrcoe THCOTS TS TETE T (NOT (& LDLD\bubULUup[} OR
(SIZEOF (subGroup) = 0)) OR

(NOT (EXISTS (atIndenturelLevel)) AND

(SIZEOF (QUERY (tmp <* subGroup |
EXISTS (tmp.atIndenturelevel))) = 0))
OR

(EXISTS (atIndentureLevel) AND

(SIZEOF (QUERY (tmp <* subGroup |
NOT (EXISTS (tmp.atIndenturelevel)))) =
0) AND

(SIZEOF (QUERY (tmp <* subGroup |
(SELF.atIndenturelevel =
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tmp.atIndenturelevel) OR

(EXISTS (SELF.atIndenturelevel.successo

r) AND
(SELF.atIndenturelevel.successor
tmp.atIndenturelevel)))) =
SIZEOF (SELF.subGroup))))
NOT (SELF.name = NoFault) OR
((SIZEOF (SELF.subGroup) = 0) AND
(SIZEOF (SELF .memberOf) = 0) AND
(NOT ( 'AI_ESTATE_CEM. FAULT' IN
typeof (SELF))) AND
(NOT ( 'AI_ESTATE_CEM. FAILURE' IN

END

(*

Attribut

name

desc

sub(

alloy

hasT

SEve

| ENTITY;

b definitions:

Fiption

roup

yedOutcomes

istribution

ity

atIng

enturel evel

typeottSEEF

Attribute name is used to identify the particular Diagnosis uniquely.

Attribute description is used to provide an ‘elaborated explanation
Diagnosis.

Attribute subGroup identifies the setyof constituent diagnoses of wH
Diagnosis is a logically consistent roll up.

Attribute allowedOutcomes proyides a list of two or more allowable o
of the diagnosis. It is a listdbecause some specific diagnostic models re
order to be imposed on the available outcomes. This attribute is shoy
optional; however, it is\Constrained such that it is required if the diagnos
member diagnoses.

Attribute hasDistribution provides the failure distribution associated
given diagnesis. Failure distributions at any hierarchical level above thg
if they. eXist, represent user-implemented aggregates of subGroup
distributions.

Attribute severity associates a level of severity for the given diagno
attribute is optional because not all models need to use this info
Criticality can be derived by selecting all of the diagnoses at a particular
level and then ranking them by their failure probabilities, which are
from the failure rates.

of the

ich this

utcomes
quire an
n to be
s has no

vith the
lowest,
failure

is. This
Fmation.
severity
derived

Attribute atIndenturel.evel identifies the specific level of indentun

e for a

mustOccurln

partOfModel

memberOf

particular Diagnosis.

Attribute mustOccurln provides a disjoint set of ContextState items, where any
one of them must be fulfilled for an Diagnosis to be considered. This attribute is
defined to be a set. If the set is empty, then the corresponding Diagnosis is

available in all ContextStates.

Attribute partOfModel identifies the DiagnosticModel to which the Diagnosis

belongs.

Attribute memberOf identifies the set of diagnoses that have the
Diagnosis as a parent group.
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Formal propositions:
outcomesRequiredForAtomicDiagnosis Proposition outcomesRequiredForAtomicDiagnosis

determines whether or not outcomes are associated with a
diagnosis and requires that an atomic diagnosis (i.e., a
diagnosis for which there are no subdiagnoses) have
outcomes. The cardinality on the DiagnosisOutcome set
ensures that, should outcomes exist, there are at least two
of them. Note that nonatomic diagnoses are permitted, but
not required, to have diagnostic outcomes.

minimalOutcomes Proposition minimalOutcomes requires that cithet the set
of outcomes not be defined, or that the set jof loutcomes
include, at a minimum, exactly one outcome ¢f value
GOOD and exactly one outcome of valuey CANDIDATE.

allOfNone Proposition allOrNone ensures that” either all| of the
children have a failure distribution”associated or |none of
the children have a failure distribution associated.

graphlsAcyclic Proposition graphlsAcyolic ensures the strugture of
Diagnosis corresponds to a directed acyclic graph.|In other
words, traversing the member relationships [from a
Diagnosis should not result in returning to thje same
Diagnosis. This*constraint is verified by using the [function
diagnosisDag, which traverses the Diagnosis structfire.

pareptLevelConsistent Proposition parentLevelConsistent ensures that orfe of the
following shall be true: 1) there are no child Dipgnoses,
2) no indenture levels exist for this Diagnosis|and its
children, or 3) the indenture levels are consistent| for this
Diagnosis and its children. Specifically, the condtraint is
imposed that the level of the child Diagnosis shall be the
same as the current Diagnosis or shall be successoys to the
current level.

forNpFault Proposition forNoFault requires that if a NoFault diagnosis
is present, then that diagnosis has no parents, no ¢hildren,

is not a fault, and is not a failure.

6.1.26 DiagnoesisOutcome

Entity D}iagnosisOutcome defines one possible discrete outcome associated with a diagnosis entify in the
model. For each diagnosis, a set of three outcomes are defined for use by the diagnostic reasoner. More
diagnosisOutcomes can be associated with a diagnosis if user-defined extensions are required (e.g., adding
suspect or bad).

EXPRESS specification:

*)
ENTITY DiagnosisOutcome
SUBTYPE OF (Outcome) ;
INVERSE
forDiagnosis : Diagnosis FOR allowedOutcomes;
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UNIQUE
outcomeKey : allowedValue,
forDiagnosis;
WHERE
legalVvalues : SELF\Outcome.allowedValue IN

[Good, Candidate, Bad, NotKnown, UserDefined

END ENTITY;

(*

Attribute definitions:

IEEE Std 1232-2010

17

forDjiagnosis T Atribute forDiagnosis 1inks the outcome to the specitic diagnosis with that
outcome.
Formal propositions:
legalValues Proposition legalValues specifies that an outcome can©nly have one of|the
associated values, where the semantics for the values are defined as follows:

GOOD : The reasoner has test\evidence (i.e., at least jone test
outcome supporting” the diagnosis) indicating the
associated diagnosis is not present.

BAD : The reasoner has test evidence indicating the agsociated
diagnosis-is present.

CANDIDATE : The“reasoner has test evidence indicating the diagnosis
may be present, although the test evidence|is also
consistent with either some other diagnosis being
present instead of this one or a conjoint set of multiple
diagnoses being present that does not include this one.

NOT_KNOWN : The reasoner has negligible test evidence related to this
diagnosis.

USER _DEFINED : Unspecified.

6.1.27 DiagnosticModel

Entity [

iagrosticModel provides a container of the elements that provide information for diagposing a

system under test. Diagnostic reasoning involves drawing conclusions from test outcomes. The
relationships between test outcomes and diagnoses are defined as subtypes of this entity in related schemas
within this standard.

EXPRESS specification:
*)
ENTITY DiagnosticModel;
name NameType;
description
modelItem : SET [1:?]

DescriptionType;

OF SystemItem;
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modelAction SET [1:?] OF Action;
modelDiagnosis SET [2:?] OF Diagnosis;
systemUnderTest SystemItem;
UNIQUE
oneName name;
WHERE
elementIsRollup itemRollup (SELF, SELF.modelItem) AND
actionRollup (SELF, SELF.modelAction) AND
diagnosisRollup (SELF, SELF.modelDiagnosis) ;
atLeastOneTest (SIZEOF (QUERY (tmp <* modelAction |
'AI_ESTATE_CEM.TEST' in TYPEOF (tmp))) >= 1);
systemInModel (systemUnderTest IN modellItem);

P .
ITOrTarcIrc

END| ENTITY;
(*

Attribut¢ definitions:

name

desctiption

modg¢lltem

modglAction

modglDiagnosis

systgmUnderTest

Formal propositions:

IS E =P — T -k ] . T 1 == . . F=X\
O L OLUD ToL LD . Y LCIUVITUT L ITOoL .. PAdL LULY) = Uy

Attribute name provides a means for identifying(the DiagnosticModel].

Attribute description is used to providean elaborated descriptiop of the
DiagnosticModel.

Attribute modelltem identifies the' various Systemltems in the dipgnostic
model.

Attribute modelAction idertifies the various actions in a diagnosti¢ model.
At least one action must exist corresponding to at least one Test.

Attribute modelDiagnosis identifies the various diagnoses in a diagnostic
model. At leasttwo diagnoses must exist; otherwise, diagnosis is trivjal.

Attribute (systemUnderTest identifies the top-level Systemltem thgt is the
object of 'diagnosis for the DiagnosticModel.

elementIsRollup Proposition elementIsRollup verifies that all of the Systemltem, Actjon, and
Diagnosis entities referenced at this level are defined as being parf of this
model.

atLepst@neTest Proposition atLeastOneTest ensures that a diagnostic model has at Ipast one
Test entity.

systemInModel Proposition systemInModel ensures that the systemUnderTest is listed as a
Systemltem that is “partOf” the model.

noParent Proposition noParent ensures that the systemUnderTest for the

DiagnosticModel has no parent SystemlItems.
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6.1.28 Failure

Entity Failure is a subtype of Diagnosis tied to a Functionltem and corresponds to a manifestation of a fault
within a system. When considering a functional model, it is the failure of the system under test to perform
some intended function.

EXPRESS specification:

*)
ENTITY Failure
SUBTYPE OF (Diagnosis) ;

failledItem :  OPTIONAL FunctionItem;
INVERSE
physicalCause : SET OF Fault FOR causedFailure;

END] ENTITY;
(*

Attribut¢ definitions:

faileflltem . Attribute failedItem identifies the specific Funetionltem that has failed.
physficalCause . Inverse attribute physicalCause identifies the physical fault leading to the given
failure. The minimum cardinality ‘6f zero indicates that the caude—effect
relationship between fault and failure ' may not be known.
6.1.29 FailureMechanism

Entity FailureMechanism is used to describe the inderlying first principle cause for a fault or failpre. It is

associated first with the diagnosis then (by way-of the appropriate diagnosis subtype) to the Repairltem or
Functiopltem that has failed.

EXPREJS specification:

ENT[ITY FailureMechanism;

rjame : NameType;

descriptign’ : DescriptionType;
UNIPUE

dneName : name;

END| ENTFTY;

Attribute definitions:

name . Attribute name is used to identify uniquely the FailureMechanism.
description . Attribute description is used to provide an elaborated explanation of the
FailureMechanism.
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Entity Fault is a subtype of Diagnosis associated with a Repairltem and corresponds to a physical cause of
anomalous behavior within a system.

EXPRESS specification:

*)

ENTITY Fault
SUBTYPE OF (Diagnosis);

causedFailure : OPTIONAL SET OF Failure;
ailedItem OPTIONAL RepairlItem;
rHootCause OPTIONAL SET [1:?] OF FailureMechanism;
WHERE
flaultsAtRepairItemLeaf : NOT (EXISTS (failedItem)) OR
NOT (EXISTS (failedItem.subassembly))
flaultAtFailureleaf : NOT (EXISTS (causedFailurey) VOR
(SIZEOF (causedFailure) ¥)0) OR
(SIZEOF (QUERY (tmp <*, (causedFailure
EXISTS (tmp.subGroup)))=0);
flaultAtLeaf NOT (EXISTS (subGrodp) ) ;
END| ENTITY;
(*
Attribut¢ definitions:

caus

faile

root!

Formal

edFailure

Hltem

Cause

Dropositions’.

. Attribute causedFailure identifies zero or more associated functional

. Attribute failedltem identifies the specific Repairltem that contains the as

. Attribnte rootCause identifies the first principle failure mechanisms as

~e

failures

caused by the presence of;the given physical fault. The minimum cardipality of

zero indicates that the\failure may not be observable or that the caus
relationship may nef.be known.

Fault.

with-this diagnosis.

e—effect

sociated

sociated

fault AtRepairltemLeaf Proposition faultsAtRepairltemLeaf requires that faults occur onlly at the
bottom of the repair item hierarchy.

faultAtFailureLeaf Proposition faultAtFailureLeaf ensures that the caused failure is at the
bottom of the failure hierarchy.

faultAtLeaf Proposition faultAtLeaf ensures that faults only occur at the leaves of the

6.1.31 Functionltem

diagnosis directed acyclic graph.

Entity Functionltem represents a node in a functional/behavioral decomposition of a system. The
parent/child relationships of Functionltem should represent the decomposition hierarchy.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012

-32- IEEE Std 1232-2010
EXPRESS specification:
*)
ENTITY FunctionItem
SUBTYPE OF (SystemItem) ;
SELF\SystemItem.subAssembly : OPTIONAL SET [1:?] OF
FunctionItem;
INVERSE
implementedBy SET OF RepairItem FOR includesFunction;
failsAs SET [1:?] OF Failure FOR failedItem;

END ENTITY;

(*

Attribut¢ definitions:

subAssembly

implpmentedBy

fails

6.1.32

Entity [

slice of

related ]

EXPREJS specification:

*)

ENT

As

Level

[TY Level;

rjame

description

quCcCesSsok

Attribute subAssembly redeclares the inherited SELF\Systemltem.subAfssembly

attribute to ensure that children are of the same type~(ile., children
Failureltems).

Inverse attribute implementedBy identifies the tepair item or items
implement a particular function within a system.

Inverse attribute failsAs identifies the) specific set of Diagnoses
Systemltem.

evel provides a mechanism for grouping Actions, Diagnoses, and Systemltems at some
the hierarchy.The specification of levels ds, model-specific except that a level is constraingd to be
p at most one predecessor level and at most one successor level in a total order.

NameType;
DescriptionType;
OPTIONAL Level;

are also

used to

for the

ommon

INVERSE

gredetessor SET [0:1] OF Level FOR successor;
UNIPUE

dqneName name;
WHERE

noRepeats : levelsAcyclic (SELF) ;

END ENTITY;

(*

Attribute definitions:

name

Attribute name specifies a unique name for the Level of the Systemltem and

Diagnosis entities. This attribute is intended to provide a means of identifying Levels
for purposes of determining applicability of tests, diagnoses, etc. within the model.
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optional in that the final Level will not have a successor.

when the previous Level exists.

Formal propositions:

noRepeats

Attribute description is used to provide an elaborated explanation of the Level.

Attribute successor identifies the next Level in the total order of Levels. This is

Inverse attribute predecessor identifies the previous Level in the total order of Levels

Proposition noRepeats tests to see whether the current entity has the same Level

6.1.33 ModeOfOperation

Entity M
some C

EXPRE

Attribut

namu

lodeOfOperation is a named representation of system state or operational state<that contr
ntextState that is relevant to the diagnostic process.

8BS specification:

TTY ModeOfOperation;

ame : NameType;
escription : DescriptionType;
DUE

neMode : name;

| ENTITY;

definitions:

p :  Attribute name.jsa unique attribute used to identify the mode of operation.

appearing 1n the successor chain. IT so, 1t creates a cycle in the Levels, which 1p illegal.

butes to

desctiption : Attributé\ description provides a textual description of the specific thode of

operation within which the system is being diagnosed.

6.1.34 NonTimeCost

Entity N
SUpports

onTimeCost is an expense that is represented in terms of currency or some nontemporal m
an objective function.

tric that

EXPRESS specification:

*)

ENTITY NonTimeCost

S

UBTYPE OF (Cost);
nonTimeCostUnit : NonTimeUnit;
costRate : OPTIONAL Rate;

END ENTITY;

(*
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Attribute definitions:

nonTimeCostUnit Attribute nonTimeCostUnit defines the non-time units associated with the non—
time-related cost.
costRate Attribute costRate provides a rate of expenditure for the specific non-time cost.

In other words, this attribute will provide the cost unit part of cost-per-unit-
time. If this attribute is present, this entity represents a cost rate. If absent, it

represents a fixed cost.

6.1.35 Outcome

Entity
values fi

EXPRESS specification:

*)

ENTELTY Outcome

END
(*

Attribut

max

alloy

6.1.36

Entity P

utcome represents a legal discrete value to be associated with tests, diagnoses, or action
rm the basis for directing the diagnostic process.

BSTRACT SUPERTYPE OF (ONEOF (DiagnosisOutcome; TestOutcome,
ActionOutcome)) ;
maxConfidence : OPTIONAL ConfidenceValue;
allowedValue : OutcomeValues;
| ENTITY;
definitions:

Confidence : Attribute max€enfidence sets an inclusive upper bound on actual co
values for the-outcome that can be observed or inferred during a sess
upper bound constraint is in addition to constraints built into the type
actual cenfidence values: ConfidenceValue. The value of the bound
on‘the‘domain-specific characteristics of the outcome.

bedValue :( yAttribute allowedValue defines a value that can belong to the
outcome based on the subtype instantiating the Outcome entity.

ProbabilityDistribution

FobabilityDistribution defines the key parameters for a generalized failure distribution. The

5. These

hfidence
on. The
used for
is based

specific

intent is

to provi

ethe means for representing the shape of anv distribution and is constructed using a

proup of

synchronized lists. The synchronization is achieved using the timeStep attribute that specifies a relative
delta-t from the start of the sequence. The distribution definition includes a probability distribution function
(PDF) and a cumulative distribution function (CDF); however, the CDF can be derived from the PDF. To
support variable failure rates, a list of failure rates can be specified as well.

EXPRESS specification:
*)
ENTITY ProbabilityDistribution;
cdf : LIST [2:?] OF ProbabilityValue;
timeStep : LIST [2:?] OF TimeValue;
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basis TimeBaseline;
usageUnit TimeUnit;
pdf LIST [2:?] OF DistributionPoint;
WHERE
synchronizedLists : (SIZEOF (timeStep)=SIZEOF (pdf))
AND (SIZEOF (timeStep)=SIZEOF (cdf))
validStartTime : (timeStep([1]1=0.0);
validStartCDF : (cdf[1]=1.0);
increasingTime : increasingTimeCheck (timeStep) ;
decreasingCDF : decreasingCdfCheck (cdf) ;
validCDFIntegration : cdfIntCheck (timeStep, pdf, cdf) ;
END ENTITY;
( *
Attribut¢ definitions:
cdf Attribute cdf provides a list of values corresponding to an appreximation of orje minus
the cumulative density function for the associated distribution.
timeBtep Attribute timeStep identifies the point in time at which\the corresponding disfribution
value is associated.
basig Attribute basis provides the basis or foundation upon which the usage [time is
determined.
usagpUnit Attribute usageUnit specifies the units for’the time step of the probability distfibution.
Specifically, the units are per usageUnit’
pdf Attribute pdf defines a list -0f 'values in order of increasing time providing an
approximation of the probability density function for the associated failure distripution.

Formal propositions:

synchronizedLists Proposition synchronizedLists verifies that cdf, pdf, failureRate, and fimeStep
lists-are of equal size.

validStartTime Proposition validStartTime verifies that the first value in the timeStep ljst is 0.

validStartCDE Proposition validStartCDF verifies that the first value in the cdf list is 1].

incrdasingTime Proposition increasingTime verifies that the timeStep list is monofonically
ncreasing.

decreasingCDF Proposition decreasingCDF verifies that the cdf list is monotonically
nonincreasing.

validCDFIntegration  Proposition validCDFIntegration verifies that the cdf list is plausibly an
integral of the pdf.
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6.1.37 Purpose

Entity Purpose specifies the reason for an associated action.

