Reflection in the R - RIO Configuration Programming Environment

Alexandre Sztajnberg (UERJ - alexszt@uerj.br) and Orlando Loques (IC/UFF - loques@ic.uff.br)

1 Introduction

R - RIO (Reflective - ReconfigurableInterconnectableObjects) is a distributed programming environment that integrates somekey concepts of Configuration (CP) and ReflectiveProgramming (RP) approaches [1]. This int egration helps to achieveseparation of concerns and improvesoftwarereuse. In addition, thecapability of supporting dynamic configuration and flexibility on component programming languagechoicearepotentially improved. In this position paper, wehighl ight how reflection is used in threedistinct fashions in R - RIO. In a first form, reflection is used to reason about application architectures built with thesupport of R - RIO. In this form, one can instantiateapplications with customized architectures and dynamically adapt their architectures to new requirements. In a second form, computational reflection is used through connectors to allow theaddition of non - strictly - functional aspects, such as distribution, coordination, fault - toleranceand QoS support to applications. In a third form, structural reflection is used to dynamically adapt connectors to thecontext of thefunctional software moduleinstances for which they haveto mediateinteractions, augmenting thereuseand easing off - the - shelf middleware adoption.

2 R - RIO Details

TheR - RIO approach is based on: (i) a design methodology that relies on composition of functional components and non - strictly - functional connecting elements to build application architectures; (ii) an architecturedescription la nguage(ADL), called CBabel, with witch aredescribed thecomponent selections, interconnections and composite elements that will beused to structuretheapplications, and non - strictly - functional aspects such as coordination, distribution, fault tolerance or QoS that will allow to customizethoseapplications; and (iii) a supporting middleware that allows managing application architectures.

R - RIO’s softwaremodel includes threebasic elements: (a) modules , application components that basically encapsulate its functionality; (b) connectors , used at theconfiguration level to definemodule´s interaction relationships. At theoperation level, connectors mediateand handlemoduleinteractions; (c) ports , identify access points (through which modules and connect ors provideor requireservices) that areused to link explicitly modules and connectors. Port names providethe elements of liaison between theconfiguration descriptions and modulelevel interaction mechanisms of specific programming environments.

In our prototype environment, primitivemoduletypes aredefined by Java classes, and compositemodules can be composed by arbitrary configurations of primitivemodules. Ports areassociated to Java methods declarations

(signatures) at theconfiguration level an d to method invocations at thecodelevel. Connector types arecurrently defined and composed as modules, but they havea special implementation and arespecially treated by the configuration tools. Moduleand connector types (mapped to Java classes) area ssociated to moduleand connector instances through R - RIO´s ADL declarations. At configuration time, moduleand connector instances arecreated as

Java objects.

R - RIO includes a configuration management servicethat is used to createrunning images and to reconfigure already executing application architectures. Theconfiguration management servicehas a layered structurethat is implemented by two systemcomponents: (i) an executive, that provides basic methods for configuration control:

moduleand connecto r instantiation/deletion as well as binding/unbinding of modules and connectors; and (ii) a manager, that provides higher level functions, such as, interpreting configuration description scripts, answering to configuration queries and monitoring configurat ion status and events.

3 Kinds ofReflectioninR - RIO

R - RIO uses reflection in threedifferent forms: for thedynamic management of softwarearchitectures; for the customization of softwarearchitectures through selection of connectors; and for thedynamic adaptation of existing generic connectors to mediateinteractions of modules having different interfacesignatures. Thefollowing table summarizes thecorrespondences between reflectiveprogramming abstractions and thoseof theR - RIO’s model, wherereflec tion is disciplined by theuseof configuration programming concepts.

