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Abstract
My research focuses on improving computer and human performance associated with the deployment and configura​tion (D&C) of component-based distributed real-time and embedded (DRE) systems. To improve computer perform​ance, my research pinpoints bottlenecks with existing middleware D&C platforms, applies optimization techniques to alleviate these bottlenecks, and validates the results empirically. To improve human performance, my research is develop​ing a multi-faceted architecture comprising middleware frameworks, model-driven, and aspect-oriented tech​niques to address key crosscutting D&C concerns. My results to date demon​strate how DRE system developers can use these techniques to improve computer performance by ensuring their sys​tems meet key end-to-end quality of service (QoS) requirements and human performance by alleviating the low-level accidental complexities manifested in the D&C process,.
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1. Description of Purpose 
Component middleware enhances reuse by separating component business logic from lifecycle management. The lifecy​cle of components in distributed systems includes a number of steps, such as definition, installation, configuration, plan​ning, preparation, launch, and runtime reconfiguration and redeployment [7].
 These steps exist at different stages of application lifecycle extending from design to runtime. Although these activitites have been implemented by various middleware deployment and configura​tion (D&C) platforms, including the CORBA Component Model (CCM) and Enterprise Java Beans (EJB), there has, however, been little systematic effort to apply these platforms to component-based distributed real-time and embedded (DRE) systems.  D&C for component-based DRE systems is a complex process, which adversely affects computer and human performance, and ultimately the adoption of DRE component middleware, due to the following reasons: 
1. Lack of QoS support for DRE systems affecting  computer performance. Exist​ing D&C research [6] on (re)configuration and (re)deployment of enter​prise business systems is not well-suited for DRE systems, which have stringent QoS requirements, such as la​tency, jitter, scalability, and resource usage. For example, when component-based DRE systems are deployed into their target environment, conventional middleware D&C platforms [7] do not ensure that QoS properties essential for DRE systems are met. Moreover, conventional D&C platforms do not maintain the stability and QoS of DRE systems during redeployment and reconfiguration of components in running systems
. 
2. Ad-hoc techniques for deploying and configuring real-time QoS aspects and middleware service aspects for compo​nent-based DRE systems affecting human performance. Conventional middleware D&C platforms are poorly suited for DRE systems assem​bled from many pre-existing components that must meet stringent QoS and service configuration requirements. For example, conventional middle​ware D&C platforms do not allow the separation of real-time QoS concerns (such as compo​nent server threading and priority models) and middleware service configuration concerns (such as component discov​ery and pub​lish/subscribe integration) from application busi​ness logic and lifecycle management.  As a result, compo​nents for DRE sys​tems are hard to reuse, and the onus on humans for trying to deals with these crosscutting concerns through ad-hoc techniques significantly affects human performance.

2. Goal Statement
The goal of my research is to address the R&D challenges outlined in Section 1 by developing and validating advanced middleware frameworks
, and model-driven and aspect-oriented tech​niques that can significantly improve the computer and human perform​ance of deployment and configuration of componentized DRE systems.
. 
3. Methodology

To achieve my research goals I am systematically pinpointing the performance bottlenecks of exist​ing D&C mecha​nisms for both initial system D&C and runtime system redeployment and reconfiguration, and then applying optimiza​tion techniques to alleviate these bottlenecks. In particular, I am exploring novel algorithms, technolo​gies, and tools that (1) separate real-time QoS concerns and middleware service configuration concerns from component business logic, (2) allow real-time QoS concerns and middleware service configuration con​cerns to be specified declaratively, (3) allo​cate the right execution environment resources as an integral part of the D&C process so that the entire DRE system can meet end-to-end real-time QoS requirements, and (4) automati​cally configure and manage lifecycles of middleware ser​vices as an integral part of the D&C process. 
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Figure 1. Addressing D&C Crossing-cutting Concerns through XXXX

To help system deployers better deploy, configure and validate complex DRE systems, my research is developing XXXX, which ad​dresses the R&D challenges from Section 1 as follows:

1. Build middleware frameworks to raise the level of abstraction by defining real-time QoS aspects and middleware service configuration aspects as first-class objects. To enforce real-time QoS and middleware service configuration requirements in DRE systems without losing the reusability of DRE application components, we must separate these concerns from component business logic. Since real-time QoS aspects and middleware service configuration aspects are highly configur​able, XXXXX raises the abstraction level of these aspects by defining them as first-class objects in the type system and allows them to be specified declaratively. We implement these capabilities in the adaptive configura​tion framework (ACF), which (1) provides an inte​grated set of fine-grained domain-specific structures and functionality based on patterns to configure real-time QoS and middleware services and (2) separates different D&C concerns of component-based applications so each concern could be manipulated without interfering with others. 

