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Abstract





	Work in the IEEE Standards Coordinating Committee 20 (SCC20) to develop standards for A Broad Based Environment for Test (ABBET) and for suporting intelligent diagnostics in test environments (AI-ESTATE) is coming to fruition. The ABBET subcommittee is preparing to ballot the “full-use” version of its architecture standard (P1226), and the AI-ESTATE subcommittee has recently published its architecture standard in “trial-use” form (P1232). Although independent of the ABBET architecture, many view AI-ESTATE as an integral part of the ABBET family. In this paper, we will discuss the elements of AI-ESTATE as they might fit within the AI-ESTATE framework. We also discuss how a “systems view” to developing test environments facilitates this integration.





Introduction





	Recent initiatives by the Institute of Electrical and Electronics Engineers (IEEE) on standardizing test architectures have provided a unique opportunity to improve the development of test systems. The IEEE 1232-1995 “Artificial Intelligence and Expert System Tie to Automatic Test Equipment (AI-ESTATE)”, and the IEEE 1226-1993 “A Broad Based Environment for Test (ABBET)” initiatives are attempting to usher in the next generation in product test by standardizing test services and test development tool interfaces. By using a problem encapsulation, defining interface boundaries, developing exchange mechanisms and specifying standard services, these standards provide the methodology for development test systems that will be interoperable, have transportable software, and move beyond vendor/product specific test systems. The concepts in the AI-ESTATE standard are not limited to the arena of automatic test equipment, but apply to manual, automatic and semi-automatic test as well as the domains of electronic, mechanical, pneumatic, etc. In fact, the AI-ESTATE committee recently voted to change its name to Artificial Intelligence Exchange and Services Tie to All Test Environments (AI-ESTATE) which will become effective on the next approval of project authorization requests. 





	Clearly describing a process and architecture for developing standards is the first step in their completion. An integration of the architectural elements will lead to a completely compatible set of standards that may be used either jointly or independently. It is important that this integration be at the proper level of abstraction to provide for compatability. To facilitate this re-examination, we have begun by developing an alternative high-level information model of the test strategy and test requirements architecture. In the following sections, we will present the existing standards’ architectures and describe how a common set of definitions may be applied to both.





ABBET Architecture and AI-ESTATE Architectural Requirements





	The ABBET architecture for test is meant to encompass the entire product life cycle for testing electronic products. To do this, an integrated set of test related information and services are defined which support the information and implementation needs of a variety of subproblem classes related to test environments. Figure 1 shows the basic ABBET architecture which is built around a foundation infrastructure that will provide the backbone of any particular application. The overall architecture consists of five “domains” and the basic framework. Each domin defines the framework from which data and services may be derived for that domain. For example, the test resources domain will include instrument drivers, resource models, bus communication protocols and the accessor services to use these elements.
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	Further, the direct interface to two other standards is shown in the figure. The first, which will not be dealt with in this paper is the historical data or maintenance data collection function which is being defined under IEEE P1389 Standard for Test and Maintenance Information Management (TMIMS). The second includes the test strategy interface through AI-ESTATE which will be dealt with in detail. For these two standards to be seemlessly utilized together it is very important that a number of elements and processes be designed with common definitions and representations.





AI-ESTATE Test Strategy Representations





	The AI-ESTATE Architectural Concept shown in Figure 2 is a conceptual model,(100 log97) not rather than (226 log97)an implementation model. AI-ESTATE applications may use any combination of functional elements and inter-(101 log97)functional communication shown in the figure. The form and method of (167 log97)communication between components is defined in AI-ESTATE through the data and knowledge specification and services specificationreasoning systems and other functional elements is defined through the AI-ESTATE service specification or other specifications relevant to the particular functional element(282 log97). AI-ESTATE will identify reasoning services required by the standard so that transactions between test environment elements and the reasoner are portable..  





