Relationship of Existing Support Data Modelling Initiatives to the D&MC Test and Maintenance Information Management Standard 

Introduction

The Diagnostic and Maintenance Control (D&MC) subcommittee of IEEE Standards Coordinating Committee 20 (SCC-20) proposes to establish a Test and Maintenance Information Management Standard (TMIMS). This has been attempted previously within the purview of SCC-20 by the TMIMS subcommittee, but the subcommittee was unable to sustain viable contributing membership and the PAR for the TMIMS effort was allowed to expire.  The TMIMS subcommittee did, however, draft a requirements document.  This document however, is sufficiently vague as to provide only general guidance.

The need for such a standard exists nonetheless.  D&MC membership voted to adopt the TMIMS work, and groundwork is now being laid in preparation for the subcommittee’s production of the standard.  As part of this groundwork, the author was assigned the action (along with John Sheppard) to review the NATO CALS Data Model (NCDM) and to determine its relation and potential usefulness to the TMIMS effort.  A related issue that should be examined is the emergence of Product Life Cycle Support Inc. (PLCS) and its relationship to this work.  

This white paper addresses these issues.  It will not discuss the syntactic detail of the NCDM  (as the author is in general agreement with Dr. Sheppard’s assessment) but will instead address the (possibly manifold) usage scenarios for the TMIMS information model  and the high level requirements that they impose on the problem from both a semantic and an information sharing perspective.  Comparisons will be drawn to the NCDM and PLCS initiatives and conclusions drawn as appropriate.  

TMIMS Requirements 

Information Scope

As stated in the introduction (clause 1) of the previous TMIMS draft requirements document [1], the purpose of the standard “is to facilitate the sharing of full life cycle data related to the design, analysis, manufacture, operation, diagnosis, and maintenance of products and their support environments.”  This statement seems overly ambitious, and is refined somewhat in the requirements section (clause 2) to state that it will “clearly define the test and maintenance data that supports the complete product life cycle” in the areas of “Product Data, Test Strategy, Interface, Control, and Resource Data, and Historical Data.”  It shall define services that “provide the primary interfaces to test and maintenance databases and knowledge bases.”

These statements are sufficiently vague as to require that some effort be placed into a discussion of feasible scope for the types of information to be included in the TMIMS standard, possible usage scenarios, and the resulting implications for both semantic content and interface.  

Regarding the issue of scope, we reference the charter of the D&MC subcommittee, which is [2]:
· To provide for the development, revision and improvement of D&MC related standards under its control.  
· To serve as a forum for the development, revision, and improvement of standards related to system test and diagnosis and associated interfaces between Reasoning Systems and Test Systems.  

· To serve as a forum for the development, revision, and improvement of standards related to design for testability, diagnosability, and product maturation. 

Upon consideration of the three views of the TMIMS information domain represented above, two concepts stand out as somewhat incompatible - product manufacturing and operation.  While arguments could be advanced that these areas should be considered within the purview of TMIMS (particularly operation data when considering its impacts on prognosis), we shall use the subcommittee’s scope statement as the limiting semantic restriction i.e., we shall limit the scope of this discussion to the information domains of product design, diagnostic, and maintenance information as it pertains to system test and diagnosis.   Therefore, a brief discussion of the Diagnostic Maturation process is in order.

Maturation

The effort to "mature" a supportable design begins at the conceptual design stage and continues throughout the system life cycle.  The data required for analysis in the early stages of diagnostic analysis and design is more readily available than that which is required after the subject product is delivered to the customer. Once a system is fielded and begins 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 issue or cost of ownership problem remedial actions must be taken. 

Deviations from the supportability design requirements and performance levels predicted in the earlier design phases must be analyzed for the operational process elements that are related to the performance issues.  Significant deviations trigger an iterative closed loop process of root cause analysis - corrective action deployment and reevaluation - called a Maturation Cycle, or more formally in some circles, the FRACAS (Failure Reporting and Corrective Action System) process. 

