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Introduction

This introduction is not part of IEEE Std 1522, Standard Testability and Diagnosability Characteristics and Metrics.

As systems became more complex, costly, and difficult to diagnose and repair, initiatives were started to address these problems.  The objective of one of these initiatives, testability, was to make systems easier to test.  Early on, this focused on having enough test points in the right places.  As systems evolved, it was recognized that the system design had to include characteristics to make the system easier to test.  This was the start of considering testability as a design characteristic.  

As defined in MIL-STD-2165, testability is “a design characteristic which allows the status (operable, inoperable, or degraded) of an item to be determined and the isolation of faults within the item to be performed in a timely manner.”  The purpose of MIL-STD-2165 was to provide uniform procedures and methods to control planning, implementation, and verification of testability during the system acquisition process by the Department of Defense (DoD).  It was to be applied during all phases of system development—from concept to production to fielding.  This standard, though deficient in some areas, provided useful guidance to government suppliers.  Further, lacking any equivalent industry standard, many commercial system developers have used it to guide their activities although it was not imposed as a requirement.

MIL-STD-2165 and most other MIL-STDs were cancelled by the Perry Memo in 1994.  At that time, MIL-STD-2165 was transitioned into a handbook and became MIL-HDBK-2165.  With the DoD’s current emphasis on the use of industry standards, the continuing need to control the achievable testability of delivered systems in the DoD and commercial sectors, and the lack of a replacement for MIL-STD-2165 (commercial or DoD), there is a need for a new industry standard that addresses system testability issues and that can be used by both commercial and government sectors.  To be useful, this commercial standard must provide specific, unambiguous definitions of criteria for assessing system testability. 

Recent initiatives by the Institute of Electrical and Electronics Engineers (IEEE) on standardizing test architectures have provided an opportunity to standardize testability metrics.  The IEEE 1232 Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE) series of standards provide the foundation for precise and unambiguous testability and diagnosability metrics.

It is the objective of this standard to provide notionally correct and inherently useful but mathematically precise definitions of testability measures that may be used to either measure the testability characteristics of a system, or predict the testability of a system.  Notionally correct means that the measures are not in conflict with intuitive and historical representations.  

At the time that this draft standard was completed, the Al-ESTATE subcommittee had the following membership:

TBD

Other individuals who have contributed review and comments are:
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IEEE Standard Testability and Diagnosability Characteristics and Metrics

1 Overview

This draft Standard for Testability and Diagnosability Characteristics and Metrics was developed by the Diagnostic and Maintenance Control Subcommittee of the IEEE Standards Coordinating Committee 20 (SCC20) on Test and Diagnosis for Electronic Systems to provide standard, unambiguous definitions of testability and diagnosability metrics and characteristics. This standard builds on formal, fundamental definitions derived from elements in standard information models related to test and diagnosis such as IEEE Std 1232—Standard for Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE).

The goals of this standard are summarized here:

· Provide definitions of testability and diagnosability characteristics and metrics that are independent of specific test and diagnosis technologies.

· Provide definitions of testability and diagnosability characteristics and metrics that are independent of specific system under test technologies.

· Provide unambiguous definitions of testability and diagnosability metrics to support procurement and support organizations.

· Provide selected, qualitative definitions of testability and diagnosability characteristics to assist procurement and support organizations in evaluating system testability and diagnosability.

It is the intent of this standard that mathematical definitions of testability and diagnosability metrics be based on existing standard information models. Where entities are required that have not been defined in any existing standard information model, this standard will provide its own information model to satisfy the deficiency. It is not the intent of this standard to impose any implementation-specific requirements in terms of actually computing the metrics; however, metrics not computed using the identified standard information models must be demonstrated to be mathematically equivalent to the definitions provided.

1.1 Scope

This standard defines technology independent testability and diagnosability characteristics and metrics; particularly those based on relevant standard information models including standard AI-ESTATE information models.

1.2 Purpose

This standard will provide consistent, unambiguous definitions of testability and diagnosability characteristics and metrics. This will provide a common basis for system testability and diagnosability assessment.

1.3 Application

This standard should be applied when determining testability characteristics, either in the design cycle or as a means of assessing the testability of an existing system.

1.4 Conventions Used in this Document

The subclauses present specification formats using the EXPRESS language and use 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.

Each function is presented in a separate subclause and with the exception of utility functions, stands alone.  

This standard uses the vocabulary and definitions of relevant IEEE standards.  In case of conflict of definitions, the following precedence shall be observed: 1) AI-ESTATE definitions (clause 3); 2) SCC20 documentation and standards; and 3) IEEE Std 100-1996.

2 References

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

IEEE Std 100-1996, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).

IEEE Std P1232, D4.0, IEEE Standard for Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE)

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

3 Definitions

This clause defines terms used in the AI-ESTATE set of standards.  A clear understanding of the following terms with respect to testability and diagnosability is particularly important in order to understand this standard. 

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

Ambiguity group: The collection of all diagnostic units that are in ambiguity.

Anomaly: Irregularity; deviation from usual behavior.

Characteristic: A property or indicator of a system, describing its behavior under test.  Characteristics may or may not be measurable in actual system operation and maintenance.

Dependency: A logical relationship between two tests or between a test and an element of the unit under test (UUT) (either an actual part or a failure mode of a part).  A diagnostic test is said to be dependent on a particular diagnostic element or test if the outcome of the test implies the condition of the diagnostic element or test on which the dependent test relies.

Dependency model: A diagram, list, or topological graph indicating which events depend on related elements and other events.  Describes events/functions that are dependent for their existence on other related events/functions and/or elements.

Design for Test: 1. A collection of design characteristics and features which facilitate either controllability or observability.  Examples include the use of pull-up resistors, single point resets, and scan of various kinds.  

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

Diagnostic Procedure: A structured combination of tasks, tests, observations, and other information used to localize a fault or faults.  [A step of a diagnostic strategy.]

Diagnostic Strategy   1) An approach taken to combine factors including constraints, goals, and other considerations to be applied to the localizing faults in a system 2) The approach taken to the evaluation of a system by which a result is obtained. 

Diagnosability:  The collection of measures that provide the degree to which faults can be confidently and efficiently identified.  Confidently means frequently and unambiguously identifying the smallest isolatable group (ambiguity group) in which a malfunction exists.  Efficiently means optimizing the resources required to achieve isolation.

Element: Within AI-ESTATE, element refers to the smallest entity of a model.  For example, in a particular model, the smallest test, the smallest diagnosis and the no-fault conclusion are all elements.

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

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

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

False alarm: An indicated fault where no fault exists. 

Fault: A defect or flaw in a hardware or software component.

Fault Detection: The process of identifying a reporting one or more faults within a repair item.

Fault isolation: The process of reducing the number of anomalies that comprise a diagnosis

Fault localization: The reduction of ambiguity by the application of tests, observations, or other information.

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

Functional element: A component of the AI-ESTATE architectural concept that is expected to perform specific duties.  These include reasoning system, human presentation system, Unit Under Test (UUT), knowledge/data base management system, test system, maintenance data/knowledge collection system, and other system.

Integrated Diagnostics: A structured process which maximizes the effectiveness of diagnostics by integrating the individual diagnostic elements of testability, automatic testing, manual testing, training, maintenance aiding, and technical information.

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

Knowledge Base: A combination of structure, data, and function used by reasoning systems. 

Knowledge/Data Base Management System: One system within the AI-ESTATE architectural concept.  This system supports access to data and knowledge in external data stores and knowledge bases which will be accessed by services external to AI-ESTATE.

Level of Maintenance: A level at which diagnostics can operate (e.g., maintenance depot, factory, in the field).

Maintenance Data/Knowledge Collection System: One system within the AI-ESTATE architectural concept.  This system supports collection of data and knowledge necessary for a maintenance function. It is a special form of the knowledge/data base management system of the AI-ESTATE architectural concept.

Metric – A characteristic that can be enumerated by analysis or in system operation and maintenance and used as a yardstick against which to measure compliance.

Portability: The capability of being read and/or interpreted by multiple systems.

Protocol: A set of conventions or rules that govern the interactions of processes or applications within a computer system or network. 

Reasoning system: In the context of AI-ESTATE, a system that can combine elements of knowledge to draw conclusions. 

Replaceable unit: A collection of one or more parts considered as a single part for the purposes of replacement and repair due to physical constraints of the unit under test (UUT).

Resource: Any capability that must be scheduled, assigned, or controlled by the underlying implementation to assure non-conflicting usage by processes.

Service: A software interface, frequently implemented as a software function, 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).

System: 1) A collection of entities to be processed by applying a top-down, hierarchical approach. 2) A collection of elements forming a collective, functioning entity. 3) A set of objects or phenomena grouped together for classification or analysis. 4) A collection of hardware or software components necessary for performing a high-level function.

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.

Testability: A design characteristic which allows the status (operable, inoperable, or degraded) of an item to be determined and the isolation of faults within the item to be performed in a timely manner.  .

Test strategy: 1) An approach taken to combine factors including constraints, goals, and other considerations to be applied to the testing of a unit under test (UUT).  2) The approach taken to the evaluation of a UUT by which a result is obtained. 3) The requirements and constraints to be reflected in test and diagnostic strategies.

Test subject: The entity to be tested.  It may range from a simple to a complex system, e.g., a unit under test or a human patient.

Test system: One system within the AI-ESTATE architecture.  This system handles the execution of tests.

Unit Under Test (UUT): The entity to be tested.  It may range from a simple diagnostic unit to a complete system.

For electrical and electronic terms not found in this clause, consult IEEE Std 100-1996.
  

4 Background

It is the objective of this standard to provide notionally correct and inherently useful but mathematically precise definitions of testability measures that may be used to either measure the testability characteristics of a system, or predict the testability of a system.  Notionally correct means that the measures are not in conflict with intuitive and historical representations.  Beyond that, the measures must be either measurable or predictable.  The former may be used in the specification and enforcement of acquisition clauses concerning factory and field-testing and maintainability of complex systems.  These measures will be termed metrics.  The latter may be used in an iterative fashion to improve the factory and field-testing and maintainability of complex systems.  These measures will be termed characteristics.  The most useful of all are measures that can be used for both.  Because of the last point, the emphasis will be on measurable quantities (metrics).  Things that can be enumerated by observation and folded into the defined figures-of-merit will be developed into metrics.  Such things as Maintenance Burden (See paragraph 6.4.2) or Failure Frequency (See paragraph 7.3) will be considered as primary measures.  However, a few measures are inherently useful on the design side even if they are not measurable in the field and they are defined in a separate section.  Here we describe characteristics such as False Alarm Tolerance (See paragraph 6.4.2) or Hidden Failure Measure (See paragraph 6.4.3) will describe something of the mathematics of a diagnostic model, but not be readily measured by observing the maintenance process.  This does not mean that they are not precisely definable, otherwise they would not be useful.  The end purpose it to provide an unambiguous source for definitions of common and uncommon testability and diagnosability terms such that each individual encountering the term can know precisely what that term means.

Testability has been broadly accepted as the “-ility” that deals with those aspects of a system that allows the status (operable, inoperable, or degraded) or health state to be determined.  Early work in the field primarily dealt with the design aspects such as controllability and observability.  Almost from the start this was applied to the manufacturing of systems where test was seen as a device to improve production yields.  This has been slowly expanded to include the aspects of field maintainability such as false alarms, isolation percentages, and other factors associated with the burden of maintaining a system.  

