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supporting that environment. It is based on unifying concepts of SOA and may be used
by architects developing specific service oriented architectures or in training and
explaining SOA. A reference model is not directly tied to any standards, technologies or
other concrete implementation details. It does seek to provide a common semantics that
can be used unambiguously across and between different implementations.

While service-orientation may be a popular concept found in a broad variety of
applications, this reference model focuses on the field of software architecture. While the
concepts and relationships described may apply to other "service" environments, this
specification makes no attempt to completely account for use outside of the software
domain.
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editor(s).
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1 Introduction ra f t

The notion of Service Oriented Architecture (SOA) has received significant attention W|th|n
the software design and development community. The result of this attention is the
proliferation of many conflicting definitions of SOA. Whereas SOA architectural patterns (or
reference architectures) may be developed to explain and underpin a generic design
template supporting a specific SOA, a reference model is intended to provide an even
higher level of commonality, with definitions that should apply to all SOA.

1.1 What is a reference model

A reference model is an abstract framework for understanding significant relationships
among the entities of some environment. It enables the development of specific
architectures using consistent standards or specifications supporting that environment. A
reference model consists of a minimal set of unifying concepts, axioms and relationships
within a particular problem domain, and is independent of specific standards, technologies,
implementations, or other concrete details.

As an illustration of the relationship between a reference model and the architectures that can
derive from such a model, consider what might be involved in modeling what is important about
residential housing. We know that concepts such as eating areas, sleeping areas are all
important in understanding what goes into a house. There are relationships between these
concepts, and constraints on how they are implemented. For example, there may be physical
separation between eating areas and hygiene areas.

The role of a reference architecture for housing would be to identify abstract solutions to the
problems of providing housing. A general pattern for housing, one that addresses the needs of its
occupants in the sense of, say, noting that there are bedrooms, kitchens, hallways, and so on is a
good basis for an abstract reference architecture. The concept of eating area is a reference
model concept, a kitchen is a realization of eating area in the context of the reference
architecture.

There may be more than one reference architecture that addresses how to design housing, for
example to address the requirements for developing housing solutions in large apartment
complexes, suburban single family houses, and space stations. In the context of high density
housing, there may not be a separate kitchen but rather a shared cooking space or even a
communal kitchen used by many families.

An actual — or concrete — architecture would introduce additional elements. It would incorporate
particular architectural styles, particular arrangements of windows, construction materials to be
used and so on. A blueprint of a particular house represents an instantiation of an architecture as
it applies to a proposed or actually constructed dwelling.

The reference model for housing is, therefore, at least three levels of abstraction away from a
physical entity that can be lived in. The purpose of a reference model is to provide a common
conceptual framework that can be used consistently across and between different
implementations and is of particular use in modeling specific solutions.

1.2 A Reference Model for Service Oriented Architecture

Figure 1 shows how a reference model for SOA relates to other distributed systems
architectural inputs.

The goal of this reference model is to define the essence of service oriented architecture, and
emerge with a vocabulary and a common understanding of SOA. It provides a normative
reference that remains relevant for SOA as an abstract and powerful model, irrespective of the
various and inevitable technology evolutions that will impact SOA.
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Figure 1 How the Reference Model relates to other work

1.3 Audience

The intended audiences of this document include non-exhaustively:

* Architects and developers designing, identifying or developing a system based on the
service-oriented paradigm.

e Standards architects and analysts developing specifications that rely on service oriented
architecture concepts.

* Decision makers seeking a "consistent and common" understanding of service oriented
architecture.

e Users who need a better understanding of the concepts and benefits of service oriented
architecture.

1.4 How to use the reference model

New readers are encouraged to read this reference model in its entirety. Concepts are presented
in an order that the authors hope promote rapid understanding.

This section introduces the conventions, defines the audience and sets the stage for the rest of
the document. Non-technical readers are encouraged to read this information as it provides
background material necessary to understand the nature and usage of reference models.

Section 2 introduces the concept of SOA and identifies some of the ways that it differs from
previous paradigms for distributed systems. Section 2 offers guidance on the basic principles of
service oriented architecture. This can be used by non-technical readers to gain an explicit
understanding of the core principles of SOA and by architects as guidance for developing specific
service oriented architectures.

Section 3 introduces the Reference Model for SOA. In any framework as rich as SOA, it is difficult
to avoid a significant amount of cross referencing between concepts. This makes presentation of
the material subject to a certain amount of arbitrariness. We resolve this by introducing the
concept of service itself, then we introduce concepts that relate to the dynamic aspects of service
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150 Section 4 addresses compliance with this reference model.
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151 The glossary provides definitions of terms which are relied upon within the reference rh?de‘i\ “—
152 specification but do not necessarily form part of the specification itself. T~

153 1.5 Notational Conventions

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

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

158 1.6 Relationships to Other Standards

159 Due to its nature, this reference model may have an implied relationship with any group that:

160 * Considers its work "service oriented";

161 e Makes (publicly) an adoption statement to use the Reference Model for SOA of this TC
162 as a base or inspiration for their work; and

163 e Standards or technologies that claim to be service oriented.

164 The reference model does not endorse any particular service-oriented architecture, or attest to
165 the validity of third party reference model conformance claims.
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166 2 Service Oriented Architecture T~ /
T~ /
167 2.1 What is Service Oriented Architecture? =~

168  Service Oriented Architecture (SOA) is a paradigm for organizing and utlizing distributed
169 capabilities that may be under the control of different ownership domains.

