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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide orgahj

ess, as nearly as pogsible, an
éach technical commjttee has

atUse and are accepted by IEG National
e made to ensure that the technical cont¢nt of IEC
he way in which they are used qr for any

4) ommittees undertake to apply IEC Publications
o ational and regional publications. Any djvergence
Qrresponding national or regional publication shall ke clearly

indicated in the la

5) IEC provides no

ing procedure tolindisate”its approval and cannot be rendered responsible for any
equipment declared tg i

6) Attent i 2 ibi that spme of the elements of this IEC Publication may be the pubject of
paten{ ri . & € espohsible for identifying any or all such patent rights.

Internat C/MEEE 62243 has been processed through IEC technical

The tex d is based on the following documents:
IEEE Std EDIS Report on voting
1232 (2002) 93/214/FDIS 93/220/RVD

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

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

The committee has decided that the contents of this publication will remain unchanged
until 2007.
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IEC/IEEE Dual Logo International Standards

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

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

Use of an rerRaton erretare-s—y y—vetertary—Ha c-and-HeEE—disetaimtiability for
any perspnal injury, property or other damage of any nature whatsoever, indirect,
consequepntial, or compensatory, directly or indirectly resulting from the publication, ignce upon
this, or any other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of th rein, and
expressly|disclaim any express or implied warranty, including any implied wae or fitness
for a spqcific purpose, or that the use of the material contained here ngement.
IEC/IEEE|Dual Logo International Standards documents are supplied “

The existgnce of an IEC/IEEE Dual Logo International Standard doe are no othgqr ways to
produce, [test, measure, purchase, market, or provide other gged pe of the
IEC/IEEE andard is
approved e art and
comment

Every IEE When a
document i contents,
although p check to
determing

In publishi ; rendering
professiopal or other services fo entity. Nei i dertaking
to perforrh any duty owed by ) . ilizi is, pny other
IEC/IEEE|Dual Logo Intern vice of a
competen

Interpretdtions — Occasipna hey relate
to specifi applicatic@/ titute will
initiate agtion to prep AE oncerned
interests,|it is i alance of
interests. ittees are
not able f{ atter has
previousl|

Comment ted party,
regardlesp ¢ uld be in
the form standards
and requd

Secretary S ds Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, UBA and/or
General Jecretary, IEC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorizafion *'to_photocopy portions of any individual standard for internal or personal use is _grantgd by the

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

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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IEEE Introduction

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

@%
S

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

1. O\
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s a standard for the application © b telligence to/ system test and diagnd
[ATE standard defines interfaces ar asohers and reasoning system users, test inf

ermit extensthility of diagnostic knowledge
nable the consistent exchange and integration of diagnostic capabilities

§ (AI-ESTATE) standard
) Subcommittee of the IEEE
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sis. This
rmation
the Al-
f system

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

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

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

translator translator

-

AI-ESTATE
interchange
format

data and
knowledge

data and
Knowledge

Figyre 1—An example of AI-ESTA E’s%ta ili hanism for data and knowledge

The translation step is rchange

format |for its own intern:

Software speciﬁc
reasondrs through the

interchinged withj
system.

agnostic
rs to be
s of the

1.1 S¢

The A standard defines formal specifications for supporting system diagnosi. These
specificpations“support the exchange and processing of diagnostic information and the cqntrol of
diagnodtic: processes. Diagnostic processes include, but are not limited to, testability hnalysis,
diagnosability assessment, diagnostic reasoning, maintenance support, and diagnostic maturation.

1.2 Purpose

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

"The numbers in brackets correspond to those of the bibliography in Annex A.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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1.3 Conventions used in this standard

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

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

Each entity of each EXPRESS schema is presented in a separate subclause. Within a schema,
subclau e o erate o entities,
and thg hen each
attribuf hve been
specifiefl, these are described below the formal propositions heading.

This stgndard uses the vocabulary and definitions of relevant IEEE nflict of
definitipns, the following precedence shall be observed: ause 3);
2) SCCRO documentation and standards; and 3) IEEE 100™ The~dwthdgitati jcti bf IEEE
Standands Terms, Seventh Edition [B2].

Clause p of this standard presents the formal spec1ﬁcat10 o the Rsulate i is sfandard.

EXPRESS is used to represent the interfage of eac i efini antics find type
of the flequired value to be returned.

2. References

This standard shall be used

ISO 10
and Exp

entation
2

1ISO 10 ol sentation
and Ex¢ art 1> tatlon Methods: Clear Text Encoding of the Exchange Strdicture.

3. Defi

For thg purpeses) of \this”standard, the following terms and definitions apply. IEEE 100, The
Authorftative- Dicttenary of IEEE Standards Terms, Seventh Edition [B2], should be referepced for
terms rot{defined in this clause.

3.1 Definitions

3.1.1 ambiguity: In fault isolation, the inability to localize to a single diagnosis for a repair level, given
a set of test results, observations, or other information.

3.1.2 ambiguity group: The collection of all diagnoses that are in ambiguity.

2180 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, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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3.1.3 application executive: A software component (or the role of a software component) that admin-
isters, and coordinates services to other components within a test system.

3.1.4 diagnosis: The conclusion(s) inferred from tests, observations, or other information.

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

3.1.6 element: The smallest entity of an Artificial Intelligence Exchange and Service Tie to All Test
Environments (AI-ESTATE) model. For example, in a particular model, the smallest test, the smallest
diagnosis, and the no-fault conclusion are all elements.

unction.
come of

3.1.7 f{ilure: The loss of ability of a repair item, equipmient, Or System to perlior,
The manifestation of a fault. Within AI-ESTATE models, a manifestation is
a test.

3.1.8 f3lse alarm: An indicated fault where no fault exists.

3.1.9 {3

3.1.10 qufficient
to undd

3.1.11 ions, or
other 11

3.1.12 fion and
to use ]

3.1.13 stems.
3.1.14 itenance
depot,

3.1.15

3.1.16 applica-
tions w

3.1.17 rée to draw

conclusjons.

of replafcetnent and repair due.

3.1.18 feplaceable unif: A collection of one or more parts considered as a single part for the Turposes

3.1.19 resource: Any capability that is to be scheduled, assigned, or controlled by the underlying
implementation to assure nonconflicting usage by processes.

3.1.20 service: A software interface providing a means for communicating information between two
applications. An action or response initiated by a process (i.e., server) at the request of some other
process (i.e., client).

3.1.21 system: 1) A collection of interacting, interrelated, or interdependent elements forming a
collective, functioning entity; 2) a set of objects or phenomena grouped together for classification
or analysis; 3) a collection of hardware or software components necessary for performing a high-
level function.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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3.1.22 test: A set of stimuli, either applied or known, combined with a set of observed responses and
criteria for comparing these responses to a known standard.

3.1.23 test strategy: An approach taken to combine factors including constraints, goals, and other
considerations to be applied to the testing of a system under test.

3.2 Acronyms

AI-ESTATE  Artificial Intelligence Exchange and Service Tie to All Test Environments
BIT Built-In Test

CEM Common Element Model

DCM Dynamic Context Model

DIM Diagnostic Inference Model

EDIM Enhanced Diagnostic Inference Model
FTM Fault Tree Model

SNMP Simple Network Management Protocol
UTC Coordinated Universal Time

4. Description of AI-ESTATE

4.1 AIFESTATE architecture

This stgndard provides the following:

— 0

— H

— H
AI-EST the need
to exch aken to
address required
data or uch that
either § ) s of an
AI-EST confoRmant system to interact and interoperate. The AI-ESTATE architecturall concept
provide i elements to communicate with one another via a ‘“‘commuynication

pathwa
by the erments to one another. Thus, the implemented services provide a commynication
pathwaly<bétween the reasoner and the rest of the test system.

Services are provided by reasoners to the other functional elements of an AI-ESTATE conformant
system. Reasoners can include (but are not necessarily limited to) diagnostic systems, test sequencers,
maintenance data feedback analyzers, intelligent user interfaces, and intelligent test programs.
AI-ESTATE will not specify services between functional elements that do not incorporate artificial
intelligence capabilities. Thus, services are provided by a reasoner to the test system, the human
presentation system, a maintenance data/knowledge collection system, and possibly the system under
test. The reasoner shall use services provided by these other systems as required. Note that these
services shall not be specified by the AI-ESTATE standard.

Data interchange formats are specified to provide a means for exchanging knowledge bases between
conformant systems without the need to apply an information management system. Recognizing that

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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- ——
Communications Backbone
s
e e | System
Diagnostic Test Database | | Jn o Application
Reasoner System System | | Test Executive
Eigure 2—AIl-ESTATE architectural conce
some applications may provide services for extracting required data oy”khno ices are
specifiefl to permit an application to query the diagnostic system for thj
This stgndard facilitates the use of standard representations of diag i e within
the confext of an AI-ESTATE implementation. In specifying dataand knowledge mains, a
structufe has been constructed, as shown in Figure 3. At the top levelis, the \ t Model
that spgcifies elements common to the AI-ESTATE domdin of equi is in its
entirety]. Examples of common element constructs are diag bout the
system under test), repair_1item (the physical enti resource, and tesft. These
construlcts are characterized by attributes gtich as which are also specifipd in the

Comm

n Element Model.

[}

[}

Common )

Element :

Model !

i

&c) 1
Dynami :
Context i
Mod. :

t

Diagnostic Shhancet_d |

Inference I '?QHOS ic :

! Model Model nference !

' Model "

' [}

: [}
b e e e e o e e e e e e e e i

Figure 3—Hierarchical structure of AI-ESTATE models

Below this top layer is a layer of application-specific data and knowledge formats (i.e., the Diagnostic
Inference Model, the Enhanced Diagnostic Inference Model, and the Fault Tree Model). These models
take advantage of the constructs in the Common Element Model and tailor the constructs to the
application’s particular reasoning requirements.

Other data and knowledge specification formats are envisioned and will be included in future revisions
of this standard. Examples include a constraint-based model, a Bayesian network model, and a neural
network model. 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.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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This standard also defines the encapsulated services to be provided by a diagnostic reasoner in an
AI-ESTATE conformant implementation. All of the basic services are defined relative to the entities
and attributes of the information models. These services can be thought of as reasoner responses to
client requests from the other components of the system architecture, which include the human
presentation (or user interface) system, the maintenance data/knowledge collection (or information
management) system, other reasoners, and test controller(s), as shown in Figure 4. As can be seen in
Figure 4, each of the elements that interface with the reasoner will provide their own set of encapsulated
services to their respective clients, but those service definitions are beyond the scope of this document.

USER INTERFACE

DIAGNOSTIC ey
REASOMNER(S) | )

CLIENT —® SERVER INTERACTION

The definition of thes ;[Ie static
information mod@ i that to
define yseful services’adeq defined.
These ¢ 8 tain the
state of B of this
standand. rovide a
more 1

The de hrticular
reasone . fommon
to all diagnOstic reasgriers, regardless of implementation details. Therefore, it is the mechdnism of

encapsyldtion that provides for the interchangeability of diagnostic reasoners within an AI-ESTATE
conforrramntsystent:

It should be noted that to be conformant, a reasoner implementation should provide, at the least, a
status indicator (see 4.5) as a response to any service request defined by this specification. The
diagnostic reasoner shown in Figure 5 becomes AI-ESTATE conformant when it provides the services
specified by this standard to the application executive client.

In defining the behavior of the diagnostic reasoner, it is reasonable to expect applications to be
developed whereby multiple models are used by a single reasoner or multiple reasoners interact. For
the latter, it is assumed that the application executive will be responsible for managing these reasoners
and reconciling information provided by the reasoners. For the single reasoner, it is assumed that the
reasoner will manage the models and that this management will be based on definition of a consistent

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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]
:

e #| Diagnostic
— 3
Application g Reasoner

8

Figure 5—IEEE Std 1232-2002 interface layer

name-space witlr proper scopimng defimed by theTmodets —comtexts—For Teaspres sible for
merging ed that
such a merger will be conducted either through low-level model managemen{ setvi gh some

proprietary mechanism. This standard does not define how model mergis
no spedific merger service is provided.

4.2 Interchange format

agnosis.
tandard
e inter-
21:2002.
1 in any

AI-ESTATE models are intended to facilitate data intg
The daa interchange format will permit exchan
format| thus providing portability of d
change|format used for the models de
Given this exchange structure, it is assu
given fife.

The vegsion of this standafd FEE Std
1232-2

4.3 Bi

The intg yer that
will exp] cified in
this sta . 9 ' ex will thus 1nsulate the apphcatlon and the dlagnostlc reasoner firom any

non-Al}E

An Al; ion and a
diagnogti e diagnostic reasoner will present an interface conformant to IEEE Std
1232-2002¢the apphcat10n will use AI-ESTATE services as needed by calls to this interface.

For each AI-ESTATE service there will be a corresponding function in the binding layer that will be
written in the implementation language. The interfaces provided by the functions should correspond
exactly to the interfaces of the services they implement (or as closely as possible given the constraints
of the implementation language). All other details should be hidden from the client. This implies
that the binding layer provides data-type definitions that correspond to the types specified in this
standard.

The application and diagnostic reasoner programs can be written in different languages as long as the
translation is handled transparently to the two programs, i.e., in the binding layer or lower. When
publishing the interface, it is recommended that documentation of traceability of the elements of the
interface to the services specified in the standard be provided.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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For example, consider the get_name service as specified in EXPRESS:

FUNCTION get_name
(ID_entity : entity_id) :
name_type;
END_FUNCTION;

It has the name get_name, accepts one argument of entity_id, and returns a name_type. The

declaration of a corresponding binding function written in C would be

name_type get_name (entity_id ID_entity) ;

This mfght exist in a C header filc and would provide the client code with an 1
exactly|to that of the EXPRESS form. For example,

name_fLype get_name (entity_id ID_entity)
{

name_type name;

namg = ...; /* Could be a call to a function in t
/* server-side binding layer.*

retyrn name;

CC COTTCY

The following C data types could be definetl S ad to AI-ESTATE types:

typedgef char*
typedef void*

For pufe object-oriented s ges Sy ? 7the interface shall be presented as me]

objects

el be used to start building the class hierarg

ponding

thods in
hy.

s in the
ihg of an
icved by
STATE

a) An IEEE Std 1232-2002 information model can be extended for any single model, hereafter
referred to as the extended model, by inclusion of one or more schemata that define all entities
used in the extended model. The schemata shall be legal EXPRESS and shall be syntactically
and semantically correct. Further, extensions shall not be used to rename or redefine data in the

standard schemata.

b) Data contained in a model definition with an EXTEND schema shall include only entity types
that are declared in IEEE Std 1232-2002, or are legal, previously defined extension entities, as

defined in subsequent requirements.

