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Abstract

Over the decades, various types of middleware technologies have been developed and in use by many communities including: ubiquitous or grid computing and Web services etc.  Most of which follow the Object-Oriented middleware model, they normally have different invocation notification standards, and naming service (provides name-to-object mappings) mechanisms. However, this also hampers the runtime reusability, portability and interoperability of distributed software services (cross-standards) deployed on varieties of middleware technologies.  Such issue has been identified and many solutions exist. While, this paper presents the motivation of a generic aspect through a generative programming approach for runtime and on-demand generation of adapters code to activate cross-standards service adaptation required during the software self-healing process. To support such robust vision, a polyarchical middleware framework has been developed with a set of integrated system components to monitor the performance and construct the adaptation behaviours. In this paper, we illustrate the application of generic programming model to support the design of highly reusable and manageable adaptation service due to the families of domain. A generic adaptation mechanism/model has been utilized to provide the sufficient functionalities for automatically instantiating our generic aspects (components) before constructing the concrete adaptation objects, integrated with the information reflected from the runtime execution environments. 

1. Introduction

Distributed middleware such as CORBA, Jini, JXTA and Web Services are widely adopted to build, deploy and manage distributed systems/applications of varying scale and complexity. However, very little support exists for runtime discovery, activation and composition of software services/applications regardless of their native programming, interaction and control models – middleware-based supports. For instance, such aspect will be required to facilitate the runtime self-regeneration of applications composed of cross-standards software services – which we refer to as polyarchical software systems. Evidently, this design model is studied with a view of understanding requirements for autonomous service-oriented software evolution, but also to apply “variety” systems engineering principles to achieve systems resilience to accidental software errors and malicious attacks. Such a biologically inspired construct has found a home in the recently launched DARPA-funded initiative on self-regenerative systems [1], which
 is aiming to 

“… draw on biological metaphors such as natural diversity and immune systems to achieve robustness and adaptability, the structure of organisms and ecosystems to achieve scalability, and the attribute of human cognitive (reasoning, learning and introspection) to achieve the capacity to predict, diagnose, heal and improve the ability to provide service.” [1]
Our research approach describes a self-regenerative middleware service, developed to support self-healing through runtime automatic activations by introspecting and adapting to the execution environments. This self-regenerative adaptation goal can be achieved regardless of both service bindings and middleware technologies used for deploy and management. A detailed description of this proposed polyarchical middleware and the architecture has been defined in the previous paper[2] on supporting multi-standard service interoperation protocol and the adaptation programming model. However, this paper focuses on the application of generative programming principles to develop a generic model for self-regenerative software with specific focus here on cross-standard services activation. 

The remainder of the paper is organized into four sections: Section 2, provides a short overview of developed middleware architecture and its functionalities. Section 3, outlines the specifics of the proposed generic adaptation mechanism of the polyarchical middleware architecture, which can provide the self-regenerative adaptation facility across service standards. Section 4, draws overall conclusions and mentions directions for future evaluation work. 

2. Middleware Architecture Overview

As shown in Figure 1, this architecture provides a set of integrated utilities such as: dynamic service discovery, service self-diagnosis for on-demand component activation, and self-regeneration of adaptation code, and generated code mobility to a target requestor (client). In addition, as it will be detailed in Section 3, the architecture was specified along the aspect-orientation and separation of concerns principles to provide a generic and evolvable logic of self-regeneration mechanism, which is independent of specific types of service bindings or middleware standards. For instance, during service discovery a self-diagnosis method is used to reflect on discovered services invocation instruction (signature) to assess suitability to the considered discovery request and/or generate a suitable invocation adapter code and associated adaptation objects. 