It is not an accident that this standard contains both the word testability and the word diagnosability.  The distinction is not always easy to maintain, especially in light of the expansion of the use of the testability term  shows the basic relationship, with diagnosability being the larger term and encompassing all aspects of detection, fault localization and fault identification.  The boundary is fuzzy and it is not often clear when one term applies and the other doesn’t.  This standard is meant to encompass both aspects of the test problem.  Because of the long history of the use of the testability term, we will seldom draw a distinction (somebody else may have usurped the meaning and added it to the already overloaded testability term).  The distinction is only key when we have expanded your intuitive definition of the term testability.  However, the use of both terms is significant in that testability is not independent of the diagnostic process.  The writing of test procedures cannot and should not be done separately from testability analyses.  To do so, would be meeting the letter of the requirements without considering the intent.  Testability and diagnosability should be indistinguishable because they have no meaning in the absence of both terms.

The test system provides the prime interface to the physical test resources contained/controlled by the system.  In physical terms, the test system will include all necessary resources to support the UUT, including the interface test adapter (ITA) and specialized fault diagnostic resources where these are appropriate.  Collections of tests, covering for example qualification test and specific diagnostic/fault detection tests, will also be provided by the test system.  Reasoner services required by the test system will be defined by the AI-ESTATE service specifications across the communication pathway.  All other services required by the test system will be provided by other means outside of AI-ESTATE.

4.1 Testability and Diagnosability

As systems became more complex, costly, and difficult to diagnose and repair, initiatives were started to address these problems.  The objective of one of these initiatives, testability, was to make systems easier to test.  Early on, this focused on having enough test points in the right places.  As systems evolved, it was recognized that the system design had to include characteristics to make the system easier to test.  This was the start of considering testability as a design characteristic.  

As defined in MIL-STD-2165, testability is “a design characteristic which allows the status (operable, inoperable, or degraded) of an item to be determined and the isolation of faults within the item to be performed in a timely manner,”.  The purpose of MIL-STD-2165 was to provide uniform procedures and methods to control planning, implementation, and verification of testability during the system acquisition process by the Department of Defense (DoD).  It was to be applied during all phases of system development—from concept to production to fielding.  This standard, though deficient in some areas, provided useful guidance to government suppliers.  Further, lacking any equivalent industry standard, many commercial system developers have used it to guide their activities although it was not imposed as a requirement.

4.2 General Assumptions

The development of diagnostic capability is a system level analysis.  As such, it is assumed that a system level approach is undertaken, and those diagnostic strategy(s) and testability criterions have been explicitly developed or at least structured.  These may be variables in the formulation, but cannot be completely undefined.  The primary assumptions are twofold and deal with inherent usefulness from prior experience and the ability to precisely define the term from first principles.  We will assume the existence of a diagnostic model described in detail in IEEE 1232 200x.  Measures will be derived from the entities and attributes that are in these information models.  In other cases, we will rely on a demonstrated ability to measure items related to the testing at the design, factory, and field levels concerning the maintainability of complex systems.  In the latter case, we will provide information models as necessary to define all relevant entities and attributes.

Each term carries with it a number of additional assumptions (such as single or multiple failure) and is explicitly dealt with on a term by term basis in the section on metrics and characteristics.  

4.3 Relationship to AI-ESTATE Standards

The Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE) standards are information exchange standards for test and diagnosis. The original standards, the 1232 series, developed a means of exchange of information between diagnostic reasoners. As the information models for the 1232 standards were developed, it became apparent that these models could be used for standardizing testability and diagnosability metrics.

In 1998, the third of a series of three standards was published by the IEEE addressing issues in system-level diagnostics. IEEE Std 1232-1995 defines the architecture of an AI-ESTATE-conformant system and has been published as a “full-use” standard; however, this standard was published before the vision of AI-ESTATE was fully developed. IEEE Std 1232.1-1997 defines a knowledge and data exchange standard and is now a “full-use” standard. In 1998, IEEE Std 1232.2-1998 was approved. It is now published as a “trial-use” standard. Trial-use indicates that it is preliminary in nature, and the standards committee is seeking comments from organizations attempting to implement or use the standard. Currently, the 1232 standard documents have been merged into a common standard that encompasses the 1232-1995, 1232.1 and the 1232.2 documents. The complete 1232 standard, thus, in addition to the diagnostic information models also formally defines a set of standard software services to be provided by a diagnostic reasoner in an open-architecture test environment. The standards were developed using information modeling, resulting in the definition of five information models addressing static and dynamic aspects of the diagnostic domain. The information models are the AI-ESTATE Common Element Model (CEM), the AI-ESTATE Fault Tree Model (FTM), the AI-ESTATE Diagnostic Inference Model (DIM) the AI-ESTATE Enhanced Diagnostic Inference Model (EDIM), and the AI-ESTATE Dynamic Context Model (DCM).

Further, the IEEE 1232 AI-ESTATE series of standards provide the foundation for precise and unambiguous testability and diagnosability metrics. In 1997, the AI-ESTATE committee began to work on a new standard focusing on replacing the cancelled MIL-STD 2165. The military standard focused on specifying the essential elements of a testability program and explained the elements needed to define a testability program plan. In addition, MIL –STD 2165 included the “definition” of several testability metrics, including a testability checklist to be used to determine overall system testability. With the cancellation of military standards and specifications by the Perry Memo in 1994, and with the lack of specificity and clarity in MIL-STD 2165, it became evident that a replacement was necessary. The approach taken to develop this standard involved defining testability and diagnosability metrics based on standard information models. Specifically, it was found that the AI-ESTATE models provided an excellent foundation for defining these metrics. AI-ESTATE provides formal definitions (via information modeling) of the information required for test and diagnosis—the same information required for determining the testability and diagnosability of a system. With these formal definitions, the constraint language of EXPRESS can be applied directly to define metrics and characteristics of testability and diagnosability. (Note: EXPRESS is the language used to define the AI-ESTATE models.).

4.4 Models and Practices

As stated earlier, the testability and diagnosability metrics is defined and computed using entities from the 1232 information models. As stated elsewhere, the definition and method of computation of these metrics will also remain valid using entities from a user defined model as long as the entities are mathematically equivalent to those of the 1232 information models. The 1522 standard defines two distinct sets of measures – predictive and validatory. 

The predictive measures define the testability and diagnosability metrics derived from the knowledge specification information models in 1232. These measures can be generated after a 1232 compliant diagnostic model has been developed which requires the diagnostic model to be defined in terms of the CEM and one of the following: FTM, DIM or EDIM. The predictive measures thus provide a quantitative evaluation of how well the system can be tested and diagnosed using the model developed. Depending upon whether the model developed is in the form of a fault tree (FTM) or a test-diagnosis inference relationship (DIM or EDIM), the 1522 predictive metrics will be computed differently and can result in differing quantitative values. 

The 1522 standard also anticipates that apart from the predictive measures, an additional set of measures that can be computed using relevant data gathered from the field comprising of namely, maintenance history data and other test data from the field, can be effectively utilized to validate the predictive measures generated from entities defined in the diagnostic model. Maintenance history and other field data would be a direct outcome of the final diagnostic state of the system as defined in the DCM and hence these measures will be based on entities defined in the DCM and can be used to validate the predictive measures for that system. These measures generated with enough data from the field will eventually allow the testing community to evaluate the effectiveness of the diagnostic model developed.

4.4.1 Detection


Historically, this was thought of as a separate task and not related to isolation.  Fault detection is the process of identifying and reporting one or more faults within a repair item.  The detection and indication can be done by BITE, by semi-automatic means, or manually.  In specification this was often normalized by the number of faults to provide a dimensional ratio called fraction of faults detected (FFD).  It was conjectured that FFD should be near 100% since undetected faults can be hazardous, and cause system outages resulting in reduced availability, fewer operating hours, increased need for alternate performance capability (e.g., backup systems), and a general increase in the periodic and unscheduled maintenance tasks.  The definitions for FFD are quite varied, but all revolve around a number of central themes.  A few follow:

· "Fraction of all faults detected by BIT or Test Equipment."

· "Fraction of all faults detectable by BIT or test equipment."

· "Fraction of all faults detected by "defined means"
."

· "Percentage of all faults automatically detected by BIT or electronic test equipment."

· "Percentage of all faults detectable by BIT or electronic test equipment."

· "Percentage of all faults detected on-line by BIT or electronic test equipment."

· "Percentage of all faults and out-of-tolerance conditions detectable by BIT or electronic test equipment."

· "Percentage of all faults detected by any means."

From this collection, we can observe that there are several basic principals. First, detection can include either detected or detectable. Second, there may be a number of sub-domains including BIT, test equipment, manual and/or others. Third, defined means is an important concept. Fourth, Out-of tolerance can be defined as a type of fault and the distinction here goes away.

If we examine the first point above, it becomes apparent that we can actually count things that are detected, assuming we follow-up and remove those detections that cannot verify a fault.  There are some serious issues with how we do that, however, we cannot count those items not detected.  In fact, they are not knowable, for if we detected them by any means (or defined means) they would not be undetected.  The idea of measuring this item in the field is lost.  Missed detections are manifested by other measures including unscheduled outages and maintenance downtimes.  Detectable, is another issue we can actually insert faults in a system and look for manifestations by defined means.  Further, a testability analysis may be able to tell us what should be detectable by defined means (this will be a characteristic by our definitions).  Therefore, for detection we will concentrate on demonstration measures and system characteristics.  We will not also that detection may only be the first step in isolation and is therefore an integral part of diagnosis.  As such the detection as a separate activity may loose its meaning.

4.4.2 Isolation

Fault Isolation is the process of identifying and location one or more faults to a level consistent with a specific requirement or goal.  This may be done by BIT, test equipment, semi-automatic, or manual means.  The most common specification is Fraction of Faults Isolated (FFI).  It was conjectured that FFI should be near 100% since unrepaired faults can be hazardous, and cause system outages resulting in reduced availability, fewer operating hours, increased need for alternate performance capability (e.g., backup systems), and a general increase in the periodic and unscheduled maintenance tasks.  The definitions for FFI are quite varied, but all revolve around a number of central themes.  A few follow:

· "Fraction of those faults detected by BIT or test equipment that are isolated by BIT to a replacement level as defined by the maintenance concept."

· "Fraction of those faults detectable by BIT or test equipment that are isolated by BIT to a replacement level as defined by the maintenance concept.."

· "Fraction of those faults detected by defined means and isolated to a repairable item".

· "Percentage of those faults automatically detected by BIT or electronic test equipment and isolated by BIT or electronic test equipment to a repairable item."

· "Percentage of those faults detectable by BIT or electronic test equipment that are repaired."

· "Percentage of all faults and out-of-tolerance conditions detectable and repairable by BIT or electronic test equipment."

· "Percentage of those faults detected by any means that are isolated to a repairable item."

· "The number of Failure events that occur divided by the number of maintenance actions
 needed to restore the system to operation."

From this collection, we can observe that there are several basic principals.  First, Isolation is a continuation of detection. Second, there may be a number of sub-domains including BIT, test equipment, manual and/or others. Third, the concept of a maintenance action is important. Fourth, there is no mention of diagnostic inaccuracies that may occur on the way to repair.