In either case, the goal is to determine a corrective action that prevents or minimizes recurrence of the reported problem in subsequent use of the product. The process typically includes failure analysis, which in the context of FRACAS refers to the logical, systematic examination of a failed item to identify and analyze the mechanism and exact cause of failure. Corrective action is usually a drawing, process, or procedure change. It is different from repair action in that repair action is applied only to failed units and does not normally reduce the probability of future occurrence of the problem. Root causes of supportability problems can have many different sources, but when the cause is found to be a deficiency in either the diagnostic test or test procedures then the issue must be addressed by the diagnostic maturation process.

A Maturation Cycle or FRACAS activity should primarily be initiated as a function of aircraft supportability performance monitoring; however customer requests and other internal investigations can also trigger a cycle, also triggering the need for relevant, dependable data from valid design and maintenance information resources.

Usage

In order to frame a view of the TMIMS specification that is suitable for comparisons to other support information schemas, it is first necessary to consider its potential usage in the maturation process.   While there are both producers and consumers of TMIMS information, it is unclear which party may assume the brunt of the burden of implementing TMIMS-compliant software products. We will next examine several different usage scenarios for the specification, the potential impact of these scenarios on producers and consumers of TMIMS data, and the semantic requirements imposed by the scenarios.  

In doing so, we introduce the term ontology.  Although many definitions exist, I use Guarino’s [3]: “An ontology is a logical theory accounting for the intended meaning of a formal vocabulary i.e. its ontological commitment to a particular conceptualization of the world. The intended models of a logical language using such a vocabulary are constrained by its ontological commitment. An ontology indirectly reflects this commitment (and the underlying conceptualization) by approximating these intended models.” He further provides general classification of ontologies according to their level of generality, 

Top-level ontologies describe very general concepts like space, time, matter, object, event, action, etc., which are independent of a particular problem or domain: it seems therefore reasonable, at least in theory, to have unified top-level ontologies for large communities of users. 

Domain ontologies and task ontologies describe, respectively, the vocabulary related to a generic domain (like medicine, or automobiles) or a generic task or activity (like diagnosing or selling), by specializing the terms introduced in the top-level ontology. · 

Application ontologies describe concepts depending both on a particular domain and task, which are often specializations of both the related ontologies. These concepts often correspond to roles played by domain entities while performing a certain activity, like replaceable unit or spare component.

Ontologies and Their Role in Information Integration

A common usage of ontologies is in information integration: representation of a common conceptual schema mapping heterogeneous conceptual schemes on a common top-level or domain ontology   The availability of explicit ontologies for information resources (i.e., run-time accessible database schemas) is at the core of the mediation-based approach to information integration [4,5]. Ontologies can support “intensional queries” regarding the content of a particular database (semantic resolution), or dynamic management of queries involving multiple databases (query resolution). They can further be used to inform search procedures by allowing the inclusion of semantically close concepts within an expanded goal set.

Semantic (Query) Resolution

One view of this problem is that we are trying to create a template that can be used to map various semantic representations of identical or closely related semantic concepts to a common reference – or neutral representation.  A neutral representation is therefore useful for query resolution – mapping a user query couched in a consistent vocabulary to disparate heterogeneous data systems’ native semantic representations – thus focusing or restricting the query to specifically targeted information. 

Search Expansion

An additional benefit to be derived from the use of semantic resolution is in the location of relevant information – just as queries may be restricted they may be broadened so that system replies may be more expansive in nature, i.e., they may return additional related information from heterogeneous data systems that is relevant to user needs. Relevance assessment of this nature introduces the concept of semantic distance.  While a full exploration of this topic is well beyond the scope of this paper, it may be introduced as the notion of the number of arcs separating two concepts that are represented  as nodes in an n-ary semantic hierarchy.  [6]

Data Exchange 

Arguably the most common usage of conceptual ontologies at the present time is as a neutral representation of some domain conceptualization.  As such, ontologies can be a useful tool for managing the mapping between the data models of disparate information systems.  When coupled with a data exchange format as in EXPRESS or KIF [7,8] effective transport of information may be managed quite effectively - the primary requirement on this capability is that the semantic integrity of the information shall remain unchanged as it passes from one system to the other.   This is currently being demonstrated by several different information exchange standards as well as the development and steady acceptance of the STEP Application Protocols for Product Data Exchange. 