¢) An EXTEND schema entity shall be declared to be a subtype of an entity defined in IEEE Std

1232-2002 or a previously defined EXTEND schema entity.
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d) A model defined with EXTEND schemata shall not cause an application to reach an invalid
conclusion when processing the model with the extended entities removed. In other words, any
conclusion drawn by a conformant reasoner using an extended model without the extended
entities will be consistent with the information contained in the nonextended model. Further,
consistency cannot be achieved through extension.

e) All schema, entity, type, function, and procedure identifiers declared within the EXTEND
schema shall begin with the prefix “extend_.”

f) The EXTEND schema shall use the EXPRESS reference interface specification, “REFER-
ENCE FROM,” to allow visibility of the entities within the EXTEND schema.

The following is an example of EXTEND schema:

SCHEMA extend_schema_a;
REFERENCE FROM common_element_model (outcome, cost) ;

TYPE dxtend_attribute_typel = STRING;
END_TVYPE;

TYPE gxtend_attribute_type2 = REAL;
END_TVYPE;

ENTITY extend_ent_a
SUBTYPE OF (cost) ;
atjel - extend_attribute_ty
atfe2 : extend_attribute_f

END_ENTITY;

ENTITY extend_ent_b
SUPERTYPE OF (

SUBTYPE OF Aouft
atlt3 :
END_E

ENTIT
SU
at
a

END_E

END_S

4.4.2 Extending services

Any application can provide services beyond those defined in this standard; however, such services will
not be recognized as conforming to the standard.

4.5 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 implemented by means of the exception
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entity within the Dynamic Context Model. This entity will assume one of the following mnemonic

values:

Operation_completed_successfully
Nonexistent_data_element_requested
Missing_or_invalid_argument

Operation_out_
Invalid_model_

of_sequence
schema

Service_not_available
Unknown_exception_raised

The actual mapping will be provided by the implementation

4.6 Conformance

minimym capabilities that are required and what subsets and extehsion

specifiep minimal conformance for IEEE Std 1232-2002 conforr
IEEE Std 1232-2002 conformant application runtime systems.

tions wjll conform at levels beyond the minimal levels.

Extensipns to the information models are only alloyed
An EX[TEND schema shall conform tg th

10303-11:1994. These extensions shall be
to the IEEE D & MC subcommittee. A\ imple
specificption defined in this and subsequent cl

fines the
tandard

ementa-

schema.
in ISO

owledge
dentifies

auses PLow

what e %
For an conformant, the specific elements of the stapdard to
which t d published using the matrix in Table 1. Minimal
require ovided in 4.6.1 and 4.6.2
Core m e information model that exist as required attrjbutes of
some o mation model. Enhanced model elements are those glements
in the 4s optional attributes of required entities or as any|kind of
attribuf the information model. Core model management services gre those
services gore ‘efitities in the information models. Enhanced model management
services ¢s thgt manipulate enhanced entities in the information model. Core feasoner

Table 1—Conformance matrix format

CEM | FTM DIM EDIM | DCM

Model exchange

Read core model elements

Write core model elements

Read enhanced model elements

Write enhanced model elements

Application services

Core model management services

Enhanced model management services

Core reasoner manipulation services

Enhanced reasoner manipulation services
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services are those reasoner manipulation services listed within the standard as ‘“‘required,” and
enhanced reasoner services are those reasoner manipulation services listed within this standard as
“optional.”

To claim conformance to core model element exchange, at a minimum the core models shall include at
least one of the FTM, DIM, EDIM, or DCM in addition to the CEM.

To claim conformance to core model management services, at a minimum the core services shall
include at least those for one of the FTM, DIM, EDIM, or DCM in addition to those for the CEM.

To claim conformance to enhanced model element exchange, the corresponding core model exchange
conformance shall also be claimed. When claiming conformance to enhanced model exchange, the
specificlenhanced elements shall be listed.

To claifn conformance to reasoner manipulation services, one indicates co e DCM.

hall also
isted.

To claipn conformance to the enhanced services, the corresponding
be claithed. When claiming conformance to enhanced services,

Note th
proper
are proyi

ilg in the
be tables

To claiin minimal conformange to IEEE S e matrix
containji i

< FTM DIM EDIM
Read/write core mdodel AWlements All model elements for at least one model shhll be
elemenfs specified
Read/write enhance de peeify which.model N/A®
elemenfs e elements

“Not applica x

4.6.2 Minimal runtime environment conformance

To claim minimal conformance to IEEE Std 1232-2002 for the application runtime environment, a
conformance matrix containing at least the items listed in Table 3 shall be provided.

4.7 Service order dependence

The basic execution model for an AI-ESTATE conformant diagnostic reasoner assumes the ability to
manipulate the Dynamic Context Model (DCM) to maintain reasoner state and follows the high-level
state diagram shown in Figure 6.
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Table 3—Sample runtime conformance matrix format

CEM

FTM ‘ DIM ‘ EDIM

DCM

Core model management services

All services

All services for at least one model

shall be specified

All services

Enhanced model management Specify which N/A? Specify Specify Specify which
services services which which services
services services
Core reasoner manipulation services N/A? All services
Enhanced reasoner manipulation N/A® Specify which
services services
“Not applicable.
close_
diagnostic_
process
close_
diagnostic_|
process
Step
Performed
append_to_
trace_list
Fig el for an AI-ESTATE conformant diagnostic reasoner
Initially, 1S ill be in the state indicated by “No Session.” From this state, a pfocess is
started |whefein a 3sessfon within the DCM is created. Upon initiation of the process, the state
transitipns(to “Session Started.” At this point, for reasoning to occur, the reasoner creatgs a step
within the DEMamdattachestiratsteptothesession—The statethem tramsitions to—~-StepCreated.”

From this state, tests are selected, sent to the test system or monitored from a test system, and test
information is captured. Once the test information is captured, the resulting test outcomes are applied
and the state of the DCM is updated to reflect any inferences drawn. At the same time, the state
transitions to ““Step Performed.” If additional testing is required, another step is created, and the state
transitions back to “Step Created.”” Otherwise, the session and diagnostic process can be closed, and
the state returns to ““No Session.”” Note that at any point in the process, the session can be closed with
the state transitioning directly to “No Session.”

Throughout a diagnostic session, the current step in the session shall be identified as the last
instantiated step in that session. All services related to the DCM are executed within the context of the
associated session. For a given reasoner, one and only one DCM can be instantiated at a time.
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The availability of services is dependent on the reasoner state at any given time. For instance, while
reasoning one cannot alter models other than the DCM. The definition of legal states and order
dependence of the services defined within this standard are given in the service dependence matrix,

shown in Table 4 and Table 5.

Table 4—Core model (CEM, FTM, DIM, EDIM) management services

Service State Subclause Note

create_(entitytype) no-session 6.1.1
delete (ID_(entitytype) : entity_id ) no-session 6.1.2
get_(attributename) all 6.1.3
put_(attributename) no-session \1.4
get_(attribute_name) count (ID_entity : entity_id) No-$essio (\6.k<\
does_fattribute_name) exist (ID_entity : entity_id) no—se{ﬁo\\ B\k6
get_nfth (attribute_name) all

get_lpst_(attribute_name)

o7
RUE

put_nfth (attribute_name) < \\ies%n\ 6.1.7.3
put_lpst_ (attribute_name) \[Qs 10 6.1.7.4
inserft_in_(attributename) list ( \os 10n> 6.1.8.1
append_to_(attributename)_ list (\\// /\Nno\\sgsion'd 6.1.8.2
remove_from_(attributename) list < <\\ 6 k \)vnp;,s{ssion"' 6.1.8.3
Add_tp_(attributename)_ set \/v/o-session 6.1.9.1
remove_from_(attributename) set FA no-session 6.1.9.2
get_tlype (attributename ) \ K \/ all 6.1.10

“The desjgnation “‘~mno-session’ 1 states

Tahle 5—Dy c'\core
<’},

t rt\tﬁn)“n -séssion”.

nt services. A state dependence column is
es are available in all states

Serv1 Subclausg
creatp <entﬂ>&§ ) 6.1.1
deletp ( IDXentk%yp\Q \%lt)iy id) 6.1.2
get_( %r\lb{\ﬁ\enw\ 6.1.3
put_( tt\plk&amx\é\/ 6.1.4
get_( ttribu%{ame>_count (ID_entity : entity_id) 6.1.5
does_] attribute_name}_exist (ID_entity : entity_ id) 6.1.6
get_nkh—attribute—nam 6171
get_last_(attribute_name) 6.1.7.2
put_nth (attribute_name) 6.1.7.3
put_last_(attribute_name) 6.1.7.4
insert_in_ (attributename) list 6.1.8.1
append_to_(attributename)_ list 6.1.8.2
remove_from_(attributename)_ list 6.1.8.3
add_to_(attributename)_set 6.1.9.1
remove_from_(attributename)_set 6.1.9.2
get_type (attributename) 6.1.10
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5. 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 of this standard.

(* EXPRESS Specification starts here. *)

(*

5.1 Cthmon Element Model

The Cdmmon Element Model permits the definition of the form and rg
test andl tests at their most basic level. The diagnosis entity correspQnd
about the system under test. Tests are represented as test entities W

EXPREPFS specification:

*)
SCHEMA AT_ESTATE_COMMON_ELEMENT_ MODEL

5.1.1 CGonstant

EXPREFS specification\

CON$TANT Q
nol fault ¢

END_|CONSTANT;

5.1.2 he

This deffines a-type pecifying upper and lower bounds for numeric-based entities.

EXPREFS‘specification:

s under
nclusion

*)
TYPE bound = REAL;
END_TYPE;

(*

5.1.3 confidence_value

This defines a type for specifying “default” confidence values. For most uncertainty-based systems,

default confidence is typically taken to be some number near 1.0.
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EXPRESS specification:
*)

TYPE confidence_value = REAL;

WHERE

range : (0.0 <= SELF) AND (SELF <=1.0) ;

END_TYPE;
( *
Formal propositions:

range : The range of legal values for confidence is restricted, and the ¢

to lie within this legal range.

5.1.4 dost_value
This ddfines a type for associating predicted values with a nunie

EXPREES specification:

*)
TYPH cost_value = REAL;

END |TYPE;
(*

5.1.5 description_type

This type defines

EXPREFS specifi¢at

= STRING;

¢ text with an entity within the model.

Estricted

5.1.6 name_type

This type defines a means for associating an identifying name with an entity in the model.

EXPRESS specification:

*)
TYPE name_type = STRING;

END_TYPE;
(*
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5.1.7 non_negative_integer

EXPRESS specification:

*)
TYPE non_negative_integer = INTEGER;
WHERE
non_negative: (SELF >=10) ;
END_TYPE;

('k

Formal propositions:

non_|negative : Ensures that the value is not less than zero.

5.1.8 dost_type

This ddfines a type for categorizing a cost attribute used to optj

EXPREES specification:

*)

TYPH cost_type = ENUMERATION OF
(UBER_DEFINED_COST,
PHRFORMANCE,
SHTUP,
ACCESS,
RHENTRY) ;

END_|TYPE;

iagnosis@

5.1.9 ¢

This de nablé S y is. For a
particu i % soutcomes shall include, at a minimum, GOOD and CAND|IDATE.
Furthet f

EXPRE

0 w

TYPH diadgnosis_value = ENUMERATION OF
(GROD
CANDIDATE,
USER_DEFINED_DIAGNOSIS_OUTCOME,
DIAGNOSIS_NOT_KNOWN) ;

END_TYPE;

(*

5.1.10 goal

Type goal defines an enumeration of possible optimization criteria used to guide diagnosis. Example
criteria include minimum cost, minimum expected time, and minimum number of tests.
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EXPRESS specification:

*)

TYPE goal = ENUMERATION OF
(MINIMUM_TESTS,
MINIMUM_NON_TIME_COST,

MINIMUM_ TIME_COST,

MINIMUM_ EXPECTED_NON_TIME_COST,
MINIMUM_ EXPECTED_TIME_COST,
USER_DEFINED_OPTIMIZATION) ;

END_TYPE;
(*

IEC 62243:2005(E)
IEEE 1232-2002(E)

5.1.11 |non_time_unit

This type defines legal units for non-time-related costs. Non-tim

of mongtary amounts; however, the user-defined value allows{or othe

includefl.

EXPREFS specification:

*)

TYPH non_time_unit = ENUMERATIQ
(UBER_DEFINED_NON_TIME,
U_|S_DOLLAR,

POQUND_STERLING,

YENN,

EURO,

CQUNT) ;
END_|TYPE; <::>

ES/specification:

in terms
Kts to be

clement.

TYPE role = ENUMERATION OF
(TRAINING,
VERIFICATION,
SCHEDULED_MAINTENANCE,
MAINTENANCE_ACTION,
READY_FOR_ISSUE,
USER_DEFINED_ROLE) ;

END_TYPE;

(*
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5.1.13 severity_category

Enumerated type severity_category is used to assign one of four standard values to the severity
attribute. Values assigned are one of CATASTROPHIC, CRITICAL, MARGINAL, or MINOR (in
decreasing order of severity). Note that this can be used in conjunction with failure probability
information (derived from failure rate) to determine the criticality of a diagnosis.

EXPRESS specification:

*)
TYPE severity category = ENUMERATION OF
(CATASTROPHIC
CRITICAL,
MARGINAL,
MINOR) ;
END |TYPE;

5.1.14 |test_value

lated with a test.

Type tpst_value is used to characterj

EXPREES specification:

TYPH test_value =
(PRSS,
FAIL,
THST_NOT_.
THST_NOT._.
USER_DEFINE
END|TYPE;

5.1.15 [ti

This type permits speeffication of the basis for recording time-related information. Specifically, it
permity specification of operating time, clock time, or some user-defined version of time.

EXPRESS specification:

*)
TYPE time_basis = ENUMERATION OF
(NOT_KNOWN,
OPERATING_TIME,
CLOCK_TIME,
USER_DEFINED_BASIS) ;

END_TYPE;
(*
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This type defines legal units for time-related costs. The most common units of time (as derived from
IEEE Std 716™-1995 [B9], which is referred to as the ATLAS standard) are specified; however, the
user-defined value allows for other types of time costs to be included.

EXPRESS specification:

*)

TYPE time_unit = ENUMERATION OF

(USER_DEFINED_TIME,
HOURS

MINUTES,
SECONDS,
MIEC,
USEC,
NIEC,
PYEC) ;
END |TYPE;
( *

5.1.17 |action

Entity pction is a specific action taken
entities| against which costs are associg
concerrfed with optimizing the sequence

EXPREES specification

ENT]TY’aCtié::>
hals_name

hgls_descri X
hals_cost

*)

JENTTITY ;

primary
sses are

> [1:?] OF cost;

: OPTIONAL SET [1:?] OF resource;
Y OPTIONAL frequency;

: OPTIONAL order_operator;

Attribute definitions:

has_name
has_description
has_cost

required_resource

: Provides a unique name for the action.
: Provides a description of the action.
: A set of costs associated with the action represented by this entity; the

set is optional but, if specified, shall include at least one cost attribute.

: Identifies the resources required to perform a given action. This

attribute is optional with a minimum cardinality of one, should
it exist.
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acti

orde

on_frequency

r_constraint

5.1.18 atom

- 27 —

: Specifies, for periodic actions, how frequently a given action needs to

be performed.