EXPRESS specification:

*)

ENTITY Purpose;

hasRole : SET [1:?] OF Role;
description : DescriptionType;
END~ENITIT
x|
Attribut¢ definitions:
hasRole . Attribute hasRole identifies the associated role of the ContéxtState within which
test/diagnosis is occurring. For example, the role may be a maintenance fest or a
verification test.
description : Attribute description provides a textual deseription of the purpose| of the
ContextState.
6.1.38 Rate
Entity Rate defines a ratio of notTimeCost to some timeUnit. It can be used, for example, to specify labor
rates, rental rates, or other costs per time unit (e.g., dollars per 100 h).
EXPREJS specification:
*)
ENTETY Rate;
HimeCostUnit : TimeUnit;
YynitMultiplier s\\CostValue;
END| ENTITY;
( *
Attribut¢ definitions:
time{CostUnit . Attribute timeCostUnit provides the time units for computing the cost|rate. In
other words _this attribute will pravide the time part of cost-per-unit-time
unitMultiplier Attribute unitMultiplier provides a divisor for the Rate, thus permitting values

other than unity.
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6.1.39 Repair
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Entity Repair is an action required to restore a Repairltem.

EXPRESS specification:

*)

ENTITY Repair

SUBTYPE OF (Action);

SELF\Action.subAction : OPTIONAL SET [1:?] OF Repair;
END] ENTITY;
(*
Attribut¢ definitions:
subAction Attribute subAction redeclares the inherited SELF\Actién.subAction attijibute to

6.1.40 Repairltem

ensure that children are of the same type (i.e., children aré also Repairs).

Entity Rlepairltem refers to a part of the system under test on which.a@ maintenance action can be pdrformed

as the rgsult of a diagnosis.

EXPREJS specification:

ENT[ITY RepairItem

JUBTYPE OF (SystemItem) ;

ilncludesFunction : OPTIONAL SET [1:?] OF FunctionJ]tem;

HepairedBy : SET OF Repair;

JELF\SystemItem.subAssembly : OPTIONAL SET [1:?] OF RepairIt¢m;
INVERSE

flailsAs SET [1l:?] OF Fault FOR failedIfem;

END| ENTITY;

(*

Attribut

inclu

definitions:

desFunction - Atfribute includesFunction identifies the Functionltems that the Rebairltem

repairedBy

subAssembly

plays a role in implementing. Each Repairltem may implement multiple
Functionltems, and multiple Repairltems may play a role in implementing a
Functionltem.

Attribute repairedBy identifies a (possibly empty) set of repairs available to
repair a given repair item.

Attribute subAssembly redeclares the inherited
SELF\SystemlItem.subAssembly attribute to ensure that children are of the
same type (i.e., children are also Repairltems).
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failsAs . Inverse attribute failsAs identifies the set of specific Faults for the
Repairltem. A rule is defined on Fault to forbid Repairltems anywhere but at
leaves.
6.1.41 Resource
Entity Resource refers to an asset required to perform some action in the maintenance process (e.g., a piece

of equipment or personnel).

EXPRESS specification:

*)

ENTLTY Resource;

rjame : NameType;
HasCost : OPTIONAL SET [1:?] OF Cost;
dategory : ResourceCostType;
UNIPUE
dqneName : name;

END] ENTITY;
(*

Attribut¢ definitions:

nam¢ :  Attribute name provides a unique, identifying name for the resources.
hasost : Attribute hasCost associates a set of costs with this particular resource.
category : Attribute category specifies what type of resource this is to determine the associated cost.

6.1.42 $ystemlitem

Entity Systemltem is an abstract supertype corresponding to a system Repairltem or Functionlterp that is
the objeft of the diagnostic process.

EXPREJS specification.

*)
ENTETY /SystemItem
ABSTRACT SUPERTYPE OF (ONEOF (RepairItem, FunctionItem));

rjame : NameTvpe:;
description : DescriptionType;
subAssembly : OPTIONAL SET [1:?] OF SystemItem;
hasDistribution : OPTIONAL FailureDistribution;
atIndenturelLevel : OPTIONAL Level;
mustOccurln : SET OF ContextState;
testedBy : SET OF Test;
INVERSE
modelForSystem : SET [0:1] OF DiagnosticModel FOR
systemUnderTest;
partOfModel : DiagnosticModel FOR modelItem;
partOf : SET OF SystemItem FOR subAssembly;
UNIQUE
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oneName
WHERE
allOrNone :

graphIsAcyclic

name;

— 39—

NOT (EXISTS (SELF.subassembly)) OR
((SIZEOF (QUERY (tmp <* subAssembly |
EXISTS (hasDistribution))) = SIZEOF (subAssembly))

XOR

(SIZEOF (QUERY (tmp <* subAssembly |
EXISTS (hasDistribution))) = 0));
NOT (EXISTS (SELF.subAssembly)) OR
itemDag (SELF, subAssembly) ;
parentLevelConsistent

( (NOT (EXISTS (subAssembly)) OR
(SIZEOF (subAssembly) = 0)) OR

END] ENTITY;
(*

Attribut¢ definitions:

name

description

subAssembly

hasDistribution

Attribute name'ts used to uniquely identify the particular Systemltem.

\NUT\E ISTS\QLIudcuLuJ_ch cl)) AND
(SIZEOF (QUERY (tmp <* subAssembly,’
EXISTS (tmp.atIndenturelevel))) =(0Y)
(EXISTS (atIndenturelLevel) AND
(SIZEOF (QUERY (tmp <* subAssembly |
NOT (EXISTS (tmp.atIndenturelevel)))) =
AND
(SIZEOF (QUERY (tmp <* SubAssembly |
(SELES&@tIndentureleve
tmp.atIndenturelevely ©OR
(EXISTS (SELF.atIndenturelLevel.success
AND (SELF.atIndenturelLevel.successor
tmp.atIndenturelevel)))) =
SIZEQOF (SELE.subAssembly))));

Attributey'description is used to provide an elaborated explanation of the

Systemltem.

Attribute subAssembly identifies the set of constituent SystemlItems
this SystemlItem is composed.

Attribute hasDistribution identifies the specific failure distribution
system item. Failure distributions at any hierarchical level above the 1
they exist, represent user-implemented aggregates of subAssembly

distributions.

f which

for the
bwest, if
failure

atIndentureLevel

mustOccurln

testedBy

Attribute atIndentureLevel identifies the specific level of indenture for a
particular SystemlItem.

Attribute mustOccurln provides a disjoint set of ContextState items, where
any one of them must be fulfilled for an Systemltem to be considered. This
attribute is defined to be a set. If the set is empty, then the corresponding
Systemltem is available in all ContextStates.

Attribute testedBy identifies a set (possibly empty) of tests available to test a
particular repair item.
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modelForSystem Inverse attribute modelForSystem identifies the diagnostic model representing
the specific systemUnderTest.
partOfModel Inverse attribute partOfModel identifies the DiagnosticModel to which the
Systemltem belongs.
partOf Inverse attribute partOf identifies the set of SystemlItems that have the current
Systemltem as a subAssembly.
Formal propositions:
allOfNone Proposition allOrNone ensures that either all of the children haye p failure
distribution associated or none of the children have a failure\disjribution
associated.
graphlsAcyclic Proposition graphlsAcyclic ensures the structure of Systemlitem corfesponds
to a directed acyclic graph. In other words, traversing the [member
relationships from a SystemlItem should not result(in’returning to the same
Systemltem. This constraint is verified by using\the function itemDap, which
traverses the SystemlItem structure.
pareptLevelConsistent ~ Proposition parentLevelConsistent enstires that one of the following|shall be

6.1.43 ]
Entity T

indicate

EXPRE]

*)

ENT

[ds)

WHE

true: 1) there are no child Systemlténis; 2) no indenture levels exis
Systemltem and its children, or 3)\the indenture levels are consisten
Systemltems and its children. Specifically, the constraint is imposed
level of the child Systemltem shall be the same as the current Syster]
shall be successors to thecurrent level.

[est

est is a discrete information source'.whose output is one of a set of enumerated values
the health of some portion of the'system.

bS specification:
[TY Test
UBTYPE @P(Action);
allowedOutcomes : OPTIONAL LIST [2:?] OF UNIQUE
TestOutcome;
SELF\Action.subAction : OPTIONAL SET [1:?] OF Test;
RE

for this
for this
that the
hItem or

that can

outcomesRequiredForAtomicTest

(SIZEOF (SELF\Action.subAction) >

0) OR EXISTS (allowedOutcomes) ;
minimalOutcomes : (NOT(EXISTS (allowedOutcomes))) XOR

((SIZEOF (QUERY (tmp <* allowedOutcomes |
tmp.allowedValue = Pass)) = 1)

AND (SIZEOF (QUERY (tmp <* allowedOutcomes |
tmp.allowedValue = Fail)) >= 1));

uniqueUnqualifiedOutcomes : (NOT (EXISTS (allowedOutcomes))) X

((SIZEOF (QUERY (tmp <* allowedOut
|
(tmp.allowedValue = FAIL) AND
(NOT (EXISTS (tmp.qualifier)))))
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1));
END ENTITY;
( *
Attribute definitions:
allowedOutcomes :  Attribute allowedOutcomes provides a list of two or more test outcomes that

are the expected outcomes of the test. A test outcome is a characterization of
the observed response to the stimulus of a test. This attribute is shown to be
optional; however, it is constrained such that it is required if the test has no
member tests.

subAction . Attribute subAction redeclares the inherited SELF\Action.subAction

Formal propositions:

outcpmesRequiredForAtomicTest

minimalOutcomes

unigpeUnqualifiedOutcomes

6.1.44 TestOutcome

to ensure that children are of the same type (i.e., children are also Test

Proposition  outcomesRequiredForAtomicTest  de
whether TestOutcomes are associated with a test and
that an atomic test (i.e., a test for which there are no

have TestOutcomes. Theleardinality on the TestOutc]
ensures that, should TestOutcomes exist, there are at lea

httribute

).

ermines
requires
ubtests)
bme set
t two of

them. Note that nonatemic tests are permitted, but not fequired,

to have TestOutcomes.

Proposition MminimalOutcomes requires either that th
TestOutcomes not be defined or that the set of TestO)
includeyat a minimum, exactly one outcome of value P4
at least ‘one outcome of value FAIL.

Proposition uniqueUnqualifiedOutcomes requires tha
qualifier is present, then only one FAIL TestOutcomg
given qualifier can be used.

Entity TlestOutcome identifies one of a set of enumerated values to be associated with a test. The
based on a specificafionr of how to implement that test and the criteria for the success or failure of th

EXPREJ}S speeification:

set of
utcomes
\SS and

if the
with a

value is
at test.

ENTITY TestOutcome
SUBTYPE OF (Outcome) ;

qualifier : OPTIONAL QualifierType;
INVERSE
forTest : Test FOR allowedOutcomes;
UNIQUE
outcomeKey : allowedValue,
qualifier,
forTest;
WHERE
legalValues : SELF\Outcome.allowedValue IN
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[Pass, Fail, NotKnown, UserDefined];

Attribute qualifier provides a method for specifying a distinct way that a test can
fail that may lead to differing diagnosis. The qualifier is not simply descriptive, nor
is it intended to represent degrees of confidence or measurement values/ranges for
their own sake. Examples include Lo and Hi to indicate whether the test failed as a
result of a measurement below the lower limit or above the higher limit,

forTpst

Formal propositions:

legalValues

6.1.45 TimeCost

Entity TjimeCost defines a time-related cost as a measure of the tine it takes to perform a task.

EXPREJS specification:

*)

ENTLTY TimeCost
UBTYPE OF (Cost) ;
timeCostUnit : TimeUmit;

s}

END| ENTITY;
(*

Attribut¢ definitions:

timeCostUnit

6.1.46 actionDag

Specifies that an outcome can only have one of the assoeiated values.

respectively.

Inverse attribute forTest links the outcome to the specific test with that putcgme.

Attribute timeCostUnit defines the time units associated with the time-relafed cost.

EXPRESS specification:

Function actionDag examines the set of Actions in a model and ensures that it is a directed acyclic graph
(DAG). In other words, when traversing the child relations, it ensures that no cycles exist in the model.

*)

FUNCTION actionDag

(target Action;
descendents : SET OF Action ) : LOGICAL;
LOCAL

i : INTEGER;
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END LOCAL;
IF ((NOT EXISTS (descendents)) OR (SIZEOF (descendents) = 0)) THEN

RETURN (TRUE) ;
END IF;
IF target IN descendents THEN
RETURN (FALSE) ;
END IF;
REPEAT i := LOINDEX (descendents) TO HIINDEX (descendents) ;
IF (EXISTS (descendents[i].subAction) AND
(actionDag (target,descendents[i].subAction)=FALSE))
THEN
RETURN (FALSE) ;

BNE—EFS
HND REPEAT;
RETURN (TRUE) ;
END| FUNCTION;

6.1.47 actionRollup

EXPREJS specification:

Function actionRollup examines the set of Actions in a model and eénsures that, when considering
the “paits” (i.e., children) of an Action, these children are répresented in the top-level set. Tl

each of
hus, this

function ensures that the set of Actions listed with a model is aX‘rollup” of all of the Actions in the fodel.

*)
FUNLTION actionRollup
(mdl:DiagnosticModel;elem:SET [1:?] OF Action) :BOOLEAN;

LOCAL
i : INTEGER;
j : INTEGER;
tmp : Action;

END LOCAL;
REPEAT i =\LOINDEX (elem) TO HIINDEX (elem) ;
IF EXISTS(elem[i] .subAction) THEN
REBEAT j := LOINDEX (elem[i].subAction) TO
HIINDEX (elem[i] .subAction) ;
tmp := elem[i].subAction([]j];
IF NOT (tmp.partOfModel :=: mdl) THEN
RETURN (FALSE) ;
END—IT;
END REPEAT;
END IF;

END REPEAT;
RETURN (TRUE) ;
END FUNCTION;

(*

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012
—44 — IEEE Std 1232-2010

6.1.48 cdfintCheck

EXPRESS specification:

Function cdfIntCheck verfifes that the cdf is plausibly an integral of the pdf with respect to time. It is not
possible to check that the cdf is an exact integral of the pdf. Instead, the function checks that between any
two consecutive points, the cdf changes by an amount that is bounded by the maximum and minimum
values of pdf at the two points.

*)

FUN

CTION cdfIntCheck

pdf : LIST OF DistributionPoint;
cdf : LIST OF ProbabilityValue) :BOOLEAN;

LOCAL

END LOCAL;

END IF;
(* Return true immediately™1f the lists have size<=1l *)
IF (SIZEOF (t)<=1) THEN

END IF;

(* Perform the (detailed check at each pair of points *)
REPEAT j := 27O SIZEOF (t):;

LIST OF TimeValue;

result : BOOLEAN := TRUE;
j : INTEGER;

maxPdf,minPdf,dCdf,dt : REAL;

(* Return false immediately if the l13&§ts are not the same lgngth.

*)

IF ((SIZEOF (t)<>SIZEOF (pdf)) OR (STZEOF (t)<>SIZEOF (cdf))) THEN

result := FALSE;
RETURN (result) ;

RETURN (result) ;

IF (pdfl[jt>edf[j-1]) THEN (* get the max and min values of the
pdf at the two points*)
minkRdf:=pdf[j-1];
maxPdf:=pdf[j];
ELSE
minPdf:=pdf[j];
maxPdf:=pdf[j-1];

END 1r,
dCdf := cdf[j-1]-cdf[j]; (* Compute the change in the cdf *)
dt := t[j]-tl[j-11; (* Compute the change in t *)

(* Verify that the change in cdf is bounded by the max and min
of pdf integrated over the change in time *)
IF ((dCdf>dt*maxPdf) OR (dCdf<dt*minPdf)) THEN
result := FALSE;
END IF;

END REPEAT;

RETURN (result) ;
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END_ FUNCTION;

(*

6.1.49 costLabelUnique

EXPRESS specification:

Function costLabelUnique verifies that an aggregation of cost entities has unique cost labels. It returns
FALSE if two elements of ¢ have the same costLabel attribute. It returns UNKNOWN if any element
comparison is unknown. Otherwise, it returns TRUE.

*)

FUNLCTION costLabelUnique

c: AGGREGATE OF Cost) : LOGICAL;
IJOCAL

result : LOGICAL;

unknownp : BOOLEAN := FALSE;

i : INTEGER;
j : INTEGER;

HND LOCAL;
JF (SIZEOF(c) = 0) THEN
RETURN (TRUE) ;
HND IF;
HEPEAT i := LOINDEX(c) TO (HIINDEX(CY - 1i);
REPEAT j := (i+1) TO HIINDEX (¢yr
result := (c[i].costlLabel :=¥ c[]j].costlLabel);

IF (result = TRUE) THEN
RETURN (FALSE) ;
END IF;
IF (result = UNKNOWN) THEN
unknownp := TRUE}
END IF;
END REPEAT;
ND REPEAT;
JF unknownp THEN
RETURN (UNKNOWN) ;
HLSE
RETURNYTRUE) ;
END TE;
END| FUNCI'ION;

I

(*

6.1.50 decreasingCdfCheck

EXPRESS specification:

Function decreasingcdfCheck returns false if any value in cdf is increasing. It returns true if “cdf” is
monotonically nonincreasing, or SIZEOF(cdf) is 0 or 1.

*)
FUNCTION decreasingCdfCheck
(cdf : LIST OF ProbabilityValue) :BOOLEAN;
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LOCAL
result : BOOLEAN := TRUE; (* default result is true *)
j : INTEGER;
END LOCAL;

IF (SIZEOF (cdf)>1) THEN (* perform detailed check if sizeof
*)
REPEAT j := 2 TO SIZEOF (cdf);
IF (cdf[j] > cdf[j-1]) THEN
result := FALSE; (* return false if any point increases
END IF;

P -]

END

(*

ENP—REPEAT;
END IF;
RETURN (result) ;
| FUNCTION;

6.1.51 diagnosisDag

EXPRE

Functiof
words, ¥

*)

FUN

S specification:

i diagnosisDag examines the set of Diagnoses in a model and ensures that it is a DAG.
vhen traversing the child relations, it ensures that no cycles exist in the model.

CTION diagnosisDag
target : Diagnosis;
descendents : SET OF Diagnos®*s ) : LOGICAL;

LOCAL
i : INTEGER;
END_LOCAL;

RETURN (TRUEY)
END IF;
IF target dN-descendents THEN

RETURNN{FALSE) ;
END IFs
REPEAT.1 := LOINDEX (descendents) TO HIINDEX (descendents) ;

IE" (EXISTS (descendents[i] .subGroup) AND

(diagnosisDag (target,descendents[i] .subGroup)=FALSE))

IF ((NOT EXISTS (descendents)) OR (SIZEOF (descendents) = 0)) T

cdf>1

*)

In other

HEN

THEN

ROEIURN{COALOL)
END IF;
END REPEAT;
RETURN (TRUE) ;

END FUNCTION;

(*
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6.1.52 diagnosisRollup

EXPRESS specification:

Function diagnosisRollup examines the set of Diagnoses in a model and ensures that, when considering
each of the “parts” (i.e., children) of a Diagnosis, these children are represented in the top-level set. Thus,
this function ensures that the set of Diagnoses listed with a model is a “rollup” of all of the Diagnoses in the

model.