STEP Information Models

In order to make information integration and ontology mapping easier, it is desirable that new information sources being developed conform as much as possible to the ontologies of existing information sources. Based on this, there have been several efforts launched to standardize domain-specific ontologies for various domains. STEP is an international standard (ISO 10303) for exchanging data between different CAD/CAM and Product Data Management (PDM) systems.  The STEP initiative is developing a number of standardized ontologies ("Application Protocols", which in turn include modular sub-ontologies called "Integrated Resources") for product data exchange, using the data modeling language EXPRESS and mapping language EXPRESS-X. Note that these ontologies (or information models) are of the federated variety, as they are quite explicit in the syntax that describes the semantics and the rules and constraints that define the mappings to this global model. 

Unfortunately, the STEP initiative to date has produced only product data ontologies that specialize on the design and manufacturing portion of the product life cycle.  However, similar EXPRESS-based (information model) domain modeling efforts are underway in other areas, such as the NATO CALS Data Model and the Product Life Cycle Support (PLCS) initiative.

NATO CALS Data Model

The NATO CALS Data Model (NCDM) is a formal description of the data required to support the logistics process for the acquisition and support of major systems [5]. Such systems include aircraft, tanks and ships, and other complex products. The objective is to support the information required, used or provided by:

· The owner of a complex product

· The people responsible for maintaining and repairing the product

· The organization(s) who design and manufacture the product 

through the integration of information which is used to create technical manuals, parts catalogues and logistics analysis data.

The intent of the NCDM is clearly stated in the document’s introduction: “The NATO CALS Data Model (NCDM) is a conceptual data model. It defines a common set of data definitions and data structures to support Defence System technical information management, throughout the system life cycle, in the context of NATO nations and NATO industries.”

The document further states:  “the NATO CALS Data Model (NCDM) defines a common set of data definitions that can be used to achieve consistency of interfaces at the information level.”

As such, the document initially incorporated and harmonized the data elements contained in the three predominant NATO Product Support Standards, MIL-STD-1388-2B for logistics data representation, AECMA S2000M and EDIFACT (ISO 9735) to support material management processes and messaging protocols), and AECMA S1000D, an SGML-based specification for digital delivery of "Technical Publications utilizing a Common Source Data Base".  The implementation also recognizes the possibilities for other kinds of data such as design information and multi-media. The NCDM provides a possible start point for the development of a program’s information architecture by defining an integrated set of product and support information.  Its goal is to facilitate data interoperability between different Information Systems by delivering a common data semantic (definitions and semantic relationships), enabling consistency of interfaces at the information level. The abstract schema for the model is shown in Figure 1. 
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The NCDM Version 4.00 includes ten schemas covering the following areas:

· Product Design, Product Instance, Functional Breakdown (Core Model) 

· Configuration Item, Configuration Change, Product Concept and Specifications (Configuration)

· Failure Analysis (Anomaly) 

· Task Definition (TaskDef) 

· Technical Documentation (InfoObj) 

· Logistic Support Analysis (LSA);

· Person and Organizations (ncdm_person_organization)

· Approval and Approval Role (ncdm_approval) 

· Date and Time (ncdm_date_time) 

· Support Resources (ncdm_support_resources)

The model’s intended usage is threefold:

1. To be used to specify information requirements

2. To define a common vocabulary for information sharing

3. To be used as a conceptual model in the development of an Integrated Product Database.

So, the NCDM is certainly a vehicle for data exchange, and the model itself is a neutral representation of product support concepts.  So far, so good.  But recalling the stipulation that TMIMS data shall be drawn from the information domains of product design, diagnostic, and maintenance information as it pertains to system test and diagnosis, the following observations are pertinent:

· The first and most trivial observation is that the NCDM is an incredibly rich model.  As its intended domain is that of the entire logistics process, including electronic data transmittal and technical publications, it is of necessity a vast superset of the domain of system test and diagnosis.  

