1 Introduction

Service Oriented Architecture (SOA) is an architectural paradigm that has gained significant attention within the information technology (IT) and business communities. The OASIS Reference Model for SOA [SOA-RM] provides a common language for understanding the important features of SOA but does not address the issues involved in constructing, using or owning a SOA-based system. This document focuses on these aspects of SOA.

The intended audiences of this document and expected benefits to be realized include non-exhaustively:

· Enterprise Architects - will gain a better understanding when planning and designing enterprise systems of the principles that underlie Service Oriented Architecture;

· Standards Architects and Analysts - will be able to better position specific specifications in relation to each other in order to support the goals of SOA;

· Decision Makers - will be better informed as to the technology and resource implications of commissioning and living with a SOA-based system; in particular, the implications following from multiple ownership domains; and

· Users - will gain a better understanding of what is involved in participating in a SOA-based system.

1.1 Context for Reference Architecture for SOA

1.1.1 What is a Reference Architecture?

A reference architecture models the abstract architectural elements in the domain independent of the technologies, protocols, and products that are used to implement the domain. It differs from a reference model in that a reference model describes the important concepts and relationships in the domain focusing on what distinguishes the elements of the domain; a reference architecture elaborates further on the model to show a more complete picture that includes showing what is involved in realizing the modeled entities.

It is possible to define reference architectures at many levels of detail or abstraction, and for many different purposes. A reference architecture need not be a concrete architecture; i.e., depending on the requirements being addressed by the reference architecture, it may not be necessary to completely specify all the technologies, components and their relationships in sufficient detail to enable direct implementation.

1.1.2 What is this Reference Architecture?

This Reference Architecture Foundation is an abstract realization of SOA, focusing on the elements and their relationships needed to enable SOA-based systems to be used, realized and owned; while avoiding reliance on specific concrete technologies.

While requirements are addressed more fully in Section 2, the key assumptions that we make in this Reference Architecture is that SOA-based systems involve:

· resources that are distributed across ownership boundaries; 

· people and systems interacting with each other, also across ownership boundaries;

· security, management and governance that are similarly distributed across ownership boundaries; and

· interaction between people and systems that is primarily through the exchange of messages with reliability that is appropriate for the intended uses and purposes.

Even in contexts that apparently have no ownership boundaries, such as within a single organization, the reality is that different groups and departments often behave as though they had ownership boundaries between them. This reflects organizational practice; as well as reflecting the real motivations and desires of the people running those organizations.
Below, we talk about such an environment as a service ecosystem. Informally, our goal in this Reference Architecture is to show how Service Oriented Architecture fits into the life of users and stakeholders, how such systems may be realized effectively, and what is involved in owning and managing them. We believe that this approach will serve two purposes: to ensure that service ecosystems can be realized using appropriate technology, and to permit the audience to focus on the important issues without becoming over-burdened with the details of a particular implementation technology.

1.1.3 Relationship to the OASIS Reference Model for SOA

The primary contribution of the OASIS Reference Model for Service Oriented Architecture is that it identifies the key characteristics of SOA, and it defines many of the important concepts needed to understand what SOA is and what makes it important. This Reference Architecture Foundation takes the Reference Model as its starting point in particular in relation to the vocabulary of important terms and concepts.

The Reference Architecture Foundation goes a step further than the Reference Model in that it shows how SOA-based systems can be realized – albeit in an abstract way. As noted above, SOA-based systems are better thought of as ecosystems rather than stand-alone software products. Consequently, how they are used and managed is at least as important architecturally as how they are constructed. 

In terms of approach, the primary difference between the Reference Model and this Reference Architecture Foundation is that the former focuses entirely on a common language of the distinguishing features of SOA; whereas this document introduces concepts and architectural elements as needed in order to fulfill the core requirement of using, realizing and owning SOA-based systems.

1.1.4 Relationship to other Reference Architectures

It is fully recognized that other SOA reference architectures have emerged in the industry, both from the analyst community and the vendor/solution provider community.  Some of these reference architectures quite abstract in relation to specific implementation technologies, while others are based on a solution or technology stack.  Still others use emerging middleware technologies such as the Enterprise Service Bus (ESB) as the architectural foundation.