*)

FUNLCTION diagnosisRollup

END

(*

6.1.53 iIncreasingTimeCheck

EXPRE]

Functiof
monotot

(mdl:DiagnosticModel; elem:SET [1:?] OF Diagnosis) : BOOLEAN;

LOCAL
i : INTEGER;
j : INTEGER;

tmp : Diagnosis;
END LOCAL;
REPEAT i := LOINDEX (elem) TO HIINDEX (elem)y
IF EXISTS(elem[i].subGroup) THEN
REPEAT j := LOINDEX (elem[i].subGroup) TO
HIINDEX (elem[i] .subGroup) ;
tmp := elem[i].subGroup([jls
IF NOT (tmp.partOfModel :=: wmdl) THEN
RETURN (FALSE) ;
END IF;
END REPEAT;
END IF;

END REPEAT;
RETURN (TRUE) ;
| FUNCTION;

bS specification:

I increasingTimeCheck returns false if any value in t is non-increasing. It returns tru
ically.increasing, or SIZEOF(t) is 0 or 1.

b if t is

*)

FUNCTION increasingTimeCheck

(

t : LIST OF TimeValue) :BOOLEAN;

LOCAL
result : BOOLEAN := TRUE; (* default result is true *)
j : INTEGER;

END LOCAL;

IF (SIZEOF(t)>1) THEN (*perform detailed check if sizeof t>1%*)

REPEAT j := 2 TO SIZEOF (t);
IF (t[j] <= t[j-1]) THEN
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result := FALSE; (* return false if any point non-
increasing *)
END IF;
END REPEAT;
END IF;

RETURN (result) ;
END_ FUNCTION;

6.1.54 itemDag

EXPRESS specification:

Functiof

when trgversing the child relations, it ensures that no cycles exist in the model.

*)

(*

6.1

FUNLTION itemDag

target : SystemItem;

descendents : SET OF SystemItem ) : LOGICAL;

LOCAL
i : INTEGER;

END LOCAL;

IF ((NOT EXISTS (descendents)) OR (SIZEOF (descendents) = 0))
RETURN (TRUE) ;

END IF;

IF target IN descendents THEN
RETURN (FALSE) ;

END IF;

REPEAT i := LOINDEX (degcendents) TO HIINDEX (descendents) ;

IF (EXISTS (descendents([i].subAssembly) AND
(itemDag (takget,descendents[i] .subAssembly)=FALSE))
RETURN (FALSE) ;
END IF;
END REPEAT;
RETURN (TRUE)
END _FUNCT TONy,

.55 TemRoIIup

TH

| itemDag examines the set of Systemltems in a model and ensures that it is a DAG=~In)othgr words,

THEN

EN

EXPRESS specification:

Function itemRollup examines the set of Systemltems in a model and ensures that, when considering each
of the parts (i.e., children) of a Systemltem, these children are represented in the top-level set. Thus, this
function ensures that the set of Systemltems listed with a model is a rollup of all of the Systemltems in the
model.

*)

FUNCTION itemRollup

(mdl:DiagnosticModel; elem:SET [1:?] OF SystemItem) :BOOLEAN;
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LOCAL
i : INTEGER;
j : INTEGER;
tmp : SystemItem;

END LOCAL;
REPEAT i := LOINDEX (elem) TO HIINDEX (elem) ;
IF EXISTS(elem[i].subAssembly) THEN
REPEAT j := LOINDEX(elem[i].subAssembly) TO
HIINDEX (elem[i] .subAssembly) ;
tmp := elem[i].subAssembly[]j];
IF NOT (tmp.partOfModel :=: mdl) THEN
REFIRNATALESE )~
END IF;
END REPEAT;
END IF;
END REPEAT;

RETURN (TRUE) ;
END| FUNCTION;

(*

6.1.56 levelsAcyclic

EXPRESS specification:

Function levelsAcyclic ensures that, for a particular entity oecuring at a Level, the chain of Levels

cycle back on itself.

*)
FUNLCTION levelsAcyclic
(1vl:1level) :BOOLEAN;
LOCAL
target : level :=1v1;
END LOCAL;

REPEAT WHILE (EXISTS (lvl.successor)):;

IF (tapget = lvl.successor) THEN
returh (FALSE) ;

END~IF;
1pdN:= 1lvl.successor;

END REPEAT;

RETURN (TRUE) ;

END| E#YNCTION;

Hoes not

END S L,_nr_.L ir=w
(*

6.1.57 Common Element Model EXPRESS-G diagrams

The EXPRESS-G definition of the CEM is represented by Figure 4 through Figure 8.
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6.2 A

|_ESTATE_BNM

Recent applications of artificial intelligence to fault diagnosis have involved using Bayesian inference to
drive the diagnosis. The Al ESTATE BAYES NETWORK MODEL captures information necessary for
creating diagnostic Bayesian networks. Assumptions made with this model include that random variables
corresponding to diagnosis can only depend on test variables. In addition, the probability tables are to be
fully explicated (including closure, i.e., summing to one across dependent joints) and array position in the
probability array corresponds to array position in the dependence array. All probability distributions
encoded in the network probability tables shall be multinomial distributions (i.e., distributions over a
discrete set of outcomes).

EXPREJS specification:

*)

SCHEMA AI ESTATE BNM;
REFERENCE FROM AI ESTATE CEM;

(*

6.2.1 DppendentElement

Select

select type, this enables specification of a dependent random variable as a test, a diagnosis, a fa

failure.

EXPREJS specification:

TYPE DependentElement = SELECT

END] TYPE;

(*

6.2.2 BpyesDiagnosis

Entity

BayesDJagnosisus a subtype of diagnosis, it inherits all of the characteristics of a diagnosis. Note, |
that diagnestic’outcomes are required in this case.

type DependentElement corresponds to a dependent random‘wariable in the Bayesian mod

BayesTest,
ayesDiagnosis,
ayesFault,
ayesFailure) ;

[nvilinvilinv]

BayesDiagnosis corresponds to an individual diagnosis within the Bayes net model.

el. As a
ult, or a

Because
owever,

EXPRESS specification:

*)

ENTITY BayesDiagnosis

SUPERTYPE OF (ONEOF (BayesFault, BayesFailure))
SUBTYPE OF (Diagnosis) ;
SELF\Diagnosis.allowedOutcomes : LIST [2:?] OF UNIQUE
BayesDiagnosisOutcome;

WHERE

sumToOne : checkDiagnosisProbabilities (allowedOutcomes) ;
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END ENTITY;
(*

Attribute definitions:

allowedOutcomes

IEC 62243:2012
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Attribute allowedOutcomes identifies the set of outcomes associated with this
particular diagnosis. Note that the corresponding probability tables can be
found on the outcome definition.

The order of outcomes in the list is significant to align the probabilities
specified in BayesDiagnosisOutcome.probability. The outcomes shall

Formal propositions:

sumToOne

6.2.3 BpyesDiagnosisOutcome

correspond to the order Good, Candidate, Bad, NotKnown, and UserPefined,
respectively. Skipping an outcome is permitted; however, the orderfmust be
maintained.

Proposition sumToOne ensures that summing the probabilities in the agsociated
probability table for a given dependent configuration results in a valug of 1.0.
Otherwise, the probability tables are not legalktables.

Entity BayesDiagnosisOutcome is a subtype of DiagnosisOutcome and associates legal outcorhes to a

BayesDJagnosis.

EXPREJS specification:

*)

ENT[ITY BayesDiagnosisOutcome
UBTYPE OF (DiagnosigOutcome) ;

[ds)

probability LIST [1:?] OF ConfidenceValue;
INVERSE
SELF\DiagnosigOutcome.forDiagnosis : BayesDiagnosis FOR
allowedOutcomes;
WHERE
drobabiligyTable : SIZEOF (probability) = 1;

rloConfidence
END| ENTITY;

NOT (EXISTS (SELF\Outcome.maxConfidence)) ;

Attribute definitions:

probability . Attribute probability associates the portion of the probability table to a random
variable corresponding to this particular state of the variable. Because outcomes are
unique, the list of probabilities is uniquely associated with a particular random
variable, thus permitting alignment of the arrays to interpret the tables properly.

forDiagnosis  : Inverse attribute forDiagnosis identifies the Bayes diagnosis to which this particular
outcome is associated.
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Formal propositions:
probabilityTable Proposition probabilityTable ensures that the size of the probability table

noC

6.2.4 BpyesFailure

associated with this outcome is of the correct size. In particular, it ensures that
a probability entry exists for every dependent configuration possible.

In the case of a diagnosis outcome, it is assumed that the probabilities represent
the priors in the model (i.e., diagnosis outcomes are not dependent on any other
random variables in the network). Thus, it is sufficient that only one probability

be stored for each outcome value.

Bayesian model; therefore, attribute maxConfidence shall be omitted.

nfidence Proposition noConfidence pecifies that confidence values are not\usgd in the

Entity BayesFailure corresponds to an individual failure diagnosis within the Bayes net model. Because

BayesF

qult is a subtype of Failure and BayesDiagnosis, it inherits ,all_Jof the characteri

stics of

BayesD{lagnosis and Failure. Note, however, that diagnostic outcomes arg reguired in this case, as fequired

by the BayesDiagnosis supertype.

EXPREJS specification:

*)

ENT[ITY BayesFailure

JUBTYPE OF (BayesDiagnosis, Faidure);
WHERE

sjumToOne : checkDiagnosisProbabilities

END] ENTITY;

Formal propositions:

sumToOne Proposition sumToOne ensures that summing the probabilities in the ag

6.2.5 BryesFauIt

(SELF\BayesDiagnosis.allowedOutcomes) ;

probability table for a given dependent configuration results in a value
Otherwise, the probability tables are not legal tables.

sociated
of 1.0.

Entity BayesFault corresponds to an individual fault diagnosis within the Bayes net model. Because
BayesFault is a subtype of BayesDiagnosis and Fault, it inherits all of the characteristics of BayesDiagnosis
and Fault. Note, however, that diagnostic outcomes are required in this case, as required by the
BayesDiagnosis supertype.

EXPRESS specification:

*)

ENTITY BayesFault

SUBTYPE OF (BayesDiagnosis, Fault);
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WHERE
sumToOne : checkDiagnosisProbabilities

(SELF\BayesDiagnosis.allowedOutcomes) ;

END ENTITY;

(*

Formal propositions:

sumToOne Proposition sumToOne ensures that summing the probabilities in the as

probability table for a given dependent configuration results in a value
Otherwise, the probability tables are not legal tables.

sociated
of 1.0.

6.2.6 BLyesNetworkModeI

Entity B
variable
BayesN

EXPRE

EN

—

0 p N

END
(*

Attribut

mod

mod

6.2.7 BpyesTest

ayesNetworkModel is the starting point of the Bayes network. It provides the rollup’of the
5 (i.e., tests and diagnosis) used in diagnosis. Because this is a subtype of diagnostic m
etworkModel inherits all other characteristics of a diagnostic model from th€é)AI ESTATE |

bS specification:

[TY BayesNetworkModel

UBTYPE OF (DiagnosticModel) ;

ELF\DiagnosticModel .modelAction *'SET [2:?] OF BayesTest;
ELF\DiagnosticModel .modelDiagnosis : SET [2:?] OF BayesDiagn
| ENTITY;

definitions:

Pl Action . Attribute modelAction identifies the set of Bayes tests included in the di

model. Beeause the Bayes network focuses on random variables, it is
that these ‘tests are to be treated as leaves in the test hierarchy.

blDiagnosis @ Attribute modelDiagnosis identifies the set of Bayes diagnosis include
diagnostic model. Because the Bayes network focuses on random variah
assumed that these tests are to be treated as leaves in the diagnosis hierarg

random
del, the
CEM.

Osis;

gnostic
hssumed

d in the
les, it is
hy.

Entity

avesTest corresponds to an individual test within the Bayes net model. Because Bayes |

test is a

subtype of test, it inherits all of the characteristics of a diagnostic test. Note, however, that test outcomes

are requ

ired in this case.

EXPRESS specification:

*)

ENT

ITY BayesTest

SUBTYPE OF (Test) ;
dependsOnElement : LIST OF UNIQUE DependentElement;
SELF\Test.allowedOutcomes : LIST [2:?] OF UNIQUE BayesTestOutcome;

WHE

RE

sumToOne : checkTestProbabilities (allowedOutcomes) ;
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END ENTITY;
(*

Attribute definitions:

dependsOnElement  : Attribute dependsOnElement identifies the set of elements (either

tests or

diagnoses) upon which this particular test depends. Note that dependence, in
this context, refers to conditional dependence as defined for Bayesian

networks.

allowedOutcomes . Attribute allowedOutcomes identifies the set of outcomes associated with this

the outcome definition.

specified in BayesTestOutcome.probability. The outcomesyshall corre
outcome is permitted; however, the order must be maintained.

Formal propositions:

particular test. Note that the corresponding probability tables can be found on

The order of outcomes in the list is significant to align ‘th€é proHabilities

spond to

the order Pass, Fail, NotKnown, and UserDefined, respectively. Skipping an

sumToOne Proposition sumToOne ensures that sumniing the probabilities in the agsociated
probability table for a given dependent ‘€onfiguration results in a value| of 1.0.
Otherwise, the probability tables are notlegal tables.
6.2.8 BpyesTestOutcome
Entity BayesTestOutcome is a subtype of “TestQufcome” and associates legal outcomes to a Bayes[[est.
EXPREJS specification:
*)
ENTETY BayesTestOutcome
JUBTYPE OF (TestQutcome) ;
probability (\“LIST [1:?] OF ConfidenceValue;
INVERSE
JELF\TestOutcome. forTest : BayesTest FOR allowedOutcomes;
WHERE
grobabill ityTable : SIZEOF (probability) =
variableSize (SELF\TestOutcome.forTest.depgndsOn
Element) ;
rfo€enfidence : NOT (EXISTS (SELF\Outcome.maxConfidence)) ;
END ENTITY;
(x
Attribute definitions:
probability : Attribute probability associates the portion of the probability table to a random

variable corresponding to this particular state of the variable. Because outcomes are

unique, the list of probabilities is uniquely associated with a particular

random

variable, thus permitting alignment of the arrays to properly interpret the tables. To

ensure proper ordering, the list of values follows the order specified

by the

dependsOnElement attribute with associated outcomes corresponding to the order,
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probabilityTable

noC

6.2.9 ModelRule

Rule M

EXPREJS specification:

RULE ModelRule FOR
WHERE

dqneModel : SIZEQOF (PiagnosticModel) = 1;
dnlySubtype : SIZEOF(QUERY (tmp <* DiagnosticModel |

END| RULE;

(*
6.2.10

Functio
probabi

IEC 62243:2012
—-60 - IEEE Std 1232-2010

Good, Candidate, Bad, NotKnown, and UserDefined for diagnoses and Pass, Fail,
NotKnown, and UserDefined for tests. Outcomes may be skipped, but the order must

be maintained.

associated.

propositions:

Inverse attribute forTest identifies the BayesTest to which this particular outcome is

Proposition probabilityTable ensures that the size of the probability table

associated with this outcome is of the correct size. In particular, it ensures that

a probability entry exists for every dependent configuration. ]
For test outcomes, each outcome is conditioned on the combination ¢
random variables (test outcomes or diagnosis outcomes): ,Theref
number of conditional probabilities for each outcome is)the produg
number of outcomes for each of the parents.

nfidence Proposition noConfidence pecifies that confidence wvalues are not use
Bayesian model; therefore, attribute maxConfidénce shall be omitted.

delRule shall apply to the population of DiagnosticMedel entities in a BNM exchange file.

I

DiagnosticModel) ;

NOTN( 'AI_ESTATE_BNM. BAYESNETWORKMODEL' IN
TYREOF (tmp)))) = 0;

¢heckDiagnosisProbabilities

hossible.
f parent

bre, the
t of the

d in the

one, the corresponding probability table is not a legal table.

EXPRESS specification:

*)

FUNCTION checkDiagnosisProbabilities

(out : LIST [2:?] OF BayesDiagnosisOutcome) : BOOLEAN;
LOCAL

legal : BOOLEAN := TRUE;
sum : LIST [1:?] OF REAL;
END_ LOCAL;

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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REPEAT y := LOINDEX (out[1l].probability) TO
HIINDEX (out[1l] .probability);
sum([y] := 0;
END REPEAT;
REPEAT x := LOINDEX (out) TO HIINDEX (out) ;
REPEAT y := LOINDEX (out[x].probability) TO
HIINDEX (out [x] .probability);
sum[y] := sum[y] + out[x].probabilityly];
END REPEAT;
END REPEAT;
REPEAT y := LOINDEX (out[l].probability) TO
HENPE Aottt —probabtTty )=
IF (sum[y] <> 1.0) THEN
legal := FALSE;
END IF;
END REPEAT;

END

(*

6.2.11 ¢

Functiof

table an
correspq

EXPRE]

*)

FUN

RETURN (legal);

| FUNCTION;

theckTestProbabilities

I checkTestProbabilities takes a dependent configuration for an entry in the conditional pr
 ensures that the probabilities over that configuration sum to one. If they do not sum to
nding probability table is not a legal table.

S specification:

CTION checkTestProbabilities

(out : LIST [2:?]\0OF BayesTestOutcome) : BOOLEAN;
LOCAL
legal : BOOLEAN := TRUE;
sum : LIST~f1l:?] OF REAL;
END LOCALs¢
REPEAT\Y := LOINDEX (out[1l].probability) TO

HIINDEX (out[1] .probability);
0;

sum/[y]
END REPEAT;

bability
one, the

REFPEAT X LOINDEX (OUl) TOU HIINDEX(OUU) ,

REPEAT y := LOINDEX (out[x].probability) TO
HIINDEX (out [x] .probability);
sum[y] := sum[y] + out[x].probabilityly];
END REPEAT;
END REPEAT;
REPEAT y := LOINDEX (out[l].probability) TO

HIINDEX (out[1l] .probability);
IF (sum[y] <> 1.0) THEN
legal := FALSE;
END IF;
END REPEAT;
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RETURN (legal);

END FUNCTION;

(*

6.2.12 variableSize

Function variableSize computes the product of the sizes of the dependent variable configurations. In other
words, it multiplies the number of outcomes associated with each dependent variable together to determine
how large the corresponding probability table must be.

EXPRE

FUN

END
END_ S

(*

6.2.13

The EX

bS specification:

CTION variableSize

(elem : LIST [1l:?] OF dependentElement) : NUMBER;
LOCAL

size : NUMBER := 1;
END LOCAL;

IF (SIZEOF (elem) > 0) THEN

REPEAT x := LOINDEX (elem) TO HIINDEX(elem) ;
IF ( 'AI_ESTATE_BNM.BAYESTEST' INCypeof (elem[x])) THEN
size := size * SIZEOF (elem[xNibayesTest.allowedOutcomsg
ELSE
size := size *
SIZEOF (elem[x]\\bayesDiagnosis.allowedOutcomed
END IF;
END_REPEAT;
END IF;
RETURN (size) ;
| FUNCTION;

HEMA;

Bayesian Network-Model EXPRESS-G diagrams

PRESS-G definition of the BNM is represented by Figure 9.
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Al ESTATE CEM.DiagnosticModel

;

)

(RT) modelAction S[2:?]