2. Use aspect-oriented meta-programmable techniques to weave crosscutting real-time QoS concerns and middleware service configuration concerns. Although ACF provides a set of highly configurable structures that al​low compo​nent server and middleware services to be config​ured properly, these configuration options tend to crosscut multiple modularity boundaries – including different layers of middleware and multiple stages of the DRE system lifecy​cle, such as compilation, deployment, and run-time (re)configuration. XXXXX applies meta-programming and aspect-oriented design techniques to detangle various configuration concerns of application and middleware compo​nents from their functionality. To help DRE system deployers to deploy and configure both the component middleware and compo​nent-based applications, we have designed and implemented the Deployment ANd Configuration Engine (DAnCE) [8], which is an aspect-oriented approach that allows different deployment and configuration concerns, such as component server resource configura​tion, middleware service configuration, and component assembly reconfiguration, to be specified through XML meta​data. DAnCE uses this metadata to weave these crosscutting concerns into different modules in the component middleware, including application components, containers and component servers.

3. Simply the D&C process through generative model driven development (MDD) techniques. To simplify the develop​ment of component-based DRE systems, we are developing a model-driven development (MDD) tool called service aspect modeling language (SAML), which supports the configuration, deployment, and validation of com​ponent middleware and applications. SAML is a domain-specific modeling language (DSML), which uses con​crete and abstract syntax to describe the concepts, relation​ships, and constraints used to express domain entities [3]. In particu​lar, SAML allows system designers and deployers to (1) model DRE system resource usages and real-time QoS policies (2) specify middleware service behaviors and configuration requirements. SAML enables visual manipulation of modeling elements and performs various types of generative ac​tions, such as synthesizing XML-based deployment and configuration descriptors and synthesizing middleware service-specific configuration files. The novelty of SAML is to use generative MDD techniques to shield system deployers from writing tedious and error-prone XML-based deployment and configuration descriptors by hand.

4. Evaluation

The contributions of my research include (1) developing and validating a design methodology to address key D&C concerns to improve computer and human performance, (2) experimen​tally evaluating the pros and cons of this methodology compared with alternative approaches, and (3) capturing key D&C pat​terns in the form of reusable frameworks and model-driven tools.  The results of my research will help codify design methodologies for the component-based middleware and software engineering communi​ties. I plan to validate my techniques and tools in the context of the OMG defined D&C specification [7] in the context of the Component Integrated ACE ORB (CIAO) [2] Lightweight CCM [1] implementation since it is a representa​tive example of QoS component middleware for DRE systems. However, my research can be extended to other component models, as well.
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Sidebar 3: Overview of GME


GME is an MDD environment that has the following capabilities:


A visual interface that allows building domain-specific modeling languages i.e., GME contains a meta-model�ing environment that supports the definition of paradigms, which are type systems that describe the roles and relationships in particular domains.


Allows creation of models that are instances of these modeling language paradigms within the same environ�ment.


Customize such environments so that the ele�ments of the modeling language represent the ele�ments of the domain in a much more intuitive man�ner than is possible via third-generation programming languages. 


Allows building libraries of such environments, thereby supporting composition of modeling lan�guages. 


Has a flexible type system that allows inheri�tance and instantiation of elements of the model�ing languages. 


Provides an integrated constraint definition and enforcement module based on OMG’s Object Con�straint Language (OCL), which enables defin�ing rules that must be adhered to by ele�ments of the models built using a particular model�ing language.


Facilities to plug-in analysis and synthesis tools that operate on the models.


GME is available in binary and open-source form  from � HYPERLINK "http://www.isis.vanderbilt.edu/Projects/gme/" ��http://www.isis.vanderbilt.edu/Projects/gme/�. 





























































































































�Should this be “Deployment and Configuration Frameworks” for ….





�What do you mean by “advanced”


�What style are we using for references? Should we use citations in the order they were referenced. A [7] at the beginning else sounds odd because the blibliography list later is also in arbitrary order i.e., not in alphabetical or order of citation - andy


�Should we just say “runtime”, which will save us some space.





Andy, I think people will then think we are trying to handle runtime QoS adaptation problem, just like what QuO does.


�Gan, I think this sentence should be replaced by saying that the onus for tying things together falls on the human thereby affecting human performance


�I added a qualifier for frameworks else it is very vague. If middleware is not the right word, let us think what it could be – andy





I also think that in the first motivation bullet above, we make the case that middleware frameworks can handle such issues, while in point #2, show that many of these concerns are crosscutting and that higher levels of abstraction & generative programming will help resolve it. That is why your R&D combines these three areas. 


�This sounds strange i.e., what does it mean by human performance of a D&C platform? - andy