: Attribute order_constraint identifies an ordering precondition

that must be satisfied for a particular action to be performed.

Entity atom is a primitive element within the first-order logic. An atom can be either a constant (e.g.,
TRUE, FALSE, or some number) or a variable that takes on some value. This is a subtype of
logic_element and a supertype of one of variable or const.

EXPREES specification:

ENT]

ABSTRACT SUPERTYPE OF (ONEOF (variable, const))
SUBTYPE OF (logic_element) ;

END |

TY atom

ENTITY;

5.1.19 |const

A cons

EXPREES specificatio

ant within the first-order logic. Thi

ENT]

SUBTYPE O (o)
constant_va

Attri

TY cons

ENTITY;

Q\dg n}t&'\ons :

cong

N
tar&@ : Specifies the particular value to be taken on by a constant.

Of atom and has an associated valpe.

5.1.20

cost

Costs are categorized by the type of cost to which they relate. One dimension of the cost set identifies
whether the cost is a measure of time in seconds (or some other unit), or if it is a calculated cost. A time-
related cost is a measure of the time it takes to perform a task. A non-time-related cost is an expense that
is computed, perhaps in financial terms or by an objective function. The second dimension to the cost
group is based on the task to which the cost pertains: performance, setup, access, re-entry.

Each cost has an associated unit to enable consistent processing of included values. Two types of units
are defined as enumerated types and include time_unit and non_time_unit. Time_unit is an
enumerated type that defines the time units to be associated with a time-related cost. non_time_unit
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is an enumerated type covering predominant international currencies and defines types of cost units to be
associated with non_time_related_costs.

EXPRESS specification:

*)

ENTITY cost

ABSTRACT SUPERTYPE OF (ONEOF (time_cost, non_time_cost)) ;

cost_element : OPTIONAL cost_type;

upper : OPTIONAL bound;

lower : OPTIONAL bound;

predicted value : OPTTONAT cost_wvalue;

crliterion : SET [1:?] OF cost_catedory;
WHERE

vallid_bound : NOT (EXISTS (upper))

va

val

END |

Attri

NOT (EXISTS (lower) )
(lower <= upper) ;
1id_upper_bound : NOT (EXISTS (predicted_vadlu
NOT (EXISTS (upper) )
(predicted_value <= upper)
1id_lower_bound : NOT(EXISTS (predicfed_value)
NOT (EXISTS (lower) )
(lower <= predi

[ENTITY;

bute definitions,

cost_

upper
lower
predi

crite

bl ement

101 A bute criterion identifies the cost criterion that will be used t
the cost parameter. For example, criterion can identify skill level

multiple criteria.

OR
OR

OR
OR

OR
OR

type is
ess, and

e of the
he of the
ed value

classify
s anon-

time cost. This attribute is a set because a particular cost item can fepresent

Formal propositions:

valid_bound : When they exist, the lower and upper attributes are constrained to values
such that the value of the lower attribute is less than or equal to the

upper attribute. This constraint permits only one of the bounds

to exist.

valid_upper_bound : When they exist, the expected_value and upper attributes are
constrained to values such that the value of the expected_value

attribute is less than or equal to the upper attribute.

valid_lower_bound :When they exist, the expected_value and lower attributes are
constrained to values such that the value of the lower attribute is less

than or equal to the expected_value attribute.
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5.1.21 cost_category

EXPRESS specification:

*)

ENTITY cost_category;
description : description_type;

name
UNIQUE
one_name

END_ENTITY;
(*

: name_type;

. name;

Attripute definitions:

descriliption

name

5.1.22 |cost_rate

: Attribute description is used to provide anglabe what the
cost category is.

: Attribute name provides a means for id

In addifion to providing basic time and cost units S to associate a cost_rgte with
an entify (e.g., resource). The cost_rate i g a ratio of non-time cost to som¢ unit of

time and can be used, e.g., to specify labor rﬁ Q bes.

EXPREES specification:

tijme_cost_u ime_unit;

degnominato : cost_value;
WHER

dgnomi : SELF.denominator <> 0;
END

Attriputé defin

ons:

time_vub L_u.u.j. t

denominator

—Arrattributeto lJLUVidC thetmreunttsfor vuuq;utiué thecostrate—In other
words, this attribute will provide the time part of cost per unit time.

. An attribute that provides a divisor for the cost_rate, thus permitting
values other than unity.

Formal propositions:

denominator_is

_non_zero : Since the cost_rate entity defines a ratio that permits

specification of the denominator, this rule constrains
the denominator to be nonzero, thus preventing dividing
by zero.
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5.1.23 diagnosis

Diagnosis can be used for the representation of a lattice of diagnostic conclusions. Typically, a
diagnosis consists of failures or fault. The diagnoses can be interconnected in a lattice to classify
constituent units, e.g., by function. This construct provides a generalized grouping mechanism for
the constituents of the unit under test and their failure modes. The diagnosis lattice resulting from using
a structure of these entities shall not be cyclic, in the sense that no diagnosis be an ancestor of itself.

Example: A diagnosis might be of system under test #4 (flight computer), consisting of a diagnosis
of BOARD #1 (A/D converter), BOARD #2 (CPU), BOARD #3 (Display), etc. A diagnosis of
BOARD #3 may consist of diagnoses of CHIP #1, CHIP #2, CHIP #3, and all may be at different
levels.

EXPREES specification:
*)
ENTITY diagnosis
SUPERTYPE OF (ONEOF (failure, fault))
SUBTYPE OF (hierarchical element) ;
hals_ outcome : OPTIONAL me;
hZIs_rate
mechanism
severity
WHERE
oyl >
mi XOR
has_outcome |
alue =GOOD) ) =1) AND
has_outcome |
X = CANDIDATE)) = 1)];
me hea STS (mechanism)) OR (SIZEOF (members) = 0) ;
fajults_at_1g¢% : \ ESTATE_COMMON_ELEMENT_MODEL. fault' IN
¢ OR
chfi QUERY (tmp <* SELF.members |
_ESTATE_COMMON_ELEMENT_MODEL.diagnosis'
PN TYPEOF (tmp) ) ) = [1;
END,
( *
Attribute definitions:
has_outcome : A set of two or more outcomes that are the expected outcomes of the

diagnosis. An outcome is a characterization of the logical value for the
corresponding truth or falsity of the diagnosis applying to the current
state. This attribute is shown to be optional; however, it is constrained
such that it is required if the diagnosis has no member diagnoses. Since
diagnosis outcomes are the basis for determining the final conclusions
in AI-ESTATE, outcomes shall be available.

NOTE—Diagnoses in the data model are not restricted to two outcomes; any number of
outcomes are permitted for a test, but at least two outcomes are required.
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has_rate

. A value indicating the measure of the expected failure rate of the

diagnosis, i.e., the number of failures per time span. This value can be
converted to a probability of failure.

mechanism
severity

. Identifies the failure mode or modes associated with this diagnosis.
. Attribute severity associates a level of severity for the given

diagnosis. This attribute is optional since not all models need to use
this information. Criticality can be derived by selecting all
of the diagnoses at a particular severity level and then ranking
them by their failure probabilities, which are derived from the failure

rates.

Formall propositions:

outfomes_required_for_atomic_diagnosis

minfmal_outcomes

mec

| dfen/ same_type

faults_4

chi

not be defined, or that thd

utcomes
sis and
is (i.e., a
no sub-
cardin-
Fome set
bs  exist,
[ote that
kted, but
tic out-

utcomes
set of
outcomes include, at a mininjum, ex-
actly one outcome of value GQOD and
exactly one outcome of value CANDI-
DATE.
This rule ensures that a mechanism
(i.e., a cause) for a given diagndsis to be
true only occurs at the leaff of the
diagnosis lattice. Note that the leaf is
not required to provide the me¢hanism.

: This rule ensures that a diagnosis of

type fault can only exist at tHe leaf of
the diagnosis lattice. Note that| the leaf
of the lattice is not required fo be of
type fault.

: Ensures that all children (i.e., njembers)

of'a diagnosis are also of type dlagnosis.

5.1.24 diagnosis_outcome

Entity diagnosis_outcome is a set of outcomes associated with any diagnosis in a model.
Diagnosis outcomes associate discrete values to ranges of states in the diagnosis definition and form
the basis for the diagnostic process. For any given diagnosis in an AI-ESTATE model, at least two
outcomes shall be defined. Thus, at a minimum, outcomes corresponding, e.g., to good/candidate
should be provided with a given specification. At times more than two outcomes may be appropriate,

e.g., good/suspect/candidate/bad.
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EXPRESS specification:

*)

ENTITY diagnosis_outcome
SUBTYPE OF (outcome) ;
standard_diagnosis_value : diagnosis_value;

INVERSE
for_diagnosis
END_ENTITY;
(~k

: diagnosis FOR has_outcome;

Attribute definitions:
standprd_diagnosis_value tandard
ipgnostic
tandard
H value,
b used to
lefined.
for_dlagnosis ith that
5.1.25 |diagnostic_mode
Diagnofstic reasoning inyolwe om test outcomes. The relationships betyeen test
outcomes and diggnosti ed in diagnostic models. A diagnostic mddel is a
collectipn of entities ¢ bout the system under test. A diagnostic| model
refers { odel as specified in this standard. Entities ffrom the
Comm rencedyas required by those diagnostic models.
EXPRE
*)
ENTITY diagnestyc_model;
name : name_type;
dpf:r*'r'ipi"inﬂ . ﬂ@thipi‘inﬂ_f‘ypp-
model_element : SET [3:?] OF hierarchical_element;
orders_steps : OPTIONAL SET [1:?] OF order_operator;
UNIQUE
one_name : name;
WHERE
one_diagnosis_is_no_fault : (SIZEOF (QUERY (tmp <* model_element |
tmp.name = 'no_fault')) =1);
element_is_rollup : element_rollup (SELF, SELF.model_element) ;
END_ENTITY;

(*
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Attribute definitions:

name . An attribute used to identify the entity uniquely.
description : Attribute used to provide an elaborated explanation of the model.

model_element

: An attribute to identify the various model elements in a diagnostic model.

Model elements are any of the hierarchical elements as defined by the
information model (i.e., tests, diagnoses, repairs, resources, functions).
orders_steps : This attribute identifies an optional set of ordering operators to

any optimization process that may be applied for diagnosis.

Formal propositions:

override

oneldiagnosis_is_no_fault . This rule verifies that one of the dig

ele

5.1.26

A failu
failure

EXPRE

no_fault. This rule en
conformant model expliCt

nent_is_rollup

failure

Attri

AL func;

bute definitions:

fai

5.1.27

defined
Constant

KSTATE

agnostic

ts refer-
of this
archical
p at this

it is the

led_item : Identifies the specific element (i.e., function) that has failed. This is a direct tie

to the functional part of the system associated with a diagnosis.

failure_mode

A failure mode is a specific mode or means by which a unit or system can fail. The specific failure mode
is associated, first with the diagnosis, then (by way of the appropriate subtype) to the item that has

failed.
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EXPRESS specification:

*)
ENTITY failure_mode;

name : name_type;

description : description_type;
UNIQUE

one_name : name;

END_ENTITY;
(*

Attribute definitions:

name : Used to identify the failure mode uniquely.

desgription : Attribute used to provide an elaborated explanation"gfwhatthg\failuxe mode is.

5.1.28 [failure_rate

This enlity indicates the rate of occurrence of a diagnosis (inchzdi { adlt and failgre). The
failuke_ rate can either be an actual observed value > rate,a
time_basis shall be defined. Time_basis is used in\the determiining the compytational
basis fdr failure rate statistics.

EXPREES specification:

*)
ENTITY failure_rate;
delscription
balsis
END| ENTITY ;

des¢ription : 1 rate.
basls i rticular,
ribute identifies if the failure_rate is computed bpsed on

eration time or clock time.

5.1.29 [fault

A fault is the physical cause of anomalous behavior within a system. A fault typically corresponds to
some physical breakdown in the system under test.

EXPRESS specification:

*)
ENTITY fault
SUBTYPE OF (diagnosis) ;
failed_item : OPTIONAL repair_item;

END_ENTITY;
(*
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Attribute definitions:

failed_item : Identifies the specific element (i.e., repair item) that has failed. This is a direct
tie to the physical part of the system associated with a diagnosis.
5.1.30 frequency

Frequency is the rate (i.e., the number of times something occurs per unit time).

EXPRESS specification:

*)
ENTITY frequency;

tijme_span : time_cost;
adtion_count : non_negative_integer;
ENDJ| ENTITY ;

Attripute definitions:

ween periodic actions.
that the semantics of this type

time_span

action count : Attribute action ntN i ber of times in a time gpan the
action is performg

5.1.31 [func

A funcfion correspgnds [to an § avior’” represented within a system. The func|entity is
intendefd to provide a\plageholdg tionalinformation in the event the diagnostic or tgstability
model is function-oci€nted 3 pe ofentity cannot be ““function” since this is a reserved word

in EXPRESS.
EXPREES speﬁifﬁgio
*) \

ENT] fu
SUBTY OFYhierarchical_element) ;

INVHRSE
implemented_ by : SET [1:?] OF repair_item FOR includes_function;
WHERE
children_same_type : QUERY (tmp <* SELF.members
NOT ('AI_ESTATE_COMMON_ELEMENT_ MODEL. func'
IN TYPEOF (tmp)))=I[1;
END_ENTITY;
( *

Attribute definitions:

implemented_by : This attribute identifies the repair item or items used to implement a par-
ticular function within a system.
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: Ensures any children (i.e., members) of func are of type func.

5.1.32 hierarchical_element

A hierarchical element is an
structure. It is intended to

abstract entity containing a name, description, and associated lattice
roll up common attributes of entities such as test, diagnosis,

repair_item, func, and resource.

EXPRESS specification:

*)

ENTITY hierarchical_element

name
delscription
members

at]l indenture_level

mujst_occur_in
INVHRSE
pajrt_of_model
palrents
UNIQUE
onle_name : name;
WHERE
aph_is_acyclic

ABSTRACT SUPERTYPE OF (ONEOF (diagnosis, repair, func,
repair_item)) ;
: name_type;
: description_type;
: SET OF hierarchica
hent;
(at_indenture_level))) AND

Attripute definitions:

| EXISTS (at_indenture_levgl))) =
XOR

EOF (SELF .parents) ) ;

name
description

members

at_indenture_level

must_occur_in

: An attribute used to identify uniquely the particular hierarchical
element.

: Attribute used to provide an elaborated explanation of what the
hierarchical element is.

: The set of constituent elements of which this entity is composed.
This attribute is required but the set can be empty (e.g., if the
element is at the lowest level of indenture).

: Identifies the specific level of indenture for a particular hierarchical
element.

: Attribute must_occur_in provides a list of context items re-
quired for a hierarchical element to be considered. This attribute
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part_of_model

parents

Formal propositions:

—-37-—

is defined to be a set. If the set is empty, then the corresponding
hierarchical element is available in all contexts.

: A pointer to a set of models that reference a given hierarchical
element. This attribute provides a mechanism for linking models
based on hierarchical elements identified during the diagnostic
process.