BayesNetworkModel

(RT) modelDiagnosis S[2:7]

AL ESTATE CEM Fault

AL ESTATE CEM Failure

l’ (I> (@)
- DependentElement *BayesFault *BayesFailjire
O O 1
ES D
BayesTest dependsOnElement *L[0:?]L o~ *BayesDiagnosis
Al_ESTATE_CEM.Test ) 3
; (___ AL ESTATE_CEM.Diagnosis | )
( (AL ESTATE_CEM.ConfidenceValue )
probability L[1:?] probability L[1:?]
(R7) allowedOutcomes - *L[2:7] (RT) allowedOutcomes [L[2:7]
(RJ) (INV) forTest (RT) (INV) forDiggnosis
'e
*BayesTestOutcome *BayesDiagnosisOutcome
© ©
C Al ESTATE CEM.TestOutcome ) (C_AI ESTATE CEM DiagnosisOutcome )

Figure 9—AI_ESTATE_BNM EXPRESS-G diagram 1 of 1
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6.3 Al_ESTATE_DIM

The AI-ESTATE D-Matrix Inference Model information model is defined in 6.3.1 through 6.3.6. The
expectation is that this model represents a “canonical” D (i.e., dependency) matrix from the perspective of
what can be inferred from test outcomes. Specifically, in a canonical D-matrix, test outcomes are limited to
Pass or Fail outcomes and diagnosis outcomes are limited to Good and Candidate outcomes. The columns
of the matrix correspond to tests and rows can be either tests or diagnoses. It is required that, if a test
passes, then all of the “column” inferences drawn in the matrix for that test be logically ANDed together,
and all of the “row” inferences drawn for that test must be “ORed” together. Conversely, if a test fails, it is
required that all of the “column” inferences drawn in the matrix for that test be “ORed” together, and all of
the “row” inferences for that test must be “ANDed” together. It is also required that inferences be of like
type (i.e., Pass => Pass/Good or Fail => Fail/Candidate).

The set|of inferences associated with a particular test outcome are limited either to a list_of\cohjuncted
inferencps or a list of disjuncted inferences (not both). Determining conjuncted versus digjunc¢ted [depends
on the optcome of the test. Specifically, only inferences from passing tests are conjunctedrand can dnly lead
to pass/good outcomes on tests and diagnoses, respectively. In addition, inference~ftom failing fests are
disjunctgd and can only lead to fail/candidate outcomes on tests or diagnoses, respectively.

All test |inferences are required to be symmetric. In other words, the set of ,outcomes arising from a test
passing pomplement the inferences arising from a test failing.

EXPREJS specification:

*)

SCHEMA AT ESTATE DIM;

REFERENCE FROM AI ESTATE CEM;

(*
6.3.1 CepllOutcome

Select type CellOutcome identifies @ specific outcome that is being inferred as a result of a test qutcome.
As a selgct type, the value corresponds to either a test outcome or a diagnosis outcome.

EXPREJS specification:

*)
TYPE CellOutcome = SELECT

Diagne@sisOutcome,

TestoOutcome) ;

END| BYPE;

(*

6.3.2 DmatrixinferenceModel

Entity DmatrixInferenceModel represents the constituents of the DIM. The model shall represent a
“canonical” D (i.e., dependency) matrix from the perspective of what can be inferred from test outcomes.
Specifically, in a canonical D-matrix, the columns correspond to tests. Rows of the matrix can be either
tests or diagnoses. It is required that, if a test passes, then all of the “column” inferences drawn in the
matrix be logically ANDed together. Conversely, if a test fails, it is required that all of the “column”
inferences drawn in the matrix be “ORed” together. It is also required that inferences be of like type (i.e.,
Pass => Pass/Good or Fail => Fail/Candidate).
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EXPRESS specification:

*)

ENTITY DmatrixInferenceModel
SUBTYPE OF (DiagnosticModel) ;

testColumn : SET [2:?] OF OutcomeInference;

END ENTITY;

(*

Attribute definitions:

testJolumn : Afiribute testColumn 1dentifies the sef of outcome_interence that comprise thd model
of the system under test. To be useful, a model shall consist of at least two.nfgrences,
corresponding to inferences from the minimum number of outcomes for\the mjnimum
number of tests in the model.
6.3.3 Inference
Entity Infrence identifies an Outcome to be inferred as a result of some other'Outcome in the model being
asserted] Only TestOutcomes or DiagnosisOutcomes can be inferred.
EXPREJS specification:
*)
ENTETY Inference;
dell : CellOutcome;
INVERSE
gdssertion : OutcomelInferencé&,;FOR andOrRows;
WHERE
donsistentOutcome : ((SELF.assertion.preconditionTestOutcome
.alrlowedValue = Pass) AND
(SELF.cell\Outcome.allowedValue = Pass) OR
((SELF.assertion.preconditionTestOutcome
.allowedValue = Pass) AND
(SELF.cell\Outcome.allowedValue = Good)) OR
((SELF.assertion.preconditionTestOutcome
.allowedValue = Fail) AND
(SELF.cell\Outcome.allowedValue = Fail)) OR
((SELF.assertion.preconditionTestOutcome
.allowedValue = Fail) AND
(SELF.cell\Outcome.allowedValue =
Candidate));
END ENTITY;
( *
Attribute definitions:
cell Attribute cell identifies a specific inference in the current logical expression based on its
location in the Dmatrix.
assertion Attribute assertion identifies the top level of the logical expression being inferred from

some test outcome.
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consistentOutcome Proposition consistentOutcome specifies that the outcomes be of like type. In
other words, Pass implies Pass and Fail implies Fail.

6.3.4 Outcomelnference

Entity Outcomelnference identifies an outcome to be inferred as a result of some other outcome in the
model being asserted. Only TestOutcomes and DiagnosisOutcomes can be inferrred.

EXPRESS specification:

*)

ENTITY OutcomelInference;
gndOrRows : SET [1:?] OF Inference;
greconditionTestOutcome : TestOutcome;
donfidence : OPTIONAL ConfidenceValue;
gndOrRelation : BOOLEAN;
UNIDPUE
dneOQutcome : preconditionTest@utcome;
WHERE

Q

onjunctOrDisjunct

rfoUserDefined

END] ENTITY;
(*

Attribut¢ definitions:

and(prRows

precpnditionTestOutcome

((SELF.preconditiohTestOutcome.allowedValue =
Pass) AND

(SELF.andOrRelation = TRUE)) XOR
((SELF.precondi*tionTestOutcome.allowedValue =
Fail) AND

(SELF.andOtRelation = FALSE));

: precond@tionTestOutcome.allowedValue <>

UserDefined;

Attribute andOrRows identifies a set of simple terms that afe either
ANDed or ORed together, depending on the value |of the
andOrRelation attribute. If andOrRelation = TRUE, then the set of
terms identified here is ANDed. If andOrRelation = FALSE, [then the
set of terms identified here is ORed.

Attribute preconditionTestOutcome identifies a particular outcome of

confidence

andOrRelation

the value of the TestOutcome.forTest attribute to which the value of
this attribute applies, where the TestOutcome.forTest attribute
identifies a particular test.

Attribute confidence identifies the statistical confidence in the logical
expression from the outcome in outcome_inference.

Attribute andOrRelation determines if SELF.conjunctDisjunct is
ANDed or ORed. If andOrRelation = TRUE, then
SELF.conjunctDisjunct is the conjunction of the members of the set. If
andOrRelation = FALSE, then SELF.conjunctDisjunct is the
disjunction of the members of the set.
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Formal propositions:

conjunctOrDisjunct

noUserDefined

— 67 —

Proposition conjunctOrDisjunct constrains the outcome inference list to be a
set of conjuncts or a set of disjuncts, but not both based on whether the
preconditionTestOutcome is Pass or Fail. If it is Pass, then the list must be a
conjunct list (i.e., andOrRelation = TRUE). If it is Fail, then the list must be a
disjunct list (i.e., andOrRelation = FALSE).

Proposition noUserDefined requires that the test outcome be one of the basic
standard values as defined in the Common Element Model.

6.3.5 ModelRule

Rule MgdelRule shall apply to the population of DiagnosticModel entities in a DIM exchange.file.

EXPREJS specification:

RULE ModelRule

WHERE
dqneModel
dnlySubtype

HND RULE;

END SCHEMA;
(*

6.3.6 DfMatrix Inference Model EXPRESS-G diagrams

The EXPRESS-G definition of the DINAIS represented by Figure 10.

DiagnosticModel) ;

FOR

SIZEOF (DiagnosticModel) = 13

: SIZEOF (QUERY (tmp <* DiagnosticModel |
NOT ( ‘AI_ESTATE_DIM. DMATRIXINFERENCEMODEL' IN
TYPEOF (tmp)))) = 0;
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( Al_ESTATE_CEM.DiagnosticModel )

!

DmatrixInferenceModel ( Al ESTATE_CEM.TestOutcome

)

ared ! Qfo.01
esStoorimT S[Z°7]

(@)

confidence
andOrRelation | *Qutcomelnference

*preconditionTestOutcoms

Q andOrRows S[1:7]
BOOLEAN | | _
(INV) assertion
(@)

cell ————.~ )
*Inference ————CQ  CellOutcqrie’ ,~

) !

( Al ESTATE_ CEM.ConfidenceValue ) ( Al ESTATE CEM.DiagnosisOutcome )

Figure 10 —AI_ESTATE_DIM EXPRESS-G diagram 1 of 1
*)
( *
6.4 Al [ESTATE_DLM

The AI{HESTATE. Diagnostic Logic Model information model is defined below. The construct

model were derived with the intent of providing a means for representing arbitrary logical expressi
model ufilizesmany of the constructs defined in the AI-ESTATE Common Element Model.

of this
bns. The

An inference is drawn using a logical relationship between two or more outcomes. The set of

possible

inferences associated with a particular outcome are represented as expressions of the form Outcome =>

AND(OR(outcomes)) or Outcome => OR(AND(outcomes)).

EXPRESS specification:
*)
SCHEMA AI_ESTATE_DLM;
REFERENCE FROM AI_ESTATE_CEM;

(*
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6.4.1 DiagnosticLogicModel

Entity DiagnosticLogicModel represents the constituents of a generic Diagnostic Logic Model.

EXPRESS specification:

*)
ENTITY DiagnosticLogicModel
SUBTYPE OF (DiagnosticModel) ;

inferences : SET [2:?] OF OutcomelInference;

END ENTITY;

(*

Attribut¢ definitions:

infefences  : Attribute inferences identify the set of outcome inference that)comprise the 1

number of tests in the model.

6.4.2 Inference

the system under test. To be useful, a model shall consist of)at least two inf
corresponding to inferences from the minimum number of outcomes for the nf

Entity Inference identifies a set of outcome inferences to be drawn as a result of some other outcorl
model being asserted. The set of outcomes is either ANDed \or ORed, as specified by the andOr

attributg. Only test outcomes or diagnosis outcomes can be inferred.

EXPREJS specification:

*)
ENTETY Inference;

Herm : SEPF-NM1:?] OF Outcome;

ndOrRelation : BOOEEAN;

INVERSE

Q)

WHERE

0;
END| ENTLTY;
(*

dssertion :*OutcomeInference FOR andOrTerms;

rJoActionOutcome : SIZEOF (QUERY (tmp <* SELF.term
'AT ESTATE DLM.ACTIONOUTCOME'

|
IN TYPEOF (tmp

hodel of
erences,
jinimum

he in the
Relation

Attribute definitions:

term . Attribute term identifies a set of specific outcomes to be inferred in the current

logical expression.

andOrRelation : Attribute andOrRelation determines if SELF.term

of the set.

is ANDed or ORed. If
andOrRelation = TRUE, then SELF.term is the conjunction of the members of the
set. If andOrRelation = FALSE, then SELF.term is the disjunction of the members
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assertion . Inverse attribute assertion identifies the top level of the logical expression being
inferred from some outcome.

Formal propositions:

noActionOutcome Proposition noActionOutcome ensures that there are no action outcomes used
in inference within this model.

6.4.3 Outcomelnference

Entity Qutcomelnference pairs a particular outcome of a particular test with a set of inferences repfesented
in a conjunct/disjunct form. Each inference entity of the set is a set of outcomes that are ANDed’pr ORed
together} The Outcomelnference entity then ANDs or ORs the set of inferences.

EXPRESS specification:

*)

ENTELTY OutcomelInference;

gdndOrTerms : SET [1:?] OF Inferencey
greconditionOutcome : Outcome;
donfidence : OPTIONAL confidenceValue;
gndOrRelation : BOOLEAN;

UNIDPUE
dne_outcome : preconditionOutcome;

END] ENTITY;
(*

Attribut definitions:

and(prTerms : Attribute andOrTerms identifies a set of composite terms that afe either
ANDed’ or ORed together, depending on the value of the andQrTerms
aftribute.

precpnditionOutcome ( 3 ~Attribute preconditionOutcome identifies a particular outcome of af action,

test, repair (which is a type of action), or diagnosis to which the valde of this
attribute applies, where the xxxOutcome.forXxx attribute (wherd xxx =
action, test, or diagnosis) identifies a particular action, test, or diagnogis.

conf]derice : Attribute confidence identifies the statistical confidence in the| logical
expression from the outcome in outcome _inference.

andOrRelation . Attribute andOrRelation determines if SELF.conjunctDisjunct is ANDed or
ORed. If andOrRelation = TRUE, then SELF.conjunctDisjunct is the
conjunction of the members of the set. If andOrRelation = FALSE, then
SELF.conjunctDisjunct is the disjunction of the members of the set.

6.4.4 ModelRule

Rule ModelRule shall apply to the population of DiagnosticModel entities in a DLM exchange file.
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EXPRESS specification:

*)

RULE ModelRule FOR

(DiagnosticModel) ;
WHERE
oneModel : SIZEOF (DiagnosticModel) = 1;

onlySubtype : SIZEOF (QUERY (tmp <* DiagnosticModel |
NOT ('AI ESTATE DLM.DIAGNOSTICLOGICMODEL' IN
TYPEOF (tmp)))) = 0;
END RULE;

END STHEME;
(*

6.4.5 Djagnostic Logic Model EXPRESS-G diagrams

The EXPRESS-G definition of the DLM is represented by Figure 11.

C Al ESTATE CEM.DiagnosticModel )

!

DiagnosticLogicModel ( Al ESTATE_CEM.confidenceValue )
inferences S[2:7] (@)
confidence
andOrRelation | gyitcomelnference *preconditionOutcome

andOrTerms S[1:?]

(INV) assertion
*Inference
andOrRelation
@)
term S[1:7] %
OC Al ESTATE CEM.Outcome )

Figure 11 —AIl_ESTATE_DLM EXPRESS-G diagram 1 of 1
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6.5 Al_ESTATE_FTM

This subclause defines the AI-ESTATE Fault Tree Model information model. The constructs defined here
are specific to the Fault Tree approach to system test and diagnosis. In this diagnostic method, a decision
tree with fixed fault isolation strategies is constructed a priori and remains static during the diagnosis. The
Fault Tree provides a test strategy that can be used without the aid of a reasoning system. This specification
is included in the AI-ESTATE standard because it is frequently used as the primary diagnostic strategy or
in conjunction with other test generation strategies.

The structure of a fault tree can be viewed as a decision tree. The interior nodes of the tree correspond to
the different tests to be run during the fault isolation procedure. Each branch from a node corresponds to
one of the possible outcomes for that test. The branch is taken that corresponds to the outcome that occurs
as the r¢sult of executing the test. TestResult identifies the next test node in the tree to which to proceed,
identifigs the diagnostic conclusion that is drawn, or simply provides information on the status|of fault
isolatior].

The Fault Tree Model draws on elements of the Al ESTATE CEM. The Test entity-corresponds tp a node
or step puch as that described previously. Each branch points to the TestResult entity in the npjodel. A
reasonei utilizes a fault tree by recommending an entry point (action) to the'client application. Upon
acknowledgment from the client, the fault tree is processed by starting at that entry point, executing the test
associatgd with that step and proceeding with the actions prescribed for ‘the” outcome that resultp. When
another ptep of the fault tree appears for the resulting test outcome, execution of the fault tree proceeds to
that fault tree step. Eventually, the result for the test outcome should identify the diagnosis; at tlis point
(when rjo other fault tree steps appear), processing of the fault trée is complete. The current diagnosis
should Ye included at all steps of the fault tree.

EXPREJS specification:

*)

SCHEMA AI ESTATE FTM;

REFERENCE FROM AI ESTATE CEM;
(*
6.5.1 FaultTreeModel
Entity FaultTreeModel.sepresents the fault tree at the highest level of abstraction. Thus, it defines jan entry

point info the fault tree by identifying the first step (i.e., the root) of the tree. Multiple entry points can be
defined,|but to maintain acceptable form, they should be treated as separate models.

EXPRESS specification

*)
ENTITY FaultTreeModel
SUBTYPE OF (DiagnosticModel) ;
entryPoints : LIST [1:?] OF UNIQUE StartingPoint;

END ENTITY;
(*
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Attribute definitions:

entryPoints

— 73—

Attribute entryPoints defines one or more starting points for a fault tree. As a list,

entry points can be specified in sequential order based on implementation-specific
needs. Should ordering not be required, the list can still be scanned to find the
appropriate entry point.

6.5.2 FaultTreeStep

Entity FaultTreeStep represents a decision node in the fault tree table. Its entries identify the test to be run

at this sfep in the fault tree and which test result/action pairs to follow. The testStep attribute useq the test
entity of the AI-ESTATE Common Element Model.
EXPREJS specification:
*)
ENTETY FaultTreeStep;
Hesult SET [2:?] OF TestResult;
HestStep Test;
greActions LIST OF Action;
gdostActions LIST OF Action;
INVERSE
qdtartedBy : SET [0:1] OF StartdimgPoint FOR firstStep;
dreviousResult : SET [0:1] OF TesgResult FOR nextStep;
WHERE
dqutcomesAreValid EXISTS (tesfiStep.allowedOutcomes) AND
(resultQut,Comes (result) =
testStep.'allowedOutcomes) ;
dnelnverse (SIZEQF (startedBy) = 1) OR
(SIZEQF (previousResult) = 1);
END] ENTITY;
( *
Attribut¢ definitions:
result I Attribute result is a set of at least two TestResult entities that comgprise the
outcome/action pairs for the test identified in the testStep attribute. There should be
a TestResult entity in the result set for each possible outcome of the test in tgstStep.
testStep . Attribute testStep identifies the test that is to be run for this step of the fault free.
preActions : Attribute preActions provides a list of actions that must be performed immediately
prior to the Test specified by testStep.
postActions . Attribute postActions provides a list of actions that must be performed immediately
after completing the Test specified by testStep.
startedBy : Inverse attribute startBy identifies the action corresponding to the entry point to the
fault tree. If the FaultTreeStep is not an entry point, this attribute is empty.
previousResult : Attribute previousResult identifies the result in the fault tree that leads to the new

step in the fault tree.
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Formal propositions:
outcomesAreValid Proposition outcomesAreValid verifies that there exists a legal outcome for the
test for every TestResult specified at this step in the fault tree. The rule is
satisfied when the set of outcomes equals the set returned by the function
resultOutcomes.
onelnverse Proposition onelnverse ensures that at least one of the two inverse attributes is

instantiated.