As shown in Figure 1, instead of service discovery restricted to searching (executing) on local/centralized registry server, our polyarchical middleware is also capable of dispatching concurrent calls to other lookup services such as; Java RMI Registry, Jini Lookup Server, GLUE Registry Server, JXTA (rendezvous). For instance, at runtime, the service lookup first begins with Local Registry Lookup. It executes the service discovery inside a local registry server, with which the service components of interests may have already registered. We consider that local service discovery process can greatly speed up the whole service lookup process. If no service is found within our local registry, the Individual Server Lookup takes place to offer runtime robust service discovery ability. It supports distributed systems to lookup services inside individual registry servers using multiple-mechanisms. Finally, our middleware can also diagnose or introspect the invocation information of returned legacy services, by reflecting and interpreting their service descriptions or invocation instruction such as interface object (e.g. Java Remote Interface or CORBA IDL) or description documents (e.g. WSDL). Those information will be set into objects (extending standard abstract classes) and then transformed to the next stage forservice matching. 

The code mobility is also introduced and designed to enable adaptation service requestors (if required) to download the self-generated adapters from our polyarchical middleware. With that, service requests can invoke the target services via the downloaded adapter without further intermediary of polyarchical middleware. Thus it removes possible bottlenecks and providing decentralization flexibility load-balancing, etc. 
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Figure 1.  Polyarchical Middleware Architecture

3. Generic Service Adaptation 

3.1. Generic Adaptation Requirements
The previous section provided a short overview of the current prototype of polyarchical middleware, the purpose of which is to hide implementation details away from the service adaptation requestors. Such adaptation activation intends to support the solution for the seamless coexistence and interoperation of cross-standards application services. As a result, developing a generic adaptation mechanism, suitable for dynamically changeable and highly critical runtime execution environment (such as in the military applications [3]) is excessive and vital to the accomplishment of our proposed self-regenerative adaptation activation. The essential requirements for such generic adaptation mechanism as the following:

Interoperability:. Instead of the adaptation restriction with the same middleware architectures or service implement technologies (as WSDL, SOAP and UDDI in the grid computing of OGSA), this generic mechanism can cope with service components described, published and deployed on a variety of existing/emerging service mechanisms and standards.

Extensibility: Catering for new or proprietary standard to be included, which is achieved through the addition of new adaptation template classes, which will be used to generate on-demand the required adaptor’s code. 

Genericity: where the adaptation algorithm provides an abstraction mechanism for the service adaptation, and separating out any concrete implementation or logic pertaining to specific types of service mechanisms/standards from the main adaptation classes. Thus, the proposed polyarchical middleware can handle the crosscutting concerns resulting from the diversity of service components (providers) deployed on varieties of middleware standards (e.g. Jini, SOAP Web service). In addition, it can also improve the reusability of our polyarchical middleware, which also avoids increasing the size and complexity of our main adaptation program by manually configuring with concrete information.

3.2. Generic Adaptation Approach 

3.2.1. Separation of concerns [4], over the recent years many approaches have been proposed including; adaptive programming [5, 6], aspect-oriented programming [7], generative programming [8]. Each of which explores a different point in the solution space and addresses different subsets of problems. 

In this work, the separation of concerns is used to organize and decompose the whole generative function of service adaptation into smaller, more manageable and comprehensible units. Currently, two types of concerns have been designed to associate the adaptation process namely: 

1. Core system components: such as Service Lookup Manager, Service Best-Match Manager and Service Adaptation manager have been encapsulated into separated aspects/concerns, which only define the generic algorithm and logic of the operations. These components can enable the polyarchical middleware to handle the adaptation, by accommodating the diversity of various service mechanisms and middleware standards. 

2. Concrete implementations: for instance of service lookup or adaptation are provided by the middleware as template classes containing generic logic for specific service bindings. At runtime and on-demand these template classes are customized by adding the specific invocation details (information) reflected from the execution environments. 

3.2.2. Generic Adaptation Procedures. A generic procedure was also designed here to support the proposed adaptation accommodating the dynamic loading and binding of required middleware components/separated concerns (described in the previous session) whilst catering for the diversity of service standards/mechanisms (Fig. 2).