As with the Reference Model for SOA, this Reference Architecture Foundation for SOA is primarily focused on large-scale distributed IT systems where the participants may be legally separate entities. It is quite possible for many aspects of this Reference Architecture to be realized on quite different platforms.  In addition, this Reference Archietceture Foundation, as the title illustrates, is intended to provide foundational concepts on which to build other reference architecture and eventual concrete archtiectures.  The relationship to other industry reference architectures for SOA and related SOA open standards is described below in Section 1.1.5.
1.1.5 Relationship to other SOA Open Standards

The “Navigating the SOA Open Standards Landscape Around Architecture” joint white paper from OASIS, OMG, and The Open Group [SOA-NAV] was written to help the SOA community at large navigate the myriad of overlapping technical products produced by these organizations with specific emphasis on the “A” in SOA; i.e., Architecture. 

This joint white paper explains and positions standards for SOA reference models, ontologies, reference architectures, maturity models, modeling languages, and standards work on SOA governance. It outlines where the works are similar, highlights the strengths of each body of work, and touches on how the work can be used together in complementary ways.. It is also meant as a guide to users of these specifications for selecting the technical products most appropriate for their needs, consistent with where they are today and where they plan to head on their SOA journeys. 

While the understanding of SOA and SOA Governance concepts provided by these works is similar, the evolving standards are written from different perspectives. Each specification supports a similar range of opportunity, but has provided different depths of detail for the perspectives on which they focus.  Therefore, although the definitions and expressions may differ somewhat, there is agreement on the fundamental concepts of SOA and SOA Governance.

The following is a summary of the positioning and guidance on the specifications:

· The OASIS Reference Model for SOA (SOA RM) is the most abstract of the specifications positioned. It is used for understanding of core SOA concepts

· The Open Group SOA Ontology extends, refines, and formalizes some of the core concepts of the the SOA RM.  It is used for understanding of core SOA concepts and facilitate a model-driven approach to SOA development.

· The OASIS Reference Architecture for SOA Foundation is an abstract, foundation reference architecture addressing the ecosystem viewpoint for building and interacting within the SOA paradigm. It is used for understanding different elements of SOA, the completeness of SOA architectures and implementations, and considerations for cross ownership boundaries where there is no single authoritative entity for SOA and SOA governance. http://docs.oasis-open.org/soa-rm/soa-ra/v1.0/soa-ra-pr-01.pdf 

· The Open Group SOA Reference Architecture is a layered architecture from consumer and provider perspective with cross cutting concerns describing these architectural building blocks and principles that support the realizations of SOA. It is used for understanding the different elements of SOA, deployment of SOA in enterprise, basis for an industry or organizational reference architecture, implication of architectural decisions, and positioning of vendor products in SOA context. http://www.opengroup.org/projects/soa-ref-arch/uploads/40/19713/soa-ra-public-050609.pdf 

· The Open Group SOA Governance Framework is a governance domain reference model and method. It is for understanding SOA governance in organizations. The OASIS Reference Architecture for SOA Foundation contains an abstract discussion of governance principles as applied to SOA across boundaries. http://www.opengroup.org/projects/soa-governance/uploads/40/19263/SOA_Governance_Architecture_v2.4.pdf 

· The Open Group SOA Integration Maturity Model (OSIMM) is a means to assess an organization’s maturity within a broad SOA spectrum and define a roadmap for incremental adoption. It is used for understanding the level of SOA maturity in an organization. http://www.opengroup.org/projects/osimm/uploads/40/19756/ OSIMM_v2.1_6-04-09_Review.doc 

· The Object Management Group SoaML Specification supports services modeling UML extensions. It can be seen as an instantiation of a subset of the Open Group RA used for representing SOA artifacts in UML. http://www.omg.org/cgi-bin/doc?ad/08-11-01 
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Figure 1 SOA Reference Architecture Positioning [ERA].
Fortunately, there is a great deal of agreement on the foundational core concepts across the many independent specifications and standards for SOA. This could be best explained by broad and common experience of users of SOA and its maturity in the marketplace. It also provides assurance that investing in SOA-based business and IT transformation initiatives that incorporate and use these specifications and standards helps to mitigate risks that might compromise a successful SOA solution. 