6.5.3 StartingPoint

Entity S
As an Al
be recor

EXPRE]

*)

ENT

[ds)

WHE

Q)

END

(*

Attribut

first{

Formal

actio

tartingPoint is a subtype of Action corresponding to an entry point for fault tree-based dj
ction, a diagnostic reasoner can recommend one or more entry points, and the entry-point t
ded in a Session of the DCM.

bS specification:

TTY StartingPoint

UBTYPE OF (Action);

firstStep : FaultTreeStep;

RE

ctionOnly : NOT('AI ESTATE CEM.TEST%“IN typeof (SELF)) AND
NOT ('ATI ESTATE CEM.REPAIR' IN typeof (SELF));

| ENTITY;

definitions:

btep  : Attribute firstStep points to the root of the fault tree or subtree.

DropoSitions:

nOnly  Proposition actionOnly prevents a StartingPoint from being instantiated as
Repair or a Test.

6.5.4 TrstResuIt

agnosis.
ken can

either a

Entity TestResult provides the outcome associated with a test. That outcome is then paired with the
corresponding test result, indicating the next step in the tree by pointing to that step. If appropriate, the next
step of the fault tree to which execution should proceed is identified in the nextStep attribute.

EXPRESS specification:
*)
ENTITY TestResult;
nextStep : OPTIONAL FaultTreeStep;
testOut : TestOutcome;

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012

IEEE Std 1232-2010 —-75-
currentDiagnosisOutcome : SET OF DiagnosisOutcome;
INVERSE
associatedStep FaultTreeStep FOR result;
WHERE

leavesHaveDiagnoses

END ENTITY;

(*

Attribute definitions:

(EXISTS (nextStep)) OR
(SIZEOF (currentDiagnosisOutcome) >

0);

next

test(

currq

asso

Formal

leavyd

BTep

ut

ntDiagnosisOutcome

iatedStep

Dropositions:

sHaveDiagnoses

6.5.5 ModelRules

Rule M

EXPRE]

bS specification:

Proposition{leavesHaveDiagnoses constrains the currentDiagnosisO
attribute that is a required attribute such that the associated list can Y
if associated with an internal node of the tree, but if the node is a les
terminal step in the tree), then the currentDiagnosisOutcomes list ¢
einpty.

delRule shall apply to the population of DiagnosticModel entities in a FTM exchange file.

ATITIDUTE NEXTSTep 1dentities Which FaultITeestep 10 execute
the outcome in TestOutcome results from the execution of th

xt when
b test of

this FaultTreeStep. This attribute is optional. When no EaultTr¢eStep is

identified, the TestResult entity is a leaf of the fault tree,

Attribute testOut identifies the outcome of the test|of this Fault]
to which this construct applies.

Attribute currentDiagnosisOutcome identifies the diagnosis ele
the model that are indicted (i.e., aceused) by the sequence
leading up to this point in the fauylt tree. This attribute is used
the diagnosis resulting from traversing the tree.

Attribute associatedStep identifies the step with which the currg
is associated. Because thiS is not a set, it enforces the tree stru
the fault tree (i.e., itdsot a decision graph).

'reeStep

ments in
of tests
0 report

nt result
cture of

utcomes
e empty
f(ie.,a
innot be

*)

RULE ModelRules FOR
(DiagnosticModel) ;

WHERE

oneModel
onlySubtype

END RULE;

(*

SIZEOF (DiagnosticModel) = 1;
: SIZEOF (QUERY (tmp <* DiagnosticModel |
NOT ( 'AI_ESTATE_FTM. FAULTTREEMODEL'
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6.5.6 resultOutcomes

EXPRESS specification:

Function resultOutcomes takes a set of test results and returns the corresponding set of test outcomes to
ensure that the outcomes listed correspond to the outcomes available at the step in the tree.

*)

FUNCTION resultOutcomes
(results:SET [0:?] OF testResult) : LIST [0:?] OF testOutcome;
LOCAL

tOut: LIST [0:?] OF testOutcome := [];
END LOCAL;

REPEAT i := LOINDEX (results) TO HIINDEX (results);
tOut := tOut + results[i].testOut;

END_REPEAT;

RETURN (tOut) ;
END_FUNCTION;

END_S HEMA;
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6.5.7 Fault Tree Model EXPRESS-G diagrams

The EXPRESS-G definition of the FTM is represented by Figure 12.

FaultTreeModel O—C AL ESTATE_CEM .DiagnosticModel )

entryPoints *L[1:?]

(@)

*StartingPoint %)—( Al ESTATE CEM.Action )

preActions L[0:?] ?
postActions L[0:?]

firstStep

(INV) startedBy S[0:1]

testSt ;

*FaultTreeStep ~ [—————0 ( Al ESTATE_CEM.Test )

O |
nextStep result S[2:7]

(INV) associatedStep

(INV)|previousResult S[0:1]

testOut 1
*TestResult —O( Al ESTATE_CEM.TestOutcome )

currentDiagnosisOutcome S[0:7?]

( AT"ESTATE CEM.DiagnosisOutcome )

Figure 12—AI_ESTATE_FTM EXPRESS-G diagram 1 of 1
*)

(*

6.6 Al_ESTATE_DCM

The AI-ESTATE Dynamic Context Model information model captures a record of a reasoning session. The
DCM enables the development of information interfaces to the historical results of AI-ESTATE reasoning
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sessions, including the state of the reasoner and each step in the reasoning process. The DCM data and
knowledge are developed during a diagnostic session, unlike those of the CEM, FTM, D-Matrix Inference
Model, Diagnostic Logic Model, and Bayesian Network Model (BNM) (which consist of static diagnostic

data and

knowledge).

A diagnostic session is initiated by identifying the model to be used for determining the existence of a fault
in the unit undergoing test and for isolating to a sufficient level to effect a maintenance action that will
restore the system to a known functioning condition. The session proceeds in a series of steps. At each step,
one or more tests are performed. The DCM is used to record the state existing prior to performing any test

ateach s

tep as well as the results after performing the test. At each step, the following are recorded:

The status of all actions, diagnoses, and resources at the start of the step

The D(
transpirg
diagnosf
indicate
inferred

A DCM
session,
instance
In addit
a super

unimpottant attribute values from the static model~There is no need for a DCM instance to retain

a static 1

EXPRE]

*)

SCHEM4

REF

(*

The actions that are performed.
The outcomes of those actions.

Optionally, the current fault hypothesis

M schema references types from the CEM schema to enable DCM instances to recq
d during a diagnostic session. The CEM entities in a DCM instancg are’ copies of entities
ic model used during the session. For example, certain DCM entitieS point to the CEM e
“that Action was performed,” and “that Outcome was observed{)and “that DiagnosisOutc

99

instance contains an abridged copy of the diagnostic model instance that was used dy
not a full copy. Since the DCM schema only referédees the CEM, a DCM instance can no
5 of types declared in the BNM, DIM DLM or EFM even if one of those models types we
on, a DCM instance can omit CEM entities that\played no role in the session, or recast a su
ype as a way of pruning unnecessary diagnostic model information, and even omit

nodel that are not required for recording the session.

bS specification:

\ AT ESTATE_ DCM;

FRENCE FROMV'AT ESTATE CEM;

6.6.1 HypothesisDirected

rd what
from the
ntities to
me was

ring the
contain
re used.
btype as
or null
etails of

Type HypothesisDirected defines a type by which a step can determine whether the search is focused on a
provided user hypothesis or on a search process applied by the reasoner.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012

IEEE Std

1232-2010 —-79-

EXPRESS specification:

*)

TYPE HypothesisDirected = BOOLEAN;
END TYPE;

(*

6.6.2 Identifier

Type Identifier defines a string type for specifying identification information.

EXPRE

*)
TYP
END

(*

bS specification:

. Identifier = STRING;
| TYPE;

6.6.3 RpliabilityDirected

Type R
process

liabilityDirected defines a type by which a step can determiine whether or not the optil
depends on failure distributions.

EXPREJS specification:

*)
TYP
END

(*

. ReliabilityDirected = BOOLEAN;
| TYPE;

6.6.4 TimeStamp

Type TimeStamp defines a string for representing date and time information in accordance wit
Wide Web Consortium (W3(C)) XML Schema Part 2 [B4] Par. 3.2.7 dateTime definition.

EXPRESS specification:

*)
TYP
END

. PimeStamp = STRING;

mization

h World

TN DL .

(*

6.6.5 U

e e e =y

RI

Type URI defines a string for specifying a uniform resource identifier in accordance with
IETF RFC 2396-1998.

EXPRESS specification:

*)
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TYPE URI = STRING;

END TYPE;
(*

6.6.6 StatusCode

Enumerated type StatusCode specifies legal status codes to be returned by a service specified by this
standard.

EXPRESS specification:

*)
TYPE StatusCode = ENUMERATION OF
OPERATION COMPLETED SUCCESSFULLY,
ONEXISTENT DATA ELEMENT REQUESTED,
ISSING OR _INVALID ARGUMENT,
PERATION OUT OF SEQUENCE,
NVALID MODEL SCHEMA,
ERVICE NOT AVAILABLE,
NKNOWN_EXCEPTION_RAISED);
END| TYPE;

Cn Q=2 =

(*
6.6.7 ActiveAction

Entity ActiveAction corresponds to an action that has been taken in the session. Active actions haye actual
costs thgt are tied back to the associated tests and resourCes.

EXPREJS specification:

ENT[ITY ActiveAction;

dctionType : Actdon;
dostIncurred : \SET OF ActualCost;
INVERSE
dtepPerformed ;7 Step FOR actionsPerformed;

END] ENTITY;

Attribut¢ definitions:

actionType . Attribute actionType identifies the type of action performed as specified within the
Common Element Model.

costIncurred . Attribute costlncurred provides the set of actual costs associated with taking this
action in the current step of the session trace.

stepPerformed : Inverse attribute stepPerformed identifies the specific step within the session where
the action was performed.

6.6.8 ActualCost

Entity ActualCost provides the cost information collected when an associated action is performed.
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*)
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ENTITY ActualCost;

actualValue CostValue;
costType Cost;
INVERSE
actionCost ActiveAction FOR costIncurred;
WHERE
valueIsValid (NOT (EXISTS (costType.lowerBound)) OR
(costType.lowerBound <= actualValue)) AND
(NOT (EXISTS (costType.upperBound)) OR
(COsSLlIype.UppelDbOUIlld = aClUalvValue) ),
YalidCostType EXISTS (actionCost.actionType.hasCost) AND

END| ENTITY;
(*

Attribut¢ definitions:

(costType IN actionCost.actionType.hasCost);

actuglValue : Attribute actualValue records the incurred cost valyg:

costType . Attribute costType identifies the type of costdngurred as specified within the (
Element Model.

actignCost : Inverse attribute actionCost identifies the specific action to which this cost bel

Formal propositions:

valu¢IsValid

validCostType

6.6.9 ActualOutcome

Proposition valuelsValid ensures that actualValue lies between legal
given the'bounds have been defined

Proposition validCostType ensures that the type of cost associated
ActuialCost corresponds to one of the expected cost types from the di
model.

Entity AlctualOutéome provides information on specific outcomes in the diagnostic process.

fommon

bngs.

bounds,

with the
gnostic

EXPRESS specification:

*)

ENTITY ActualOutcome;

actualConfidence : OPTIONAL ConfidenceValue;
outcomeType Outcome;
INVERSE
stepInferred SET [0:?] OF Step FOR outcomesInferred;
stepRecorded SET [0:1] OF Step FOR outcomesObserved;
stepHypothesized : SET [0:1] OF Step FOR userHypothesis;
WHERE
boundConfidence : NOT (EXISTS (SELF.actualConfidence)) OR
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Attribute definitions:
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(SELF.actualConfidence <=
SELF.outcomeType.maxConfidence) ;
(SIZEOF (stepInferred)>=1) XOR
(SIZEOF (stepRecorded)=1) XOR
(SIZEOF (stepHypothesized)=1);

actualConfidence Attribute actualConfidence provides the specific confidence value associated
WITh (e actual outcome.
outcpmeType Attribute outcomeType identifies the corresponding Outcome,'definefd in the
Common Element Model.
stepInferred Inverse attribute stepInferred identifies the step in the diagnostic sessiqn where
the given inferred outcomes were recorded.
stepRecorded Inverse attribute stepRecorded identifies thesstep in the diagnostic| session
where the current ActualOutcome was recorded.
Formal propositions:
bourjdConfidence Proposition boundConfidence_specifies that the actual confidence muft be no
more than the maximum cenfidence recorded in the Common Elemerjt Model
for this outcome.
assog¢iatedStep Proposition associatedStep specifies that the ActualOutcome must pldy a role
as either an infefred outcome, an observed outcome, or a user hypothgsis, but
not more thanlone of these roles. An ActualOutcome that is an inferenge can be
used in that'role by multiple Steps to represent that the inference is undhanging
from Step’to Step in Session.trace. An ActualOutcome that is an obseryation or
userhypothesis can only have that role in the one Step where the obgervation
ot liypothesis was asserted.
6.6.10 ActualSysteniltem
Entity ActualSystemltem identifies the specific SystemUnderTest that is the focus of diagnosis in the
current ¢liagnostic session. It also provides a reference to any diagnostic history information on th¢ unit or
system yndertest in terms of previous test/diagnosis/repair sessions.

EXPRESS specification:

*)

ENTITY ActualSystemItem;
diagnosedItemID : Identifier;
history :

itemUnderTest

INVERSE

diagnosedIn

UNIQUE
oneld

SET OF URI;
SystemItem;

Session FOR diagnosedItem;

diagnosedItemID;
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END ENTITY;

(*

Attribute definitions:

diagnosedItemID : Attribute diagnosedItemID provides a specific unique identifier for the system
or unit being diagnosed.

history : Attribute history identifies a set of diagnostic sessions capturing historical
diagnostic information.

item[DnderTest T Attribute itemuUnder I est identities the type of Repairltem that is the syibject of
diagnosis

diaghosedIn : Attribute diagnosedIn identifies the Session where the system was diaghosed.

6.6.11 ActualUsage

Entity ActualUsage provides information on time of use by a Systemltem. The)purpose of the enfity is to
capture |life cycle information for the purposes of determining where the‘uhit lies within its r¢liability
distribufion. This information is associated with a specific Systemltem under the assumption [that the
information “flows down” to child Systemltems.
EXPREJS specification:
*)
ENTETY ActualUsage;
fJopLevel : SystemItem;
ynits : TimeUnit;
fJimeIndex : TimeValuey
INVERSE
dtepRecorded : Step \FOR lifeCycleStatus;
END] ENTITY;
( *
Attribut¢ definitions:
topLievel 1 Attribute topLevel identifies the top-most Systemltem to which the usage
information applies.
units Attribute units specifies the time units applied to the operational time of th¢ system
item.
timelndex Attribute timelndex provides a value indicating the usage or operational time of the
system item relative to the time baseline.
stepRecorded Inverse attribute stepRecorded identifies the step in the diagnostic session where the

usage data is recorded.

6.6.12 Discrepancy

Entity Discrepancy captures information on source events that initiated the current diagnostic session.
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EXPRESS specification:
*)
ENTITY Discrepancy;
name :  NameType;
description : DescriptionType;
INVERSE
sessionInitiated : SET [0:1] OF Session FOR cause;
END ENTITY;
( *
Attribute definitions:
name : Attribute name provides a unique name for identifying the trigger.
desctiption :  Attribute description provides a means for associating |descriptive | text to
characterize the trigger.
sessipnlnitiated : Inverse attribute sessionlnitiated identifies the ,diagnostic session that was

initiated by the given discrepancy.
6.6.13 PerviceState

Entity SprviceState provides information on the status of a compléted AI-ESTATE service request.

EXPREJS specification:

*)

ENT[ITY ServiceState;
gdssociatedService : DescriiptionType;
description : DescriptionType;
dtatus N\ StatusCode;
INVERSE
qtepRecorded : SET [0:1] OF Step FOR servicelog;

END| ENTITY;
(*

Attribut¢ definitions;
assogiatedService :  Attribute associatedService identifies the AI-ESTATE service called.
description . Attribute description provides a textual description for the AI-ESTATE service
state.
status . Attribute status identifies the status code returned by an AI-ESTATE service.
stepRecorded . Inverse attribute stepRecorded identifies the step in the diagnostic session

where the AI-ESTATE service state was recorded.
6.6.14 Session

Entity Session is the collector for the trace of steps performed in the current diagnostic session.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012

IEEE Std 1232-2010 - 85—
EXPRESS specification:
*)
ENTITY Session;
name : NameType;
cause : OPTIONAL SET [1:?] OF Discrepancy;
modelForDiagnosis : DiagnosticModel;
timeInitiated : TimeStamp;
trace : LIST OF Step;
diagnosedItem : ActualSystemItem;
UNIQUE
oneName name;
WHERE
rloTestsLast (SIZEOF (SELF.trace) = 0) OR
(SIZEOF (trace [SIZEOF (trace) ] .outdomespPbser
ved) = 0);
flirstStepHasResources : NOT (SIZEOF (SELF.trace) > 0) OR
EXISTS (SELF.trace[l] .availableResources) ;
dommonSystem : SELF.modelForDiagnosis.sy&temUnderTest =
SELF.diagnosedItem.itemUnderTest;
END| ENTITY;
x|
Attribut¢ definitions:
nam¢ . Attribute name provides a unigue, identifying name for the session.
causg : Attribute cause identifies one or more discrepancies that initijgted the
diagnostic session.
modglForDiagnosis : Attribute modelForDiagnosis identifies the diagnostic model that wag used in
the current diagnostic session.
time[nitiated : AttriBute” timelnitiated identifies the specific time at which the diagnostic
session was started.
tracd s Attribute trace provides an ordered list of steps that the diagnostic feasoner
performs during a session. It is expected that actions such as badking up
would be recorded as a new step in the trace rather than having a stey) deleted
from the trace.
diagnosedItem : Inverse attribute diagnosedltem identifies the specific unit or system being
diagnosed in the session.
Formal propositions:
noTestsLast Proposition noTestsLast ensures that the last step in the traces has no
associated outcomes or tests that have just been observed. To have observed
this information indicates the state must be updated, and a new step must be
created.
firstStepHasResources ~ Proposition firstStepHasResources requires that the first step in the session

trace shall instantiate the availableResources attribute.
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commonSystem Proposition commonSystem ensures that the itemUnderTest identified as the
ActualSystemltem corresponds to the systemUnderTest of the
DiagnosticModel being used for diagnosis.
6.6.15 Step
Entity Step is the collector for the information recorded at each step in the current diagnostic session.
EXPRESS specification:
*)
ENTITY Step:;
rjame : OPTIONAL NameType;
gdctionsPerformed : LIST OF ActiveAction;
dptimizedByCost : SET OF CostCategory;
dptimizedByDistribution : ReliabilityDirected;
dptimizedByUser : HypothesisDirected;
dutcomesInferred : SET OF ActualOutcome;
dutcomesObserved : SET OF ActualOutcomes;
dervicelog : OPTIONAL LIST OF SexVwiceState;
dtepContext : OPTIONAL ContextState;
fimeOccurred : OPTIONAL TimeStamp;
YserHypothesis : OPTIONAL SET. 4 D:?] OF ActualOutcome;
JifeCycleStatus : LIST OF ActualUsage;
yeverted : OPTIONAL, Step;
dvailableResources : OPTIONAL SET [1:?] OF Resource;
INVERSE
dwningSession : Sessdon FOR trace;
UNIDUE
gdneName name;
WHERE
HypothesisWithUserDirected (NOT (SELF.optimizedByUser) OR
EXISTS (SELF.userHypothesis));
END| ENTITY;
( *
Attribut¢ definitions:
name Attribute name provides an optional, unique name to be us¢d when
setting or restoring waypoints in a diagnostic session.
actignsPefformed Attribute actionsPerformed identifies the ordered list of actigns (e.g.,
tests, repairs, or other general actions) that have been performed at this
step in the process.
optimizedByCost Attribute optimizedByCost identifies the set of cost criteria (if any)

used to optimize test selection at a given step in the diagnostic

process.

optimizedByDistribution

Attribute optimizedByDistribution specifies that test selection is

dependent on failure distribution when this Boolean attribute is

TRUE.
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Attribute optimizedByUser is set to TRUE when reasoning at a
particular step was based on a user hypothesis and FALSE when based
on the reasoner's hypothesis.

