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It is well known in the research community, that today’s middleware solutions are not suited for distributed multimedia systems. They lack QoS support, explicit bindings, and do not provide the required levels of adaptation and configurability that are needed to accommodate the diversity of modern applications. In this context, the main goal of the MULTE project is to solve the following problems:

· Dynamic QoS support: applications should be able to specify their QoS requirements and to dynamically change them. The middleware should provide the requested QoS and be able to adapt to changes in application requirements,  resource availability, etc.
· Transparency versus fine-grained control: Developers of application components and users should be able to define QoS requirements in high-level (application) terminology, e.g., good video quality, as well as in low-level system parameters to directly influence middleware configuration, e.g., compression = MPEG, and resource allocation, e.g., througput ( 1 Mbps.
· Policy control: the middleware should enable end-users, application developers, and system managers to specify policies for QoS mapping, negotiation, monitoring, adaptation, etc.
· Automatic support for compatibility control: the middleware should detect incompatibilities in user requirements and equipment and resolve them – if possible – with media scaling and transcoding.

· Support for seamless system evolution: the integration of new components in the middleware should not require re-compilation or changes of existing components and middleware entities. This must also be true for components that encapsulate resources, i.e., APIs to network services.
In this position paper, we outline how we handle QoS management issues at application level, middleware level, and resource level, i.e., network and operating system (OS) to approach these problems.  The main programming concepts for multimedia provided by the MULTE-ORB are explicit stream bindings, stream interfaces, flows, and associated type checking rules [1]. A binding type identifies the type of stream interfaces which can participate in the binding, the roles they play, and the way behavior at the various stream interfaces are linked. A stream interface consists of a collection of source and/or sink media flows. The binding framework defines a number of entities involved in the binding. A binding factory (BF) is a distributed entity responsible for the creation of bindings of a certain type. Existing bindings can be reconfigured by a binding mutator (BM). Re-configuration actions include adding, removing or replacing components at different points of a binding. The binding protocol (BP) is the protocol used by BFs to create new bindings, and by BMs for reconfiguration.

QoS management is based in MULTE on the two languages: the high-level stream binding language B, and the low-level QoS mediator language M. The language B is used to specify properties of stream bindings, including QoS requirements and binding structure such as one to one and one to many bindings. The MULTE-ORB includes a binding trader in which B specifications are used to express binding requirements and binding offers. The trader resolves a trader inquiry to one or more binding factories that offer bindings conforming to the user’s requirements. The language B also includes the notion of policy specification. In those cases where binding objects specify alternative stream behavior (e.g., alternative encodings, resolutions, or frame rates) at its supported interfaces, policy specification support automatic negotiation and renegotiation ( i.e., adaptation) of the actual stream interface behavior to be used during the lifetime of the binding. The language M basically provides an abstraction over network resources and operating system resources by defining an extensible set of QoS parameters and values that is independent of particular resources, but can mapped easily to them. Components that encapsulate particular resources have to provide a mapping between M and the native “QoS terminology” of the resource, e.g., the QoS parameters defined by a particular network service like RSVP or ATM UNI 4.0. Additionally, the MULTE-ORB provides so-called Application Specific Adapters (ASAs). ASAs are predefined QoS specifications for standardized services, like H.323, in which the application can only change values of the given QoS parameters. In summary, applications can use one of the following approaches to specify QoS: (1) using an application specific QoS terminology and provide a mapping to B, (2) use B, (3) use M, or (4) use an ASA.

The basic approach of mapping a QoS specification in B to a particular binding configuration is as follows: B and the binding trader are used to select an appropriate binding factory and to perform application level QoS negotiation. After successful negotiation the QoS specification in B is mapped to a specification in M. M in turn is mapped from the resource encapsulating components to resource reservations. In case a monitoring component detects violations of guaranteed QoS, or required resources are no longer in the appropriate amount available, M is – with the help of policies – mapped to B and a BM is used to reconfigure the existing binding.

The engineering of open QoS aware bindings in MULTE-ORB is based on the CORBA 2.0 compliant ORB COOL and the flexible protocol framework Da CaPo. Da CaPo allows dynamic selection, configuration and reconfiguration of protocol modules to dynamically shape the functionality of a protocol [4]. 

In our current prototype, we enable clients to explicitly define QoS re​quirements (using the above described approaches) for a binding by using our new  method setQoSParameter. We have extended the IDL compiler of COOL to pass the parameter in the setQoSParameter method to the ORB.  setQoSParameter can also be used to reconfigure an existing binding by calling the method again with a new QoS specification. At the object-layer of COOL, we have extended GIOP, called QIOP, to handle the QoS specification. QIOP encapsulates the QoS specification from application level IDL interfaces and conveys this information down to the transport layer and passes it in the request message to the object implementations stub. At the transport layer, we integrated Da CaPo as an alternative to TCP/IP. The application’s QoS specification is used to select a binding factory, which is implemented by a module graph, runtime environment, and signalling protocol of Da CaPo [5]. By using the QoS specification in M, modules in the Da CaPo configuration are informed about particular QoS values and resources they have to reserve. 

It should be noted that the MULTE-ORB is backwards compatible to CORBA 2.0 and it is able to implement binding objects that support dynamic QoS and real-time requirements. Furthermore, the MULTE QoS framework resolves the dilemma between transparency and fine-grained control; and supports mapping and negotiation policies, automatic compatibility control, and seamless evolution.
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