A Distributed Component Repository for

Rapid Synthesis of Adaptive Real-Time Systems

Technological advances, such as rapidly increasing computation power and network bandwidth, are enabling advanced applications that significantly impact health care, education, transportation, etc.  For example, the enabling technology for tele-presence is rapidly advancing from supporting low frame rate, low resolution, high jitter video, to high quality, high definition video, and other sensory information.  Many promising applications and supporting infrastructures are under development.  These systems can be highly complex, involving a large number of software and hardware components.  For example, consider a virtual education environment in which students participating in a virtual classroom can feel a similar level of physical presence as in a regular classroom environment, including seamless interaction with other students present in the virtual classroom.  Similar scenarios can be conceived for many other gatherings, activities, and special events.  To support such applications, we need advanced communication systems with sophisticated functionality for supporting QoS, multicasting, scheduling, information fusion, etc.; a variety of end systems with networking/wireless communication, codec processing, security handling, etc. capabilities; and application supporting system that handles user interfacing, request scheduling, admission control, etc.  Developing a full line of supporting systems can be a challenging task, requiring enormous effort and very high cost.

Currently, using component-based methods for software development has been extensively investigated, and is believed to have the potential to greatly speeding up the software development process.  However, using existing components for software development faces major challenges.  First, the developer has to possess a broad knowledge of the available components.  Also, in-depth knowledge of the components is required to allow the best selections of components that satisfy nonfunctional requirements, such as timing properties, resource requirements, user features, etc.  Even after identifying a suitable set of components that can be used in a given application, it generally takes a steep learning curve to master the use of each component.

The solution we propose to cope with these challenges is to build a software repository system that provides advanced features in assisting with component-based software development.  Specifically, we focus on supporting software development of adaptive real-time systems.  The repository system contains component specification, documents, and component attributes.  The executable or code may reside at the vender site.  A fundamental issue of the system is to match component specification with program requirements.  Formal methods has been used to facilitate such features.  However, using formal methods requires extensive training for both maintainers and users, and is difficult to use due to its low-level granularity.  We propose to investigate an alternative approach that provides a close mapping between the conceptual view of the component hierarchy and users' conceptual domain knowledge hierarchy.  Also, we plan to develop information system technology that facilitates exploratory searches.  In addition, performance and reliability attributes should be identified and a mechanism for conveniently supplying such information should be established.  We will investigate the techniques in automated data collection, including developing simulation tools to gather performance and reliability data, and developing instrumented execution environment to remotely report field data.

The repository system should also provide advanced tools to assist with component-based coding.  We will investigate the issues in supporting (a) automated code generation for component invocation and aggregate component assembly; (b) code template maintenance and/or generation to assist programmer to quickly master the way to effectively use the components; (c) code analyzer and executor to assist programmer to invoke components directly and independently in order to understand or test the components; (d) code customization tools to allow easy code parameterization and customization code tracking; and (e) requirement analysis to enable automated extraction of a set of components that achieve the desired functionality and satisfies and optimizes the nonfunctional requirements.

The application systems we consider involve a large domain of a wide variety of components.  Also, technological evolution may further widen the diversity in the underlying systems.  Thus, the repository system should support automated analysis of platform dependent information and provide component extractions that can best fit the particular execution environment.  Dynamic incorporation of special components is also critical to our target applications.  For example, a user may have a specific codec unit on a hand held device and the application system needs to dynamically bind to a specific component accordingly.  Or, a security threat surfaces and the security protocol needs to be adaptive to counter the threats.  Thus, the repository system should also allow adaptivity analysis, on-the-fly component extraction, real-time optimization, and dynamic component compilation and binding.  We propose to investigate these issues in supporting highly adaptive real-time systems development.

We plan to verify our research results through the development of a tele-presence supporting system.  The system consists of (communication subsystem, other components???).  During the entire development cycle of the application system, developers will closely interact with the repository system and extensively use the associated tools.  Effectiveness of the system and enhances or adaptations required for the system will be studied.

We have a strong research team, involving five faculty members with strong research credential, three industrial partners who are ready to provide real world experiences, knowledge of customer needs, and established roadmap for technology transfer.  Industry and university supports further enhance the resources available to successfully accomplish the proposed research work.  Many graduate students will be involved in this research project.  The research experience will provide them with hands-on experience and thorough understanding of the effective software development methods.  The research results will create a great impact in software development process for complex adaptive real-time systems.