Reflective Programming R - RIO base - level components « (configurable) modules reification points « (linkable) ports meta - level components « (generic / configurable) connectors

Architectural Reflection: A running architecturecan beconfigured and monitored, froma meta - level (using the configuration manager), in order to reflect on its current stateand dynamically alter its module/connector structure, in faceof events that changethecurrent applicatio n requirements. For planned reconfigurations, weseparate decision - making policies fromreconfiguration actions through a simpleADL construct that is used to specify the nameand scopeof configuration management scripts. The execution of theseconfigurat ion management scripts can be externally triggered by invoking a standard method on theconfigurator. Other researchers propose extended

ADLs with capability of expressing configuration monitoring mechanisms and management policies separately, which arede fined by special ADL constructs. Although similar capabilities could havebeen added to CBabel (R -

RIO’s ADL), weopted for keeping our ADL concise, introducing theseconcerns precisely wherenecessary.

Architecture Customization: Computational reflection is used in R - RIO disciplined by theuseof connectors.

Specific connectors can beselected, through configuration, to add new non - strictly - functional aspects to the application. When implementing a connector a programmer can access information associated t o method invocations

(associated to ports), as they wereintercepted and reified to themeta - level (implemented by theconnector), and performsomework beforereturning to thebaselevel. In this way, information exchanged through connectors can be inspec ted and manipulated and specific interaction styles can beimposed. For instance, onecan configure logical guards into a connector to add coordination restrictions to method invocations used for theinteraction of modules.

Context - Reflective Connectors: R - RIO’s connectors arecontext - reflectivein thesensethat, when plugged into modules, they can beautomatically and dynamically (at configuration time) adapted to mediateinteractions between ports using any method signature, including the exception defi nitions associated to each particular method. This capability is achieved using thestructural reflection capability of Java to adapt, at run - time, theparticular connector to thecontext of signatures defined by theset of modules for which it is mediatin g interactions. Using this approach it is not required to statically generateand keep in a repository either stubs or connector executablecodefor each specific pair of connectableports. Wetook advantageof this capability to providegeneric connectors to support common communication styles (Java RMI, sockets, multicast, etc) used in distributed applications. This same technique, can beused to makegeneric connectors to encapsulatemechanisms to support functions such as, e.g., encryption / decryption, compression / decompression, statesaving, transactions support and fault - tolerance. Wealso areinvestigating theuseof this automatic adaptation capability to providegeneric connectors to encapsulate interaction - related design patterns such as: chain of responsibility, visitor, memento, mediator and observer.

Thestructureof R - RIO´s connectors follows a standard design pattern and can beprogrammed according to a well - defined recipe, and which implementation can besupported by a tool. Basically, at theinvoker side, each method invocation is serialized and, in thesequel, at thetarget object sidea dynamic invocation of theconcerned method is performed. In a distributed environment, theserialized data is transmitted over thenetwork. It is worth t o point out that our connectors areimplemented on thestandard Java virtual machine. Wehavenot put much effort in optimizing our connector´s implementation. However, wemadea set of measurements that show a small overhead when compared to thecost asso ciated with thebasic machinery required to performdynamic method invocations in

Java, which is considerably greater than thenormal method invocation cost.

4 Conclusion

In R - RIO, meta - level components can bemapped into connectors and application customi zation can beachieved by specifying connectors to composearchitectures through configuration programming. Thestatic and dynamic configuration capability of modules and connectors simplify architecturecomposition and evolution, through the execution of planned and unplanned architectural changes. In addition, theavailability of context reflective connectors may enablethesynthesis of highly dynamic architectures as thosemadepossiblein theWWW context.

Currently weare extending our ADL to allow des criptions of QoS specifications (behavioral contracts). This would lead us to two new interesting and complementary capabilities: (i) to verify beforehand if functionally compatiblemodules will obey QoS interaction contracts in a given distributed system architecture; (ii) and to assemblecompositeconnectors, which may includetheconfiguration of specific support components, required to meet thespecified QoS contracts. A preliminary version of R - RIO is availablefor research use; see http://www.ic.uff.br/~rrio for details.

Acknowledgments : AlexandreSztajnberg is supported in part by a grant fromCAPES - Brazil, BEX 1014/99 - 4.

Reference

1. O.G. Loques, A. Sztajnberg, J.C.B. Leite e M. Lobosco, ^On the Integration o f Configuration andMeta - Level ProgrammingApproaches~,

RT - 02/2000, IC - UFF, Brazil, http://ww w .i c .uff.br/reltec.html .