: The set of elements that have the current element as a member.
This attribute is required but the set can be empty (e.g., if the
element is at the highest level of indenture).

graph_is_acyclic T Ihcstructurc of hierarchical_elepment isreicir¢d toasa
aph. In
from a
Jrning to
raint is
raverses
pargnt_level_ consistent cls exist
nsistent.
1 of the
t or are
5.1.33 [level
This en Common
level fo ment. A
total of
EXPRE
*)
ENT]
nal
de description_type;
sul IONAL level;
INVH
pr : level FOR successor;
UNI(
onle_
WHER
1 vclb_Cu._bL_;.uk,L —NOSTF (EXISTS tSEEF—uccessoTry ) XOR
(SELF <> SELF.successor)) AND
(NOT (EXISTS (SELF.predecessor)) XOR
(SELF <> SELF.predecessor));
consistent_level: (NOT (EXISTS (SELF.predecessor)) XOR
(SELF = SELF.predecessor.successor)) AND
(NOT (EXISTS (SELF.successor) ) XOR
(SELF = SELF.successor.predecessor));

no_repeats: levels_acyclic(SELF) ;

END_ENTITY;
(*
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Attribute definitions:

name : Specifies a unique name for the level of the hierarchical element. This attribute is
intended to provide a means of identifying levels for purposes of determining
applicability of tests, diagnoses, etc., within the model.

description : Attribute used to provide an elaborated explanation of what the level is.

successor : Identifies the “next” level in the total order of levels. This is optional in that the
final level will not have a successor.

predecessor : Identifies the “previous” level in the total order of levels when the previous level
exists.

Formal| propositions:

levels_distinct : Ensures that a particular level is disti i €ssor or
predecessor level.

congistent_level : Ensures that the predecessor feve i level as
successor and that the successor leveky curilent level
as predecessor.

no_tepeats : Tests to see if the ¢ i level appgaring in

the successor chat it creates a gycle in the levels, which

is illegal.

5.1.34 |logic_element

The enfity logic_element identifies a |
an abstract supertype of 1ive

ar elen be used in a logical expressior]. This is
elempent within logic) and function (an n-ary t¢rm that
returns|a single value).

Attribute definitions:

label : Associates an identifying label to the logical element. This label corresponds to, e.g.,
variable names, function names, and predicate names.

5.1.35 logic_function

The entity logic_function is a function used in first-order logic. This is a subtype of
logic_element and a supertype of predicate.
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EXPRESS specification:

*)
ENTI

TY logic_function

SUBTYPE OF (logic_element) ;
argument : LIST OF logic_element;
END_ENTITY ;

('k

Attribute definitions:

argument : Specifies a list of logic elements as arguments to the given logic_function.

5.1.36

Entity mode_of_operation specifies a particular mode or $

For ex{

EXPREFS specification:

Note that the argument list can be empty; however, an argum
The cardinality of set of arguments defines the arity o

mode_of_operation

a unit ot

mple, for an aircraft, modes of operation may cozf wheels or in

*)

ENT]

name : name_type;

ds

UNIQUE

ony

END| ENTITY ;

Attri

TY mode_of_operation;
scription

e_mode

bute deﬁnit{o}s\:

nam
des

5.1.37

Cription™\\ i scription provides a textual description of the specific
pexatiolfl within which the system is being diagnosed.

nondime~cos

equired.

system.
-flight.

ttbute naimé is a unique attribute used to identify the mode of operation.

mode of

The no

time_cost construct represents cost attributes that are not time related and are ¢

mputed.

Financial costs as well as costs computed from an objective function fall into this category. Objective
functions typically combine functions of weighted cost parameters that can be temporal, financial, or a
quantification of some other expense of the test. Units for objective function-based costs would
typically be defined as user_defined. The non_time_cost entity inherits all attributes from cost.

EXPRESS specification:

*)

ENTITY non_time_cost
SUBTYPE OF (cost) ;
non_time_cost_unit : non_time_unit;
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rate
END_ENTITY;
(*

Attribute definitions:

non_time_cost_unit

rate

— 40— IEC 62243:2005(E)
IEEE 1232-2002(E)

: OPTIONAL cost_rate;

: An attribute to define the non-time units associated with the non-

time-related cost.

: An optional attribute to provide a specific non-time cost to be as-

sociated with the rate. In other words, this attribute will provide the
cost part of cost per unit time.

5.1.38 |order_operator

operatdr by which actions are taken within the test and diagnosti
(as defiped for STRIPS) includes a name, a set of preconditiops™d

bfines an
bperator
must be

satisfied for the operator to be applied), and a set of effects (i.e. i )e truth stalte of the
problemh at hand). The intent is to use these operators in i q test and

diagnodtic task. Order operators also correspond to act

EXPREES specification:

*)

ENTITY order_operator;

name
delscription
prlecondition
eflfect

INVERSE
implement

UNIQUE

Attri

Nine

des¢ription

. Identifies the name of the ordering operator.
: Provides a textual description of the ordering operator.

S
PreCorrarcroIr

effect

implements_action

Il e 4+ L1 - 1 I B 41 4+ 4l IR Al B ol h
- IUCHIICS a4 SUL U TUSIUAT CULTUITTUILS HIAT IITUST UL SAUISHUU TU t V] Op‘

erator to be applied. The set of preconditions corresponds to a
conjunction of the individual predicates.

: Identifies a set of logical effects on the truth state of the planning

problem (i.e., diagnostic problem). The effects are a conjuncted set
of predicates now assumed to be true.

: Associates the ordering operator with a specific action within the

model. Since actions have costs associated with them, this
relationship also facilitates optimal planning. Note that an action
can exist independent of an order operator (as indicated by the
OPTIONAL modifier); however, an order operator CANNOT exist
without an associated action.
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5.1.39 outcome

Associated with any test or diagnosis in a model is a set of outcomes. Outcomes associate discrete
values to ranges of measurements in the definition and form the basis for the diagnostic process. For
any given test or diagnosis in an AI-ESTATE model, at least two outcomes shall be defined. Thus, at a
minimum, outcomes corresponding, e.g., to pass/fail or good/candidate should be provided with a
given specification. At times, more than two outcomes may be appropriate, e.g., pass/fail-low/fail-high
or good/suspect/candidate/bad.

EXPRESS specification:

*)
ENTITY outcome
ABSTRACT SUPERTYPE OF (ONEOF (diagnosis_outcome, te outgomg )y

name : name_type;
dglscription : description_type;
confidence : OPTIONAL confidence_value;
UNIQUE
onle_name : name;
END] ENTITY ;

Attripute definitions:

name : An attribute uged to ide Qutcome uniquely.
desfription dted explanation of what the oufcome is.
confidence : Rasuy invthe test outcome based on charactefistics of

3 i gure is used for providing confidence peasures

ction in which the assigned values are limited to eithey TRUE
common constructs used in sentences within the first-order logic.

5S specification:

ENTITY predicate
SUBTYPE OF (logic_function) ;
END_ENTITY;
(~k

5.1.41 purpose

Entity purpose specifies a given purpose for the context. In other words, it states the purpose for the
associated action (i.c., test, diagnosis, or repair).
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EXPRESS specification:

*)

ENTITY purpose;

ha

op
de

s_role : SET [1:?] OF role;
timizer : SET [1:?] OF goal;
scription : description_type;

END_ENTITY;

(*k

Attribute definitions:

has] role : This attribute identifies the associated role of the contg
diagnosis is occurring. For example, the role can be A4 ance
verification test.
optlimizer : Attribute optimizer identifies the specific optil
used to drive the diagnostic process.
desgription : Attribute description provides a textual d i & 1 S
context.
5.1.42 |repair
When 4 repair item has been identified, g0 turn the unit to serv|
entity 4
EXPREES specification:
*)
ENTITY repair
SUBTYPE OF (hie
repair_actjion: LIST [1:?] OF action;
WHERE {}
chlildren_same s <* SELF.members
STATE_COMMON_ ELEMENT_MODEL.repair'
YPEOF (tmp))) = [1;
END
( *
Attri
repai r_actiN : Identifies the sequence of actions required to repair the repair ite

that if preconditions need to be satisfied for execution of the repair

vithin whiich test/

est or a

criteria

e of the

ce. This

Im. Note
then an

OTder Operator Must be associated with at feast the ISt action in T
action list containing the necessary preconditions.

Formal propositions:

children_same_type :Ensures that any children (i.e., members) of a repair are of type

5.1.43

repair_item

e repair

‘repair.”

A diagnosis shall point to some part of the system to be adjusted, calibrated, repaired, replaced, etc. In
short, a diagnosis shall lead the maintainer to the object of the maintenance action. The “physical”
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entity in the system under test corresponding to the diagnosis (thus the entity diagnosis) is the entity
defined by repair item and identifies a failure mode of the system under test.

EXPRESS specification:

*)
ENTITY repair_item
SUBTYPE OF (hierarchical_element) ;
includes_function

tested_by : SET OF test;
repaired_by : SET OF repair;
WHERE

: OPTIONAL SET [1:?] OF func;

chlildren_same_type : QUERY (tmp <*

IN TYPEOF (tmp) ) ) =1[1;
END_|ENTITY;

Attripute definitions:

: This attribute identifies

given repair item.
: This attribute identif]
a particlairepar

includes_function
tested_by

repfired_by

Formal| propositions:

children_same_t

in mind.
conte

EXPRE

*)

SELF .members
NOT ('AI_ESTATE_COMMON_ELEMENT_ MOD

.reparxi it

empty) of tests availab)

es the context required for a diagnostic problem (or p
odels are generally created with a particular context (or g

I that’are performed by a

e to test

e of type

rtion of
ontexts)
hosis_

ENTITY required_context

SUPERTYPE OF (required_test_context AND required_diagnosis_context AND

required_repair_context) ;
: name_type;
: description_type;

name
description
occurs_in
has_purpose
UNIQUE
one_name: name;
END_ENTITY;
(*

: purpose;
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Attribute definitions:

name : Attribute name provides a unique identifier for a particular required context
within the model.

description : Attribute description provides a means of associating descriptive text with
the required context.

occurs_in : Identifies the relevant operational mode within which the particular
maintenance actions are being performed.

has_purpose . Attribute has_purpose identifies the purpose of actions performed in the

given context.

5.1.45 |required_diagnosis_context

Entity required_diagnosis_context is a subtype of required text agd- sSpegifies the
diagnodis context required for a particular diagnosis (or group of diagnos ithin.a modkel tojbe valid.

EXPREES specification:

*)

ENTITY required_diagnosis_context
SUBTYPE OF (required_context) ;

END |ENTITY ;

5.1.46 |required_repair_context

Entity
context

atype of required_context and specifies the repair
¢ group of repair items) within a model to be fepaired.

EXPRE

5.1.47 lrequired test context

Entity required_test_context is a subtype of required_context and specifies the test
context required for a particular test (or group of tests) within a model to be performed.

EXPRESS specification:

*)
ENTITY required_test_context
SUBTYPE OF (required_context) ;

END_ENTITY;
(*
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5.1.48 resource

Any given action in the maintenance process is likely to require some external resource to perform that
action. For example, a test could require test equipment and expendable resources, and a repair action
could also require instrumentation, tools, and expendable resources. For any given action
corresponding to test, a set of resources could be required.

EXPRESS specification:

*)

ENTITY resource
SI;IBTYPE OF (hierarchical_element) ;
hals _cost: OPTIONAL SET [1:?] OF ¢
WHERE

chlildren_same_type : QUERY (tmp <* SELF.members
NOT ('AI_ESTATE_COMMON_ELEME]
IN TYPEOF (tmp))) = [];

END |ENTITY;

Attripute definitions:

has| cost : This attribute (optionall ¢t o s with this particular respurce.

Formal propositions:

chilldren_same_t dren (i.e., members) of a resource arg of type

5.1.49

A test tlypicallyi that is either supplied or known at the start of the test, and a set of
observd e ation of the responses is provided in the form of a test outcqme. The
test enfity a.means of defining the logical structure of testing in a diagnostic m¢del and
defines fa pa 3\ archly. A given test can be a member of a collection of tests at anotler level.

Sequenti raints\for performing these tests are included in a separate constraint specifi¢ation or

are accpssible  elsewher€ within the AI-ESTATE implementation. Tests are identified sympolically

within thésgpecification.

Details concerning the execution of a specific test are contained in other specifications that can be
referenced symbolically but are not otherwise included in this specification.

EXPRESS specification:

*)
ENTITY test
SUBTYPE OF (hierarchical element) ;
has_outcome : OPTIONAL SET [2:?] OF test_outcome;
test_action : LIST [1:?] OF action;
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WHERE
outcomes_required_for_atomic_test: (SIZEOF (SELF.members) > 0) OR
EXISTS (has_outcome) ;
minimal_outcomes: (NOT (EXISTS (has_outcome))) XOR
( (SIZEOF (QUERY (tmp <* has_outcome
tmp.standard_test_value=PASS)) =1) AND
(SIZEOF (QUERY (tmp <* has_outcome |
tmp.standard_test_value = FAIL)) =1));
children_same_type: QUERY(tmp <* SELF.members |
NOT ('AI_ESTATE_COMMON_ELEMENT_ MODEL.test'
IN TYPEOF (tmp))) = [];
END_ENTITY:

(*

Attripute definitions:

s of the
e to the
er, it is

B ts. Since
test outcomes are the basis r Adi iCc TIe STATE,

has]| outcome

NOTE—Tests in‘the da ar astri " outcomes
are permitted for a ‘¢ g i

Example: All tes utcomes
e across

butcome

Lt come

ted test.
est, then

tes

Forma

: Determines whether outcomes are agsociated
with a test and requires that an atgmic test
(i.e., a test for which there are no subtepts) have
OUCONIES, — T Ie cardimatity omthe test_
outcome set ensures that, should outcomes
exist, there are at least two of them. Note that
nonatomic test are permitted, but not required,
to have test outcomes.

minimal outcomes : Requires either that the set of outcomes not

be defined, or that the set of outcomes
include, at a minimum, exactly one of outcome
of value PASS and exactly one outcome of
value FAIL.

children_same_type : Ensures that any children (i.e., members) of a

test are of type “test.”

out ed_for_atomic_test
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5.1.50 test_outcome

Associated with any test in a model is a set of test outcomes. Test outcomes associate discrete
values to ranges of measurements in the test definition and form the basis for the diagnostic
process. For any given test in an AI-ESTATE model, at least two outcomes shall be defined.
Thus, at a minimum, outcomes corresponding, e¢.g. to pass/fail should be provided with
a given specification. At times more than two outcomes may be appropriate, e.g., pass/fail-low/

fail-high.