The current implementation is provided by serviceadaptation.java class, which defines the regenerative adaptation process. The concrete implementation and algorithm of specific types of service bindings and mechanisms are separated out in other classes, which are at runtime and on-demand bound to serviceadaptation.java.
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Figure 2. Generic Service Adaptation Procedure

As illustrated by Figure 2, the overall generative process declared by the serviceadaptation.java is divided into three distinct processes: Service Lookup Process, Service Best-Match Process, and Service Adaptation Construction process. The communication and data transmission are achieved through the use of standardized interfaces’ methods. The returned data results from those methods are also based on objects extending the same abstract class, which is described in the following section. As a result, the designed interface and inheritance provide an abstract operation layer for runtime cross-standards services’ adaptation. 

3.3. Implementation Details

3.3.1. ServiceProfile Abstract Class. Two profiles (in term of java class) namely: RequiredServiceProfile and ServiceInvocationProfile are involved throughout this generic adaptation procedure. They are used to store the details of adaptation requirements and the values of matched legacy service components. Both profiles extend the same abstract class ServiceProfile (Fig. 3).

This abstract class defines the essential and most common parameters for each individual service component (such as: service name, method name or even invocation parameters), and also provides the abstract methods to access them. Thus, an abstract operation layer can be created when matching the legacy services with the requirements, in which stage it only compares the essential parameters of service components without caring about the concrete invocation details of specific service bindings. Meanwhile, the abstract class ServiceInvocationProfile (subclass of ServiceProfile) provides more additional parameters on the technical details (service invocation bindings)  such as: ServiceBinding and ServerURL.
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Figure 3. Inheritance Class Diagram of 
ServiceProfile Object

As shown in Figure 3, subclasses of ServiceInvocationProfile (e.g. Jini, SOAPRPC or CORBA) can declare individual parameters and implement those abstract methods to provide their own concrete invocation details of specific bindings and mechanisms.   

3.3.2 Generic Adaptation Procedures. Service lookup process: monitored by the Service Lookup Manager, normally handles the service lookup and performs self-diagnosis of the invocation instruction of the matched services. It defines a general procedure integrating different service lookup components into an overall lookup service. For instance the Service Lookup Manager has two separated service lookup approaches: Local Registry Lookup and Individual Server Lookup. Both approaches use the value of ServiceName as keyword to perform the service discovery. The ServiceName, set inside RequiredServiceProfile object, can be accessed by calling Service Lookup Manager on getServiceName().  

In order to support the dynamic service lookup process, a Universal Description, Discovery and Integration (UDDI) compliant registry server supported by JWSDP1.1 was introduced, which holds two types of service descriptions namely; (i) Individual Legacy Services – a WSDL descriptions of the service’s components, and (ii) Existing Individual Service Registry Servers (such as Java’s RMI registry server, Jini’s Lookup server or Web Service’s registry server- usually in format of UDDI). These registry servers can be accessed through the polyarchical middleware.

As shown in Figure 2, the lookup service can be executed in two modes which are described below: 

1. Local Registry Lookup: which is executed within the UDDI registry server returning the found legacy services (WSDL). To interpret service invocation information from WSDL files, a set of interpreters (as Parser java class) for individual service bindings/mechanisms are developed. The implementation details of interpretation have been hard-coded inside those individual parsers. At runtime, Local Registry Lookup is capable of calling the relevant parsers to interpret the WSDL files of matched service components. Service invocation information will then be set into ServiceInvocationProfile object and passed to the Service Best-Match Manager for further service matches with more technical details. Noting that, the implementation details of service discovery within local registry server and all the parsers have been designed in separated class files, which can be called by Local Registry Lookup at runtime. As a result, the implementation details of local registry and service description interpretation technology can be feasibly extended/taken place with any emerging/advanced technologies.