· A natural consequence of this subsumption is a difference in focus – system test and diagnosis is but a single aspect of the NCDM, and is represented only in the sense that it is related to maintenance actions – the NCDM view of the world is one of tasks and the data and resources that support those tasks.  This is a logical approach to modeling a logistics domain, or even a maintenance domain.

· This difference in focus leads to semantic discrepancies.  For instance, the idea of system malfunction in AI-ESTATE is described in terms of a diagnosis, which can be either functional failure or hardware fault, with an associated failure mechanism.  This idea is central to the diagnostic reasoning process.  In NCDM, the concept of system malfunction is the more complex product_anomaly hierarchy, which describes traceable anomaly descriptions and their consequences. The structural differences can be seen in the EXPRESS-G diagrams of Figure 2, while the semantic distinctions are shown in Table 1.


Figure 2: Failure Ontologies

	AI-ESTATE Failure Hierarchy 

Entity Definitions
	NCDM Failure Hierarchy

 Entity Definitions


	

	hierarchical_element

An abstract entity containing a name, description, and associated latticed structure. It is intended to roll up common attributes of entities such as test, diagnosis, repair item, function, and resource.

product_anomaly

Undesired condition of an item.  May be due to breakage (failure mode), damage (damage mode), or other causes which require a task to be performed (e.g., item is in wrong position, item has wrong color, item has no fuel).

diagnosis

Diagnosis may be used for the representation of a lattice of diagnostic conclusions. The diagnoses can be
interconnected in a lattice to classify constituent units, for example by function. This construct provides a gen-eralized grouping mechanism for the constituents of the unit under test and their failure modes

failure_mode

Description of the inability of the product to conform to one of its specified or expected parameters when this failure to conform is due to a breakage or fault and which is caused by an inherent property of the product or by a product anomaly of another product 

failure

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

consequential_

failure_mode

A failure mode which has been directly or indirectly caused by the occurrence of a primary failure.

fault

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

primary_failure

Inability of an item to fulfil its required function(s) due to breakage caused by an inherent property of the item.  Breakage here is not only in a classical mechanical sense, but may also be (e.g.) a discontinuity in a computer program.

failure_mode

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.

damage

Type of failure_mode which has not been caused by an inherent property of the product but by external influence (usually environment or human).

failure_mode_

from_

specified_source

Link to a (usually) generic source document used in determining the failure mode, where the failure mode has not been defined uniquely and for the first time.




Table 1.  Entity Definitions

After consideration of the comparative structural and semantic details, it can be seen that these are two somewhat different conceptualizations of the same domain, i.e., differing ontological commitments.   One view partitions system malfunctions into hierarchical physical and functional spaces, while the other facilitates cause and effect chaining within a system hierarchy 

PLCS Requirements 

PLCS (Product Life Cycle Support) is a joint industry and government initiative to develop international information standards for through-life product support an international project designed to produce working data models and draft standards in three years.  PLCS will use ISO 10303 STEP model data. The PLCS committee (WG3/T8) is seeking to provide a generalized model that facilitates the capability of enterprises to manage, share and exchange the data needed to support their manufactured products.  The PLCS information scope is categorized by the following four subject areas [10]: 

4. Maintenance Information  - the information needed to prevent or respond to predictable failures of the physical product instance, in a specified usage scenario.