The last is perhaps, the most interesting. Diagnostic inaccuracies include making multiple repairs or no repairs for an existing failure and include the concept of ambiguity, which is normally treated as a separate subject in the literature.  For our purposes, we will treat the concept of ambiguity in diagnosis as part of the isolation and deal with percentages of unique and non-unique isolations.  Other forms of diagnostic inaccuracies are treated in the next section

4.4.3 Errors in Diagnosis

A False Alarm is a fault indication where no fault exists and is the most common form of diagnostic inaccuracy.  What is a false alarm?  The experts in field maintenance are far from reaching consensus as indicated by the literature.  The former MIL-STD-2165 defines a false alarm as a fault indicated by built-in test (BIT) or other monitoring circuitry where no fault exists.  The former MIL-STD-1309C defines false alarm the same way - by limiting the definition to BIT.  The RADC Testability Notebook defines false alarm as an indicated fault where no fault exists. The source of the indication may be by BIT or other means.  The airlines have cleverly avoided defining the term in any of their ARINC 6xx series standards.  IEEE standard 100 defines it thus: An indicated fault where no fault exists, along with a radar false alarm and a reference to false identification, which is related to pattern matching.  A survey conducted by RADC to obtain intuitive definitions includes those above plus several others, including a failure detection that cannot be repeated.

This large variance in definition ignores several issues important to field maintenance.  For example, if an indication is known (or thought to be known) to be a false alarm and it does not trigger a maintenance action should it be a false alarm?  This is the case with the so-called nuisance alarm where the alarm is basically ignored.  For an easily recognized (or thought to be easily recognized) false alarm, the indication is filtered out of the maintenance system and is essentially no fault indication.  If we are unable to define false alarms from this standpoint we should look at their effects.  In the field we have two principle effects of false alarms:

Increased maintenance because of diagnosis being performed on an otherwise healthy system

Decreased mission effectiveness because we ignore indications we think are false alarms (some may be real failures.)

We would put the latter in the undetected failure category.  The indications may have been detected and ignored, but the tendency toward false alarms has placed them in the latter category.  The former is certainly in the false alarm category, but suffers from not being visible because, in some instances, we may diagnose an unhealthy system and be unable to reproduce the fault.  This is typically classified in maintenance reporting schemes as one of the following:

· No Evidence of Fault (NEOF)

· No Fault Found (NFF)

· Cannot Duplicate (CND)

· Others too numerous to enumerate.

What then is a false alarm?  We tend to favor a definition that is based on a maintenance event.  At Least from a field perspective we know that something happened, and it is likely to be recorded.  For example, a spurious signal in BIT that is filtered by the BIT software would not be taken as an indication.  Conversely, an anomaly not detected by BIT, but strong enough to generate a system operator complaint may result in a maintenance action.  By these criteria, a false alarm would be defined as:

A fault indication that triggers a maintenance action where no fault exists.

If the maintenance action is "diagnose and repair", and there is no fault then surely we will obtain a NOEF, NFF, CND, or other similar indication.  It is, however, still unclear because a a NOEF, NFF, CND, or other similar indication may happen when there is a fault in the system.  There are two basic needs for measurements and/or characteristics in the area of false alarm.  The first deals with a way to quantify what happens in this area within maintenance structures when a system exists and is operating.  The measures will be used to benchmark progress, compare to specifications, set budgets, etc.  We will refer to these measures as "the false alarm specification."  The second need is to handle an emerging system's ability to handle these factors and provide baselines for system improvement during redesign.  Predictors from system design elements characterize this latter set of measures.  We will refer to these measures as "the false alarm predictors."

False alarm is not measurable in the field unless we conduct a detailed laboratory follow-up of every CND type of event to ascertain whether or not a failure exists in the system.  This is, of course, totally impractical.  A study of more than 22,000 maintenance actions on 38 systems classified 12 subcategories of CNDs.  Five of these were designated false alarms within the definition proposed above.  Some of the possible causes were human errors, test equipment failures, and BIT failures.  While false alarms are not measurable, CNDs are!  From this point we have two basic choices:

· Estimate false alarms based on CND (i.e., FA=(CND, where ( indicates the proportion of CNDs that are false alarms - an initial guess would be by categories as 5/12 or 0.4167).

· Proceed with what can be measured (i.e., CND).

It is certainly not an easy choice, but we favor the latter because of the inherent qualitative assignment of (.  

False alarms are the result of imperfect testing.  The better we understand a process or technology, the more accurate and precise the testing becomes.  False alarms usually become a problem when system complexity becomes great, or a design pushes the state-of-the-art, or both.  Four viable solutions to reducing (but not eliminating) false alarms are available.

· Improving test science - We can avoid false alarms by sampling more often, modeling in greater detail, and accounting for a greater number of variables.  In the case of BIT, this creates an increased software requirement and may require the addition of sensors to the Built-In-Test-Equipment (BITE).

· Increasing tolerances for the test - We can avoid errors near threshold as shown in figure 3 by moving the thresholds inward and decreasing the tests sensitivity to anomalous behavior.  This will reduce the ability of the test to detect real anomalies.  This in turn will aggravate the false assurance problem (see below).  While it certainly will reduce false alarms it will not improve the overall maintenance situation.  Despite that, this remedy is often used for BIT.

· Conducting repeat polling - In repeat polling we try to avoid false alarms by executing a test multiple times.  Each time the test is evaluated, the test algorithm uses the result to confirm any previous executions.  In a static test situation, this would work statistically if the tests were independent of one another (seldom true).  In the dynamic situation, the intention is to allow transient situations to work there way through the system without triggering a failure indication.  A better approach would be to recognize transient characteristics using the first solution above.

· Cross-correlating information - We can correlate an anomalous indication with other tests to either confirm or deny the original information.   This is not possible without an inference model.

The first three of these methods are empirical.  The last can be done analytically.  The information models provided in The Enhanced Diagnostic Inference Model (EDIM) of IEEE 1232 can be used to measure this ability.  Assume that an indication of failure is provided from some test ti.  Then  additional test outcomes (as specified in the outcome_infers of the EDIM) would be able to infer the outcome of ti that indicates the failure.  

Even with the breakdown listed above, we have only handled half of the misinformation problem.  The mirror image of false alarm is false assurance.  In this type of error, we have not gotten an indication of any kind, but a fault exists and is likely to cause unscheduled outages or mission aborts. By these criteria, a false alarm would be defined as: 

A lack of fault indication where a fault exists, that leads to an unscheduled outage, mission abort or other loss of service when service was expected.

As with false alarm, there are two basic needs for measurements and/or characteristics in the area of false assurance.  The first deals with a way to quantify what happens in this area within maintenance structures when a system exists and is operating.  The measures will be used to benchmark progress, compare to specifications, set budgets, etc.  We will refer to these measures as "the false assurance specification."  The second need is to handle an emerging system's ability to handle these factors and provide baselines for system improvement during redesign.  Predictors from system design elements characterize this latter set of measures.  We will refer to these measures as "the false assurance predictors."

The False Assurance is even less measurable than the false alarm.  It pre-supposes that an assurance was made, and that it was false.  False assurance like false alarm is the result of imperfect testing.  The better we understand a process or technology, the more accurate and precise the testing becomes.  False assurance also becomes a problem when system complexity becomes great, or a design pushes the state-of-the-art, or both.  Three viable solutions to reducing (but not eliminating) false assurance are available.

· Improving test science - As with false alarms, we can avoid false assurance by sampling more often, modeling in greater detail, and accounting for a greater number of variables.  In the case of BIT, this creates an increased software requirement and may require the addition of sensors to the Built-In-Test-Equipment (BITE).

· Decreasing tolerances for the test - We can avoid errors near threshold as shown in figure 3 by moving the thresholds outward and increasing the tests sensitivity to anomalous behavior.  This will increase the tendency of the test to detect statistical, but not real anomalies.  This in turn will aggravate the false alarm problem (see above).  While it certainly will reduce false assurance it will not improve the overall maintenance situation.  Despite that, this remedy is often used on safety critical items.

· Cross-correlating information - We can correlate an assurance indication with other tests to either confirm or deny the original information.   This is not possible without an inference model.

The first two of these methods are empirical.  The last can be done analytically.  The information models provided in The Enhanced Diagnostic Inference Model (EDIM) of IEEE 1232 can be used to measure this ability. 

4.5 Product Lifecycle And Metric Applicability

A comprehensive diagnostic analysis and design plan requires a dedicated effort to effectively implement and manage a comprehensive program throughout all phases of the system life cycle and assure that the end item will satisfy all customer needs and expectations relative to its diagnostic performance.  The Diagnostic Design Life Cycle is organized around the five system life cycle phases:

· Requirements Definition

· Architecture Design

· Detailed Test Design

· Verification and Validation

· Diagnostic Maturation

A brief description of each phase follows.

4.5.1  Requirements Definition

The first step in an effective testability program is to define a complete set of program requirements that can be effectively used to manage the diagnostic analysis and development and assure that the product will satisfy all customer needs and expectations in this regard.   Diagnostic requirements are typically expressed in performance terms.  It is important that they express what the desired outcome is, without directing how to achieve that outcome. Goals are typically specified that center around Fault Detection, Fault Isolation, and Fault Isolation Resolution (Operational Isolation?).  A related program requirement that is examined early in the design phase of a program is Mission Reliability.  While it has typically been used as a verification of the reliability of reconfigurable, redundant, or safety-critical systems, it is being applied more frequently as a measure of the prognostic capability of a system to satisfy mission requirements with a satisfactory measure of confidence – i.e., the system prognostics are shown analytically to be capable of predicting some interval over which the system will operate without malfunction {PTTF?).  Other system level metrics that may be specified at this time are mean time between failure (MTBF), operational availability,  CND/NEOF rate and Mean Time Between Unscheduled Maintenance Actions (MTBUMA). Derivative requirements include mean time to repair (MTTR), maintenance frequency, skill levels of repair personnel, and time required for maintenance, Man-hours/flight hour, Turn around time,  Fault isolation time, and R and R time.  Furthermore, customer warranties may be executed on some of these metrics such as MTBF or operational availability, or even total operating hours.    

4.5.2 Architecture Design

The intent in the Architecture Design Phase is to develop a preliminary design framework that allows all diagnostic program requirements to be allocated. top down to the physical system components.   A basic diagnostic subsystem architecture is laid out in conjunction with any related trade studies (e.g., fault tolerance, fault reporting, field update approaches, prognostics, etc.). and the evaluation of the system’s fault tolerance of alternative architectures against cost, weight, power, MTBCF, MTBF (Mean Time Between (Critical) Failure).  Subsystem requirements are then allocated to individual hardware elements (typically boxes and/or modules) to drive detailed design requirements.

System level testability models may be created at this time to support this analysis, perhaps in conjunction with a functional FMECA. These models should evolve with the design.  Testability analysis is performed on the models of the design in a top down manner in order to verify that the functional/physical partitioning and diagnostic requirements allocation will realistically satisfy the top level requirements, using the same metrics as identified above.   At the same time, the analysis serves to provide guidance for diagnostic design influence (the process of assuring that the diagnostic design features necessary to meet testability requirements are identified and incorporated into the product design).  It is typically during this process that an elementary framework for a test strategy begins to emerge.

4.5.3 Detailed Test Design

The purpose of the Detailed Test Design Phase is to develop a detailed design solution that meets all diagnostic program requirements. During this phase, detailed hardware and software designs are created in accordance with allocated system requirements. As the physical design matures, the hardware aspects are reflected in the analysis models and linked to their functional elements. The basic diagnostic subsystem architecture is also modified as design and support system details emerge. Diagnostic and reliability trade studies (e.g., fault tolerance, fault reporting, prognostics and field update approaches) and their effect on cost, weight, power, MTBCF, MTBF are iterated as required and allocations of DF, FI, and FDIR are adjusted as necessary. The results of these modifications are reflected in the models and verified. 