Attribute outcomesInferred identifies the inferred outcome values and
confidences for all model outcomes, whether new or not, at this step.

Attribute outcomesObserved provides the set of test, diagnosis, and
action outcomes observed at this step in the process, along with their
associated confidence values.

SCTVICCLOZ

stepContext

timePccurred

userHypothesis

life(ycleStatus

revefted

availableResources

ATIDUIE ServiceL.og provides e 1St of Status vatues reurped as a
result of executing an AI-ESTATE service.

Attribute stepContext provides context information from the ¢ommon
Element Model such as the system and operationalsstate, as w¢ll as the
reason for diagnosis at this step. The context may change as diagnosis
proceeds, and once a context is set for a given step, that confext will
persist through subsequent steps in a session until changed.

Attribute timeOccurred records a tinie stamp at which the step[began.

Attribute userHypothesis idefitifies a set of user-provided outcomes
taken from the diagnostic miodel to be used as a working hyjpothesis
by the reasoner. Note this.is an optional attribute because a yser may
not have a hypothesis at.all steps in the process (if ever).

Attribute lifeCycleStatus provides usage information for thd system
items within the system being diagnosed. The attribute is defined as a
list to impgose an order of precedence in the event a specifi¢ system
item ha§ multiple parents. Should this occur, later parents irf the list
wilktake precedence (i.e., will override) earlier parents.

Attribute reverted identifies the step returned to either |through
backtrack or restoreWaypoint. This attribute is populated when
restoring the current Step. Otherwise, the attribute is not populpted.

Attribute availableResources identifies the resources that are gvailable
at a particular Step in the diagnostic session. If this attribute floes not
exist on a particular Step, then the resources from the last $tep that
instantiates the attribute are still available; however, if the attribute
exists, then it shall enumerate all available resources at that Step. The
first Step in the session shall instantiate this attribute.

owningSession

Formal propositions:

hypothesisWithUserDirected

Inverse attribute owningSession identifies the specific session trace to
which this step belongs.

Proposition hypothesisWithUserDirected specifies that if hypothesis-
directed search is used at a step in the diagnosis (optimizedByUser =
TRUE), then userHypothesis must exist.
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6.6.16 ModelRule

Rule ModelRule shall apply to the population of ActualSystemlItem entities in a DCM exchange file.

EXPRESS specification:

*)
RULE ModelRule FOR
(ActualSystemItem) ;
WHERE
oneModel : SIZEOF (ActualSystemItem) = 1;
END| RULE;
END SCHEMA;

(*

6.6.17 Dynamic Context Model EXPRESS-G diagrams

The EXPRESS-G definition of the DCM is represented by Figure 13 through Figute 15.
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O URI 1 ( STRING
history S[0:?] ! -I

FE— *diagnosedltemID temUnderTest
ldentifier  O—————*ActualSystemltem ——————Q( Al ESTATE CEM Systemltem )

diagnosedltem 113) Q
(INV) diagnosedin ’

timelnitiated |

3,5 _cause S[1:7] . modelForDiagnosis 1,2(2)
Discrepancy *Session
1] i
| STRING | P— TimeStamp O———

*name l
trace L[0:?]

(AL ESTATE_CEM DiagnostioModd )
(INV) owningSession 3,1 NameType 3

timeOccurred

\ lifeCycleStatus L[0:?] .
42 ActualUsage } -Name_ (3.1 NameType

[ 32 \ stepContext
ContextState / 1,32,3)

) O
N\ serviceLog L[0:?] .
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Figure 13 —AI_ESTATE_DCM EXPRESS-G diagram 1 of 3
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Figure 14 —AI_ESTATE_DCM EXPRESS-G diagram 2 of 3
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Figure 15—AI_ESTATE_DCM EXPRESS-G diagram 3 of 3
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7. Reasoner manipulation services

This clause specifies a set of reasoner manipulation services for interacting with a diagnostic reasoner
application during a diagnostic session. A conformant diagnostic reasoner shall expose these services for a
client application to call. The services provide an interface that allows the reasoner to receive test
information from the client, provide diagnostic conclusions and other analysis to the client, recommend
actions to the client, and create a record of the session. The role of the client application is to control the
diagnostic process, provide test information to the reasoner, request diagnostic conclusions, and perform
test and repair actions. Within a diagnostic session, the client application will typically call the services in
this clause to do the following:

—_ | I3 I tbe reasonerto-start-a-newns diagnostic-session
o

— Tell the reasoner which static model to use

— Get diagnostic conclusions and recommended actions from the reasoner
— Tell the reasoner the outcomes of actions the client performed

— Tell the reasoner to save a record of the session

—1 End the session

The reaponer manipulation services in this clause are designed to/be sufficient for a typical diagnostic
session.|Any extensions to the reasoner manipulation services shall’adhere to 5.2.

This clapse specifies services using EXPRESS notation; this in'no way restricts the software langgage one
uses for|/implementing the services. In addition, several services input or output service-specific EXPRESS
entities fhat are defined within the service specification~Where an EXPRESS entity is defined as part of a
service $pecification, the entity definition specifies thevinformation content of the input or output| not the
implemgntation format. The implementation format-is user defined and should adhere to the descrjption in
4.2. Forl simplicity, the entities are defined such that there are no explicit entity-to-entity relationships
within a| service call or between services calls;) That is, no entity defined in this clause has another pntity as
an attribjute.

The reagoner manipulation services\in this clause make frequent use of “NameType” attributes o1} entities
in the static diagnostic model. Names are permanent identifiers for items understood on both sid¢s of the
reasonet-client interface. For-€xample, when the reasoner recommends that a test be performed, iff does so
by passing the test name to the client. The client application should recognize that test name and bg able to
execute [the corresponding test procedure. Similarly, the client informs the reasoner that it has performed a
test by plassing the test name, and the reasoner recognizes the test name.

7.1 Sefvice order dependence

This subclause specifies the order dependencies for Reasoner Manipulation Services by defining a set of
states for the reasoner application, the services available during each state, and the state transitions that
result from certain services. The basic execution model for an AI-ESTATE conformant diagnostic reasoner
shall manipulate an instance of the DCM to maintain reasoner state and follows the high-level state diagram
shown in Figure 16. The five states defined in the state diagram are described in Table 1.
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C. Modets B. No Models
Loaded Loaded

A No Session

E. Pending

Assertions

Figure 16 —Execution model for an AI-ESTATE conformant diagnostic reasoner

D. Valid Session

Table 1—State descriptions

State

State descriptions

A. No Session

“No-Session” is where the reasoner application can start a new session for a particular|
unit under test (UUT). A reasoner’s state shall be state A at startup. The reasdner shall
successfully transition to state A from any state when the | service
closeDiagnosticProcess is called.

B. Np Models.Joaded

“No Models Loaded” is the state where no DiagnosticModels are yet loaded ahd where
they are loaded. This state also permits informing the reasoner of any historical data for
the UUT and the discrepancy that initiated the current session.

C. Models Loaded

“Models Loaded” exists to ensure that at least one DiagnosticModel has been loaded
before transitioning to state D and supports services that require models be predent.

D. Valid Session

“Valid Session” supports client requests for information from the reasoner. The
reasoner is in state D after it instantiates a new step in the session trace. The reasoner
stays in state D so long as the client only asks for information. The reasoner transitions
out of state D if the client asserts new information to the reasoner.

E. Pending Assertions

“Pending Assertions” supports asserting information to the reasoner. The reasoner|
transitions to state E after the client asserts information. The reasoner stays in state E so|
long as the client only asserts information. The reasoner transitions out of state E if the

client asks for information from the reasoner.

States D and E are essentially indistinguishable from the client’s perspective, as the same services are
available in both states. The distinction between states D and E relates to the DCM, particularly whether the
service instantiates a new step in the session trace.
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Each state is represented by a corresponding “state column” in the following table. Transitions between
states (e.g., A to B, C to D) are accomplished by executing the services associated with the relevant
columns (labeled AB, CD, etc.) The rules for remaining in the current step, instantiating a new step, or
reverting to an earlier step are specified by the numbered cell entries in the table and the numbered list of
rules below the table. The rules also specify services’ effects on the current step as recorded in the DCM.

Each service has a row in the table. Grayed out cells indicate that the service is unavailable in that state,
such that the reasoner shall raise an “OPERATION _OUT OF SEQUENCE” exception if the service is
called from that state. Each state column has several minor columns denoting state transitions. The heading
at the top of the minor column defines an initial and final state. For example, DE indicates a transition from
state D to E, whereas DD indicates the reasoner stays in state D. An entry in a cell in the minor column
indicates that a call to the service will result in the corresponding state transition if the call completes
successfully. The reasoner shall not make the stafe transition 1I the service completed unsuccessTully.

Table 2| defines the state transitions for the Reasoner Manipulation Services. A conformant dipgnostic
reasonel shall support sequences of calls to Reasoner Manipulation Services in any ordér.dllowefl by the
table. TlLe reasoner shall raise a “OPERATION OUT OF SEQUENCE” exception wheft the cliet calls a
service that is out of sequence according to the table.

Table 2—Reasoner manipulation services state transitions

State B State C State E
State|A No model Model State D Pending
No sesgion loaded loaded Valid session assertions

AA |AB|(AD
X

CA|CC|[CD Clausé [Service

DA | DD|DE|] EA|ED| EE

74,5, initializeDiagnosticProcess

7414  |restoreCheckpoint

7.4.16  |resumeDiagnosticProcess

7.4.4 closeDiagnosticProcess

7.4.5 describeReasoner

7.4.10  |loadHistoryFromLocation

7.4.23  |setDiscrepancies

7.4.8 loadDiagnosticModel

7.4.9 loadDiagnosticModelFromLocation
7.4.19  [setActiveModel

1 1 7.4.27 |updateState
1 1 7.4.22  |setContext
2 4 7.5.1 estimatedCostsToStage
2 4 7.5.2 estimatedResourcesToStage
2 4 7.4.6 getDiagnosticResults
2 4 7.5.3 getTestOutcomesFromDiagnosisOutcome
2 4 7.4.12  |recommendActions
2 4 7.4.13  |requestResourcesNeeded
2 2 |]7.4.26 [showSessionTrace
2 4 7.4.21  [setCheckpoint
2 4 7.4.24  |setWaypoint
3 3 7.4.15  |restoreWaypoint
x ~ EWE) PO
2 2 11742 applyDiagnosticOutcomes
2 2 11741 applyActions
2 2 17425 [setUsage
2 2 17420 [setAvailableResources

NOTE—Rules for states D and E:

a)  Record service call. Close current step. Append new step and populate attributes. Any service input
parameters apply to the attributes of the new step per the service specification.

b)  Stay in current step. Record service call. Any service input parameters apply to the attributes of the
current step per the service specification.

c¢)  Record service call in the current step. Append a new step that duplicates the specified the Step
(possibly the current step) as it was in its intial state before the first service call occurred in that Step.

d)  Equivalent to calling updateState() followed by this service.
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7.2 Status codes

An AI-ESTATE diagnostic reasoner shall provide a means for its clients to determine the success or failure
of service requests. This shall be recorded by means of the ServiceState entity within the Dynamic Context
Model. This entity will record one of the following status codes:

— OPERATION_COMPLETED_SUCCESSFULLY
— NONEXISTENT _DATA ELEMENT_ REQUESTED
— MISSING OR INVALID ARGUMENT

— OPERATION OUT OF SEQUENCE

— INVALID MODEL SCHEMA

— SERVICE NOT AVAILABLE

— UNKNOWN_EXCEPTION_RAISED

The statfis code usage is described in the service definitions.

7.3 Data types for the reasoner manipulation services
The AIHESTATE Reasoner Service Model information model*specifies information elements and their
types for use by the services defined within the AI-ESTATE\standard. The entities and types spefified in

this model are intended to be used by the services and not as a means of data exchange through efther the
ISO 10303-21:1994 or the ISO 10303-28:2007 interfaces:

EXPREJS specification:

*)

SCHEMA AT ESTATE RSM;
REFERENCE FROM AI ESTATE CEM;
REFERENCE FROM AL ESTATE DCM;
(*

7.3.1 ArtionOutcomeValue

Type AdtionOutcomeValue defines the subset of OutcomeValues that are valid for an ActionOutcome.

EXPRESS specification:

*)

TYPE ActionOutcomeValue = OutcomeValues;

WHERE
valid : SELF IN [NOTSTARTED, COMPLETED, ABORTED, NOTKNOWN,
NOTAVAILABLE, USERDEFINED];
END TYPE;

(*
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Formal propositions:

valid Proposition valid ensures the value corresponds to a legal ActionOutcome value.

7.3.2 DiagnhosisOutcomeValue

Type DiagnosisOutcomeValue defines the subset of OutcomeValues that are wvalid for a
DiagnosticOutcome.

EXPRESS specification:

*)
TYPE DiagnosisOutcomeValue = OutcomeValues;
WHERE

Yalid : SELF IN [GOOD, BAD, CANDIDATE, NOTKNOWN, USERDEFINED];

END|] TYPE;
(*

Formal propositions:

valid Proposition valid ensures the outcome value~is/one of the legal values gjven by
DiagnosisOutcome.

7.3.3 TestOutcomeValue

Type TgstOutcomeValue defines the subset of OutcemeValues that are valid for a TestOutcome.

EXPREJS specification:

TYPE TestOutcomeValue = OutcomeValues;

WHERE

valid : SELF (IN' [PASS, FAIL, NOTKNOWN, USERDEFINED];
END| TYPE;

Formal propositions:
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7.3.4 ExchangeFormat

Enumerated type ExchangeFormat enumerates the exchange file formats for diagnostic models and
dynamic context model instances.

P21 : The ISO 10303-21 exchange format specified in 5.1.1.
P28 : The ISO 10303-28 exchange format specified in 5.1.2.
NATIVE : An implementation-specific format.
EXPREYS specification:
*)
TYPE ExchangeFormat = ENUMERATION OF
P21,
28,
NATIVE) ;
END| TYPE;

(*

7.3.5 OutputType

Enumer
can requ
requisitg

NO_FA

DIAGN

FAULT

FAILUH

nted type OutputType enumerates the types of diagnostic conclusions that the calling ap

blication
ided the

1l be
Dsis
henostic

tic
ecial

hodel.

model.

REPAIR

FUNCTION_ITEM RESULT

est from the reasoner. The reasoner shall be capable of returning each of these types, proy

information is present in the active diagnostie;model.

JLT RESULT : The inferred state of the NoFault Diagnosis. The reasoner sha
capableof returning this result regardless of whether a Diagn
with-the name NoFault is literally instantiated in the active di
model.

DSIS RESULT : The inferred state of Diagnosis instances in the active diagno
model, excluding subtypes of Diagnosis, and excluding the sj
Diagnosis with the name "No Fault".

| RESULT : The inferred state of Fault instances in the active diagnostic n

'E RESULT : The inferred state of Failure instances in the active diagnostid

LITEM _RESULT - Theinferred-stateo

model.

model.

EXPRESS specification:

*)

TYPE OutputType = ENUMERATION OF
(NO_FAULT RESULT,
DIAGNOSIS RESULT,
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FAULT RESULT,
FATILURE RESULT,
REPAIR ITEM RESULT,
FUNCTION ITEM RESULT,
ALL) ;

END TYPE;

( *
7.3.6 StageType
Enumerated type StageType enumerates the stages of a diagnostic session in the order that they occur. The

thresholds for meeting these stages are implementation specific. Some implementations may not distinguish
between[Some oI these stages, but they shall preserve the order.

DETEC[FTED : The initial determination that there must be a fault/failure (e.g., the first test.to fail).

ISOLATED : The point in the process where repair becomes a reasonable action)
REPAIRED : The point in the process where the proper repair action(s) havebeen taken.
VERIFIED : The point in the process where any problems are confirmed to be corrected. For tlje no-

fault-found case, the point in the process where no<fault-found is confirmed.

FINISHED : The point in the process where the last reasoner<directed action is complete.

EXPREYS specification:

*)
TYPE StageType = ENUMERATION OF

DETECTED,

SOLATED,

EPAIRED,

ERIFIED,

INISHED) ;

END| TYPE;

o< g

(*
7.3.7 CpstUnit

Select type CestUnit combines the TimeUnit and NonTimeUnit types to form a generalized unit of fost.

EXPRESS specification:

*)

TYPE CostUnit = SELECT
(TimeUnit,
NonTimeUnit) ;

END TYPE;

(*
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7.3.8 ActionRecommendation

Entity ActionRecommendation represents a single action or a sequence of actions that the reasoner

recommends taking.

EXPRESS specification:

*)

ENTITY ActionRecommendation;

actionNames : LIST [1:?] OF NameType;
actionDescriptions : LIST [1l:?] OF DescriptionType;
dequenceDescription : DescriptionType;
dostCategories : LIST OF NameType;
dategoryDescriptions : LIST OF DescriptionType;
gdstimates : LIST OF CostValue;
yYppers LIST OF CostValue;
llowers LIST OF CostValue;
Ynits LIST OF CostUnit;
dontextNames : LIST OF SET OF NameType;
dontextDescriptions : LIST OF SET OF DescripfionType;
WHERE
dctionTable SIZEOQOF (actionNames)=SIZEOF( actionDescriptions) ;
dostTable : (SIZEOF (costCategories) £
SIZEOQOF (categoryDescriptions)) AND
(SIZEQOF (costCategories) = SIZEOF (estimates) )| AND
(SIZEOF (costCategoOries) = SIZEOF (uppers)) AND
(SIZEOF (costCategories) = SIZEOF (lowers)) AND
(SIZEOF (costCategories) = SIZEOF (units));
dlignedContext SIZEOF (contextNames) IN [0, SIZEOF (actionNames)];
ValidContext (SIZEOF (contextNames) =
SIZEOF (dontextDescriptions)) ;
END] ENTITY;
( *
Attribut¢ definitions:
actignNames i Attribute actionNames lists the Action or sequence of Actions by nanhe.
actignDescriptions . Attribute actionDescriptions lists the description attribute of each Action in
actionNames. The list actionDescriptions is aligned with actionNameg.
sequpn¢eDescription @ Attribute sequenceDescription provides a description for a sequence of
. . S Co i Names
list.
costCategories . Attribute costCategories provides a list of names of the CEM CostCategory
that are associated with the Actions specified by actionNames.
categoryDescriptions  : Attribute categoryDescriptions lists the description attribute value of each
CostCategory in costCategories. The list categoryDescriptions is aligned with
costCategories.
estimates . Attribute estimates lists the reasoner estimates of each cost in costCategories.