2. Individual Server Lookup: offers specialised discovery capabilities to call different service lookup servers including; Java RMI registry, UDDI registry, Jini lookup services. Each type of registry has a corresponding ServiceLookup object, which implement the same interface lookup(), and are designed to connect to the individual registry and execute service discovery bound with their own specific service mechanisms. To provide concurrency support each service discovery (ServiceLookup object) is dispatched in a separate thread. Where the Individual Server Lookup manages the multiple service discovery threads. Below So far, we have designed several ServiceLookup objects for lookup services inside individual registries. As example, the following section of code illustrates the connection with a remote Java RMI registry and queries for a remote object reference bound with the on-demand service name.
// connect with the remote RMI registryServer
registry=LocateRegistry.getRegistry(rmiregisryName,
  1099);
// get the remote Reference bound with the certain name
Remote ServRemoteReference=
  registry.lookup(RequiredServiceName);

Service Best-Match Process: is fed with: RequiredServiceProfile and the sub class of ServiceInvocationProfile. This process determines whether the returned legacy service matches the requirements by checking the values of those two ServiceProfile objects. The CheckServiceMethod() matches the service invocation method by comparing the internal element ServiceMethod from both profile objects. As shown in Figure 4, the CheckParam() function checks the invocation parameters in more details. If two parameter vectors totally match, the service invocation information will be passed for the adaptation code construction in the next stage. Otherwise, our approach can still perform a more thorough check, based on further details (such as matches on parameters’ number, declared sequence and data types) to see whether the legacy service can still provide the required services. If matches are found, the process will re-organise the parameters in RequiredServiceProfile to meet the requirements in ServiceInvocationProfile. Noting here, that the algorithm used for the service match process is mainly based on the string matching, which attempts to determine whether returned legacy services match the service requirements. An ontology-based solution is required to provide a terminology/semantic mapping and resolution[9, 10] . This is addressed in a related research project [11], which provides semantic middleware support for semantics-based service discovery.
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Figure 4. Service Match Strategy

Figure 4.  Service Parameters Match Strategy

Service Adaptation Construction process: undertakes the service adapter generation supported by the self-generative adaptation mechanism. Service Adaptation Manager is used here to monitor the construction process and determine which adaptation template class should be used to generate the concrete adapter. This generation process is accomplished by bundling invocation information (from ServiceInvocationProfile object) with the appropriate adaptation template class. In particular, at runtime, Service Adaptation Manager uses the string value of ServiceBinding (from ServiceInvocationProfile) to lookup the exact file name of the template class inside an XML-based Template Index Language 
(TIL) document.
    Afterwards, Service Adaptation Manager can create a new instance object (adapter) by dynamically loading the template class with the given file name. There is no hard-coded information of template classes set inside our Service Adaptation Manager. Thus, this approach facilitates the invocation of cross-standard services through template-based code generation. Also it can be easily extended to handle new service types by updating the content of that TIL files, which maps the exact template classes with different service bindings. As an example, the following code snippets illustrates the creation of an adapter object through the constructor. TemplateClassName indicates the file name of template class.

Class adpaterClass=
     Class.forName(TemplateClassName); /*

Set the array argumentsType to store data types of parameters 
Set the array paramArgs to store parameters’ values
*/

Constructor adaptercons=
adapterClass.getConstructor(
                argumentsTypes);
Object adapter =  adaptercons.newInstance(paramArgs);

4.  Evaluation and Conclusions

In order to demonstrate the idea, a self-regenerative adaptation example for wireless service applications composition (as shown in Figure 5) has been used in this approach. The details of its description can be referred in a previous paper. [12] 
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Figure 5. Wireless assembly applications
This paper described the motivations and requirements of the development of a generic mechanism for runtime software service adaptationregardless of their native service programming modelsand middleware standards. The approach is based on the generative programming approach of usingseparation of concerns, which decomposes complex service adaptation process into smaller, comprehensible, and manageable operations. This template-based generative approach enables the polyarchical middleware to extend its service adaptation ability and freely update/replace the concrete implementation of the generic aspects.  

A more extensive evaluation of the middleware is underway including a number of further development of this polyarchical middleware including; (i) the design of an evaluation tested for recovery-oriented software based on the developed self-regenerative middleware [13, 14]. (ii) A reliable service activation, which is based on middleware monitoring the availability of legacy services and dynamically re-configuring the adaptation behaviour [15] before any adaptation code is generated and/or pushed to clients (requestors). 
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�  Which is briefly outlined below though the full description of the TML and its usage is beyond the scope of this paper.





�PAGE \# "'Page: '#'�'"  �� Few lines about SRS.