It is during this phase that preliminary test verticality (cone of tolerance analysis) is performed.  The results of this analysis are the comparative margins and tolerances of the tests at the various levels which may include:

· Built In Test vs. ATE  test consistency

· Factory vs. Field test consistency

· Worst case tolerance variations

· Latent manufacturing defects

4.5.4 Verification and Validation

The purpose of the Verification and Validation Phase is to validate that the detailed design solution, which was verified by analysis to assure compliance with specification requirements, will actually achieve all diagnostic requirements upon delivery. This approach uses test and demonstration to verify that each built-in test operates correctly. In addition, diagnostic support equipment and any support system contribution to diagnostics are tested or demonstrated as part of operational and maintenance scenarios. Quantitative testability allocations and the inherent design requirements are verified through analysis and inspection methods.  

During this phase, two primary validation efforts are performed. First, the validity of the Fault Detection and Fault Isolation models are assessed through a static fault insertion (e.g., BIT Demonstration). Second, susceptibility to False Alarms (FA) and Cannot Duplicates (CND) is evaluated during field testing opportunities. 

4.5.4.1 Fault Insertion

As diagnostic software only performs its intended job in the presence of failures, a fault insertion (e.g., BIT Demonstration) is the only controlled opportunity for exercising the complete embedded hardware/software design.. Typically, this is accomplished by physically inserting a limited number of non-destructive faults into the hardware design and verifying that they are properly detected and reported. The actual diagnostic software must be executed to verify that the tests assumed during the analysis phases were effectively implemented in software.

Faults selected for insertion should be chosen based on highest failure probability, maximum amount of diagnostic software exercised, and least potential damage to the Unit Under Test..

Corrective actions for FD/FI deficiencies are to be implemented and validated. 

4.5.4.2 FA/CND Susceptibility

FAs and CNDs are undesirable design characteristics that cannot truly be predicted or systematically tested, but, there are risk reduction activities that can be performed in conjunction with other program to mitigate the risk incurred by the possibility of their occurrence. Examples of such opportunities are:

· Development and qualification tests: Since these tests exercise the hardware under simulated environmental and life conditions, it is possible that anomalies can be corrected in a “test, analyze, and fix” methodology even though specification compliance cannot truly be evaluated. 

· Laboratory and field tests: Since these tests are performed using simulated or actual interfaces, they provide an opportunity to correct diagnostic anomalies.


FA/CND conditions encountered during any such testing shall be documented in the same manner as hardware failures, including any corrective actions taken.

4.5.5 Diagnostic Maturation

The purpose of the Integrated Diagnostics and Health Monitoring (ID&HM) Maturation Process is to effectively measure actual ID&HM equipment performance and to identify/implement corrective actions as required to satisfy all customer needs and expectations. The effort to "mature" an ID&HM design begins at the conceptual design stage and continues throughout the system life cycle.  A Maturation Plan must be constructed to document how data indicative of diagnostics performance within actual operational and maintenance environments will be collected, measured, evaluated, and acted upon  

At the completion of the Validation phase the state of the diagnostic design will be demonstrated to meet the diagnostic and health management requirements that have evolved prior to delivery of the first unit.  However, once a system is fielded and starts to be used in an operational environment, unexpected and unplanned system level design interactions, operational and environmental stresses, and other influences can degrade the performance of the diagnostic design from what was predicted.  When this degradation results in a weapon system readiness or cost of ownership problem remedial actions must be taken. Root cause analysis must be performed to identify potential adjustments, improvements, or refinements to support or operational elements. 

5 Fundamental Measures

The fundamental measures defined in this clause are categorized as either counting measures, cost-related measures, or measures related to detection and isolation. The specific measures defined in this clause are listed in Table 1. 

Counting
Cost
Detection and Isolation

number_of_actions
probability_of_diagnosis
detectable_diagnoses

number_of_diagnoses
repair_context_non_time_cost
detectable_failures

number_of_failure_modes
repair_context_time_cost
detectable_faults

number_of_failures
repair_level_non_time_cost
isolateable_repair_items

number_of_faults
repair_level_time_cost
isolation_percent

number_of_functions
repair_non_time_cost


number_of_repair_items
repair_time_cost


number_of_repairs
test_context_non_time_cost


number_of_resources
test_context_time_cost


total_number_of_actions
test_level_non_time_cost


total_number_of_diagnoses
test_level_time_cost


total_number_of_failure_modes
test_non_time_cost


total_number_of_failures
test_time_cost


total_number_of_faults
total_repair_non_time_cost


total_number_of_functions
total_repair_time_cost


total_number_of_repair_items
total_test_non_time_cost


total_number_of_repairs
total_test_time_cost


total_number_of_resources



Table 1. Defined Fundamental Measures
5.1 Overview and Assumptions

The approach being taken to define standard, unambiguous testability and diagnosability metrics is based on the assumption the standard information models define formal semantics for information of interest to the testability and diagnosability domain. In this section, several specific, fundamental measures will be defined using EXPRESS notation (ISO 10303: Part 11) as based on indicated information models. 

In defining the fundamental measures in this clause, the following assumptions are made.

· The primary information models used to define these measures are drawn from IEEE Std 1232-200x—Standard for Artificial Intelligence Exchange and Service Tie to All Test Environments (AI-ESTATE). The specific models used include the AI-ESTATE Common Element Model, the AI-ESTATE Fault Tree Model, the AI-ESTATE Diagnostic Inference Model, the AI-ESTATE Enhanced Diagnostic Inference Model, and the AI-ESTATE Dynamic Context Model.

· All cost-related metrics shall be computed with respect to a single test or repair within the AI-ESTATE Common Element Model as qualified by specifically identified constraints and types.

· To manage the complexity of computing isolation-related metrics and to remove dependence on diagnostic and maintenance strategies, all isolation metrics shall be computed under the assumption that only a single, independent fault exists at any given time.

· When defining the functions for detection and isolation, it is clear that the type of underlying diagnostic model (i.e., fault tree model, diagnostic inference model, or enhanced diagnostic inference model) will establish detectability and isolateability differently. Consequently, these functions will be defined with an argument specifying which of the model types provided in IEEE Std 1232 is being used.

To support definition of fundamental measures, several utility functions are defined in the following sections.

5.1.1 get_leaves

The utility function, get_leaves, takes a given test result from a specific fault tree model as specified by IEEE Std 1232-200x (AI-ESTATE) and returns the set of diagnoses that reside at the leaves of the corresponding subtree as long as that set does not include No Fault. In other words, this function returns the set of detectable diagnoses within the subtree.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL (diagnosis);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

FUNCTION get_leaves(tst_result : test_result) : 

SET [0:?] OF diagnosis;


LOCAL



leaves : SET [0:?] OF diagnosis;



next_result : SET [0:?] of test_result;



detected : BOOLEAN := TRUE;


END_LOCAL;


IF (EXISTS(tst_result.next_step)) THEN



next_result := tst_result.next_step.result;



REPEAT I := LOINDEX(next_result) TO HIINDEX(next_result);




leaves := leaves + get_leaves(next_result[I]);



END_REPEAT;


ELSE



REPEAT I := LOINDEX(tst_result.current_diagnosis) TO





 HIINDEX(tst_result.current_diagnosis);




IF (tst_result.current_diagnosis[I].name = ’no_fault’) THEN

detected := FALSE;




END_IF;



END_REPEAT;



IF (detected) THEN




leaves := tst_result.current_diagnosis;


END_IF;


END_IF;


return(leaves);

END_FUNCTION;

5.1.2 in_leaf

Predicate in_leaf examines a fault tree and scans the leaves to determine the size of each respective ambiguity group and determine if the target repair_item belongs in an ambiguity group of size n. This predicate is recursive to permit efficient traversal of the fault tree.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL (diagnosis);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

FUNCTION in_leaf(tst_result : test_result; rpr: repair_item;

lvl : level; n: INTEGER; include_nf : BOOLEAN) : 

BOOLEAN;


LOCAL



leaf : SET [0:?] OF repair_item := [];



next_result : SET [0:?] of test_result;



found_leaf : BOOLEAN := FALSE;



faults : SET [0:?] OF fault;



failures : SET [0:?] of failure;


END_LOCAL;


IF (EXISTS(tst_result.next_step)) THEN



next_result := tst_result.next_step.result;



REPEAT I := LOINDEX(next_result) TO HIINDEX(next_result);

found_leaf := found_leaf OR in_leaf(next_result[I], rpr, 

lvl, n, include_nf);



END_REPEAT;


ELSE



REPEAT I := LOINDEX(tst_result.current_diagnosis) TO





 HIINDEX(tst_result.current_diagnosis);




IF (tst_result.current_diagnosis[I].name = ’no_fault’) 

AND (include_nf = FALSE) THEN

found_leaf := FALSE;




ELSE

IF ((’AI_ESTATE_COMMON_ELEMENT_MODEL.fault’


IN TYPEOF(tst_result.current_diagnosis[I]))

AND 

(lvl IN tst_result.current_diagnosis[I].

at_indenture_level)) 

THEN

leaf := leaf + 

tst_result.current_diagnosis[I].

failed_item;





END_IF;

IF ((’AI_ESTATE_COMMON_ELEMENT_MODEL.failure’


IN TYPEOF(tst_result.current_diagnosis[I]))

AND 

(lvl IN

tst_result.current_diagnosis[I].

at_indenture_level))

THEN






leaf := leaf + 

tst_result.current_diagnosis[I].

failed_item.implemented_by;





END_IF;




END_IF;



END_REPEAT;



IF ((rpr IN leaf) AND (SIZEOF(leaf) = n)) THEN




found_leaf := TRUE;



END_IF;


END_IF;


return(found_leaf);

END_FUNCTION;

5.1.3 get_signature

The utility function, get_signature, takes a specified diagnosis as defined by IEEE Std 1232-200x (AI-ESTATE) and returns the set of test outcomes that together lead to the diagnosis being drawn. This set of test outcomes is referred to as the “test signature” for the diagnosis and is derived from a diagnostic inference model (or enhanced diagnostic inference model) by back-chaining from the target diagnosis. While the “signature” for function get_signature allows any inference to be included, it is assumed the initial call to get_signature only uses inferences of type diagnostic_inference. Further, it is assumed that no “negated” inferences (i.e., inferences with attribute pos_neg = NEGATIVE) are chained back. Finally, it is assumed the type of diagnostic_model passed to get_signature is either AI_ESTATE_DIAGNOSTIC_INFERENCE_ MODEL or AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, test, outcome, diagnosis, 

test_outcome, diagnostic_outcome);

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

TYPE signature = SET [0:?] OF test_outcome;

END_TYPE;

FUNCTION get_signature(mdl : diagnostic_model; out : outcome;

sig : signature) : signature;


LOCAL



new_outcomes : signature := [];



new_sig : signature := sig;



inf_set : SET [0:?] OF outcome_inference := mdl.inference;


END_LOCAL;


REPEAT I := LOINDEX(inf_set) to HIINDEX(inf_set);



REPEAT J := LOINDEX(inf_set[I].disjuncts) TO 

HIINDEX(inf_set[I].disjuncts);

IF (inf_set[I].disjuncts[J].outcome_inference = out) THEN





new_outcomes := new_outcomes + 

inf_set[I].associated_test_outcome;