It is anticipated that future work on SOA standards may consider the positioning in this paper to reduce inconsistencies, overlaps, and gaps between related standards and to ensure that they continue to evolve in as consistent and complete a manner as possible.
1.1.6 Expectations set by this Reference Architecture

This Reference Architecture Foundation is not a complete blueprint for realizing SOA-based systems. Nor is it a technology map identifying all the technologies needed to realize SOA-based systems.  It does identify many of the key aspects and components that will be present in any well designed SOA-based system. In order to actually use, construct and manage SOA-based systems, many additional design decisions and technology choices will need to be made.

1.2 Service Oriented Architecture – An Ecosystems Perspective

Many systems cannot be understood by a simple decomposition into parts and subsystems – in particular when there are many interactions between the parts. For example, a biological ecosystem is a self-sustaining association of plants, animals, and the physical environment in which they live.  Understanding an ecosystem often requires a holistic perspective rather than one focusing on the system's individual parts.

From a holistic perspective, a SOA-based system is a network of independent services, machines, the people who operate, affect, use, and govern those services as well as the suppliers of equipment and personnel to these people and services. This includes any entity, animate or inanimate, that may affect or be affected by the system. With a system that large, it is clear that nobody is really "in control" or "in charge" of the whole ecosystem; although there are definite stakeholders involved, each of whom has some control and influence over the community.

Instead of visualizing a SOA as a single complex machine, this RA views it as an ecosystem: a space people, machines and services inhabit in order to further both their own objectives and the objectives of the larger community.

This view of SOA as ecosystem has been a consistent guide to the development of this architecture. 

Taking an ecosystems perspective often means taking a step back: for example, instead of specifying an application hierarchy, we model the system as a network of peer-like entities; instead of specifying a hierarchy of control, we specify rules for the interactions between participants.

The three key principles that inform our approach to a SOA ecosystem are:

· a SOA is a medium for exchange of value between independently acting participants; 

· participants (and stakeholders in general) have legitimate claims to ownership of resources that are made available via the SOA; and 

· the behavior and performance of the participants are subject to rules of engagement which are captured in a series of policies and contracts.

1.3 Viewpoints, Views and Models

1.3.1 ANSI/IEEE 1471-2000::ISO/IEC 42010-2007

This Reference Architecture follows the ANSI
/IEEE
 1471-2000 and ISO
/IEC
 42010-2007 standard. Recommended Practice for Architectural Description of Software-Intensive Systems [ANSI/IEEE 1471, ISO/IEC 42010]. An architectural description conforming to the ANSI/IEEE 1471-2000::ISO/IEC 42010-2007 recommended practice is described by a clause that includes the following six (6) elements:

1. Architectural description identification, version, and overview information

2. Identification of the system stakeholders and their concerns judged to be relevant to the architecture

3. Specifications of each viewpoint that has been selected to organize the representation of the architecture and the rationale for those selections

4. One or more architectural views

5. A record of all known inconsistencies among the architectural description’s required constituents

6. A rationale for selection of the architecture (in particular, showing how the architecture supports the identified stakeholders’ concerns).

The ANSI/IEEE 1471-2000::ISO/IEC 42010-2007 defines the following terms: 

Architecture

The fundamental organization of a system embodied in its components, their relationships to each other, and to the environment, and the principles guiding its design and evolution.

Architectural Description

A collection of products that document the architecture.

System

A collection of components organized to accomplish a specific function or set of functions.

System Stakeholder

A system stakeholder is an individual, team, or organization (or classes thereof) with interests in, or concerns relative to, a system. 

A stakeholder’s concern should not be confused with a formal requirement. A concern is an area or topic of interest. Within that concern, system stakeholders may have many different requirements. In other words, something that is of interest or importance is not the same as something that is obligatory or of necessity [TOGAF v8.1].