EXPRESS specification:

*)
ENTITY test_outcome
SUBTYPE OF (outcome) ;

stlandard_test_value : test_value;
INVERSE
for_test : test FOR has_outcome;

END| ENTITY ;

Attripute definitions:

stahdard_test_value

¢ther or not the outco

me is a

est out-
l-based systems, the standardl values
| TEST
utcomes
for inRks outcome to the specific test with that outcome.
5.1.51
The ti ents cost attributes that are time-related. The time_codt entity
inherits
EXPRE
*)
ENTITY time_cost
SUBTYPE OF (cost) ;
time_cost_unit : time_unit;
END_ENTITY ;
( *
Attribute definitions:
time_cost_unit : An attribute to define the time units associated with the time-

related cost.
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5.1.52 variable

An atom within first-order logic that has the feature of being able to have a value assigned to it. Itis a

subtype of atom.

EXPRESS specification:

*)
ENTITY variable
SUBTYPE OF (atom) ;
END_ENTITY;
(*

5.1.53 |element_dag

EXPREES specification:

This funpction examines the set of hierarchical elements in ¢
also a parent. In other words, when traversing the child
model.

FUN(QTION element_dag

=[]
END_LOCAL;

IF|(SIZEOF r
RETURN ( ;

D_TF;

TO HITINDEX (members) ;
) THEN

RETURN (element_dag (members, grand_parents) ) ;
END” TF;

thdt no child e
hat no cycles ex

ement is
st in the

END_REPEAT;
END_FUNCTION;
(*

5.1.54 element_rollup

EXPRESS specification:

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

*)
FUNCTION element_rollup

(mdl :diagnostic_model;elem:SET [1:?] OF hierarchical_element) : BOOLEAN;

LOCAL
check : BOOLEAN;

END_LOCAL;

REPEAT i := LOINDEX (elem) TO HIINDEX (elem) ;
check - — FATSE:
REPEAT j:= LOINDEX (elem[i] .part_of_model) TO
HIINDEX (elem[i] .part_of_model) ;
IF (elem[i] .part_of_model[j] = mdl)
check : = TRUE;
END_TIF;
END_REPEAT;
IF (check = FALSE) THEN
RETURN (FALSE) ;
END_TIF;
END_REPEAT;

RETURN (TRUE) ;
END_|FUNCTION ;
(*

5.1.55 |levels_acyclic

EXPREES specifitation:

This fupction ensures
back on itself.

tity occurring at a level, the chain of levels does fot cycle

FUNC cl
(1 AN ;
LO

—= TRUE;
arget: le = 1vl;
ENDANNOCAL;

REPEAT WHILE (EXISTS(1lvl.successor)) ;
IF (target = 1lvl.successor) THEN
tst: = FALSE;
END_TIF;
1lvl: = 1lvl.successor;
END_REPEAT;
RETURN (tst) ;
END_FUNCTION;
END__SCHEMA ;
(~k
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5.1.56 Common Element Model EXPRESS-G diagrams

4,2
order_operator

orders_steps S[1:?]

1,1(1,2,3,4,5)

s |

I
|
I
|
I
i
! *name
i
I
I
|
I
|
I
I

description

*diagnostic_model

model_element S[3:7]
(INV) part_of_model S[1:?]

( 2,1 )
hierarchical_element

action_frequency

has_descripf]

>*resource action

; Ny >
' has_outcome S[2:7] i description_type

(INV) for_test
c

2,4 3,1
test_outcom cost

Figure 7—Common Element Model EXPRESS-G: Diagram 1 of 5
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____successor_____ “name Ll
! (INV) predecessor | name_type
! ! description 12
(R *level description_type
at_indenture_level |
*name (ABS)

1,1
name_type

5,1
required_context

must_occur_in S[0:?]

members S[0:?]

(L(INV) parents S[0:?]

*hierarchical_element

description 1,2
description_type

% I

2.1 j‘

1

4,1 1 6
diagnosis rep

1,5
resource

Q

*repair_item

=

1,3
\/ test
airedb\ S[0:3] 1,6

description 12
description_type

*name 1,1
name_type

\iiqg}osis_outcome

standard, diagnosis

O

test_outcome

O
standard_test_value

‘ 2,5(4) ’

Figure 8—Common Element Model EXPRESS-G: Diagram 2 of 5
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1,2
description_type

description
O
criterion 8[1:?] (ABS) cost element~ """ 3
cost_category O——mMmm ™ 7 e =TT b cost_type | !
_category *eost | cost_type | |
*name

1,1
name_type

3

<@—O time_cost

time_cost_uynit
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Figure 10—Common Element Model EXPRESS-G: Diagram 4 of 5
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ffffffffffff L1
3 goal | O— ( name_type )

1.2
description_type
optimizer S[1:?] *name
. description
purpose  O— mode_of_operation

has_role S[1:?] description

occurs_in S[0:?]
has_purpose

1,2
description_type
required_context

name_type
&

description

1.2
description_type

5.2 Diagnostic Inference Model

Figure 11—Common Element Model EX

required_diagnosis_context

required_test_context required_reér_m\
\ S

The AI}ESTATE Diagnostic Inference na is defined below. The constructs of this
model ere originally derived from the test and diagnosis known as infgrmation
flow médeling or dependency™~Nqodeling many of the constructs definefl in the
AI-ESTATE Common Elemgent

An infgrence is a logica Given a
particular test outeone, 1 le. Tests
offer a iew of tho it

In the AI-ESTATE D Hentified
between a particulé NMe's ic units.
A partjcular test_
infergnge Halogously, a diagnostic_inference within the DIM psserts a
conditi \didate” on a particular diagnostic unit. These two inference elenjents are
the terrps tha inference associated with a test outcome. Both test_inferepce and
diagnpstice—t ce are SUBTYPES of inference.

The set

ofinferences associated with a particular test outcome are limited either to a list of copjuncted

he model

EXPRESS specification:

*)

SCHEMA AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;
REFERENCE FROM AI_ESTATE_COMMON_ELEMENT_MODEL

(diagno

stic_model,

test_outcome,
confidence_value,
diagnosis_outcome) ;

(*
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5.2.1 diagnostic_inference

Entity diagnostic_inference represents an inference of a diagnosis as good or still a candidate
from a particular test outcome (as identified by outcome_inference). Uncertainty associated
with this inference can be specified in the confidence attribute that has been inherited from the inference
entity.

EXPRESS specification:

*)
ENTITY diagnostic_inference
SUBTYPE OF (inference) ;

d gL - g i L =
1l gosStT oS SeFTTOF — TSRO STS \=a— e

WHERE
nol user_defined : diagnostic_assertion.standard_diagndsis_vialue <>
USER_DEFINED_DIAGNOSIS_OUTCOME

END |ENTITY ;

Attripute definitions:

diagnostic_assertion : The condition of the diagnosis\to he inference applies. The
condition of the unit i§ ¢ & either good of still a
candidate. Sincg v a di is oytcome, additional vqlues can

Formal propositions:

no_fiser_defined

agnQstic\Qutcome be one of the basic standard yalues as
mg lement Model.

5.2.2 ¢
This enftity repre@t € uentSOf the DIM. This construct also identifies the diagnoses, tests,
and, o i e gystem under test being modeled.
EXPRE
*)
ENT] _Inference_model

ogtic_model) ;
: SET [2:?] OF outcome_inference;
END| ENTITY ;

Attribute definitions:

inference : This attribute identifies the set of outcome_inference that comprises the
model of the system under test. To be useful, a model shall consist of at least two
inferences, corresponding to inferences from the minimum number of outcomes
for the minimum number of tests in the model.

5.2.3 inference

This entity is a supertype of the entities diagnostic_inference and test_inference.
Inference is either a test inference or a diagnosis inference, but not both.
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EXPRESS specification:

*)
ENTITY inference
ABSTRACT SUPERTYPE OF (ONEOF (diagnostic_inference, test_inference)) ;
confidence : OPTIONAL confidence_value;
END_ENTITY;
(~k

Attribute definitions:

confidence : An entity that identifies the statistical confidence in the inference association from
the outcome in outcome_inference to the following:

(a) The particular outcome identified in this entity i i ty is a
test_inference.

(b) The particular diagnosis identified in this entity, k itiomidentified in
diagnostic_assertion, if this entity icy brence.

5.2.4 qutcome_inference

This copstruct pairs a particular outcome of a particulay test with a“set of wterences represefpted in a
conjungt/disjunct form. Each inference inference of type| test_

inferpnce or diagnostic_infefente.{Sincq i information is specific| to the
Diagnogstic Inference Model (DIM), it is : identifinthe test outcomes from the Common

Element Model (CEM) with which th : associated. Hence, the constrjicts for
represe ~ :
test ou

EXPRE

dij : OPTIONAL SET OF inference;
CO : OPTIONAL SET OF inference;
as| : test_outcome;

UNIg
on ocliated_test_outcome;

disjunct : NOT (EXISTS (conjuncts) ) OR

OT (EXISTS (disjuncts) ) ;

nol usSer_defined: associated_test_outcome.standard_test_value <>
USER_DEFINED_TEST_OUTCOME

conjunct=o

END_ENTITY
(*

Attribute definitions:

disjuncts : This attribute is required, but the set can be empty. If the set
is empty, then no inference can be drawn from the outcome.
The set is interpreted as an ORed set of inferences to be
drawn.
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conjuncts : This attribute is required, but the set can be empty. If the set
is empty, then no inference can be drawn from the outcome.
The set is interpreted as an ANDed set of inferences to be
drawn.

associated_test_outcome : This attribute identifies a particular outcome of the value of

Formal propositions:

the test_outcome. for_test attribute to which the value
of the outcome_inference attribute applies, where
the test_outcome. for_test attribute identifies a parti-
cular test.

confjunct_or_disjunct

: Constrains the outcome inference list to be @ set of comjuncts or a

set of disjuncts, but not both. The inferepC e empty.
no_fiser_defined : Requires that the test outcome be ong0{t \Si d values
as defined in the Common Element M
5.2.5 test_inference
Entity pest_inference represents an inference abo 3 [n other

words, [a test outcome that references this entity can ddpend wlar outcome, identified in

the oujcome_inference, of the test id

ce.for_test. Ungertainty

associated with this inference can be sp i ijute that has been inherifed from

the infdrence entity.

EXPREFS specification:

*)
ENTITY test_infe

SUBTYPE OF (in
oul tcome_

outfowe inference

some_inference.standard_test_value <>
/ DEFINED_TEST_ OUTCOME;

: This attribute identifies the test and associated outcome to be nferred.

Formal propositions:

no_user_defined

*)
END_SCHEMA ;
( *

11 4 R b | IR Al I | 41 fed " " ddean] 4 il 4 4+
TNC TCSTTIS TACIIICa Oy tNC TOTr _Ces C attrroutc o tnetest outcome.

: Requires that the test outcome be one of the basic standard values as

defined in the Common Element Model.
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5.2.6 Diagnostic Inference Model EXPRESS-G diagram

AI_ESTATE_COMMON_ELEMENT _
MODEL.diagnostic_model

. L ‘ ALESTATE_COMMON_ ‘
diagnostic_inference_model \_ELEMENT MODEL test_outcome

linference S[2:?7] o
*associated_test_outcome

*outcome_inference

disjuncts S[0:?] ! ! conjuncts S[0:?]
o) o}
(ABS) confidence
A Stekaciead o

inference

AI_ESTATE_COMMON_
ELEMENT_MODEL.
confidence_value

1

7

*test_inference

X

*diagnostic_inference

*)

( *

5.3 Dy

The fol d in any
diagnoj g Dynamic
Contex 5 syeral important functions of an AI-ESTATE conformant fieasoner.
The fu ‘ on. The
DCM r{ ommon
Eleme nhanced
Diagno ).

A diag i sion is\initiated by identifying the model or models to be used for determining the
existende of. a) fault™ the unit undergoing test, and for isolating to a sufficient level to|effect a
maintepanee action that will restore the system to a known functioning condition. The sgssion is

performed in a series of steps. At each step, one or more tests are performed. The DCM 1is used to

record the state existing prior to performing any test at each of the following steps:

1) The model(s) currently in use

2) The status of all resources associated with the active models
3) The status of all tests associated with the active models

4) The status of all diagnoses associated with the active models
5) Optionally, the current fault hypothesis

The DCM is also used to record the tests performed at each step and any associated actual test
outcome and outcome confidence values. The reasoner makes diagnostic and test inferences from the

actual test outcome and associated confidence values.
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EXPRESS specification:

*)
SCHEMA AI_ESTATE_DYNAMIC_CONTEXT_MODEL;
USE FROM AI_ESTATE_COMMON_ELEMENT_ MODEL

(name_type,
diagnostic_model,
diagnosis,
test,
confidence_value,
test_outcome,

resource

rost_value,
Cime_cost,
hon_time_cost,
Hiagnosis_outcome,
| ogic_element,
Hescription_type,
repalr_item,
bction,
fost_category,
required_context,
hon_negative_integer) ;

5.3.1 gvailability_type

Type ayailability_|
to be s¢t. This is a logical™t

TRUE/ If the val
the avajlability of the

EXPRE

n the entity is not available. An UNKNOWN indic
could nope determined.

= BOOLEAN;

resource
is set to
htes that

5.3.2 calendar_year
Type calendar_year captures the calendar year in four-digit format.

EXPRESS specification:

*)
TYPE calendar_year = STRING (4) FIXED;

END_TYPE;
(*
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5.3.3 day_stamp
Captures the day of the week.

EXPRESS specification:

*)
TYPE day_stamp = non_negative_integer;
END_TYPE;

( *

IEC 62243:2005(E)
IEEE 1232-2002(E)

5.3.4 degree

This dgfines a type for a numeric value capturing the amount of deg
diagnodis. A higher value indicates an amount of degradation less tha

EXPREES specification:

*)
TYPH degree = REAL;
WHERE
stlandard_value : (0 <= S
END_|TYPE;

Formal propositions:

stahdard_value

5.3.5 f*action_o@ S

The fralction of a §ec S of hundreths of a second.

EXPREES sp@% {
N\

TYPHE fraction_of_ second = non_negative_integer;

hundreths: SELF <= 99;
END "

alue forces a degree to take on|a value

Formal Propositions:

hundredths : Ensures that the fraction of a second is kept to a precision of hundredths of a

second.

5.3.6 hour

Captures in coordinated universal time (UCT) the hour of the day.
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EXPRESS specification:

*)
TYPE hour = non_negative_integer;
WHERE
twenty_four_hour : SELF <= 23;
END_TYPE;
( *

Formal propositions:

twenty four hour - Ensures that the legal hours for the day are between 0 and 23, in
accordance with UCT.

5.3.7 minute

EXPREES specification:

*)
TYPH minute = non_negative_integer;
WHERE
sikty minute_hour : SELF <=/49;
END_|TYPE;
( *

Formal| propositions:

sixfy_minute_hour ¢/Stamp is between 0 and 59.

5.3.8 month Q

Identifis the mon

EXPRE

5.3.9 optimal_failure_rate

Type optimal_failure_rate defines a type by which a step can determine whether or not the
optimization process is dependent on failure rates.