END_IF;



END_REPEAT;



REPEAT J := LOINDEX(inf_set[I].conjuncts) TO 

HIINDEX(inf_set[I].conjuncts);

IF (inf_set[I].conjuncts[J].outcome_inference = out) THEN





new_outcomes := new_outcomes + 

inf_set[I].associated_test_outcome;




END_IF;



END_REPEAT;


END_REPEAT;


REPEAT I := LOINDEX(new_outcomes) TO HIINDEX(new_outcomes);



IF (NOT(new_outcomes[I] IN sig)) THEN




new_sig := new_sig + 





get_signature(mdl, new_outcomes[I], new_sig);



END_IF;


END_REPEAT;


return(new_sig);

END_FUNCTION;

5.1.4 get_ambig_group

The utility function, get_ambig_group, takes a specific repair item as defined by IEEE Std 1232-200x (AI-ESTATE) and returns a set of repair items that are ambiguous, given a diagnostic model. The process by which an ambiguity group is found is as follows (note that it is the same for both the AI-ESTATE Diagnostic Inference Model and the AI-ESTATE Enhanced Diagnostic Inference Model). First, all diagnoses that map to the target repair item are found. For each diagnosis, all inferences within the model that assert the diagnosis as a candidate are collected. The test outcomes from which these assertions are inferred are then identified. This set of test outcomes corresponds to the “signature” of the diagnosis. The process is repeated for all other repair items at the designated level in the model. The ambiguity group must, by definition, include the target repair item. One ambiguity group is constructed for each diagnosis tied to the target repair item. Each signature collected for the other repair items is compared to each of the signatures for the repair item. If the signatures are the same, the associated repair item is added to the ambiguity group for the appropriate diagnosis.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnostic_model, test, diagnosis, level, repair_item);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

TYPE signature = SET [0:?] OF test_outcome;

END_TYPE;

TYPE ambiguity = SET [0:?] OF repair_item;

END_TYPE;

FUNCTION get_ambig_group(mdl : diagnostic_model; rpr : repair_item;

lvl : level) : 

SET [0:?] OF ambiguity;


LOCAL



diag_inf : SET [0:?] OF inference := [];



diag_set : SET [0:?] OF diagnosis;



target : SET [0:?] OF signature := [];



rpr_set : SET [0:?] OF repair_item := [];



ambig_group : SET [0:?] OF ambiguity := [];


END_LOCAL;

rpr_set := QUERY(tmp <* mdl.model_element |




(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair_item’ IN





TYPEOF(tmp)) AND




(lvl IN tmp.at_indenture_level));

REPEAT I := LOINDEX(rpr_set) TO HIINDEX(rpr_set);

diag_set := QUERY(tmp <* mdl.model_element | 




(’AI_ESTATE_COMMON_ELEMENT_MODEL.fault’





IN TYPEOF(tmp)) AND




(tmp.failed_item = rpr));

diag_set := diag_set + QUERY(tmp <* mdl.model_element |




(’AI_ESTATE_COMMON_ELEMENT_MODEL.failure’





IN TYPEOF(tmp)) AND




(rpr IN tmp.failed_item.implemented_by));



REPEAT J := LOINDEX(mdl.inference) to 

HIINDEX(mdl.inference);




diag_inf := diag_inf +





QUERY(tmp <* mdl.inference[J].disjuncts |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)) 






AND (tmp IN diag_set)

AND (tmp.diagnostic_assertion.

standard_diagnosis_value = 

CANDIDATE)) +




QUERY(tmp <* mdl.inference[J].conjuncts |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)) 






AND (tmp IN diag_set)

AND (tmp.diagnostic_assertion.

standard_diagnosis_value = 

CANDIDATE));


END_REPEAT;



IF (rpr_set[I] = rpr) THEN




REPEAT J := LOINDEX(diag_inf) TO HIINDEX(diag_inf);





target[J] := 

get_signature(mdl, 

diag_inf[J].diagnostic_assertion, []);




ambig_group[J] := ambig_group[J] + rpr;



END_REPEAT;



END_IF;

END_REPEAT;

REPEAT I := LOINDEX(rpr_set) TO HIINDEX(rpr_set);



IF (rpr_set[I] <> rpr) THEN


   diag_inf := [];

   diag_set := QUERY(tmp <* mdl.model_element | 




(’AI_ESTATE_COMMON_ELEMENT_MODEL.diagnosis’





IN TYPEOF(tmp)));



   REPEAT J := LOINDEX(mdl.inference) to 

HIINDEX(mdl.inference);




diag_inf := diag_inf +





QUERY(tmp <* mdl.inference[J].disjuncts |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)) 






AND (tmp IN diag_set)

AND (tmp.diagnostic_assertion.

standard_diagnosis_value = 

CANDIDATE)) +





QUERY(tmp <* mdl.inference[J].conjuncts |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)) 






AND (tmp IN diag_set)

AND (tmp.diagnostic_assertion. 

standard_diagnosis_value = 

CANDIDATE));


   END_REPEAT;



   REPEAT J := LOINDEX(diag_inf) TO HIINDEX(diag_inf);




REPEAT K := LOINDEX(target) TO HIINDEX(target);





IF (target[K] = 

    
get_signature(mdl, 

diag_inf[J].diagnostic_assertion, [])) 

THEN






ambig_group[K] := 

ambig_group[K] + rpr_set[I];





END_IF;




END_REPEAT;


   END_REPEAT;



END_IF;

END_REPEAT;

return(ambig_group);

END_FUNCTION;

5.2 Counting Fundamentals

This clause provides EXPRESS and English definitions of each of the counting fundamentals to be used in more complex metric definitions. All of these fundamental measures operate on the AI-ESTATE Common Element model and need not be tied to specific diagnostic models (i.e., fault tree model, diagnostic inference model, and enhanced diagnostic inference model).

5.2.1 number_of_actions

Within IEEE Std 1232-200x (AI-ESTATE), an action is defined by the information model to be “A specific action taken to either test or repair an item. Actions are the primary entities against which costs are associated. Ultimately, the diagnosis and repair process is concerned with optimizing the sequence of actions required to return a unit to service.”

The fundamental measure, number_of_actions, provides a count of the number of actions covered by a particular test and diagnosis process. The function, number_of_actions, defined below, returns the count of the number of actions within a diagnostic model at a particular level. If no level is to be specified, then a separate version of the measure must be used (total_number_of_actions) in which case all of the actions in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, action);

FUNCTION number_of_actions(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



action_set : SET [0:?] OF action;


END_LOCAL;


action_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.action’ IN 

TYPEOF(tmp)));


action_set := QUERY(tmp <* action_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(action_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_actions(mdl : diagnostic_model) : NUMBER;


LOCAL



count : NUMBER;



action_set : SET [0:?] OF action;


END_LOCAL;


action_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.action’ IN 

TYPEOF(tmp)));


count := SIZEOF(action_set);


return(count);

END_FUNCTION;

5.2.2 number_of_diagnoses

Within IEEE Std 1232-200x (AI-ESTATE), a diagnosis is defined to be “The conclusion(s) inferred from tests, observations, or other information.” Within the information model, a diagnosis is defined as “a lattice of diagnostic conclusions. … This construct provides a generalized grouping mechanism for the constituents of the unit under test and their failure modes.”

The fundamental measure, number_of_diagnoses, provides a count of the number of diagnoses supporting the test and diagnosis process. The function, number_of_diagnoses, defined below, returns the count of the number of diagnoses within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_diagnoses) in which case all of the diagnoses in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, diagnosis);

FUNCTION number_of_diagnoses(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



diagnosis_set : SET [0:?] OF diagnosis;


END_LOCAL;


diagnosis_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.diagnosis’ IN 

TYPEOF(tmp)));


diagnosis_set := QUERY(tmp <* diagnosis_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(diagnosis_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_diagnoses(mdl : diagnostic_model) : NUMBER;


LOCAL



count : NUMBER;



diagnosis_set : SET [0:?] OF diagnosis;


END_LOCAL;


diagnosis_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.diagnosis’ IN 

TYPEOF(tmp)));


count := SIZEOF(diagnosis_set);


return(count);

END_FUNCTION;

5.2.3 number_of_failure_modes

Within IEEE Std 1232-200x (AI-ESTATE), a failure mode is defined by the information model to be “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.”

The fundamental measure, number_of_failure_modes, provides a count of the number of failure modes covered by a particular test and diagnosis process. The function, number_of_failure_modes, defined below, returns the count of the number of failure_modes within a diagnostic model at a particular level. Since failure modes are associated with diagnoses within the model, level is determined by examining appropriate diagnoses. If no level is specified, then a separate version of the measure must be used (total_number_of_failure_modes) in which case all of the failure modes in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, diagnosis, failure_mode);

FUNCTION number_of_failure_modes(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



diagnosis_set : SET [0:?] OF diagnosis;



failure_mode_set : SET [0:?] OF failure_mode := [];


END_LOCAL;


diagnosis_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.diagnosis’ IN 

TYPEOF(tmp)));


diagnosis_set := QUERY(tmp <* diagnosis_set | 

(lvl IN tmp.at_indenture_level));


REPEAT I := LOINDEX(diagnosis_set) TO HIINDEX(diagnosis_set);



failure_mode_set := failure_mode_set + 

diagnosis_set[I].mechanism;


END_REPEAT;


count := SIZEOF(failure_mode_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_failure_modes(mdl : diagnostic_model) : 

NUMBER;


LOCAL



count : NUMBER;



diagnosis_set : SET [0:?] OF diagnosis;



failure_mode_set : SET [0:?] OF failure_mode := [];


END_LOCAL;


diagnosis_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.diagnosis’ IN 

TYPEOF(tmp)));


REPEAT I := LOINDEX(diagnosis_set) TO HIINDEX(diagnosis_set);



failure_mode_set := failure_mode_set + 

diagnosis_set[I].mechanism;


END_REPEAT;


count := SIZEOF(failure_mode_set);


return(count);

END_FUNCTION;

5.2.4 number_of_failures

Within IEEE Std 1232-200x (AI-ESTATE), a failure is defined to be “The loss of ability of a repair item, equipment, or system to perform a required function. The manifestation of a fault. Within the context of AI-ESTATE models, a manifestation is given by the outcome of a test.” Within the information model, a failure is defined to be “A manifestation of an anomaly within a system. When considering a functional model, it is the failure of the system under test to perform some intended function.”

The fundamental measure, number_of_failures, provides a count of the number of failures covered by a particular test and diagnosis process. The function, number_of_failures, defined below, returns the count of the number of failures within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_failures) in which case all of the failures in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, failure);

FUNCTION number_of_failures(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



failure_set : SET [0:?] OF failure;


END_LOCAL;


failure_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.failure’ IN 

TYPEOF(tmp)));


failure_set := QUERY(tmp <* failure_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(failure_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_failures(mdl : diagnostic_model) : NUMBER; 


LOCAL



count : NUMBER;



failure_set : SET [0:?] OF failure;


END_LOCAL;


failure_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.failure’ IN 

TYPEOF(tmp)));


count := SIZEOF(failure_set);


return(count);

END_FUNCTION;

5.2.5 number_of_faults

Within IEEE Std 1232-200x (AI-ESTATE), a fault is defined to be “A defect or flaw in a hardware or software component.” Within the information model, a fault is defined to be “A physical cause of anomalous behavior within a system. A fault typically corresponds to some physical breakdown in the system under test.”