The list estimates is aligned with costCategories.
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. Attribute uppers lists the upper bounds of the reasoner estimates of each cost

in costCategories. The list uppers is aligned with costCategories.

. Attribute lowers lists the lower bounds of the reasoner estimates of each cost

in costCategories. The list lowers is aligned with costCategories.

: Attribute units lists the unit designations used to characterize each cost value

in costCategories. The list units is aligned with costCategories.

: Attribute contextNames provides the names of the ContextStates under
which the client needs to perform each Action in actionNames. The outer list
of contextNames is aligned with actionNames. The inner list forms a disjoint

contgxtDescriptions

Formal propositions:

actignTable

costTable

aligredContext

validContext

7.3.9 ActualAction

Entity ActualActionprovides information on an action that was performed or attempted, any outcd

any costs incurred.

EXPREYSspecification:

ST, any singiec Contextstate 1S acceptabic for performing tne Act
inner list shall be a subset of Action.mustOccurln. If the inner setli
the Action can be performed under any ContextState.

: Attribute contextDescriptions provides the descriptiohy attribute

ContextState in contextNames. The outer list, land inner
contextDescriptions are aligned with contextNames

Proposition actionTable ensures.{ that the lists actionNam
actionDescriptions are the same length.

Proposition  costTable  ensures that the lists  costCa

on. The
empty,

of each
set of

bs  and

egories,

categoryDescriptions, estimates, uppers, lowers, and units are all the same

length.

Proposition alignedContext ensures that the outer list of contextNam
same length as.actionNames, or that contextNames is empty.

AttributevalidContext ensures that the outer list of contextDescriptio
same length as the outer list of contextNames. The lengths of the in
shall also be equal, but this is not checked by the schema.

s 1s the

hs is the
ner lists

me, and

*)

ENTITY ActualAction;

actionName NameType;

statusValue : OPTIONAL ActionOutcomeValue;

statusConfidence : OPTIONAL ConfidenceValue;

costLabels : OPTIONAL LIST OF NameType;

costValues OPTIONAL LIST OF CostValue;
WHERE

costAligned (NOT (EXISTS (costLabels)) AND

NOT (EXISTS (costValues))) OR (SIZEOF (costLabels)

= SIZEOF (costValues)) ;

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012

IEEE Std

1232-2010

-101 -

validConfidence :NOT (EXISTS (statusConfidence)) OR

END ENTITY;

(*

Attribute definitions:

EXISTS (statusValue) ;

actionName Attribute actionName indicates the Action by name.
statusValue Attribute statusValue is the status of the action, as specified by type
ActionOutcomeValue. actionName combined with statusValue point to a
ActionUutcome 1n the diagnostic model.
statusConfidence Attribute statusConfidence is the confidence in the status value,
costlLabels Attribute costLabels provides a list of the names of |the Costs [incurred
performing the Action. The costLabels point to CostCategory entities by name.
costYalues Attribute costValues provides the corresponding fiumerical values of the costs
in costLabels. The list costValues is aligned with{costLabels.
Formal propositions:
costAligned Proposition costAligned ensuressthat the sizes of costLabels and coftValues
matches so the values can be aligned.
validConfidence Proposition validConfidence ensures that a statusConfidence is only pfesent if
statusValue is present. statusValue can be present with or |without
statusConfidence.
7.3.10 ActualDiagnosisOutcome
Entity ActualDiagnosisOutcome reports data for a diagnostic outcome that was determined through some
means other than via the currentiteasoned being used in the current diagnostic session.
EXPRESS specification
*)
ENT[ITY JACtualDiagnosisOutcome;
diagnesisName NameType;
dqutfomeValue DiagnosisOutcomeValue;
outcomeConfidence : OPTIONAL ConfidenceValue;

END ENTITY;

(*

Attribute definitions:

diagnosisName

. Attribute diagnosisName provides the name of the diagnosis whose outcome

is being applied.
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: Attribute outcomeValue provides the outcome of the diagnosis (GOOD,
BAD, etc.).

: Attribute testOutcomeConfidence is the confidence in the outcomeValue.

Entity ActualTest is a subtype of ActualAction. It provides information on a Test that was performed or
attempted.

EXPRE]

*)

ENT[ITY ActualTest
UBTYPE OF (ActualAction);

@9}

END

(*

Attribut

test(

test(

test(
7.3.12 4
Entity A
ActualQ

EXPRE

S specification:

ActualUsageData

bS Specification:

testOutcomeValue TestOutcomeValue;
testOutcomeQualifier : OPTIONAL QualifierType;
testOutcomeConfidence : OPTIONAL Confidencevallue;
| ENTITY;
definitions:
utcomeValue Attribute testOutcomeValue provides the observed outcome of
(PASS, FAIL, etc.):
utcomeQualifier Attribute test@utcomeQualifier provides the optional qualifier g
observed test outcome. The combination of testOutcomeValue :
testOuteomeQualifier identifies the particular TestOutcome ent
was observed.
utcomeConfidence Attribute testOutcomeConfidence is the confidence in the obser

ctualUsageData cepresents the actual usage of a Systemltem. ActualUsageData is similar
utcome in the-DCM, except it is tailored for use in the services.

he Test

f the
nd
ty that

vation.

fo entity

*)

ENTITY ActualUsageData;

toplevelSystemItem

units
timeIndex
END_ENTITY;

(*

: NameType;
: TimeUnit;
: TimeValue;
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topLevelSystemltem . Attribute topLevelSystemltem provides the name of the top-most
Systemltem to which the usage information applies.
units : Attribute units specifies units of usage.
timelndex : Attribute timelndex provides the value of usage or operational time of the
Repairltem relative to the time baseline.
7.3.13 CostEstimate
Entity CostEstimate corresponds to a projected Cost.
EXPRESS specification:
*)
ENT[ITY CostEstimate;
rjame :  NameType;
description DescriptionType;
gdstimate CostValue;
ypper CostValue;
llower CostValue;
ynit CostUnit;
END] ENTITY;
( *
Attribut¢ definitions:

name

desc

estinhate : Attribute estimate is the expectation value for the cost.
uppdr : {Attribute upper is the nominal upper bound of the cost.
lowdr : Attribute lower is the nominal lower bound of the cost.
unit . Attribute unit is the unit of measure for the cost.

: Attribute name points to a CostCategory in the DiagnosticModel via its name.

[iption : Attribute déscription is a copy of that CostCategory description attribute.

7.3.14 DiagnosticConclusion

Entity DiagnosticConclusion corresponds to an inferred diagnostic conclusion from the reasoner. It
supports any of the types of diagnostic conclusion defined by the type OutputType. It is similar to
ActualOutcome in the DCM.

EXPRESS specification:

*)

ENTITY DiagnosticConclusion;
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resultType : OutputType;
name : NameType;
description : DescriptionType;
outcome : DiagnosisOutcomeValue;
confidence : ConfidenceValue;
WHERE
noFaultCase : NOT ((resultType=NO FAULT RESULT) XOR

(name=NoFault)) ;

END ENTITY;
(*

Attribute definitions:

resultType  : Attribute resultType indicates the type of the conclusion, as enurmgérated [by type
OutputType.
nam¢ : Attribute name provides the name of the Systemltem or Diagnosis to wHich this

conclusion applies.

desctiption : Attribute description contains a copy of the descriptionattribute of the Systemltem or
Diagnosis.
outcpme : Attribute outcome is the inferred outcom€ ‘value (GOOD, BAD, etc.) |for the

Systemltem or Diagnosis.

confldence : Attribute confidence is as follows:

For Systemltems and Diagnoses exeluding NoFault, the following is true:
If outcome=GOOD, confidence is the reasoner’s degree of certainty that the
Systemltem or Diagnosiy is indeed GOOD. If outcome=BAD, confidenc¢ is the

reasoner's degree of(ceftainty that the Systemltem or Diagnosis is indeefl BAD.

If outcome=CANDIDATE, confidence is the reasoner’s degree of certainty [that the
Systemltem,or Diagnosis might be BAD.

If outeome=NOTKNOWN, confidence is the reasoner’s degree of certainty |that the
Systemltem or Diagnosis might be BAD.

For the NoFault Diagnosis, the following is true:

If outcome=GOOD, confidence is the reasoner’s degree of certainty fhat the
Systemltem or Diagnosis is indeed GOOD (i.e., the SUT is fault-iiree). If
outcome=BAD;, contidence 1S UIE Teasoner's degree of certainty that e systemltem or
Diagnosis is indeed BAD. See 7.3.2 for the semantics of GOOD, BAD, CANDIDATE,
and NOTKNOWN for the NoFault.

If outcome=CANDIDATE, confidence is the reasoner’s degree of certainty that the
Systemltem or Diagnosis might be GOOD.

If outcome=NOTKNOWN, confidence is the reasoner’s degree of certainty that the
Systemltem or Diagnosis might be GOOD.
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Formal propositions:

noFaultCase Proposition noFaultCase ensures that resultType=NO FAULT RESULT and name

= NoFault appear together.
7.3.15 DiscrepancyData

Entity DiscrepancyData reports information on source events that initiated the current diagnostic session. It
contains the information needed to instantiate a Discrepancy in the DCM.

EXPRESS specification:

ENTETY DiscrepancyData;

rjame NameType;
description DescriptionType;
END] ENTITY;

Attribut¢ definitions:

nam¢ Attribute name provides the name for the\Discrepancy.

desctiption Attribute description provides the description for the Discrepancy.

7.3.16 ExpectedTestOutcome

Entity ExpectedTestOutcome provides the expected results of a Test if it were to be performed.

EXPREJS specification:

*)

ENTETY ExpectedTéstOutcome;

rjame : NameType;
dqutcomeValue : TestOutcomeValue;
dutcomeQéatifier : OPTIONAL QualifierType;
dutcomeConfidence : OPTIONAL ConfidenceValue;
gctienStatusvValue : OPTIONAL ActionOutcomeValue;
gctronStatusConfidence : OPTIONAL ConfidenceValue;
ENDLENTITY:
x
Attribute definitions:
name Attribute name indicates the test by name.
outcomeValue Attribute outcomeValue provides the test outcome value of the test
(PASS, FAIL, etc.).
outcomeQualifier Attribute outcomeQualifier provides the optional qualifier of the test

outcome. The combination of outcomeValue and outcomeQualifier
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points to a particular TestOutcome in the active diagnostic model.

Attribute outcomeConfidence is the confidence that the outcomeValue

and outcomeQualifier would be observed.

Attribute actionStatusValue provides the action outcome value of the
test action. Use “UNAVAILABLE” if the test would be unavailable.

Use completed if the test would PASS or FAIL.

Attribute actionStatusConfidence is  the confidence  that

actionStatus Value would occur.

1 via its

will be
br 1.

b as the

7.3.17 ResourceNeeded
Entity RlesourceNeeded identifies a resource that is required to support the diagnostic process.
EXPREJS specification:
*)
ENTETY ResourceNeeded;
yesourceName NameType;
description DescriptionType;
donfidence ConfidenceValue;
rleededQuantity NUMBER;
gdvailableQuantity : NUMBER;
END| ENTITY;
x|
Attribut¢ definitions:
resofirceName . Attribute resourceName points to a Resource in the DiagnosticMode
name.
description : Attribute description is a copy of that Resource’s description attribute.
confldence 7 Attribute confidence quantifies the probability/confidence that the resofirce will
be needed at the given neededQuanity.
neededQuantify . Attribute neededQuantity quantifies the amount of the resource that
needed. Implementations that do not track quantity should use the integ
availableQuantity : Attribute availableQuantity quantifies the availability of the resourc

reasoner knows it. Values>0 indicate the available quantity of the resource. The

value=0 indicates it is unavailable. The values<0 indicate unknown ava
Implementations that do not track quantity should use the integer 1 to
the resource is available.

7.3.18 Reasoner Service Model EXPRESS-G diagrams

The EXPRESS-G definition of the RSM is represented by Figure 17 through Figure 19.
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Figure 17 —AI_ESTATE_RSM EXPRESS-G diagram 1 of 3
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Figure 18 —AI_ESTATE_RSM EXPRESS-G diagram 2 of 3
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Figure 19 —Al_ESTATE_RSM EXPRESS-G diagram 3 of 3
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7.4 Required services

This subclause describes the subset of the Reasoner Manipulation Services that are required to claim
conformance to Reasoner Manipulation Services.

Some service descriptions in 7.4.1 through 7.4.28 have a subclause named “Effect on DCM” that defines
any effects on the DCM instance being generated during the session beyond what is described in the table
and rules in 7.1. The full effect on the DCM instance is defined by the table and rules in 7.1 combined with
the “Effect on DCM” subclause within each service description.

*)

( *
7.4.1 applyActions

Service [“applyActions” informs the Reasoner of each action that is performed, any ‘Outcomes that were
observedl, and any costs that were incurred.

EXPREJS specification:

*)
PROCEDURE applyActions

actions : LIST [1:?] OF ActualAction);
END| _PROCE DURE;

Parameter name Type Description
LIST [1:7]OF Structure that identifies the actions that fere
ActualAction performed in order, and any outcomes, and fosts
incurred.

actions

Exceptigns:

— MISSING OR_INWALID ARGUMENT exception shall be raised if actionName is not present
or invalid.

— MISSING.OR' INVALID ARGUMENT exception shall be raised if actionStatusConfidence is
present while actionStatusValue is missing.

— MISSING OR _INVALID ARGUMENT exception shall be raised if testOutcomeCopfidence
of. testOutcomeQualifier is present while testOutcomeValue is missing.

SSING_ OR__ 1D ostLabels

and costValues are different.

— MISSING OR_INVALID ARGUMENT exception shall be raised if costLabels or costValues
contains a NULL item.

— MISSING OR _INVALID ARGUMENT exception shall be raised if statusValue and
testOutcomeValue are both NULL.

— OPERATION OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence.
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Service details:

—  The parameter “actions” contains ActualAction enties and/or subtypes of Actual Action.

Effect on DCM:

For each ActualAction in the list, and in that order, a corresponding ActiveAction is instantiated

and added to the LIST Session.trace[end].actionsPerformed.

— If an ActualAction includes a statusValue, a correspondlng ActualOutcome is added to

the SET

a nce, the
ActualOutcome w1ll also include an actual conﬁdence with the Value given | by the
statusConfidence.

— If an ActualAction includes a testOutcomeValue, a corresponding ActualOutcome is added to
the SET Session.trace[end].Step.outcomesObserved. If the ActualA¢tion includes a
testOutcomeConfidence, the ActualOutcome will also include an actual“confidence pvith the
value testOutcomeConfidence.

— If an action is performed multiple times during a single Step, ofly the last outcome is fecorded
in outcomesObserved.This is because the DCM records outcomesObserved as a SET and has no
means of recording the order of observations or cases/of ‘many repeated observatigns with
potentially conflicting outcomes.

—{ If an ActualAction includes costLabels and costValues, then for each item in costIjabels, a
corresponding ActualCost is instantiated and added to ActiveAction.costIncurred. The [value of
each ActualCost.actualValue is given by costValues.

7.4.2 applyDiagnosticOutcome
Service [“‘applyDiagnosticOutcome” applies specific values of diagnostic outcomes to the current|state of
the reas¢ner. Service “applyDiagnosticOutcome” shall only apply a diagnostic outcome at most on¢ time at
a single [step.
EXPREJS specification:
*)
PROLCEDURE applyDiagnosticOutcome
outcomes™: LIST [1l:?] OF ActualDiagnosisOutcome) ;
END| PROGERURE;
|
Parameter name Type Description
Structure that identifies the list of diagnostic
outcomes LIST [1:?] OF outcomes that are known at this point of the
ActualDiagnosisOutcome | diagnostic process that have not been inferred by the
diagnostic reasoner.
Exceptions:

MISSING OR _INVALID ARGUMENT exception shall be raised if diagnosisName is not

present or invalid.
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MISSING OR _INVALID ARGUMENT exception shall be raised if statusConfidence is
present while statusValue is missing.

MISSING OR _INVALID ARGUMENT exception shall be raised if
diagnosisOutcomeConfidence is present while diagnosisOutcomeValue is missing.

MISSING OR INVALID ARGUMENT exception shall be raised if statusValue and
diagnosisOutcomeValue are both NULL.

OPERATION OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence.

Service details:

Effect o

7.4.3 backtrack

Service

EXPRE]

*)

PRO

END

Exceptid

t DCM:

None

For each ActualDiagnosisOutcome in parameter “outcomes,” an‘ActualOutcome |for the
associated Diagnosis is added to the set Step.outcomesObserved for.the current Step.

‘backtrack” reverts the Session to a previous Step.
bS specification:
CEDURE backtrack
numberOfSteps : INTEGER) ;
| PROCEDURE;
Parameter name Type Description
numberOfSteps INTEGER Number of steps to backtrack
ns:

MISSING OR _INVALID ARGUMENT exception shall be raised if numberOfStep$ is less
than:Qor greater than the length of Session.trace[].

OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of

STHOTCCT

Service details:

Refer to 7.4.27 for notes on backtrack, waypoint, checkpoint, and resume.
The service reverts to the initial state of the specified step before any services were called.
numberOfSteps=0 reverts to the current step in its initial state.

numberOfSteps=1 reverts to the previous step, etc.
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—  Whereas the DCM records all steps instantiated during a diagnostic session, a backtrack behaves
as if steps are popped from a stack. The popped steps, although not removed from
Session.trace[], are no longer considered during subsequent backtracks.

Effect on DCM:

— Appends a new Step to Session.trace[] that equals the initial state of the Step that this service
reverts to, as specified above in Service details. This becomes the current Step.

—  The value of Step.reverted for the new Step points back to the Step that this service reverted to.

7.4.4 closeDiagnosticProcess

Service [‘closeDiagnosticProcess” terminates the diagnostic session.

EXPREJS specification:

PROLCEDURE closeDiagnosticProcess

END| PROCEDURE;

( *
Exceptigns:
None

Service {letails:

— This service does not automatically’save the Session.

— The session cannot be resumed ‘after calling this service.
Effect op DCM:

— The Session is'no longer available to the reasoner.

7.4.5 describeReasoner

Service [‘describeReasoner” provides a description of the reasoner.

EXPRESS specification:

*)
FUNCTION describeReasoner
STRING;
END_FUNCT ION;

(*

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=0de02cf59bfb4ffb1037bcbb8c03752f

IEC 62243:2012
-114 - IEEE Std 1232-2010

Returns:

String containing implementation-specific reasoner configuration and identification information.
Exceptions:

None

Service details:

7.4.6 getDiagnosticResults
Service [‘getDiagnosticResults” returns a list of inferred diagnoses. The input parameters-define the subset
of diagnpstic conclusions to return.