5. Supply Chain Information - part related information that is relevant to maintenance of the physical product

6. Configuration Management - the information needed to manage changes to the configuration of an existing product.

7. Support Engineering - the information needed to develop and to optimize the support solution for the product

Further information elements to be addressed by the PLCS Initiative include:

· Feedback that the maintainer is required to provide, including details of actions undertaken and reports on the state of the product (failure rates, repair times, spares usage, man hours etc.)

· Reports and requests from maintainers regarding problems or suggested improvements to product design or support.

· The approval status of products and related information in terms of who approved, for what purpose, when and (if necessary) why. 

· Any kind of information object, related to the product structure, to the level of capability provided by the NATO CALS Data Model

· The information model developed by the PLCS Initiative must be suitable for use in two different ways:

· For implementation, in part or in whole, as an integrated product support database, providing shared access to life cycle data (the information sharing or data warehouse approach). 

· To provide a neutral format for exchanging agreed subsets of data between different databases, containing equivalent information (the information exchange approach).

An interesting facet of the PLCS Initiative from the standpoint of TMIMS is the intention to develop a set of Interchange Specifications that define some standardized subsets of the data model for use as neutral exchange formats.  The relationship of these Interchange Specifications to the existing and emerging STEP formats –  APs, Conformance Classes, Modules, Part 21 Files, SDAIs etc. – has yet to be determined. A methodology will also be provided for establishing additional user defined Interchange Specifications.  Consideration will be given to developing a registration mechanism, and the standards will allow modular adoption/implementation as they are developed.
Conclusions

Returning to the primary consideration, diagnostic maturation activity is a data-driven exercise. Effective analysis demands that users be able to identify and assemble the data resources required (based on analytical tools and method selected) to perform the root cause analysis for the specific problem identified. This data includes design data that should be within the purview and control of the analysts as well as data captured during aircraft flight, maintenance, and logistic processes. Bulk data transfer (file exchange) is one limited solution to access the requisite data.  It will also be necessary for users to have the capability to request access to data in more of an ad hoc fashion as may be required to support the root cause analysis – and in the case of diagnostics we should be reminded that this data looks very much or is at least very closely related to AI-ESTATE information as it represented in the models of the 1232 specification, with all of its intended semantics and relationships.  

From a system implementation point of view, it is desirable that the TMIMS ontology be useful for allowing developers of diagnostic solutions to examine maintenance data in order to mature deployed diagnostics.  The requirement in this instance is for a neutral ontology that can be used as a basis for the semantic integration of heterogeneous support data systems.  I submit that the NCDM, while robust in its intent to support the overall logistics and maintenance process, does not well support the diagnostic maturation process due to its somewhat different focus.  The AI-ESTATE perspective is taken from the realm of diagnostic (testability) analysis, development, and reasoning while the NCDM perspective is more of a reliability (failure modes and effects) and logistics (actions and their supporting infrastructure) view of the domain.

While a mapping between the two views certainly could be accomplished, it is not clear that this could be performed consistently across multiple implementations.  From a system development point of view, it would be more desirable to employ an ontology that related more directly to the domain of system test and diagnosis, which could then be employed as a neutral representation within multiple system implementations without additional mapping.    

On the other hand, it appears that the intent of the PLCS is to take a more partitioned view of the problem.  Perhaps this granularity will allow for more sensitive qualification of the domain focus for each schema. The PLCS initiative’s relevance to the AI-ESTATE set of standards is worth exploring further.  I recommend that we as a committee see what can be done to participate in the development of this initiative, while still pursuing fulfillment of our own requirements within the committee. Issues such as the respective committees’ goals, interdependence between standards, and political ramifications must be considered along with technical considerations.  Furthermore, the D&MC committee should revisit old TMIMS requirements with respect to a more careful view of how the standard might best be applied to the diagnostic maturation problem.  Finally, careful attention should be paid to the potential usage of the TMIMS information model as a neutral model, used not only for direct data exchange, but for semantic refinement, resolution, and expansion in a heterogeneous support information environment.
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Figure 1: NCDM Abstract Schema


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