The fundamental measure, number_of_faults, provides a count of the number of faults covered by a particular test and diagnosis process. The function, number_of_faults, defined below, returns the count of the number of faults within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_faults) in which case all of the faults in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, fault);

FUNCTION number_of_faults(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



fault_set : SET [0:?] OF fault;


END_LOCAL;


fault_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.fault’ IN 

TYPEOF(tmp)));


fault_set := QUERY(tmp <* fault_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(fault_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_faults(mdl : diagnostic_model) : NUMBER; 


LOCAL



count : NUMBER;



fault_set : SET [0:?] OF fault;


END_LOCAL;


fault_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.fault’ IN 

TYPEOF(tmp)));


count := SIZEOF(fault_set);


return(count);

END_FUNCTION;

5.2.6 number_of_functions

Within IEEE Std 1232-200x (AI-ESTATE), a function is defined by the information model to be “any ‘functional behavior’ represented within a system. The function entity is intended to provide a place-holder for functional information in the event the diagnostic or testability model is function-oriented.”

The fundamental measure, number_of_functions, provides a count of the number of functions covered by a particular test and diagnosis process. The function, number_of_functions, defined below, returns the count of the number of functions within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_functions) in which case all of the functions in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, func);

FUNCTION number_of_functions(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



func_set : SET [0:?] OF func;


END_LOCAL;


func_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.func’ IN 

TYPEOF(tmp)));


func_set := QUERY(tmp <* func_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(func_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_functions(mdl : diagnostic_model) : NUMBER; 


LOCAL



count : NUMBER;



func_set : SET [0:?] OF func;


END_LOCAL;


func_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.func’ IN 

TYPEOF(tmp)));


count := SIZEOF(func_set);


return(count);

END_FUNCTION;

5.2.7 number_of_repair_items

Within IEEE Std 1232-200x (AI-ESTATE), a repair item is defined by the information model to be “some part of the system to be adjusted, calibrated, repaired, replaced, etc. … the object of the maintenance action.”

The fundamental measure, number_of_repair_items, provides a count of the number of repair items covered by a particular test and diagnosis process. The function, number_of_repair_items, defined below, returns the count of the number of repair items within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_repair_items) in which case all of the repair items in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, repair_item);

FUNCTION number_of_repair_items(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



repair_item_set : SET [0:?] OF repair_item;


END_LOCAL;


repair_item_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair_item’ IN 

TYPEOF(tmp)));


repair_item_set := QUERY(tmp <* repair_item_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(repair_item_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_repair_items(mdl : diagnostic_model) : 

NUMBER; 


LOCAL



count : NUMBER;



repair_item_set : SET [0:?] OF repair_item;


END_LOCAL;


repair_item_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair_item’ IN 

TYPEOF(tmp)));


count := SIZEOF(repair_item_set);


return(count);

END_FUNCTION;

5.2.8 number_of_repairs

Within IEEE Std 1232-200x (AI-ESTATE), a repair is defined by the information model to be the process undertaken to “return the unit to service.”

The fundamental measure, number_of_repairs, provides a count of the number of repairs available for use in a particular test and diagnosis process. The function, number_of_repairs, defined below, returns the count of the number of repairs within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_repairs) in which case all of the repairs in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(diagnostic_model, level, repair);

FUNCTION number_of_repairs(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



repair_set : SET [0:?] OF repair;


END_LOCAL;


repair_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair’ IN 

TYPEOF(tmp)));


repair_set := QUERY(tmp <* repair_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(repair_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_repairs(mdl : diagnostic_model) : NUMBER; 


LOCAL



count : NUMBER;



repair_set : SET [0:?] OF repair;


END_LOCAL;


repair_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair’ IN 

TYPEOF(tmp)));


count := SIZEOF(repair_set);


return(count);

END_FUNCTION;

5.2.9 number_of_resources

Within IEEE Std 1232-200x (AI-ESTATE), a resource is defined to be “Any capability that must be scheduled, assigned, or controlled by the underlying implementation to assure nonconflicting usage by processes.” Within the information model, a resource is defined as something that “any given action in the maintenance process is likely to require … to perform that action.”

The fundamental measure, number_of_resources, provides a count of the number of resources available for use in test and repair during a particular test and diagnosis process. The function, number_of_resources, defined below, returns the count of the number of resources within a diagnostic model at a particular level. If no level is specified, then a separate version of the measure must be used (total_number_of_resources) in which case all of the resources in the model are returned.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 


(diagnostic_model, level, resource);

FUNCTION number_of_resources(mdl : diagnostic_model; 

lvl : level) : NUMBER;


LOCAL



count : NUMBER;



resource_set : SET [0:?] OF resource;


END_LOCAL;


resource_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.resource’ IN 

TYPEOF(tmp)));


resource_set := QUERY(tmp <* resource_set | 

(lvl IN tmp.at_indenture_level));


count := SIZEOF(resource_set);


return(count);

END_FUNCTION;

FUNCTION total_number_of_resources(mdl : diagnostic_model) : NUMBER; 


LOCAL



count : NUMBER;



resource_set : SET [0:?] OF resource;


END_LOCAL;


resource_set := QUERY(tmp <* mdl.model_element | 



(’AI_ESTATE_COMMON_ELEMENT_MODEL.resource’ IN 

TYPEOF(tmp)));


count := SIZEOF(resource_set);


return(count);

END_FUNCTION;

5.3 Cost-Related Fundamentals

This clause provides EXPRESS and English definitions of each of the cost-related fundamentals to be used in more complex metric definitions. All of these fundamental measures operate on the AI-ESTATE Common Element model and need not be tied to specific diagnostic models (i.e., fault tree model, diagnostic inference model, and enhanced diagnostic inference model).

Within IEEE Std 1232-200x (AI-ESTATE), cost is defined within the information model to be “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 … 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, reentry.

“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 is an enumerated type covering predominant international currencies and defines types of cost units to be associated with non_time_related_costs.”

The information model further defines a time cost to represent “cost attributes that are time related,” and a non-time cost to represent  “cost attributes that are not time related and are computed. 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 may be temporal, financial, or a quantification of some other expense of the test.”

In defining the fundamental measures in subclauses 5.3.2–5.3.5, the following assumptions are made:

Cost is computed over a set of tests or repairs. In the simplest case, the set may contain only one test or repair.

All cost calculations are based on action or resource cost with common units. No unit conversion is included in the definition. No user-defined units are permitted.

Costs associated with actions or resources are assumed to reflect the cost incurred for that action or resource (including, if appropriate, children in the lattice); therefore, costs of children need not be rolled into the calculation.

The cost functions return the cost only for the test or repair at that element’s point in the hierarchy—they do not roll up cost from the children.

When using a cost function, a cost type is specified and does not include “USER_DEFINED.”

Four versions of the measures are specified—one associated with a particular level and a particular required context, one associated with a particular level but all contexts (i.e., no required context specified), one associated with a particular required context but all levels (i.e., no level specified), and one with no level and no required context specified.

5.3.1 probability_of_diagnosis

Within IEEE Std 1232-200x (AI-ESTATE), a model structure is provided to capture failure rate information for a particular diagnosis in a diagnostic model. Assumptions underlying this entity include that failure rate specifies the number of failures per million hours. Further, this entity specifies whether the failure rate is defined based on “clock” time or “operating” time where “clock” time includes the time when the system is not in operation and “operating” time does not. The time basis attribute also permits specification of a user-defined basis or specification that the basis is unknown. 

For the definition of probability_of_diagnosis in this standard, the following assumptions are made:

The probability of diagnosis is computed assuming failure rate defined according to “operating” time.

The probability of diagnosis is computed as a relative measure over a set of diagnoses.

The diagnosis for which the probability is being calculated is a member of the relative diagnosis set.

No diagnosis in the relative diagnosis set is a child of another diagnosis in the relative diagnosis set.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnosis, failure_rate);

FUNCTION probability_of_diagnosis(diag : diagnosis;





relative_to : SET [1:?] OF diagnosis) : REAL;


LOCAL



probability : REAL;



numerator : REAL;



denominator : REAL := 0.0;


END_LOCAL;


numerator := diag.has_rate.num_fail;


REPEAT I := LOINDEX(relative_to) TO HIINDEX(relative_to);



denominator := denominator + 

relative_to[I].has_rate.num_fail;


END_REPEAT;


probability := numerator / denominator;


return(probability);

END_FUNCTION;

5.3.2 repair_context_non_time_cost

The cost-related measure, repair_context_non_time_cost, computes the non-time cost associated with performing the indicated repair, limited to the resources and actions available in the required context. The function, repair_context_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, required_context, cost, resource, action);

FUNCTION repair_context_non_time_cost(rpr : SET [1:?] OF repair;




cntxt : required_context;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

HIINDEX(rpr[I].repair_action);


current_action := rpr[I].repair_action[J];




IF (cntxt IN current_action.must_occur_in) THEN



  current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



  local_resources := 




QUERY(tmp <* current_action.required_resource |






cntxt IN tmp.must_occur_in);




  REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




  END_REPEAT;




  REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




END_REPEAT;



END_IF;


   END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.3 repair_context_time_cost

The cost-related measure, repair_context_time_cost, computes the time cost associated with performing the indicated repair, limited to the resources and actions available in the required context. The function, repair_context_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, required_context, cost, resource, action);

FUNCTION repair_context_time_cost(rpr : SET [1:?] OF repair;




cntxt : required_context;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

HIINDEX(rpr[I].repair_action);


current_action := rpr[I].repair_action[J];




IF (cntxt IN current_action.must_occur_in) THEN



   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



   local_resources := 




QUERY(tmp <* current_action.required_resource |





cntxt IN tmp.must_occur_in);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.4 repair_level_non_time_cost

The cost-related measure, repair_level_non_time_cost, computes the non-time cost associated with performing the indicated repair, limited to the resources and actions available at a particular level of indenture. The function, repair_level_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, level, cost, resource, action);

FUNCTION repair_level_non_time_cost(rpr : SET [1:?] OF repair;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);



current_action := rpr[I].repair_action[J];



IF (lvl IN current_action.at_indenture_level) THEN




   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





lvl IN tmp.at_indenture_level);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.5 repair_level_time_cost

The cost-related measure, repair_level_time_cost, computes the time cost associated with performing the indicated repair, limited to the resources and actions available at a particular level of indenture. The function, repair_level_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, level, cost, resource, action);

FUNCTION repair_level_time_cost(rpr : SET [1:?] OF repair;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);




current_action := rpr[I].repair_action[J];




IF (lvl IN current_action.at_indenture_level) THEN



   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





lvl IN tmp.at_indenture_level);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




  
current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.6 repair_non_time_cost

The cost-related measure, repair_non_time_cost, computes the non-time cost associated with performing the indicated repair, limited to the resources and actions available in the required context at a particular level of indenture. The function, repair_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context and level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, required_context, level, cost, resource, action);

FUNCTION repair_non_time_cost(rpr : SET [1:?] OF repair;




cntxt : required_context;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);




current_action := rpr[I].repair_action[J];




IF ((cntxt IN current_action.must_occur_in) AND

    (lvl IN current_action.at_indenture_level)) THEN



   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





(cntxt IN tmp.must_occur_in) AND

(lvl IN tmp.at_indenture_level));




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.7 repair_time_cost

The cost-related measure, repair_time_cost, computes the time cost associated with performing the indicated repair, limited to the resources and actions available in the required context at a particular level of indenture. The function, repair_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context and level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, required_context, level, cost, resource, action);