	 The mathematical production rule for the Architectural Concept is:





AI-ESTATE Application º { Reasoning_System*+ | Human_Presentation_System* | Unit_Under_Test* | Knowledge/Data_Management_System* | Test_System*+ | Maintenance_Data/Knowledge_Collection_System* | Other*}





where the asterisk (*) indicates "zero or more." and the plus sign (+) means "one or more."(136 log97)





	As indicated in Figure 2, AI-ESTATE is envisioned to include at least two component standards focusing on two distinct aspects of the stated objectives. The first aspect concerns the need to exchange data and knowledge between conformant systems. Two approaches can be taken to address this need: providing interchangeable files (P1232.1) and providing services for retrieving the required data or knowledge through a set of standard accessor services (P1232.2). AI-ESTATE will be structured such that either approach can be used. The second aspect concerns the need for functional elements of an AI-ESTATE conformant system to interact and interoperate. The AI-ESTATE architectural concept provides for the functional elements to communicate with one another via a “communications pathway.” Essentially, this pathway is an abstraction of the services provided by the functional elements to one another. Thus, implementing services of a reasoner for a test system to use results in a communication pathway being established between the reasoner and the test system.
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	AI-ESTATE services will be provided by reasoners to the other functional elements of an AI-ESTATE conformant system (P1232.2). Reasoners may include (but are not necessarily limited to) diagnostic systems, test sequencers, maintenance data feedback analyzers, intelligent user interfaces, and intelligent test programs. AI-ESTATE will not specify services between functional elements that do not separate the diagnostic and test activities. Thus, services must be provided by a reasoner to the test system, the human presentation system, a maintenance data/knowledge collection system, and possibly the unit under test. The reasoner will use services provided by these other systems as required.


		Note: page breaks are for Figure 2 to be pasted in here.


	Data interchange formats (P1232.1) will be specified to provide a means for exchanging data bases and knowledge bases between conformant systems without the need to use the accessor services defined in P1232.2. This is analogous to graphic interchange formats for exchanging graphics between applications such as that provided by PCX, GIF, or other formats.





	Reasoner compatibility and knowledge reuse and sharing are satisfied in two ways. First, by providing interchange formats, one reasoner can use directly the knowledge base developed for a second reasoner. In addition, the services provided by AI-ESTATE conformant reasoners permit two or more reasoners to communicate and share knowledge over the communications pathway. By providing a standard representation of maintenance data and knowledge and standard interfaces between reasoners and other elements of a test environment, maintenance and logistics costs will be reduced. 





A Common Set of Test Elements





	To begin to address the issue of standards compatability described in the previous sections, we define a model of the required elements for test and diagnosis (Figure 3). This model is discussed more fully in Sheppard and Simpson, 1995, and is further developed in Sheppard and Simpson, 1996). In interpreting this model, each of the blocks represent entities or objects within the test environment. The relationships between the entities provide “processes” or “constraints” that one entity performs or imposes on another. In some cases, the processes are highly complex, and in others they simply define a relationship. In all cases, the entity to entity relationships can be read as a simple sentence (subject verb object). In fact, we can now read the model much like script of a test. This script will provide a common basis for both the AI-ESTATE and ABBET representations. The common elements of this model must then be represented in the AIESTATE model (P1232.1), as well as, the test foundation framework of ABBET (P1226). To date, many of these elements occur in AI-ESTATE, and integration within ABBET is underway. The most difficult part of this architecture is context which has yet to be defined mathematically from a systems view. The development of this context model is on the AI-ESTATE action list but is needed in both sets of standards.
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Figure 3. Model of System for Test. (Sheppard and Simpson, 1996)








Conclusion


	


	The purpose of this paper has been to provide a unifying set of definitions by which the AI-ESTATE and ABBET standards can be seemlessly integrated. This is necessary because the scope of AI-ESTATE is much broader. With these elements defined, the two standards can be used both together and independently.





	A number of significant events must take place before integration of ABBET and AI-ESTATE is achieved. A precise definition of context for test problems should be established, together with the terms and models used to represent it. The test foundation framework of ABBET should include the elements as outlined in Figure 3. This should include an agreed upon definition of context. The delineation of service responsibilities among AI-ESTATE, ABBET, and TMIMS should be undertaken. AI-ESTATE representations and the ABBET test foundation framework elements should be co-developed to ensure complete compatability. Finally, co-development of maintenance data services is required among all three standards.
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