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Figure 1: Conceptual view of Grid infrastructures

(NOTE: The capabilities and resources depicted in the diagram are not exhaustive list and has been kept minimal for clarity)
The Open Grid Services Architecture (OGSA) is an infrastructure architecture to facilitate the seamless use and management of distributed, heterogeneous resources. In this architecture, the terms “distributed”, “heterogeneous” and “resources” are implied in their broad sense. For example: “distributed” could refer to a spectrum from geographically contiguous resources linked to each other by some connection fabric to global, multi-domain, loosely and intermittently connected resources. “Resources” refers to any artifact, entity and/or knowledge required to complete an operation in/on the system. The utility provided by such an infrastructure is realized as a set of capabilities. Figure 1 shows the logical, abstract, semi-layered representation of some of these capabilities. Three major logical and abstract layers are envisioned in this representation.

The bottom layer of the representation in Figure 1 depicts the base resources i.e. the entities that we have traditionally referenced as resources. These resources may be physical or virtual. Examples of physical resources can be CPUs, memory, disk etc and of virtual resources can be licenses, data etc. These resources are usually locally owned and managed but may be shared remotely. The configuration and customization is also done locally. Since the actual entities/artifacts can change rapidly and can be from multiple sources, these resources can be highly variable in their characteristics, quality of service, version, availability etc. Each of these resources has a virtual representation (virtualization) in the infrastructure.
The second layer represents a higher level of virtualization and logical abstraction when compared to the lower layer. The virtualization and abstraction are directed toward providing a wide variety of capabilities that are relevant to OGSA grids. These capabilities can be utilized individually or composed as appropriate to provide the infrastructure required to support higher level applications or “user” domain processes. These set of capabilities as defined in OGSA are relatively invariant and standard. The manner in which these capabilities are realized/implemented and further composed and extended by user domain applications determine the macro Quality of Service of the larger infrastructure as experienced by an end user. It should be noted that the capabilities shown in the diagram only represent a sample and that a more complete set is discussed in the rest of this chapter.
The projection of the lower layer into the middle layer is done by virtualizing the respective resources in the bottom layer. These virtualizations are tightly coupled with the entities that they virtualize and, therefore, there is no clear boundary between the middle and bottom layers in the logical diagram. This is indicated by the finer (thin line) demarcation of the bottom and middle layers in Figure 1. Hence the entities in the lower layer may be regarded as relevant and part of the OGSA discussion.
At the top layer in the logical representation are the applications and other entities that use the OGSA infrastructure to realize user and domain oriented functions and process (like business processes). These are, for the most part, outside the purview of the OGSA but drive the definition of the architecture from the use cases that the infrastructure should support.

OGSA Framework
The OGSA realizes the logical middle layer in terms of services, the interfaces these services expose, the collective state of these services and the interaction between these services i.e. a services oriented architecture (SOA). The OGSA services framework is shown in Figure 2 and Figure 3. The services are built on Web service standards with semantics, additions, extensions and modifications that are relevant to Grids.

A few important points are to be noted. 

1. An important motivation for the OGSA is the composition paradigm or a ‘building block’ approach where a set of capabilities or function is built or adapted as required, from minimalist set of initial capabilities, to meet a need. No prior knowledge of this need is assumed. This provides the adaptability, flexibility and robustness to change that is required in the architecture.
2. OGSA is not a software architecture but represents the implemented, run-time profile of the services. 

3. In addition, the architecture is not
· Layered where the implementation of one service is built upon and can only interact with the layer that it is logically dependent on,

· Object-oriented though many of the concepts may seem to be object-based.
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Figure 2: OGSA framework

(NOTE: The capabilities listed here are not exhaustive. Please see other parts of the OGSA document for more details)
The services are loosely coupled peers that either singly or as part of an interacting group of services realize the capabilities of the OGSA through implementation, composition and/or interaction with other services (see Figure 2). For example: to realize the “orchestration” capability is it important that a group of services interact where a set of services in the group drive the orchestration (i.e. the orchestrator) whereas the other services provide the interfaces and mechanisms to be orchestrated (i.e. the ochestratee). A specific service may implement, and/or participate in multiple collections and interactions to realize, different capabilities. On the other hand, it is also not necessary that all services participate to realize a particular capability.
The services may be part of or participate in virtual collections called virtual domains either to realize a capability as in a service group and/or share a collective context or manageability framework as in virtual organizations. 

The services implemented as part of OGSA require and assume a physical environment that is designated as the plumbing. Currently the plumbing includes well know physical components and interconnects like computing hardware, networks and could even include physical equipment like telescopes etc.

It is expected that there may be a core set of non-null interfaces, standards and common knowledge/bootstrap that services may need to implement to be part of the OGSA. This set of common implementations and manifestations to support the OGSA is referred to as the Grid fabric. Currently it is believed that some aspects of the Web Services Resource Framework (WS-RF) that is currently under development would be part the initial Grid fabric. Additional standards that could potentially be a part of the Grid fabric are under development.
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Figure 3: Service Relationships


The OGSA services are related to other services. These relationships capture and modulate the varied interactions and dependencies that are important to motivate the compositional paradigm. Aspects of service interactions for other purposes like management/manageability, declarative specification of service profiles etc. can also be modeled with relationships. Some examples of the types of relationships that services may exhibit are show in Figure 3. 