FUNCTION repair_time_cost(rpr : SET [1:?] OF repair;




cntxt : required_context;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);




current_action := rpr[I].repair_action[J];



IF ((cntxt IN current_action.must_occur_in) AND

    (lvl IN current_action.at_indenture_level)) THEN




   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



   local_resources := 




QUERY(tmp <* current_action.required_resource |





(cntxt IN tmp.must_occur_in) AND

(lvl IN tmp.at_indenture_level));




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.8 test_context_non_time_cost

The cost-related measure, test_context_non_time_cost, computes the non-time cost associated with performing the indicated test, limited to the resources and actions available in the required context. The function, test_context_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, required_context, cost, resource, action);

FUNCTION test_context_non_time_cost(tst : SET [1:?] OF test;




cntxt : required_context;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);




current_action := tst[I].test_action[J];




IF (cntxt IN current_action.must_occur_in) THEN


   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





cntxt IN tmp.must_occur_in);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;




END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.9 test_context_time_cost

The cost-related measure, test_context_time_cost, computes the time cost associated with performing the indicated test, limited to the resources and actions available in the required context. The function, test_context_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, required_context, cost, resource, action);

FUNCTION test_context_time_cost(tst : SET [1:?] OF test;




cntxt : required_context;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);


current_action := tst[I].test_action[J];




IF (cntxt IN current_action.must_occur_in) THEN



   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





cntxt IN tmp.must_occur_in);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.10 test_level_non_time_cost

The cost-related measure, test_level_non_time_cost, computes the non-time cost associated with performing the indicated test, limited to the resources and actions available at a particular level of indenture. The function, test_level_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, level, cost, resource, action);

FUNCTION test_level_non_time_cost(tst : SET [1:?] OF test;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);


current_action := tst[I].test_action[J];




IF (lvl IN current_action.at_indenture_level) THEN




   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





lvl IN tmp.at_indenture_level);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;


 
END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.11 test_level_time_cost

The cost-related measure, test_level_time_cost, computes the time cost associated with performing the indicated test, limited to the resources and actions available at a particular level of indenture. The function, test_level_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, level, cost, resource, action);

FUNCTION test_level_time_cost(tst : SET [1:?] OF test;




lvl : level;





of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);




current_action := tst[I].test_action[J];



IF (lvl IN current_action.at_indenture_level) THEN




   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



   local_resources := 




QUERY(tmp <* current_action.required_resource |





lvl IN tmp.at_indenture_level);




   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




   current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.12 test_non_time_cost

The cost-related measure, test_non_time_cost, computes the non-time cost associated with performing the indicated test, limited to the resources and actions available in the required context at a particular level of indenture. The function, test_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context and level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, required_context, level, cost, resource, action);

FUNCTION test_non_time_cost(tst : SET [1:?] OF test;




cntxt : required_context;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);


current_action := tst[I].test_action[J];




IF ((cntxt IN current_action.must_occur_in) AND

    (lvl IN current_action.at_indenture_level)) THEN


   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   local_resources := 




QUERY(tmp <* current_action.required_resource |





(cntxt IN tmp.must_occur_in) AND

(lvl IN tmp.at_indenture_level));



   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




   current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.13 test_time_cost

The cost-related measure, test_time_cost, computes the time cost associated with performing the indicated test, limited to the resources and actions available in the required context at a particular level of indenture. The function, test_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included) given the specified context and level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, required_context, level, cost, resource, action);

FUNCTION test_time_cost(tst : SET [1:?] OF test;




cntxt : required_context;




lvl : level;




of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);


current_action := tst[I].test_action[J];




IF ((cntxt IN current_action.must_occur_in) AND

    (lvl IN current_action.at_indenture_level)) THEN



   current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



   local_resources := 




QUERY(tmp <* current_action.required_resource |





(cntxt IN tmp.must_occur_in) AND

(lvl IN tmp.at_indenture_level));



   REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);




current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |






(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




   END_REPEAT;




   REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




   END_REPEAT;



END_IF;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.14 total_repair_non_time_cost

The cost-related measure, total_repair_non_time_cost, computes the non-time cost associated with performing the indicated repair, with no limits to the resources and actions available in the based on required level or context. The function, total_repair_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, cost, resource, action);

FUNCTION total_repair_non_time_cost(rpr : SET [1:?] OF repair;





of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);



current_action := rpr[I].repair_action[J];




current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));



REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




END_REPEAT;




REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




END_REPEAT;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.15 total_repair_time_cost

The cost-related measure, total_repair_time_cost, computes the time cost associated with performing the indicated repair, with no limits to the resources and actions available in the based on required level or context. The function, total_repair_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(repair, cost, resource, action);

FUNCTION total_repair_time_cost(rpr : SET [1:?] OF repair;





of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(rpr) TO HIINDEX(rpr);

REPEAT J := LOINDEX(rpr[I].repair_action) TO 

    HIINDEX(rpr[I].repair_action);



current_action := rpr[I].repair_action[J];




current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




END_REPEAT;




REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




END_REPEAT;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.16 total_test_non_time_cost

The cost-related measure, total_test_non_time_cost, computes the non-time cost associated with performing the indicated test, with no limits to the resources and actions available in the based on required level or context. The function, total_test_non_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, cost, resource, action);

FUNCTION total_test_non_time_cost(tst : SET [1:?] OF test;





of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);



current_action := tst[I].test_action[J];




current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




REPEAT K := LOINDEX(local_resources) TO






 HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.non_time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




END_REPEAT;




REPEAT K := LOINDEX(current_cost) TO 

 HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




END_REPEAT;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.3.17 total_test_time_cost

The cost-related measure, total_test_time_cost, computes the time cost associated with performing the indicated test, with no limits to the resources and actions available in the based on required level or context. The function, total_test_time_cost, adds the cost of all associated actions (with the costs of the actions’ required resources included).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(test, cost, resource, action);

FUNCTION total_test_time_cost(tst : SET [1:?] OF test;





of_type : cost_type) : REAL;


LOCAL



current_action : action;



current_cost : SET [0:?] OF cost;



local_resources : SET [0:?] of resource := [];



derived_cost : REAL := 0.0;


END_LOCAL;


REPEAT I := LOINDEX(tst) TO HIINDEX(tst);

REPEAT J := LOINDEX(tst[I].test_action) TO 

    HIINDEX(tst[I].test_action);



current_action := tst[I].test_action[J];




current_cost := QUERY(tmp <* current_action.has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’





IN TYPEOF(tmp)) AND





(tmp.cost_element = of_type));




REPEAT K := LOINDEX(local_resources) TO






HIINDEX(local_resource);





current_cost := current_cost + 

QUERY(tmp <* local_resources[K].has_cost |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.time_cost’






IN TYPEOF(tmp)) AND






(tmp.cost_element = of_type));




END_REPEAT;




REPEAT K := LOINDEX(current_cost) TO 

HIINDEX(current_cost);





derived_cost := derived_cost + 

current_cost[K].expected_value;




END_REPEAT;



END_REPEAT;


END_REPEAT;


return(derived_cost);

END_FUNCTION;

5.4 Detection and Isolation

This clause provides EXPRESS and English definitions of each of the detection and isolation fundamentals to be used in more complex metric definitions. Note that, since each of the respective types of diagnostic models (i.e., fault tree model, diagnostic inference model, and enhanced diagnostic inference model) is a subtype of the diagnostic_model entity in the AI-ESTATE Common Element Model, it is sufficient to test for type of model in the functions for detectability and isolateability. Note that, as specified in IEEE Std 1232-200x (AI-ESTATE), it is assumed that the diagnostic models used to specify these measures include an instance of the diagnosis entity corresponding to No Fault. As indicated, this entity shall have the unique name, “no_fault”.

Fundamental to the ability to define metrics based on detection and isolation within a diagnostic model is the ability to identify all diagnoses (whether, faults, failures, or otherwise) that are detectable or isolateable by the set of tests included in the model. Also fundamental to the ability to define these metrics in an unambiguous way is the requirement that all metrics are to be computed based on a predefined universe of diagnoses and a predefined set of tests. Without such a requirement, there is no way to ensure agreement and repeatability in determining the detection or isolation measures.

5.4.1 detectable_diagnoses

The fundamental function, detectable_diagnoses, examines a diagnostic model and returns the set of detectable diagnoses within that model, given the tests defined for that model. Note that size of the set can be determined directly (through use of the built-in function SIZEOF or through simple counting).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnostic_model, test, diagnosis, level);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

FUNCTION detectable_diagnoses(mdl : diagnostic_model; lvl : level) : 




SET [0:?] OF diagnosis;


LOCAL



results : SET [0:?] OF test_result;



detectable_set : SET [0:?] OF diagnosis := [];



diag_inf : SET [0:?] OF inference := [];


END_LOCAL;


IF (’AI_ESTATE_FAULT_TREE_MODEL.fault_tree_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.fault_tree.result) TO





HIINDEX(mdl.fault_tree.result);

detectable_set := detectable_set + 

get_leaves(mdl.fault_tree.result[I]);



END_REPEAT;


END_IF;


IF (’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

tmp.diagnostic_assertion.standard_diagnosis_value

= CANDIDATE); 

END_REPEAT; 


END_IF;


IF (’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

enhanced_diagnostic_inference_model’ IN TYPEOF(mdl)) THEN



REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

((tmp.pos_neg = NEGATIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = GOOD)) OR 

((tmp.pos_neg = POSITIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = CANDIDATE))); 

END_REPEAT; 

END_IF;


detectable_set := QUERY(tmp <* detectable_set |






lvl IN tmp.at_indenture_level);


return(detectable_set);

END_FUNCTION;

5.4.2 detectable_failures

The fundamental function, detectable_failures, examines a diagnostic model and returns the set of detectable failures, which are a subtype of diagnosis, within that model, given the tests defined for that model. Note that size of the set can be determined directly (through use of the built-in function SIZEOF or through simple counting).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnostic_model, test, diagnosis, level);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

FUNCTION detectable_failures(mdl : diagnostic_model; lvl : level) : 




SET [0:?] OF diagnosis;


LOCAL



results : SET [0:?] OF test_result;



detectable_set : SET [0:?] OF diagnosis := [];



diag_inf : SET [0:?] OF inference := [];


END_LOCAL;


IF (’AI_ESTATE_FAULT_TREE_MODEL.fault_tree_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.fault_tree.result) TO





HIINDEX(mdl.fault_tree.result);

detectable_set := detectable_set + 

get_leaves(mdl.fault_tree.result[I]);



END_REPEAT;


END_IF;


IF (’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

tmp.diagnostic_assertion.standard_diagnosis_value

= CANDIDATE); 

END_REPEAT; 


END_IF;


IF (’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

enhanced_diagnostic_inference_model’ IN TYPEOF(mdl)) THEN


REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

((tmp.pos_neg = NEGATIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = GOOD)) OR 

((tmp.pos_neg = POSITIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = CANDIDATE))); 

END_REPEAT; 

END_IF;


detectable_set := QUERY(tmp <* detectable_set |



(lvl IN tmp.at_indenture_level) AND

(’AI_ESTATE_COMMON_ELEMENT_MODEL.failure’ 

IN TYPEOF(tmp)));


return(detectable_set);

END_FUNCTION;

5.4.3 detectable_faults

The fundamental function, detectable_faults, examines a diagnostic model and returns the set of detectable faults, which are a subtype of diagnosis, within that model, given the tests defined for that model. Note that size of the set can be determined directly (through use of the built-in function SIZEOF or through simple counting).