EXPRESS specification:

*)
TYPE optimal_failure_rate = BOOLEAN;

END_TYPE;
(*
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5.3.10 second

EXPRESS specification:

*)
TYPE second = non_negative_integer;
WHERE
sixty_ second_minute : SELF <= 59;
END_TYPE;
(*

Formall propositions:

sixpy_second_minute : Ensures that the number of seconds lie

5.3.11 |hypothesis_direction

Enumerated type hypothesis_direction differentiates be
terms df relationship to a hypothesis.

EXPREES specification:

*)
TYPH hypothesis_direction = ENIW
(REASONER_DIRECTED,
USER_DIRECTED) ;
END_|TYPE;
(*

5.3.12 Iegal_m(@

Identifips the enurferated

EXPREES sp@% {
N\

gnths.

= ENUMERATION OF

FHBRUARY,

NRCOTT

sr and the

T T

APRIL,
MAY,

JUNE,
JULY,
AUGUST,
SEPTEMBER,
OCTOBER,
NOVEMBER,
DECEMBER) ;

END_TYPE;
(*
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5.3.13 status_code

Enumerated type status_code identifies legal status codes to be returned by a service specified by
this standard.

EXPRESS specification:

*)

TYPE status_code = ENUMERATION OF
(OPERATION_COMPLETED_SUCCESSFULLY,
NONEXISTENT_DATA_ELEMENT_REQUESTED,
MISSING_OR_INVALID_ARGUMENT,
OPERATION_OUT_OF_SEQUENCE,
INVALID_ MODEL_SCHEMA,
SHRVICE_NOT_AVAILABLE,
UNKNOWN_EXCEPTION_RAISED) ;

END|TYPE;

(*

5.3.14 |assigned_element
Type assigned_element is a SEI [ hat between active_tept and
active_diagnosis.

EXPREES specification:

*)

TYPH assigned_e S SELE
(alctive_t ,
acltive_di

END |TYPE;

5.3.15 |ca

Select {ype Cause ures information on root cause events that spawn a particular dfagnostic

session| A’ a select type, it results in selection of one of the associated entities for the actyal cause
(Or Cauw/\h\ Tt 2 avamactad thot o oo hall ba cad sob o oo

esr—Htsexpected—thattheeatseshal-betsed—whenperformine postrertermannbsts for the

purpose of generating and using diagnostic histories or for computing field-based diagnosability
metrics.

EXPRESS specification:

*)
TYPE cause = SELECT
(trigger,
alarm) ;

END_TYPE;
(*
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5.3.16 active_action

Entity active_action corresponds to actions being taken in the test and diagnosis of a system.
Active actions have actual costs that are tied back to the associated tests and resources.

EXPRESS specification:

*)

ENTITY active_action;

corresponds_to : action;
time_incurred : SET OF active_time_cost;
cost_incurred : SET OF active_cost;
rgsources_used : OPTIONAL SET OF active
WHERE
resources_valid : resources_availab sed) ;
adtive_resource_is_resource : set_of_resource ) <=
corresponds_tQg H
END] ENTITY ;
( *
Attribute definitions:
coryesponds_to : Attribute corresponds antiated
by this entity.
timg_incurred i i ey aftdal time associated with taking
cost_incurred ~Incurrkedrecords the actual costs associated with taking
respurces_used : A sed\Ists the resources used in perfornping this
E empty.
cares if
Forma
res Constraint resources_valid uses flunction
resources_available. This constraint [prevents
unavailable resources being listed as having bgen used.
act Constraint active_resource_is_reg$ource
ensures that the set of resources_used is|a subset
of the required_resource attribute sef{ of this
entity’s corresponds_to action attribute.

5.3.17 active_cost

Entity active_cost references a non_time_cost entity being used by some test or resource in the
current diagnostic session. Several attributes are obtained by examining the referenced entity (e.g.,
units) and that entity’s abstract supertype cost.

EXPRESS specification:
*)
ENTITY active_cost;

actual_value : cost_value;
corresponds_to : non_time_cost;
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INVERSE
action_cost : SET OF active_action FOR cost_incurred;
WHERE
value_is_valid: (NOT (EXISTS (corresponds_to.lower)) AND
NOT (EXISTS (corresponds_to.upper))) XOR
((corresponds_to.lower <= actual_value) AND

(actual_value <= corresponds_to.upper)):;
END_ENTITY;
(*

Attribute definitions:

actpal_value incurred
corfesponds_to that is
actlon_cost ctive_
Formal| propositions:
valpe_is_valid ue lies
5.3.18 |active_diagnosis
Entity §ctive_diagnosi that the
outcome of the diagnosi ince the
session |trace instantiate K can be
determined by trayessing
EXPRE
*)
ENT
c : diagnosis;
a : OPTIONAL diagnosis_outcome;
a : OPTIONAL confidence_value;
WHE
cpnfidence_with_outcome : (NOT (EXISTS (actual_confidence)) AND
NOT (EXISTS (actual_outcome) )) OR
(EXISTS (actual_confidence) AND
EXISTS (actual_outcome)) ;
END_ENTITY;
( *
Attribute definitions:
corresponds_to : Attribute corresponds__to identifies the diagnosis in the diagnostic
model that is actively evaluated or inferred in the session.
actual_outcome : Attribute actual_outcome provides the current actual outcome

associated with this diagnosis. This attribute is optional since the
outcome may be tied to a diagnosis group.
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actual_confidence : Attribute actual_confidence provides the current actual con-
fidence value associated with the actual_outcome of the
diagnosis. This attribute is optional since it is tied to the outcome,
which is also optional.

Formal propositions:

confidence_with_outcome :Constraint confidence_with_outcome ensures that either an
actual_outcome is paired with an actual_confidence or
the active_diagnosis has neither an active_outcome
nor an active_confidence. In other words, both active_
outcome and active_ confidence must be present simulta-
neously, if they exist at all.

5.3.19 |active_model

Entity active_model references one of the models used in th name of

the entity is obtained by examining the referenced model.

dge base. The

EXPREES specification:

*)
ENTITY active_model;
aviailability
corresponds_to
pajthname
END| ENTITY ;

Attribute de@;g

avallability

ailability is a logical attribute indicating whegher this
vailable for the current session.
correspd MNAttribute corresponds_to identifies the diagnostic mode] that is
iyely loaded and processed in the session.
Attribute pathname is a string providing the complete path t¢ the file
containing the model.

pathn

5.3.20 lactive—resourece

Entity active_resource corresponds to a resource used as part of a test. Throughout the model,
sets of active_resources are nonoptional but have initial cardinality of zero.

EXPRESS specification:

*)

ENTITY active_resource;

availability : availability_ type;
corresponds_to : resource;
resource_action : LIST [1:?] OF active_action;
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INVERSE
associated_step
END_ENTITY ;
( *

—67 -

: step FOR resource_status;

Attribute definitions:

availability

Attribute availability is a logical attribute indicating whether this
resource is available for the current step. In this case, entities need to be
instantiated in each step of the session trace.

corresponds to Attribute corresponds_to identifies the resource in the diagnostic
model that is actively used in the session.
respurce_action : Attribute resource_action identifies the actton o i uired to
use the given resource. Cost information from derived
by examining the costs of the associated actiq
asspciated_step : Inverse attribute associated_step pfovides the step
referring to this active_resourc
5.3.21 |active_test
Entity active_test corresponds to a test u : oiven step. The outcomelof a test
can onlly take on a single value representing .Sincé the session trace instan:]ilates the
tests at[each step, multiple values for the test is repeated) can be determined by
traversing the trace.
EXPREES specification:
*)
ENT[TY act@
Cftual_config L confidence_value;
NAL test_outcome;
LIST [1:?] OF active_action;
(NOT (EXISTS (actual_confidence)) AND
NOT (EXISTS (actual_outcome))) OR
(EXISTS (actual_confidence) AND
EXISTS (actual_outcome)) ;
END|] ENTTITY ;

(*

Attribute definitions:

actual_confidence

actual_outcome

: Attribute actual_confidence provides the current actual con-
fidence value associated with the actual_outcome of the test. This
attribute is optional since it is tied to the outcome, which is also
optional.

: Attribute actual_outcome provides the current actual outcome
associated with this test. This attribute is optional since the outcome
could be tied to a test group.
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corresponds_to : Attribute corresponds_to identifies the test in the diagnostic
model that is actively executed or inferred in the session.
test_action : Attribute test_action identifies the action or actions required to

perform the given test. Cost information from the test can be derived
by examining the costs of the associated actions.

Formal propositions:

confidence_with_outcome : Constraint confidence_with_outcome ensures that either
an actual_outcome is paired with an actual_confidence
or the active_test has neither an active_outcome
TIOT anl active_conndence. In other botly aktive_
outcome and active_confidence simulta-
neously, if they exist at all.

5.3.22 |active_time_cost

sonfe test or redource in

Entity active_time_cost references a time_cost etity bsing
S g the referencdd entity

the current diagnostic session. Several attributes are Obtad
(e.g., units) and that entity’s abstract supertype co

EXPREES specification:

ENTLTY active_time
afttual_value
cprresponds_tg

INVERSE

aftion_ti
WHERE
hlue_1is_va ; AND
EXISTS (corresponds_to.upper))) XOR
ctorresponds_to.lower <= actual_value) AND
(actual_value <= corresponds_to.upper))|;
act .A.a.l_v True —Arttribute o.k,'l,u.al_ toetsusedtostorethreactuatcostmenrred rather
than the expected cost.
corresponds_to : Attribute corresponds_to identifies the time_cost that is being
instantiated by this entity.
action_time : Inverse attribute action_time indicates the specific active_action

to which this active_time_cost belongs.

Formal Propositions:

value_is_wvalid : Constraint value_is_valid ensures that actual_wvalue lies between
legal bounds, given that bounds have been defined.
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5.3.23

alarm

Entity alarm captures information on automatic notifications of a problem within a system that
results in the initiation of a diagnostic session. Alarms could, e.g., result from visual or audible alarms
presented to a user, built-in test (BIT) indications, or network management traps [as from simple
network management protocol (SNMP)].

EXPRESS specification:

*)

ENTITY alarm

St

RTYPE QF (active test):

END |
(*

5.3.24

Entity
a partig

EXPRE

| ENTITY ;

diagnosis_context

liagnosis_context is a subtype of step_co
ular diagnosis (or group of diagnoses) within a

5S specification:

*)
ENT]
Sy

ti]
END

Attri

TY diagnosis_context

BTYPE OF (step_context) ;

me_to_test : OP%AL asgtive_time_cost;
| ENTITY;

bute deﬁn;m

tim

5.3.25

/ to_test specifies the amount of time available
session to complete testing and return a diagnosis. Th
ttribute since time constraints may not be specified in all

diagnosis coptext for

within a
1s 1S an
ases.

with a

Entity
particu

EXPRE

bxXception captures information on status codes and exceptions that could be raisel

lar step in the diagnostic session.

SS specification:

*)

ENTITY exception;
status : status_code;
description : description_type;
associated_service : description_type;
END_ENTITY;

(~k
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Attribute definitions:

status : Attribute status identifies the status code associated with a given
exception raised at the current step.
description: : Attribute description provides a textual description for the

associated_service:

5.3.26

exception raised and its associated step in the session.

resulted in the raised exception.

gripe

: Attribute associated_service identifies the service called that

Entity

EXPRE

ES specification:

ENT]
SU
END |

5.3.27

Entity
history

EXPRE

TY gripe
BTYPE OF (trigger) ;
| ENTITY;

history

history captures
is in terms of prew

palst_sé OF\session;

Attri

bute.definitions:

system.
gripe.

bst. This

past_session

5.3.28

: Attribute past_session identifies a list of diagnostic sessions capturing

historical maintenance information. A list is used to indicate a chronological

sequence of events.

inferred_diagnosis

Entity inferred_diagnosis corresponds to a diagnosis that can be inferred by the reasoner. The
diagnosis can only take on a single value representing the current value. Since the session trace
instantiates the diagnoses at each step, the set of diagnoses is maintained at each step. Therefore, value
changes for a diagnosis can be determined by traversing the trace.
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EXPRESS specification:

*)
ENTITY inferred dlagn081s

corresponds_to : SET [1:?] OF diagnosis;
inferred_confidence : confidence_value;
inferred_outcome : diagnosis_outcome;
grade : OPTIONAL degree;
availability : availability type;
INVERSE
associated_step : step FOR diagnoses;
WHERE
consistent_outcome :check_diagnosis_out (corresponds_to

inferred_outcome) ;

END| ENTITY ;

Attripute definitions:

bs in the
ssion. If
tted that

corkresponds_to

t confi-

inferred_confidence

e for the
EDIM.

inférred_outcome

with the

he given
Far. This
bvide no

grafle

¢ is optional since current AI-ESTATE models pr
basis for performing the needed inference.
avallabiZ% . Attribute availability indicates whether or not this diagnosis
is available for the current step.
: Inverse attribute associated_step provides a pointer back to
the step referring to this inferred_diagnosis entity|

assPpg

Formal prioposit

conStstenmt—oUtTone —COomStrait consS TSttt outcome ensures—tirat—tie inferred
outcomes exist in the set of legal outcomes associated with the
diagnoses.

5.3.29 inferred_test

Entity inferred_test corresponds to a test whose outcome is inferred by the reasoner. The
outcome of a test can only take on a single value representing the current value. Since the session trace
instantiates the tests at each step, multiple values for the same test (e.g., if a test is repeated) can be
determined by traversing the trace.
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ENTITY inferred_test;

corresponds_to
availability
inferred_confidence
inferred_outcome

~72- IEC 62243:2005(E)
IEEE 1232-2002(E)

: SET [1:?] OF test;

: availability_ type;
: confidence_value;

: test_outcome;

INVERSE
associated_step : step FOR test_status;
WHERE
consistent outcome : check test out (corresponds to
inferred_outcome) ;
END| ENTITY ;
( *
Attripute definitions:
coryesponds_to Attribute corresponds_tQ t of testy in the
diagnostic model that is avai ssion. If
¢ ted that
avaljlability lable for
inferred_confidence Infidence
It is re-
hds_to
between
inferred_outcomge utcome
b be the
Q exists a
asspciated_ Ck to the
FormaLprdgg;}b; n
N\
conglstent\o me Constraint consistent_outcome ensures that the inferfed out-
comes exist in the set of legal outcomes associated with the [tests.
5.3.30 [logic_term

Entity 1ogic_term captures the current logical state for purposes of ordering constraints. Since not
all diagnostic reasoners are capable of doing partial-order planning, this information is optional within
the Dynamic Context Model.

EXPRESS specification:

*)

ENTITY logic_term;
corresponds_to
END_ENTITY;

(*

: logic_element;
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Attribute definitions:

corresponds_to . Attribute corresponds_to identifies the specific logical element
within the Common Element Model to which this term corresponds.

5.3.31 notice

Entity notice captures details on manufacturer or maintainer notices to a user that some sort of

maintenance or diagnostics needs to be done on the system.