EXPRESYS specification:

FUNLCTION getDiagnosticResults

outcomeOfInterest : DiagnosisOutcomeVdlue;
ninConfidence : ConfidenceValues
njaxNumber : INTEGER;
JlevelsOfInterest : SET [0:?] @FRNameType;
dutputOfInterest : OutputType)* LIST OF DiagnosticConclusioh;
END| FUNCTION;
|
Parameter name Type Description
utcomeOfInterest DiagnosisQutcomeValue ?glrj;ts the service to return only outcomes of this
minConfidence ConfidenceValue The minimum outcome confidence to return
maxNumber INTEGER Maximum number of conclusions to return
levelsOfInterest SET [0:?] OF NameType Deﬁnes. a set of Levels u'sed for' filtering the
conclusions according to their associated Level
outputOfinterest OutputType Defines the type of diagnosis that will be returngd
Returns
|ist’of DiagnosisConclusion. If confidence information is available, the list is sorted highest to
+ 1o d +la Tt d £4 O+la M b M wbad
UWULOL UdSUU UL LIV TIHTIVITUU CUIITIUUIIVU S, ULIIVIVWIOL, SUTL Llllé 1o UllOlJ\t\/lLl\tU.
Exceptions:

— MISSING OR _INVALID ARGUMENT exception shall be raised if outcomeOflnterest is not a
valid diagnosis outcome for any diagnoses.

— OPERATION OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence.
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Service details:

— The service supports each of the types of diagnostic conclusion supported by the entity
DiagnosticConclusion.

— maxNumber<=0 directs the service to not limit the size of the return list. maxNumber>0 directs
the service to return no more than maxNumber entries.

— minConfidence=0 directs the service to not filter the conclusions by confidence.
minConfidence>0 directs the service to only return conclusions with confidence greater than or
equal to minConfidence.

— The service ignores the minConfidence parameter if confidence information is not included in
the active diagnostic model. In this case, conclusions are not filtered by confidence.

— The parameter levelsOflnterest directs the service to return only conclusions associafed with
Level entities with the names listed within levelsOfInterest. If Level information is not {ncluded
in the active diagnostic model, then the service ignores this parameter and conclusiong are not
filtered by Level. An empty set levelOflnterest parameter direcfs,'the service tp return
conclusions associated with any Level. A null string in the set directs the service to] include
items not associated with a Level.

7.4.7 initializeDiagnosticProcess

Service [‘initializeDiagnosticProcess” begins a diagnostic session‘for the specified system under test.

EXPREJS specification:

FUNCTION initializeDiagnosticProcess

itemID : Identifider;
depairItemName : NameType) : NameType;
END| FUNCTION;
( *
Parameter name Type Description
itemID Identifier The unique 1.dent1ﬁer for the system being diagnoged,
such as a serial number

systemltemName NameType Name attribute of the actual system item under test]
Returns

Returns the name of the session.
Exceptions:

— OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of
sequence.

Effect on DCM:

—  Creates the ActualSystemltem, and sets ActualSystemItem.diagnosedItemID to the value of the
itemID parameter.
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The attribute ActualSystemItem.itemUnderTest will be set toDiagnosticModel.systemUnderTest
once a DiagnosticModel is loaded.

Creates the Session and sets Session.diagnosedItem to the ActualSystemlItem.
Assigns an implementation-specific unique value to Session.name.

Sets Session.timelnitiated to the current date and time.

7.4.8 loadDiagnosticModel

Service “loadDiagnosticModel” loads a DiagnosticModel and makes it available for reasoning.

EXPREYS specification:
*)
PROLCEDURE loadDiagnosticModel
name : NameType);
END| PROCEDURE;
( *
Parameter name Type Dgscription
name NameType Name of the diagnostic model
Exceptid

Service

Hetails:

DCM-

NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised if thefe is no
DiagnosticModel whose name attribute matches the name specified.

OPERATION OUT OF SEQUENCEZexception shall be raised if the service is called out of
sequence.

MISSING OR INVALID ARGUMENT exception shall be raised if  the
DiagnosticModel.systemUnderTest.name does not match the systemltemName proyided to
initializeDiagnosticProcéss)service.

The input patameter name must match the name attribute of a DiagnosticModel.

The application exposing the service handles the details of how and where the DiagnosticModel
is stored and accessed.

Sets Session.modelForDiagnosis to equal the DiagnosticModel that was loaded.
Sets ActualSystemItem.itemUnderTest to equal DiagnosticModel.systemUnderTest.
The data in the loaded model become available for use in the DCM.

This  standard specifies that there be exactly one DiagnosticModel in
Session.modelForDiagnosis. As such, calling this service will replace any previously loaded
model data with the newly loaded model, and only the data in the most recently loaded model
are available for use in the DCM.
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7.4.9 loadDiagnosticModelFromLocation

Service “loadDiagnosticModelFromLocation” loads a DiagnosticModel from a client-specified location.

EXPRESS specification:

*)

(*

Returns

Exceptig

Service

FUNCTION loadDiagnosticModelFromLocation

(location : URI;

modelFormat : ExchangeFormat) : SET OF NameType;
END FUNCTION;

Parameter name Type Description

location URI A URI fully specifying the location of the model

format ExchangeFormat Format of the saved Model: P21, P28 or'NATIVE

Returns the name attribute of the DiagnosticModel that is loaded froththe location.

NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised
DiagnosticModel does not exist at the location(specified.

MISSING OR _INVALID ARGUMENT\ exception shall be raised if the format spe
invalid or is not supported by this reasoner.

INVALID MODEL_SCHEMA exception shall be raised if the model type is not supp
the reasoner (e.g., a Dmatrix),

INVALID MODEL SCHEMA exception shall be raised if the data is invalid.

OPERATION OUT.OFE SEQUENCE exception shall be raised if the service is calle
sequence

MISSING OR_INVALID ARGUMENT exception shall be raised i
DiagnostioModel.systemUnderTest.name does not match the systemltemName pro
initializéPtagnosticProcess service.

Hetails:

if the

cified is

prted by

d out of

f the
ided to

This service shall support at least one of the formats “ISO 10303-21” or “ISO 10303-28” as

defined in 5.1 and may also support “Native.”

If the service supports loading a standard AI-ESTATE diagnostic model type (e.g., Dmatrix),
then it shall be capable of loading extended models of that type as well, including extensions

defined by other parties. For extensions defined by other parties, the reasoner shall
consume the portions of the model defined by standard AI-ESTATE.

at least

The service shall fully validate any standard AI-ESTATE exchange model that it loads. For an
extended model, the service must at least validate the portions defined by standard AI-ESTATE.
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— The BNM, DIM, DLM, and FTM specify there be exactly one DiagnosticModel per exchange
file. This service returns the DiagnosticModel name in a SET allowing for possible expansion to
multiple DiagnosticModels per file in the future.

Effect on DCM:

—  Sets Session.modelForDiagnosis to equal the DiagnosticModel that was loaded.

—  Sets ActualSystemlItem.itemUnderTest to equal DiagnosticModel.systemUnderTest.

— The data in the loaded model become available for use in the DCM.

—  This standard specifies  that there he exactly one DiagnosticModel in
Session.modelForDiagnosis. As such, calling this service will replace any previously loaded
model data with the newly loaded model, and only the data in the most recently-loaded model
are available for use in the DCM.

7.4.10 loadHistoryFromLocation
Service [loadHistoryFromLocation” loads a DCM instance from a client-specified location and ingludes it
in the higtory for the current system under test.
EXPREJS specification:
*)
FUNLCTION loadHistoryFromLocation
location : URI;
nodelFormat : ExchangeFormat) SET OF NameType;
END| FUNCTION;
( *
Parameter name Type Description
location URI A URI fully specifying the location of the model
format ExchangeFormat Format of the saved Model: P21, P28, or NATIVE
Returns
Returns the name attribute of each session that was loaded from the location.
Exceptigns:
— N()NFYTQTFNT_DATA_FT FMFNT_R EQUESTED PY(‘Ppﬁnn shall he raised if t DCM

instance does not exist at the location specified.

— MISSING _OR_INVALID ARGUMENT exception shall be raised if the format specified is
invalid, or not supported by this reasoner.

— INVALID MODEL SCHEMA exception shall be raised if the data is invalid.
— OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of

sequence.

—  No error occurs if the same Session is loaded more than once during a session.
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Service details:

This service shall support at least one of the formats “ISO 10303-21” or “ISO 10303-28" as

defined in 5.1 and may also support “Native.”

In this standard. the DCM allows exactly one Session per exchange file. As such, this service

will return a set constisting of one session name. This service returns a set allowing for
expansion to multiple Sessions per file in future versions of AI-ESTATE.

possible

The service shall support loading a standard AI-ESTATE DCM instance and shall be capable of

loading extended DCM instances as well, including extensions defined by other parties. For

extensions-defined by other parties, the reasoner shall at least consume-the portions-of the model
defined by standard AI-ESTATE.
— The service shall fully validate any standard AI-ESTATE exchange instance thatyitloads. For an
extended instance, the service must at least validate the portions defined by standard Al-
ESTATE.
Effect op DCM:
— Adds the URI parameter to the SET ActualSystemlItem.historyif it is not already presen{.
7.4.11 pauseDiagnosticProcess
Service [“pauseDiagnosticProcess” temporarily stops the diagnostic session so that it can be resuned at a
later time.
EXPREJS specification:
*)
PROLEDURE pauseDiagnostigProcess;
END| PROCEDURE;
[
Exceptigns:
— OPERATION' OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence;
Service fletails.
— Refer to 7.4.28 for notes on backtrack, waypoint, checkpoint, and resume.
— This service does not automatically save the Session. Any data that an application may save as
the underlying mechanism for this service is implementation specific.
— After pausing the Session, the session can be resumed wusing the service
resumeDiagnosticSession.
Effect on DCM:

The Session is not available to the reasoner until it is resumed.
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7.4.12 recommendActions

Service “recommendActions” returns a sorted list of recommended actions to perform.

EXPRESS specification:

*)

FUNCTION recommendActions
maxNumber : INTEGER;
llevelsOfInterest : SET OF NameType) : LIST OF ActionRecommendgtion;
END| FUNCTION;

Parameter name Type Description
maxNumber INTEGER Maximum number of recommendations to return
SET [1:7] of Defines a set o'f Levels L.lsed for .ﬁltering. the
levelsOfInterest iy recommended actions agcording to their associjted
NameType

Level

Returns

Returns a list of ActionRecommendations, sorted best<to worst. If optimization infornjation is
nvailable, sorting is based on that information otherwise sorting is unspecified. Each ActignOutput
s an alternative path forward from which the client may choose.

Exceptigns:

— OPERATION OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence.

Service {letails:

—{ maxNumber<=£0 directs the service to not limit the size of the return list. maxNumber>p directs
the serviceo return no more than maxNumber entries.

— The parameter levelsOfInterest directs the service to return only Actions associated with Level
entities with the names listed within levelsOflnterest. A null string in the set directs th¢ service
to.include Actions not associated with a Level. If Level information is not included in tl[e active

diagnostic model, then the service ignores this parameter and recommended actions| are not
Tiltered by Level. An empty set levelOllnterest parameter directs the service to return Actions
associated with any Level.

7.4.13 requestResourcesNeeded

Returns the resources that are necessary to complete a given a set of Actions.
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EXPRESS specification:

*)

FUNCTION requestResourcesNeeded

(a

ctionNames : SET [1:?] OF NameType) : SET [0:?] OF
ResourceNeeded;

END FUNCTION;

(*

Parameter name Type Description
:?
actionNames SET[1:?] OF A set of action names
INAIC Type

Returns

Exceptigns:

Service {le

A set of ResourceNeeded entities that describes the resources needed for a specified set of actions.

NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised if mame in

“actions” does not match an Action.name in an available-diagnostic model.

OPERATION _OUT_OF SEQUENCE exception shall be raised if the service is called out of

sequence.

tails:
The names in “actionNames” referto Actions in the active diagnostic model
Action.name attributes.

The returned set of ResoureesNeeded will be empty if no resources are required
application or diagnostic,medels do not support Resources.

7.4.14 restoreCheckpoint

Restored a

EXPRESS

Session tesasstate that was previously saved by calling setCheckpoint.

specification:

by their

r if the

*)

FUNCTION restoreCheckpoint
(checkpointName : NameType) : NameType;
END FUNCTION;

(*

Parameter name Type Description

checkpointName NameType Name of the checkpoint to retrieve

Returns:

Name of the session.
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Exceptions:

made to restore a checkpoint that does not exist.

— OPERATION OUT _OF SEQUENCE exception shall be raised if the service is calle

Service

—{ The parameter checkpointName shall equal the name assigned to the checkpoint. in, th
call to setCheckpoint.

—{ The application exposing the service handles the details of how and where the un

Effect o

— Reverts the Session as it existed when the checkpoint of the given name was set.

7.415

Reverts

EXPRE

PROLCEDURE restoreWaypoint

END| PROCEDURE;

sequence.

details:

session data is managed to support this service.

y DCM.:

estoreWaypoint

the Session to a previous Step.

bS specification:

waypointName : NameType) ;

232-2010

NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised if an attempt is

d out of

e earlier

derlying

Parameter name Type Description

waypointName NameType Name of the waypoint to revert to

Exceptigns:

made to restore a waypoint that does not exist

sequence.

Service details:

— Refer to 7.4.28 for notes on backtrack, waypoint, checkpoint, and resume.

with this waypointName via a call to setWaypoint.
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Effect on DCM:

— Appends a new Step to Session.trace[] that equals the initial state of the Step that this service

reverts to, as specified above in Service details. This becomes the current Step.

— The value of Step.reverted for the new Step points back to the Step that this service reverted to.

7.4.16 resumeDiagnosticProcess

Service “resumeDiagnosticProcess” restarts a diagnostic session that was stopped using

“pauseDiagnosticProcess.”

EXPREJS specification:

*)
PROLCEDURE resumeDiagnosticProcess

sessionName : NameType) ;
END| PROCEDURE;

Parameter name Type Description

sessionName NameType Name of the sessign to resume

Exceptigns:

— OPERATION OUT OF SEQUENCE exception shall be raised if the service is calle]

sequence.

Service {etails:

— Refer to 7.4.28 for notes on backtrack, waypoint, checkpoint, and resume.

Effect og DCM:

—{ Resumes the séssion.

—{ The application exposing the service handles the details of how and where the un

session-data is managed to support this service.

7.417 TaveSession

d out of

derlying

Saves a Session.

EXPRESS specification:

*)
PROCEDURE saveSession

(modelFormat : ExchangeFormat) ;
END PROCEDURE;

(*
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Parameter name Type Description
format ExchangeFormat Format of the saved Model: P21, P28, or NATIVE
Exceptions:
— MISSING OR_INVALID ARGUMENT exception shall be raised if the format specified is
invalid.
— OPERATION OUT OF SEQUENCE exception shall be raised if the service is called out of
sequence.
Service details:

— Ifasaved Session with the same Session.name already exists, it will be overwritten.

— The application exposing the service handles the details of how and where the Session i stored.

— A Session entity saved by this service is usable as history for a future Session.

— The application exposing the service handles the details of how-and where the underlying

7.4.18 $saveSessionTolLocation

Saves a

EXPREYS specification:

*)

session data is managed to support this service.

Session to a specified location.

PROLCEDURE saveSessionToLocaflon
location : URI;
nodelFormat : ExchangeFormat) ;
END|] PROCEDURE;
( *
Parameter name Type Description
location URI A URTI fully specifying the location where the sesqion
should be saved
format ExchangeFormat Format of the saved Model: P21, P28, or NATIVE

Exceptigns;

— NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised if the

application could not write to the specified location.

— MISSING OR_INVALID ARGUMENT exception shall be raised if the format specified is

invalid.

— OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of

sequence.
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Service details:

If a Session at location already exists, it will be overwritten.

A Session entity saved by this service is usable as history for a future Session.

7.4.19 setActiveModel

Service “setActiveModels” makes the specified DiagnosticModel active for reasoning from this point

forward.
EXPRESS specification:
*)

PROLCEDURE setActiveModel

diagnosticModelNames : SET [1:1] OF NameType);

END| PROCEDURE;

( *
Parameter name Type Description
diagnosticModeINames SET [1:1] OF Name attribate of the DiagnosticModel to make the
NameType active model

Exceptigns:

NONEXISTENT DATA ELEMENT REQUESTED exception shall be raised if th¢ named

model is not already loaded.

OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of

sequence.

Service {letails:

The DiagnosticMadel specified by diagnosticModelNames must already be loa
available.

led and

The specified DiagnosticModel and its associated data become the knowledge base used by the

reasoner.for the remainder of the session.

This=standard specifies exactly one DiagnosticModel per session. The p
diagnosticModelNames is a set to support possible future expansion.

hrameter

Effect on DCM:

Instantiate a new Step with attributes set to their intial state, and make that Step the only Step in

Session.trace.

The data associated with the DiagnosticModel become available for use in the DCM.

7.4.20 setAvailableResources

Tells the reasoner what resources are available.
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EXPRESS specification:
*)
PROCEDURE setAvailableResources
(resourceNames : LIST [1l:?] OF NameType;
Quantities : LIST [1:?] OF NUMBER) ;
END PROCEDURE;
( *
Parameter name Type Description
-9
resourceNames LIST[1:7] OF Names of the available resources
NameType
— HSTOF - -
quantities NUMBER Corresponding quantity for each resource

Exceptigns:

— OPERATION OUT OF SEQUENCE exception shall be raised if therservice is called out of
sequence.

Service {letails:

— There must be an active diagnostic model to call this procedure.
— This procedure may be called during any step in the.session.

— The value of the of each resourceNames must match a Resource.name in an available dipgnostic
model.

—1 All Resources are assumed available at the start of a session.

— Resource availability information remains in effect until the end of the session, or uptil it is
asserted by a call to this proceduré.

— The length of quantities must equal the length of resourceNames.
— A quantity=0 indicates, the’resource is not available. A quantity>0 indicates the quantify of the
resource available. Alquantity<0 indicates unknown availability.

Effect op DCM:

— For resources that are designated as available, adds the Resource of that name in the gvailable
diagnestic model to the set Step.availableResouces in the current Step. The numerical [quantity
ofithe available resource is not captured in the DCM.

For—resourees—that-are—desienated—as—not—avatable—er—unlnown—remeves—theReseureé of that
name in the available diagnostic model from the set Step.availableResouces in the current Step.

7.4.21 setCheckpoint

Saves the current state of the diagnostic session.

EXPRESS specification:

*)
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FUNCTION setCheckpoint
(checkpointName : NameType) : NameType;
END FUNCTION;

(*

Parameter name Type Description
checkpointName NameType Checkpoint name

Returns:

Checkpoint name.

Service {letails:

— Refer to 7.4.28 for notes on backtrack, waypoint, checkpoint, and resume.

— If checkpointName is not specified, the Reasoner will create one, cand’ that name|will be
returned. If a checkpointName is specified, that name will still be refurned as an echp by the
service.

—1 If a checkpoint with checkpointName already exists, it will be‘overwritten.
— The format of the Session saved is implementation dependent.
— The application exposing the service handles the details of how and where the unfderlying

session data is managed to support this service.

7.4.22 $etContext

Tells th¢ reasoner the current context state.

EXPRERYS specification:

*)

PROLCEDURE setContex®t
contextName :(NameType) ;
END| PROCEDURE;

Parametér name Type Description
Name of the ContextState in the static model thdt is
instantiated

cohtextName NameType

Exceptions:

— OPERATION OUT_OF SEQUENCE exception shall be raised if the service is called out of
sequence.

Service details:

—  There must be an active diagnostic model to call this procedure.

—  This procedure may be called during any step in the session.
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