Project Overview


The key to successful collaborative design is accurate and clear communication of specifica�tions. Whether searching for a component in a vendor’s catalog, designing a subassembly for a missile, or determining the cause of failure of an aircraft, accurate specifications of the components and their expected behaviors are essential. However, specifications are often difficult to create and are rarely computationally precise or complete. The goal of our project is to ameliorate these problems and facilitate the ubiquitous use and interchange of rich models of physical objects in everyday computing practice. We call these rich, computationally precise descriptions of physical objects active models.





In informal discussion, the behavior of a module is simply and easily communicated using algebraic and differential equations, graphs, geometric models, and logical preconditions. From a computational perspective, these mathematical expressions capture the intentional aspects of an object’s behavior without indicating how to compute the behavior. Active models consist of these mathematical descriptions of intentional behavior.





There are three components to our project. First, we are developing tools for creating, validating, exchanging, storing, and indexing active models. Second, we developing techniques for creating intentional behavioral models in response to specific questions about the behavior of an aggregate of active models. These intentional models are expressed via programs that describe the intent of the computation, but not how the computation is to be performed. Database queries, logic programming, and Web searches are other examples of intentional programming. Finally, we are developing tools that allow users to convert intentional computational specifications into executable programs. When run, these programs provide the answers to questions about the aggregate system. 





An active model need not indicate how a device is to be manufactured, so a subsystem vendor can reveal forthcoming products without compromising the secrecy of the manufacturing processes. Active models are a crucial component in the creation of electronic trade shows, where products can be examined, poked, and prodded without leaving home.





If properly designed and implemented, it is possible to embed active models within a compound document. Thus, commercial off-the-shelf collaboration technologies will be able to support collaborative engineering design. In the commercial world, mail-order catalogs can contain active models instead of photographs, allowing customers to try products before purchasing them. 


Technology Objective 


Create the scientific foundation for intentional programming and demonstrate both its feasibility and benefits within the scope of scientific and engineering simulation and analysis.


Demonstrate the use of intentional, constraint-based specifications to simplify specifying the behavior of physical objects. 


Develop tools for composing intentional, constraint-based specifications to produce aggregate models of systems, especially when multiple physical mechanisms are involved, e.g., mechanics, electrostatics, fluid flow.


Create electronic representations of a wide range of mathematical objects and concepts that can be efficiently and effectively communicated, embedded in conventional files and databases, and used by conventional collaboration tools.


Value 


Increasing the modularity and reusability of specifications of physical objects using active model technology enhances engineering practice by improving the quality of the resulting design and improving the ability of engineers and scientists to collaborate using commercial off-the-shelf tools.


In contrast with conventional computational models, intentional models of physical objects can be used for analyses and simulations of situations where that previously anticipated. By not limiting the types of analyses that can be performed on the models, the use of active models will lead to higher quality system design.


The modularity of active models allows the creation of (Web based) databases of physical objects that can be searched. Their design and embedding as Java objects or ActiveX objects allows the use of off-the-shelf collaboration tools in engineering design processes.


Technology Innovation 


Three basic innovative technologies are used by our project: 


A program transformation framework with an embedded symbolic computing substrate that simplifies the process of writing program transformations that convert intentional descriptions of system behavior (intentional programs including algebraic and differential equations) into executable code. 


New automatic mesh generation tools that produce guaranteed quality triangular and tetrahedral meshes without the need for user interaction.


A simple, portable, efficient, and flexible term representation that allows the interchange of all types of mathematical and geometric objects and their embedding in databases, e-mail messages, and web pages.
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Technology Linkages


We are making our designs for representation of mathematical objects and their embedding in databases and Web pages available to Beam Technologies for possible use or adaptation for their tools. 


We are using the DARPA Knowledge Sharing effort’s ontology libraries as the basis of our ontologies and are passing our extensions back to them.


We are investigating the use of our symbolic computing substrate as in Rockwell’s design sheet. In addition to providing additional interoperability and providing a more powerful set of primitive mathematical objects, it should make it easier to customize the symbolic computing to the requirements of the constraint satisfaction problem.


The Constable’s NuPRL project, which is funded by DARPA to develop verification tools for complex distributed systems, is using our MathBus technology as their basic interchange and persistence mechanism.


Technology Transition


Our research leads to prototypes and proof-of-concept demonstrations. Thus, the most effective technology transfer mechanism is to familiarize Department of Defense and commercial users with our work, through demonstrations and other means, so that they will incorporate our ideas in their products. We are working with a number of companies, including Rockwell, Beam Technologies, and Xerox Research, that are investigating problems similar to ours.  In addition, we are cooperating with the European based OpenMath program, which is developing related algebraic interchange tools and adopting much of our technology.
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