EXPREFS SpecIification:

*)
ENTITY notice
SUBTYPE OF (trigger) ;
END_|ENTITY;

5.3.32 |repair_context

Entity frepair_context is a subtype O
particular repair item (or group of repair 4

EXPREES specification;

*)

ENTITY repailr_co

SUBTYPE O ep
aviailable "

| ENTITY;

T OF repair_item;

: Attribute available_repair_items specifies tho
items that can be repaired in the current context.

pecifies the repair contdxt for a

e repair

5.3.33 session
Entity session provides a session trace for the current diagnostic session.

EXPRESS specification:

*)
ENTITY session;

trace : LIST OF step;
caused_by : OPTIONAL SET [1:?] OF cause;
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updates_history

WHERE
no_tests_last

END_ENTITY;

(*
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: OPTIONAL history;

: NOT (EXISTS (
trace[SIZEOF (trace) ] .outcomes_collected)) ;

Attribute definitions:

trace : Attribute trace provides an ordered list of states (represented as steps)
throueh which the diagnostic reasoner traverses during a session. It is
expected that actions such as backing up would/be re S a new
step in the trace rather than having a step de Ce.
cauged_by . Attribute caused_by identifies the eve hsed the
diagnostic session to occur.
updftes_history . Attribute updates_history identifi the unit
or system diagnosed by this session,
Formal| propositions:
no_tests_last or tests
that have jus ndicates
that the state
5.3.34 [step
Entity gtep instantiate and includes all information related to g specific
step in fhe test pr S, 1 of the reasoner. This state information reflects the
status of all the @\ e step (creation of step).
EXPREES specifi€ation}
*)
ENTLT
me : SET [1:?] OF active_model;
reaso sis : OPTIONAL SET OF inferred_diagnosis|;
test_sta : SET [1:?] OF inferred_test;
dliagnoses : SET [2:?] OF inferred_diagnosis;
resource_status : SET OF active_resource;
logic_state : OPTIONAL SET OF logic_term;
optimized_by failure_rate : optimal_failure_rate;
optimized_by cost : SET OF cost_category;
user_hypothesis : OPTIONAL SET [1:?] OF diagnosis;
reason_by : hypothesis_direction;
occurs_within : step_context;
service_result : OPTIONAL LIST [1:?] OF exception;
time_occurred : OPTIONAL time_stamp;
outcomes_collected : OPTIONAL SET [1:?] OF assigned_element;
INVERSE
part_of : session FOR trace;
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WHERE
test_active: NOT (EXISTS (outcomes_collected)) XOR
active_tests_available(outcomes_collected, test_status) ;
resource_active: (SIZEOF (QUERY (temp <* resource_status |
NOT (temp.availability = FALSE)))=0) AND
(set_of_resource(resource_status) <=
resource_set_union (model_status)) ;
diagnosis_in_state: (reasoner_hypothesis <= diagnoses);
all_tests: (set_of_test(test_status) =
test_set_union(model_status)) ;
all_diagnoses: (set_of_diagnosis(diagnoses) =
diagnosis set union(model status)):
dliagnosis_active: NOT (EXISTS (outcomes_collected)) XOR
active_diagnoses_available (outcomes_collected, dj oses)
ENDJ| ENTITY ;

Attripute definitions:

bls asso-
Status at

model_status

reagoner_hypothesis nsisting

up the
ce some
process;
will be

and will

1 by the
us prior
session,
mptoms

tesg_status

he test_status corresponds to the set of sy

used to start the diagnostic process.
: Attribute diagnoses lists all of the diagnoses us¢d by the
available models and is used to capture their stajus prior
to running the active tests.
. Attribute resource_status lists all of the resources
used by the available models and is used to captfire their
status prior to running the active tests.
. Attribute logic_state provides the curren{ list of
facts within the logic state of the diagnostic|session.
This—state s compared to @ Setof precomditions in the
Common Element Model to assist in determining appro-
priate ordering of actions.
optimized_by_failure_rate : Attribute optimized_by_failure_rate specifies that
test selection is dependent on failure rate when this
Boolean attribute is TRUE.

optimized_by cost . Attribute optimized_by_ cost identifies the set of cost
criteria (if any) used to optimize test selection at a given
step in the diagnostic process.

user_hypothesis : Attribute user_hypothesis identifies a set (possibly

empty) of diagnoses in the diagnostic model to be used as
a hypothesis. This hypothesis would be used to guide test

diagnoses

reso

loglc_sgtate
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selection to verify/deny that hypothesis. Note this is an
optional attribute since a user might not have a hypothesis
at all steps in the process.
reason_by . Attribute reason_by identifies whether or not reasoning
is to be centered at a given step on a user-based hypothesis
or a reasoner-based hypothesis.
occurs_within : Attribute occurs_within identifies the specific context
for a given step during a diagnostic session. An initial
context shall be used to start the diagnostic process for a
particular session. Context can change as diagnosis
proceeds, and this change in context is captured via the
remainder of the dynamic context model._Once a context is
set for a given step, that conte i ist,|through
subsequent steps in a session u :
seryice_result : Attribute service_resul f excep-
tions (if any) raised as a result of executtag ice.
timg occurred . Attribute time_occu i ht which
the step began.

outfomes_collected . Attribute outcomn e set of
active tests a tagl S ed i p in the
process.

parf_of . Inverse 3 session
Formal propositions:

test_active borded in

ble to be

respurce_active : i ouyce_active evaluates two predlcates tlo ensure
.[The first

Q b second

ivailable

diagnosis_i% noses in

the hypothesis have been specified by the set of diagnoses [given by
the current state.
: Constraint all_tests uses function test_set_uni¢n. This
constraint verifies that the union of the test sets from the gvailable
models equals the set listed in test_status.
: Constraint all_diagnoses uses function diagnosif_set_
union. This constraint verifies that the union of the diagrosis sets
fronr the avaitable models equatsthesetTisted T dragnoses.
diagnosis_active : Constraint diagnosis_active ensures that the active diagnoses
recorded in the step are members of the set of all diagnoses and are

available to be evaluated.

all].

all]l didagnoses

5.3.35 step_context

Entity step_context specifies the current context for a diagnostic problem. Diagnostic models are
generally created with a particular context (or contexts) in mind. This entity is a supertype of
test_context AND diagnosis_context AND repair_context.
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EXPRESS specification:

*)
ENTITY step_context

SUPERTYPE OF (test_context AND diagnosis_context AND repair_context) ;

available_resources : SET OF resource;

description : description_type;

name : name_type;

corresponds_to : required_context;
UNIQUE

one_context : name;
END_ENTTTY .

( *
Attribute definitions:
avallable resources : 1 repair
des¢ription ntextual
name heans to
mapon.
coryresponds_to : Attribuge v 'ti es the required contex{ against
which a ompargd to determine if the cpntext is
consistent,
5.3.36 |test_context
Entity test_context ext and specifies the test context for a pprticular
test (or|[group of )
EXPRE
*)
ENT]
SU
av : SET OF active_test;
END
( *
Attribute definitions:
available_tests . Attribute available_tests identifies the tests that are available for

use in diagnosis at the beginning of the diagnostic session.

5.3.37 time_stamp

Entity time_stamp provides a means of associating a time stamp to elements within the DCM.
The time basis for capturing the time element within the time stamp shall be coordinated universal

time (UCT).
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EXPRESS specification:

*)

ENTITY time_stamp;

yvear_stamp
month_stamp
day_stamp
hour_stamp

minute_stamp
second_stamp
fraction_stamp

: calendar_year;

: month;

: day_stamp;

: hour;

: minute;

: second;

: fraction of second;

END_ENTITY;
( *
Attribute definitions:
veay_stamp e stamp.
monfh_stamp e stanpp.
day)| stamp onth for
houf_stamp for the
minfite_stamp in UCT
secpnd_stamp ih accor-
fragtion_stamp d to the
5.3.38 |trigger
Entity krigger 1lts in a
diagnodtic session bei triggers correspond to human-generated or orgapization-
generatpd events sych pfined to

be an albstract

EXPREB S Sretifgation:
*) \\k\ \\\\¢>
ENTITY grig
ABSTRACT SUPERTYPE OF (ONEOF (notice, gripe));
dpf:r*'r'ipi"inﬂ - chr‘ripfinh_fypa-
name : name_type;
UNIQUE

one_name
END_ENTITY;
( *

: name;

Attribute definitions:

description

name

: Attribute description provides a means for associating descriptive text to
characterize the trigger.
: Attribute name provides a unique name for identifying the trigger.
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5.3.39 active_diagnoses_available

EXPRESS specification:

Function active_diagnoses_available determines whether each active diagnosis is a member
of all diagnoses and whether the active_diagnoses are available by checking the corresponding
inferred_diagnosis availability attributes.

*)
FUNCTION active_diagnoses_available
(active: SET [1:?] OF active_diagnosis;
inferred: SET [1:2] OF inferred diagnosis): T.OGTICAT:

LPCAL

member: LOGICAL;
result: LOGICAL:= TRUE;
END_LOCAL;

REPEAT i:= LOINDEX (active) TO HIINDEX (activ

member : = FALSE;

REPEAT j: = LOINDEX (inferred) TO HIINDE

IF (active[i] .corresponds_to IN
inferred[j] .corresponds_to) THI
member : = TRUE;
IF (inferred[j].ava I 1
result:= FALSE;

END_TF;
END_TF;
END_REPEAT;
IF (member = FAYL

result:= S
END_TIF

END_RE PE@
RETURN (re ;

ENDJ| FUNCTIO x
( *

5.3.40

%

EXPREFS specificatjon:

Functign'a¢tive_tests_available determines whether each active test is a member of| all tests
and whether the active_tests are available by checking the corresponding inferred_test
availability attributes.

*)
FUNCTION active_tests_available
(active: SET [1:?] OF active_test;
inferred: SET [1:?] OF inferred_test) : LOGICAL;

LOCAL
member: LOGICAL;
result: LOGICAL:= TRUE;
END_LOCAL;
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REPEAT 1i:= LOINDEX (active) TO HIINDEX (active) ;
member : = FALSE;
REPEAT j:= LOINDEX (inferred) TO HIINDEX (inferred) ;
IF (activel[i] .corresponds_to IN
inferred[j] .corresponds_to) THEN
member : = TRUE;
IF (inferred[j].availability = FALSE) THEN
result:= FALSE;
END_TF;
END_TF;
END_REPEAT;
IF (member — FATLSE) THEN
result:= FALSE;
END_TF;
END_REPEAT;
RETURN (result) ;
END|] FUNCTION;
(*k
5.3.41 |check_diagnosis_out
EXPREES specification:
Functign check_diagnosis_out chee iagn tcomes against the set|of legal
outcom ' ‘ efit. This is done by checking to see
that thg available outcomes.

*)
FUNCTION check_diag

Hiag:SET [1: Q 0Shey +diagnosis_outcome) : BOOLEAN;

LPCAL

flag: BO

ND_LOCAL;

—

O HIINDEX (diag) ;
“has_outcome)) THEN

END] FUNCTTON ;

5.3.42 check_test_out

EXPRESS specification:

Function check_test_out checks the set of test outcomes against the set of legal outcomes of the
test passed in to ensure that they are consistent. This is done by checking to see that the set of inferred

outcomes are members of the set of available outcomes.

*)
FUNCTION check_test_out
(tst:SET [1:?] OF test; tout:test_outcome) :BOOLEAN;
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LOCAL
flag: BOOLEAN := TRUE;

END_LOCAL;

REPEAT i:= LOINDEX (tst) TO HIINDEX (tst) ;
IF (NOT (tout IN tst[i].has_outcome)) THEN

flag:= FALSE;

END_TF;

END_REPEAT;

RETURN (flag) ;

END_FUNCTION;
(~k

5.3.43 |diagnosis_set_union

EXPREES specification:

Functign diagnosis_set_union constructs a set of inferx
of all |of the inferred_diagnosis entities associated
active _model.

*)
FUNCTION diagnosis_set_union
ndl: SET [1:?] OF active_mede

—

LOCAL
diagnosis_set :
END_LOCAL;

QUERY,
'"AT_
END_REPEAT;

5.3.44

EXPREFS\8pecification:

agnosis;

he union
set of

Function resource_set_union constructs a set of active_resource by taking the union of all
of the active_resource entities associated with each member of a set of active_model.

*)

FUNCTION resource_set_union

(mdl: SET [1:?] OF active_model) : SET [1:?] OF resource;

LOCAL
resource_set: SET [1:?] OF resource:= [];
END_LOCAL;

REPEAT i:= LOINDEX (mdl) TO HIINDEX (mdl) ;
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resource_set:= resource_set +
QUERY (tmp <* mdl[i].corresponds_to.model_element |
'"ATI_ESTATE_COMMON_ELEMENT_MODEL.resource' IN TYPEOF (tmp)) ;
END_REPEAT;
RETURN (resource_set) ;
END_FUNCTION;

(*

5.3.45 resources_available

EXPRESS specification:

Functign resources_available samples a set of resources to determine whether all] of the
resourcgs in that set are currently available.

FUNCTION resources_available
(Fesources: SET [0:?] OF active_resource) :

LPCAL
result: BOOLEAN:= TRUE;
END_LOCAL;

IF SIZEOF (resources) >0 T

REPEAT i := LOINDEX (resox
IF resources[i] .availaby

result:= FALSE;

END_TIF;

END_REPEAT;

END_TF;

RETURN (result

END_|FUNCTIO
(*

5.3.46

EXPRE

Functi en a set

of inf

*)

FUNERroON-set—ef—diagresis

(diag: SET [0:?] OF inferred_diagnosis): SET [0:?] OF diagnosis;

LOCAL
diagnosis_set : SET [0:?] OF diagnosis:= [];
END_LOCAL;

REPEAT i:= LOINDEX (diag) TO HIINDEX (diag) ;
diagnosis_set:= diagnosis_set + diag[i].corresponds_to;
END_REPEAT;
RETURN (diagnosis_set) ;
END_FUNCTION;

(*
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5.3.47 set_of _resource

EXPRESS specification:

Function set_of_resource constructs a set of resources as defined in the CEM when given a set of

active_resources from the DCM.

*)
FUNCTION set_of_resource
(rsrc: SET [0:?] OF active_resource): SET [0:?] OF resource;

LOCAL

resource_set: SET [U:?] OF resource: = [];
END_LOCAL;

REPEAT i: = LOINDEX (rsrc) TO HIINDEX (rsrc) ;
resource_set: = resource_set + rsrc[i].correspo
END_REPEAT;
RETURN (resource_set) ;
END] FUNCTION;
(*

5.3.48 [set_of test

EXPREES specification:

Functiqn set_of_test constructs a get of tests. @ ed in the CEM when given

inferred_tests from the DCM.

: SET [0:?] OF test;

| FUNCTTON ;

h set of

5.3.49 test_set_union

EXPRESS specification:

Function test_set_union constructs a set of tests by taking the union of all of the test entities

associated with each member of a set of active_model.