When describing architectures, it is important to identify stakeholder concerns and associate them with viewpoints to insure that those concerns will be addressed in some manner by the models that comprise the views on the architecture. The ANSI/IEEE 1471-2000::ISO/IEC 42010-2007 defines views and viewpoints as follows:

View

A representation of the whole system from the perspective of a related set of concerns.

Viewpoint

A specification of the conventions for constructing and using a view. A pattern or template from which to develop individual views by establishing the purposes and audience for a view and the techniques for its creation and analysis.

In other words, a view is what the stakeholders see whereas the viewpoint defines the perspective from which the view is taken.

It is important to note that viewpoints are independent of a particular system. In this way, the architect can select a set of candidate viewpoints first, or create a set of candidate viewpoints, and then use those viewpoints to construct specific views that will be used to organize the architectural description. A view, on the other hand, is specific to a particular system. Therefore, the practice of creating an architectural description involves first selecting the viewpoints and then using those viewpoints to construct specific views for a particular system or subsystem. Note that ANSI/IEEE 1471-2000::ISO/IEC 42010-2007 requires that each view corresponds to exactly one viewpoint. This helps maintain consistency among architectural views; a normative requirement of the standard.

A view is comprised of one or more architectural models, where model is defined as:

Model

An abstraction or representation of some aspect of a thing (in this case, a system) 

Each architectural model is developed using the methods established by its associated architectural viewpoint. An architectural model may participate in more than one view.

1.3.2 UML Modeling Notation

To help visualize structural and behavioral architectural concepts, it is useful to depict them using an open standard visual modeling language.  Although many architecture description languages exist in practice, we have adopted the Unified Modeling Language™ 2 (UML® 2) [UML 2] as the primary viewpoint modeling language.  It should be noted that while UML 2 is used in this Reference Architecture, formalization and recommendation of a UML Profile for SOA is beyond the scope of this specification.  Every attempt is made to utilize normative UML unless otherwise noted.

Figure 1 illustrates an annotated example of a UML class diagram that is used to represent a visual model depiction of the Resources Model in the Service Ecosystem View (Section 3).  The figure caption describes the UML semantics of this diagram.
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Figure 2 Example UML class diagram—Resources.

Lines connecting boxes (classifiers) represent associations between things.  An association has two roles  (one in each direction). A role can have multiplicity, for example, one or more (“1..*”) Stakeholders own zero or more (“0..*) Resources. The role from classifier A to B is labeled closest to B, and vice versa, for example, the role between Resource to Identity can be read a Resource embodies Identity, and Identity denotes a Resource.

Mostly, we use named associations, which are denoted with a verb or verb phrase associated with an arrowhead. A named association reads from classifier A to B, for example, one or more Stakeholders owns zero or more Resources. Named associations are a very effective way to model relationships between concepts.
An open diamond (at the end of an association line) denotes an aggregation, which is a part-of relationship, for example, Identifiers are part of Identity (or conversely, Identity is made up of Identifiers). 

A stronger form of aggregation is known as composition, which involves using a filled-in diamond at the end of an association line (not shown in above diagram).  For example, if the association between Identity and Identifier were a composition rather than an aggregation as shown, deleting Identity would also delete any owned Identifiers.  There is also an element of exclusive ownership in a composition relationship between classifiers, but this usually refers to specific instances of the owned classes (objects).
This is by no means a complete description of the semantics of all diagram elements that comprise a UML class diagram, but rather is intended to serve as an illustrative example for the reader.  It should be noted that this Reference Architecture utilizes additional class diagram elements as well as other UML diagram types such as sequence diagrams and component diagrams.  The reader who is unfamiliar with the UML is encouraged to review one or more of the many useful online resources and book publications available describing UML (see, for example, www.uml.org).

1.4 Viewpoints of this Reference Architecture

This Reference Architecture Foundation is partitioned into three views that conform to three primary viewpoints, reflecting the main division of concerns noted above: the Service Oriented Architecture – An Ecosystems Perspective viewpoint focuses on how people conduct their business using SOA-based systems; the Realizing Service Oriented Architecture viewpoint focuses on the salient aspects of building a SOA, and the Owning Service Oriented Architectures viewpoint focuses on those aspects that relate to owning, managing and controlling a SOA.