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnostic_model, test, diagnosis, level);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

FUNCTION detectable_faults(mdl : diagnostic_model; lvl : level) : 




SET [0:?] OF diagnosis;


LOCAL



results : SET [0:?] OF test_result;



detectable_set : SET [0:?] OF diagnosis := [];



diag_inf : SET [0:?] OF inference := [];


END_LOCAL;


IF (’AI_ESTATE_FAULT_TREE_MODEL.fault_tree_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.fault_tree.result) TO





HIINDEX(mdl.fault_tree.result);

detectable_set := detectable_set + 

get_leaves(mdl.fault_tree.result[I]);



END_REPEAT;


END_IF;


IF (’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

tmp.diagnostic_assertion.standard_diagnosis_value

= CANDIDATE); 

END_REPEAT; 


END_IF;


IF (’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

enhanced_diagnostic_inference_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.inference) TO 

HIINDEX(mdl.inference); 

diag_inf := QUERY(tmp <* mdl.inference[I].conjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := diag_inf + 

QUERY(tmp <* mdl.inference[I].disjuncts | 

’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference’ IN TYPEOF(tmp)); 

diag_inf := QUERY(tmp <* diag_inf | 

((tmp.pos_neg = NEGATIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = GOOD)) OR 

((tmp.pos_neg = POSITIVE) AND 

(tmp.diagnostic_assertion.

standard_diagnosis_value = CANDIDATE))); 

END_REPEAT; 

END_IF;


detectable_set := QUERY(tmp <* detectable_set |



(lvl IN tmp.at_indenture_level) AND

(’AI_ESTATE_COMMON_ELEMENT_MODEL.fault’ 

IN TYPEOF(tmp)));


return(detectable_set);

END_FUNCTION;

5.4.4 isolateable_repair_items

The fundamental function, isolateable_repair_items, takes as input a diagnostic model, a target repair_item, and a group size n, and returns TRUE if the repair items exists in an ambiguity group of exactly size n. It returns FALSE otherwise. An additional BOOLEAN argument is provided as input to indicate whether or not to include ambiguity with No Fault in the analysis. 

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL 

(diagnostic_model, test, diagnosis, level, repair_item);

USE FROM AI_ESTATE_FAULT_TREE_MODEL;

USE FROM AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL;

USE FROM AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL;

TYPE signature = SET [0:?] OF test_outcome;

END_TYPE;

TYPE ambiguity = SET [0:?] OF repair_item;

END_TYPE;

FUNCTION isolateable_repair_items(mdl : diagnostic_model; 



rpr : repair_item;

lvl : level; n : INTEGER; include_nf : BOOLEAN) : 

BOOLEAN;


LOCAL


in_group : BOOLEAN := FALSE;



ambig_group : SET [0:?] OF ambiguity := [];



non_repair : SET [0:?] OF repair_item;


END_LOCAL;


IF (’AI_ESTATE_FAULT_TREE_MODEL.fault_tree_model’ IN TYPEOF(mdl)) THEN

REPEAT I := LOINDEX(mdl.fault_tree.result) TO





HIINDEX(mdl.fault_tree.result);

IF (in_leaf(mdl.fault_tree.result[I],

rpr, lvl, n, include_nf) = TRUE) THEN




in_group := TRUE;

END_IF;

END_REPEAT;


END_IF;


IF ((’AI_ESTATE_DIAGNOSTIC_INFERENCE_MODEL.

diagnostic_inference_model’ IN TYPEOF(mdl)) OR


(’AI_ESTATE_ENHANCED_DIAGNOSTIC_INFERENCE_MODEL.

enhanced_diagnostic_inference_model’ IN TYPEOF(mdl))) 

THEN


ambig_group := get_ambig_group(mdl, rpr, lvl);


REPEAT I := LOINDEX(ambig_group) TO HIINDEX(ambig_group);




non_repair := QUERY(tmp <* ambig_group[I] |






tmp.name = ’No Fault’);




IF ((include_nf = FALSE) AND 

    (SIZEOF(non_repair) = 0)) THEN


SKIP;

END_IF;

IF (SIZEOF(ambig_group[I]) = n) THEN




in_group := TRUE;

END_IF;



END_REPEAT;

END_IF;


return(in_group);

END_FUNCTION;

5.4.5 isolation_percent

The function isolation_percent computes the percentage of repair items at a given level that are isolateable to n or fewer units. Calculating an isolation percent consists of scanning over the repair items in the model using this function, cumulating the sum at each group size, and then dividing by the number of repair items at the appropriate level.

USE FROM AI_ESTATE_COMMON_ELEMENT_MODEL


(model, repair_item, level)

FUNCTION isolation_percent(mdl : diagnostic_model; 

lvl: level; n : INTEGER; include_nf : BOOLEAN) : REAL;


LOCAL



isol_pct : REAL;



num_repair : INTEGER := 0;



rpr_set : SET [0:?] OF repair_item;


END_LOCAL;


rpr_set := QUERY(tmp <* mdl.model_element |





(’AI_ESTATE_COMMON_ELEMENT_MODEL.repair_item’ IN





  TYPEOF(tmp)) AND





(lvl IN tmp.at_indenture_level));


REPEAT I := 1 TO n;



REPEAT J := LOINDEX(rpr_set) TO HIINDEX(rpr_set);




IF (isolateable_repair_items(mdl, rpr_set[J], 

lvl, I, include_nf)) THEN




num_repair := num_repair + 1;




END_IF;


END_REPEAT;


END_REPEAT;


isol_pct := num_repair / SIZEOF(rpr_set);


return(isol_pct);

END_FUNCTION;

6 Metrics

6.1 Detection

6.1.1 Accessibility   

6.1.2 Availability   

The probability that the system will be operational at some time, given that is was operation prior to that time.

6.1.3 BIT Coverage   

The number of functions where a fault is detectable by BIT compared to the total number of functions.  Alternately:  the number of failures detectable by BIT compared to the total number of failures.

6.1.4 Controllability 

6.1.5 Observability   

6.2 Isolation

6.2.1 Ambiguity Group Size   

The size of the group of components that a fault has been isolated to.  The size of a set of failure sources that have the same signature, i.e. are detected by the same set of tests.  Alternately, the size of a group of components a maintenance action covers.

6.2.2 Ambiguity Group Isolation Probabilities 

Is the cumulative probability that any detected fault can be isolated by BIT or ETE to an ambiguity group size of L or less.  

6.2.3 Detection Functional Coverage   

The percentage of function in a system that are tested by BIT/ETE

6.2.4 Fault Isolation Resolution   

Fault Isolation Resolution is the cumulative probability that any detected fault can be isolated to an ambiguity group of a targeted size or less.

The unweighted is defined as an incremental statistic: 

6.2.5 Incremental Fault Resolution 
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where:     L=Target ambiguity group size 
               YW= # of ambiguity groups of size W 
                K=Total modules in all ambiguity groups 

 Then, using a replacement cost weighting, the following fault resolution metric, independent of the goal set (whether it is number of components, cost goal was 

The cumulative statistic became: 
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For the weighted case, a single, goal-oriented measure which allows weights to be applied, but without the 'ambiguity group size' bias of current metrics, which focuses on piece parts.  After derivation and building examples of failure rate weighting and on-time cost weighting, 'Isolation Effectiveness' was then defined, with respect to a single goal, whether it be isolation to one replaceable item or to $50 per maintenance action. 
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where:        Deltai = The distance from goal x for diagnostic conclusion i (Vi-Goali for this example, but not always) 
                  Vi= The computed value for diagnostic conclusion i that is being compared with goal x 
                  Pi= The percentage (actual or probabilistic) of isolations to diagnostic conclusion i 
                  N = The number of diagnostic conclusions 

An example of this is the following: 

6.2.6 Isolation Effectiveness with respect to replacement cost 

    Goal1=$50 Replacement Cost for each Diagnostic Conclusion 

    Four Diagnostic Conclusions:     DC1:    V1=$100, P1= .20 
                                                  DC2:    V2=$75, P2= .40 
                                                     DC3:    V3=$25, P3= .10 
                                                     DC4:    V4=$50, P4= .30 

    IE1=1-[(50)(.2)+(25)(.4)+(0)(.1)+(0)(.3)]/[(100)(.2)+(75)(.4)+(25)(.1)+(50)(.3)] 
                       Note: The zero value for Delta3 neither penalizes nor rewards excedance of the goal 

                IE1= 1-0.3 = 0.7 

6.2.7 Isolation Level   

The ratio of the number of ambiguity groups to the total number of isolatable components.


[image: image4.wmf]IL

|

UF|

|

F|

=


Where |UF| is the number of isolatable groups |F| is the number of isolatable elements.

6.2.8 Operational Isolation

System Operation Isolation Level is the percentage of observed faults that result in isolation to n or fewer replaceable units.  
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6.2.9 Projected Detection Probability   

The calculated probability a fault will be detected.

6.3 Raw Fault Resolution   

6.3.1 Raw Fraction of Faults Detected   

There are two distinct definitions for Fraction of Faults Detected (FFD).  The first FFDA is defined as the fraction of all faults detected (or detectable) by BIT or ETE.
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Where QBDF is the quantity of faults detected by BIT or ETE, and QF is the quantity of all faults.

The second variant is FFDD.  This is defined as the fraction of detected faults detected (detectable) by BIT or ETE

6.3.2 Raw Mean Ambiguity Group Size  
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For a set of N ambiguity groups of size AG

6.3.3 Weighted Fault Resolution   

The probability that a given fault resides in an ambiguity group of size not greater than L.

6.3.4 Weighted Fraction of Faults Detected   

6.3.5 Weighted Mean Ambiguity Group Size   

6.4 Errors in Diagnosis

6.4.1 False Removals   

The probability that any given diagnostic conclusion is incorrect.  The fraction of all BI/ETE fault indications that are false alarms.
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False alarms are categorized into three types.  Faulty BIT/ETE function occurs when the BIT/ETE indicates the equipment is down when it is operational.  False alarms caused by out-of-tolerance conditions occur when the BIT/ETE measures an internal signal and determines it to be out of tolerance, when the actual output signal is still within its specified tolerance bounds.  These types of false alarms are largely dependent on the circuit and the designer who set the tolerance.  The last category is a transient false alarm.  This is a fault indication caused by a transient condition from an external source.  Fault indications caused by transient conditions can be classified as false alarms if the transient does not result in a true fault condition.  Several conditions may be thought of as false alarms when actual faults have occurred.  Intermittent faults that exist only temporarily.  An example of this would be an airborne environment that cannot be recreated on the ground.  Transients that result in temporary fault and as a result a fault condition and as a result a temporary failure in the system.  

6.4.2 False Alarm Tolerance

6.4.3 Hidden Failure Measure

7 Characteristics

7.1 Maintenance Burden

7.2 Minimum maintenance actions

7.3 Failure Frequency

8 Conformance

This clause defines the requirements for conformance the Testability and Diagnosability Characteristics and Metrics of AI-ESTATE.
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�Information on references can be found in clause 2.


� Defined means taken as all means of detection that have been identified.


� Maintenance action is a defined event that requires resources, reporting, and system downtime.  This precludes summary judgements without repair.  It is often typified by maintenance personal opening a "file", performing specific actions, and which is closed by a report.
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