*)
FUNCTION test_set_union
(mdl: SET [1:?] OF active_model): SET [1:?] OF test;
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LOCAL
test_set: SET [1:?] OF test:= [1];
END_LOCAL;

REPEAT i:= LOINDEX (mdl) TO HIINDEX (mdl) ;
test_set:= test_set +
QUERY (tmp <* mdl[i].corresponds_to.model_element |
'AT_ESTATE_COMMON_ELEMENT_ MODEL.test' IN TYPEOF (tmp)) ;
END_REPEAT;
RETURN (test_set) ;
END_FUNCTION;
END__SCHEMA ;

@%
2
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5.3.50 Dynamic Context Model EXPRESS-G diagrams
past_session L[0:?]
42 histor
e B
1 updates_history
occurs_within 3
g
| i . cause
| | caused by S[1:7] " ALESTATE_COMMON_ELEMENT_

N MODEL.diagnostic_model Y

*gession

) e N O
time_occurred 5.1

trace L[0:?]| ("""t \ time_stamp / corresponds_io

(INV) part_of | ! .
! user_hypothesis S[1:?] 2.1
i i» 777777777777777777777 diagnosis

model_status S[1:?]

pat R

O

active_model

1 *step test_status S[1:?]
| (INV) associated_step

1,1(2,3)

4 AI_ESTATE_COMM B ™
N__ELEMENT_MODEL.cost_lcatego

corresponds_to

]

4 AI_ESTATE_COMMON_ELEMENT_
Ne MODEL.logic_element

(INV) asSsaciated ) active_resource
sty [0 staws code || "
servicé_result L[1:?] ] description ’—m

TXCeptrom 7 71

associated_service description_type

Figure 13—Dynamic Context Model EXPRESS-G: Diagram 1 of 5
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time_stamp year_stamp Oﬁcﬁe}l;pic{qri year | g *STRING| |

| month_stamp e I .

day_stamp ooy

,,,,,,,,,,,,,,,,,

hour_stamp FTmTommoeee
minute_stamp - (
Q

second_stamp T

,,,,,,,,,,,,,,,,,

fraction_stamp

STACE: COMMON ELEMENT_MODEL.non_
negative_integer /

The Al w. The
constryj is known
as inforpnats ling Ot dependency modeling (Simpson and Sheppard [B6, B7, B8]). The model

many O he constructs defined in the AI-ESTATE Common Element Model.

utilizes

An infdrenCe is a logical relationship between two tests or between a test and a diagnosis. |Given a

particu ar-testoutconte; mferencesaboutother-testsamdfor diaguuocc ofthe systenrcarn bernrade. Tests
offer a view of the associated fault, function, or diagnosis.

In the AI-ESTATE EDIM, test outcomes have been generalized beyond pass or fail outcomes to
multiple outcomes for a test. Inferences are therefore identified between a particular test outcome and
other test outcomes and asserted conditions of diagnostic units.

A particular test outcome that is inferred from another outcome is represented as a test_
inference within the EDIM. Analogously, a diagnostic_inference within the EDIM asserts
a condition of good, candidate, or some user-defined diagnosis outcome on a particular diagnostic
unit. These two inference elements are the terms that compose the inference associated with a test
outcome. Both test_inference and diagnostic_inference are subtypes of inference.
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The set of inferences associated with a particular test outcome are represented in sum of products form
(a disjunction of conjunctive terms). This representation provides flexibility and consistency in the
logical expression of the inferences.

EXPRESS specification:

*)
SCHEMA ENHANCED DIAGNOSTIC INFERENCE MODEL;
REFERENCE FROM AI_ESTATE_COMMON_ELEMENT_MODEL
(diagnostic_model,
test_outcome,
confidence_wvalue
dijagnosis_outcome) ;

(*

5.4.1 inference_type

a NOT
itlhas not.

This type specifies whether or not an inference has been nega
operatdr. If an inference is considered NEGATIVE, it ha

EXPREFS specification:

TYPH inference_type = ENUMERATY QF
(POSITIVE,
NEGATIVE) ;

END_|TYPE;

5.4.2 d

Entity sesents an inference of a diagnosis as “good” of still a
“candid ome (as identified by outcome_inference). Un¢ertainty
associa be specified in the confidence attribute that has been inherifed from
the infq

EXPRE

*)

ENTITYvdiagnostic_inference
SUBTYPE OF (inference) ;
diagnostic_assertion : diagnosis_outcome;

END_ENTITY;
(*

Attribute definitions:

diagnostic_assertion : The condition of the diagnosis to which the inference applies.
The condition of the unit is asserted to be either “good” or still
a ‘“‘candidate.” Since this is a diagnosis outcome, additional
values can be assigned as well.
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5.4.3 enhanced_diagnostic_inference_model

This entity represents the constituents of the EDIM. This construct also identifies the diagnoses, tests,
and, optionally, required resources for the system under test being modeled.

EXPRESS specification:

*)

ENTITY enhanced_diagnostic_inference_model
SUBTYPE OF (diagnostic_model) ;

inference : SET [2:?] OF outcome_inference;
END_ENTITY ;
( *
Attripute definitions:
inference : This attribute identifies the set of outcome
model of the system under test. To be useful;x
for the minimum number of tests ip
5.4.4 inference

ence and test_infgd

Inferenge is either a test inference or a dijagnosis infecex but not both.
EXPREES specificatio
*)
ENTITY inferénce
ABSTRACT PRTN (ONEOFY\drdgnostic_inference, test_inferency
pos_neg -
copnfidence : ffdence_value;
END
( *
Attributede
pos|neg \:A\grticular inference can either be a positive inference or negative infe

positive inference is one that is TRUE. A negative inference is an inferen

[ises the
cast two
utcomes

brence.

Fence. A
e that is

FATLSE. Thus, the negafive inference is a positive inference with a INOT 1n front of
it. In the EDIM, all inferences are treated as if they are asymmetric, meaning that

nothing can be assumed about the inference from a particular outcome
because of another outcome of the same test. Thus, all outcome_infe
shall be explicitly defined.

confidence : A confidence entity that identifies the statistical confidence in the i

association from the outcome in outcome_inference to the followin

of a test
rences

nference
g

(a) The particular outcome identified in this entity if this entity is a

test_inference.

(b) The particular diagnosis identified in this entity, in the condition identified in
diagnostic_assertion, if this entity is a diagnostic_inference.
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5.4.5 outcome_inference

This construct pairs a particular outcome of a particular test with a set of inferences represented in a
conjunct/disjunct form. Each inference entity of the set is a single inference of type test_ inference
or diagnostic_inference. Since inference information is specific to the Enhanced Diagnostic
Inference Model (EDIM), it is necessary to identify the test outcomes from the Common Element Model
(CEM) with which the inferences are associated. Hence, the constructs for representing inferences are
found in the EDIM, along with a pairing of these inference constructs with test outcomes from the CEM.

EXPRESS specification:

ENTTTY outcome_1nrerence;

dilsjuncts : SET OF inference;

conjuncts : SET OF inference;

aslsociated_test_outcome : test_outcome;
UNIQUE

onle_outcome : assoclated_test_outcome;

END| ENTITY ;

Attripute definitions:

dispuncts

conjuncts

ass

est_outcome.for_test attribute
particular test.

5.4.6 tps

Entity
words, ja test_outco

set can be empty. If the set is
be drawn from the outcqme. The
ed set of inferences to be drawn.
of the set is a single infefence of
nference or test_inferenke. This
Srequired, but the set can be empty. If the set is
en ng inference can be drawn from the outcqme. The
erpreted as an ANDed set of inferences to bg drawn.
bciated @t p 3 is\attrrbute identifies a particular outcome of the [value of
thexest_outcome. for_test attribute to which the value
e outcome_inference attribute applies, where the

identifies a

e represents an inference about a test made from a test outcome. [In other

the ouj¢ome_inference, of the test identified in outcome_inference. for_test. Ungertainty

¢’that references this entity can depend on the particular outcome, idelriﬁed in

associated with this inference can be specified in the confidence attribute that has been inherited from

the inference entity.

EXPRESS specification:

*)
ENTITY test_inference
SUBTYPE OF (inference) ;
outcome_inference : test_outcome;
END_ENTITY;
(*
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Attribute definitions:

outcome_inference : This attribute identifies the test and associated outcome to be inferred.
The test is identified by the for_test attribute of the test outcome.
*)
END__SCHEMA ;
( *

5.4.7 Enhanced Diagnostic Inference Model EXPRESS-G diagram

AL_ESTATE_COMMON_ELEMENT_
MODEL.diagnostic_model

| \ R
enhanced_diagnostic_inference_model ( EL MEm &%(,m>)

<

inference S[2:?] T \ X\/O

D) aSSOC|ated ‘est_outcol

outcome_inference VZ \>
disjuncts S[0:?] ES‘I’AT P OMMON
LEMENT_MODEL.
dence_value

pos_neg (ABS) | con dehce 'y
inference ! >
e AL e A N

. outcome_inference
est_inference

AIL_ESTATE_COMMON_ELEMENT_ \
MODEL.diagnosis_outcome h

Figure nced Diagnostic Inference Model EXPRESS-G: Diagram 1 of

—

*)

(*

5.5 Fault Tree NModel

This clause defines the AI-ESTATE Fault Tree specification. 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, since 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 or table. The rows of the table correspond
to the different tests to be run during the fault isolation procedure. Each column of a particular row
corresponds to one of the possible outcomes for that test. The contents of a particular row and column
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in the table identify the test result to be taken when the outcome identified occurs as the result of
executing the test. The test result can identify the next row of the table to which to proceed, signal the
diagnostic conclusion that is faulty, or simply provide information on the status of the fault isolation.

The Fault Tree Model draws on elements of the AI-ESTATE Common Element Model. The test entity
corresponds to a row in the table such as that described previously. Each column position of a particular
row in the table corresponds to the test_result entity in the model. The fault tree is processed by
starting at the first step, executing the test associated with that test, and proceeding with the actions
prescribed for the outcome that results. When another step of the fault tree appears in the column entry
for the resulting test outcome, execution of the fault tree proceeds to that fault tree step. Eventually, the
column entry for the resulting test outcome should identify the diagnosis and at this point (when no
other fault tree steps appear in the column entry), processing of the fault tree is complete. As an option,
running lists of suspected diagnoses can be included at any or all steps of the fault tri

EXPREES specification:

*)
SCHEMA AI_ESTATE_FAULT TREE_MODEL;

REFHERENCE FROM AI_ESTATE_COMMON_ELEMENT_MOD
(diagnostic_model,
tgst,
tgst_outcome,
dijagnosis_outcome) ;

5.5.1 fault_tree_model

The fajult_tree_modellentl ant ¢ Thus, it
defines fan entry point in : . Multiple
entry points can be de separate

models Q

EXPREES specific

: fault_tree_step;

Attribute definitions:

entry_point : Attribute entry_point identifies the first fault_tree_step in the fault
tree. This is normally the starting point of the fault tree, but can represent any
entry point into the tree.

5.5.2 fault_tree_step

This construct represents a row of the fault tree table. Its entries identify the test to be run at this step
in the fault tree and which test result/action pairs to follow. The test_step attribute uses the test
entity of the AI-ESTATE Common Element Model.
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EXPRESS specification:

*)

ENTITY fault_tree_step;

result : SET [2:?] OF test_result;
test_step : test;
INVERSE
previous_result : test_result FOR next_step;
WHERE
outcomes_are_valid : result_outcomes (result) =

END_ENTTTY;

test_step.has_outcome;

(*

Attripute definitions:

resplt

tesf_step

previous_result

Forma| propositions:

rise the
t_step
It set for

ree.
p in the

outfomes_are_valid

5.5.3 test_result

Entity
the coi
appropfi
next_

EXPREFS specificatjon:

or every
b rule is
by the

Ccome associated with a test. That outcome is then paired with
dicating the next step in the tree by pointing to that|step. If
¢ fault tree to which execution should proceed is identified in the

*)

ENTITY test_result;

next_step

: OPTIONAL fault_tree_step;

test_out : test_outcome;
current_diagnosis_outcome : SET OF diagnosis_outcome;
INVERSE
associated_step : fault_tree_step FOR result;
WHERE
leaves_have diagnoses : (EXISTS (next_step)) OR

END_ENTITY;
(*

(SIZEOF (current_diagnosis_ outcome) > 0) ;
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Attribute definitions:

next_step . Identifies which fault_tree_step to execute next
when the outcome in test_outcome results from the
execution of the test of this fault_tree_step. This
attribute is optional. When no fault_tree_step
is identified, the test_result entity is a leaf of the

fault tree.
test_out . Identifies the outcome of the test of this fault_tree_
step to which this construct applies.
current_diagnosis_outcome : Identifies the diagnosis elements in the model that

are indicted (i.e., accused) by the sequence of tests leading

report the diagnosis resulting {pé erstng the tree.
asspciated_step : Identifies the step with result
is associated. Since this i \ it\enforces the
i1 decision

Formal propositions:

leavef_have_diagnoses . This comes
attriputes th i 1 sociated
list ca ifsassqciated with an internal nod¢ of the
tree S i§ a leaf"(i.e., a terminal step in the tree),
then (the agnosis_outcomes list capnot be

5.5.4 rpsult_out e

EXPREES spec iﬁcq/{'ﬁm Y

Functign result set of test results and returns the corresponding s¢t of test
outcomes to ¢ thak thd outspomes listed correspond to the outcomes available at thq step in
the tred.

FUNCTION\re
(Fesu¥ts:SE

outcomes
[0:?] OF test_result) : SET [0:?] OF test_outcome;

LOCTAL
t_out: SET [0:?] OF test_outcome := [];
END_LOCAL;
REPEAT i := LOINDEX (results) TO HIINDEX (results) ;
t_out := t_out + results[i].test_out;
END_REPEAT;

RETURN (t_out) ;
END_FUNCTION;
END_SCHEMA ;
(*
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5.5.5 Fault Tree Model EXPRESS-G diagram

fault tree model ® ‘( AI_ESTATE_COMMON_ELEMENT_MODEL. )
- - diagnostic_model

entry_point

g fdu‘ll_ll Cc_blcp \4\ Al ESTAT E_\,UIVILVIUN_ELM_IVIUUEL

O |

result S[2:?]

next_step !
| (INV) associated_step

(INV) pgrevious_result

Ne
« test_out AL ESTATE ELEMENT_MODHL.
test_result ¢ ONECO

| AI_ESTATE_COMMON_ELEMEN
MODEL.diagfosis_wutgome g
\k 1

el EXPRESS-G: Diagram 1 of 1

*)
6. Sefvice
This clause™s » of services for model management and reasoner manipulation, The
serviced are speci ing EXPRESS notation and reference entities in the information models

specifiefl in'Clause he identification of an entity is provided within a service call vij an ID

parameter:

The name of the ID parameter in the service call will identify the entity type. The standard specifies a
format for the ID parameter name; for example,

ID_(entitytype) : entity_id
where (entitytype) is the type of the entity that the ID references. For the service definitions that
follow, (attributetype) indicates the type of an attribute in the model and (attributename)

indicates the specific attribute identifier from the model.

NOTE—entity_id uniquely identifies an entity of type (entitytype). Further, a particular entity_id is unique to the
state of the reasoner and will persist through the corresponding reasoning session.
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