The viewpoint specifications for each of the primary viewpoints of this Reference Architecture are summarized in Table 1.  Additional detail on each of the three viewpoints is further elaborated in the following subsections.  For this Reference Architecture, there is a one-to-one correspondence between viewpoints and views.

	Viewpoint Element
	Viewpoint

	
	Service Ecosystem
	Realizing Service Oriented Architectures
	Owning Service Oriented Architecture

	Main concepts
	Captures what SOA means for people to participate in a service ecosystem.
	Deals with the requirements for constructing a SOA.
	Addresses issues involved in owning and managing a SOA.

	Stakeholders
	People using SOA, Decision Makers, Enterprise Architects, Standards Architects and Analysts.
	Standards Architects, Enterprise Architects, Business Analysts, Decision Makers.
	Service Providers, Service Consumers, Enterprise Architects, Decision Makers.

	Concerns
	Conduct business safely and effectively.
	Effective construction of SOA-based systems.
	Processes for engaging in a SOA are effective, equitable, and assured.

	Modeling Techniques
	UML class diagrams
	UML class, sequence,, component, activity, communication, and composite structure diagrams
	UML class and communication diagrams


Table 1 Viewpoint specifications for the OASIS Reference Architecture Foundation for SOA

1.4.1 Service Ecosystem Viewpoint

The Service Ecosystem viewpoint is intended to capture what using a SOA-based system means for people using it to conduct their business.  We do not limit the applicability of SOA-based systems to commercial and enterprise systems. We use the term business to include any activity of interest to a user; especially activities shared by multiple users.

From this viewpoint, we are concerned with how SOA integrates with and supports the service model from the perspective of the people who perform their tasks and achieve their goals as mediated by Service Oriented Architectures.  The Service Ecosystem viewpoint also sets the context and background for the other viewpoints in the Reference Architecture.

The stakeholders who have key roles in or concerns addressed by this viewpoint are decision makers and people. The primary concern for people is to ensure that they can use a SOA to conduct their business in a safe and effective way. For decision makers, their primary concern revolves around the relationships between people and organizations using systems for which the decision makers are responsible.

Given the public nature of the Internet, and the intended use of SOA to allow people to access and provide services that cross ownership boundaries, it is necessary to be able to be somewhat explicit about those boundaries and what it means to cross an ownership boundary.
1.4.2 Realizing Service Oriented Architectures Viewpoint

The Realizing Service Oriented Architectures Viewpoint focuses on the infrastructure elements that are needed to support the construction of SOA-based systems. From this viewpoint, we are concerned with the application of well-understood technologies available to system architects to realize the vision of a SOA that may cross ownership boundaries. In particular, we are aware of the importance and relevance of other standard specifications that may be used to facilitate the building of a SOA.

The stakeholders are essentially anyone involved in designing, constructing and deploying a SOA-based system.

1.4.3 Owning Service Oriented Architectures Viewpoint

The Owning Service Oriented Architectures Viewpoint addresses the issues involved in owning a SOA as opposed to using one or building one.  Many of these issues are not easily addressed by automation; instead, they often involve people-oriented processes such as governance bodies.

Owning a SOA-based system involves being able to manage an evolving system.  In our view, SOA-based systems are more like ecosystems than conventional applications; the challenges of owning and managing SOA-based systems are the challenges of managing an ecosystem.  Thus, in this view, we are concerned with how systems are managed effectively, how decisions are made and promulgated to the required end points, and how to ensure that people may use the system effectively and that malicious people cannot easily corrupt it for their own gain.

1.5 Terminology

The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to be interpreted as described in [RFC2119].

References are surrounded with [square brackets and are in bold text].

Terms such as this “Reference Architecture” refer to this document, and “the Reference Model” refer to the OASIS Reference Model for Service Oriented Architecture”. [SOA-RM].

1.5.1 Usage of Terms

Certain terms are used throughout this document, such as model, action, and rule, which are regular concepts and which have formal definitions within the Reference Architecture. Where a reference to the formally defined concept is intended, we use a capitalized form such as Model, Action and Rule. Where the more colloquial and informal meaning is intended, words are used without special capitalization.
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