170 In general, entities (people and organizations) create capabilities to solve or support a solution for
171 the problems they face in the course of their business. It is natural to think of one person’s needs
172 being met by capabilities offered by someone else; or, in the world of distributed computing, one
173 computer agent’s requirements being met by a computer agent belonging to a different owner.

174 There is not necessarily a one-to-one correlation between needs and capabilities; the granularity
175 of needs and capabilities vary from fundamental to complex, and any given need may require the
176 combining of numerous capabilities while any single capability may address more than one need.
177 The perceived value of SOA is that it provides a powerful framework for matching needs and

178 capabilities and for combining capabilities to address those needs.

179 Visibility, interaction, and effect are key concepts for describing the SOA paradigm. Visibility
180 refers to the capacity for those with needs and those with capabilities to be able to see each

181 other. This is typically done through providing descriptions for such aspects as functions and

182 technical requirements, related constraints and policies, and mechanisms for access or response.
183  The descriptions need to be in a form (or can be transformed to a form) in which its syntax and
184 semantics are widely accessible and understandable.

185 Whereas visibility introduces the possibilities for matching needs to capabilities (and vice versa),
186 interaction is the activity of using a capability. Typically mediated by the exchange of messages,
187 the interaction proceeds through a series of information exchanges and invoked actions. There
188 are many facets of interaction; but they are all grounded in a particular execution context — the
189 set of technical and business elements that form a path between those with needs and those with
190 capabilities and that permit service providers and consumers to interact and provides a decision
191 point for any policies and contracts that may be in force.

192 The purpose of using a capability is to realize one or more real world effects. Atits core, an
193 interaction is “an act” as opposed to “an object” and the result of an interaction is an effect (or a
194 set/series of effects). We are careful to distinguish public actions and private actions; private
195 actions are inherently unknowable by other parties. On the other hand, public actions result in
196 changes to the state that is shared (at least) between those involved in the current execution
197 context. Real world effects are, then, couched in terms of changes to this shared state.

198 The expected effects should be made visible as part of the capability description and form an

199 important part of the decision on whether a given capability matches similarly described needs.
200 At the interaction stage, the description of real world effects establishes the expectations of those
201 using the capability. Note, it is not possible to describe every effect from using a capability and,
202 in fact, a cornerstone of SOA is that one using a capability does not need to know all the details.

203 To this point, this description of SOA has yet to mention what is usually considered the central
204 concept: the service. The noun “service” is defined in dictionaries as “The performance of work
205 (a function) by one for another.” However, service, as the term is generally understood, also
206 combines the following related ideas:

207 *  The capability to perform work for another
208 * The specification of the work offered for another
209 * The offer to perform work for another
OASIS SOA Reference Model 15 December 2005
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These concepts emphasize a distinction between a capability ahd ty t rmg th
capability to bear. While both needs and capabilities exist mdepende.ntly of
services are the mechanism by which needs and capabilities are brought toget
SOA is not itself a solution to domain problems but rather an organizing and dehvery paradJ.gm

that enables one to get more value from use both of capabilities which are locally “owned” and
those under the control of others. It also enables one to express solutions in a way that makes |t
easier to modify or evolve the identified solution or to try alternate solutions. SOA does not
provide any domain elements of a solution that do not exist without SOA.

The concepts of visibility, interaction, and effect apply directly to services in the same manner as
these were described for the general SOA paradigm. Visibility is promoted through the service
description which contains the information necessary to interact with the service and describes
this in such terms as the service inputs, outputs, and associated semantics. The service
description also conveys what is accomplished when the service is invoked and the conditions for
using the service.

In general, entities (people and organizations) offer capabilities and act as service providers.
Those with needs who make use of services are referred to as service consumers. The service
description allows prospective consumers to decide if the service is suitable for their current
needs and establishes whether a consumer satisfies any requirements of the service provider.

(Note, service providers and service consumers are sometimes referred to jointly as service
participants.)

In most discussions of SOA, the terms “loose coupling” and “coarse-grained” are commonly
applied as SOA concepts, but these terms have intentionally not been used in the current
discussion because they are subjective trade-offs and without useful metrics. In terms of needs
and capabilities, granularity and coarseness are usually relative to detail for the level of the
problem being addressed, e.g. one that is more strategic vs. one down to the algorithm level, and
defining the optimum level is not amenable to counting the number of interfaces or the number or
types of information exchanges connected to an interface.

Note that although SOA is commonly implemented using Web services, services can be made
visible, support interaction, and generate effects through other implementation strategies. Web
service-based architectures and technologies are specific and concrete and while the concepts in
the Reference Model apply to such systems, they are too solution specific to be part of a general
reference model.

2.1.1 A worked Service Oriented Architecture example

An electric utility has the capacity to generate and distribute electricity (the underlying capability).
The wiring from the electric company’s distribution grid (the service) provides the means to supply
electricity to support typical usage for a residential consumer’s house (service functionality), and
a consumer accesses electricity generated (the output of invoking the service) via a wall outlet
(service interface). In order to use the electricity, a consumer needs to understand what type of
plug to use, what is the voltage of the supply, and possible limits to the load; the utility presumes
that the customer will only connect devices that are compatible with the voltage provided and load
supported; and the consumer in turn assumes that compatible consumer devices can be
connected without damage or harm (service technical assumptions).

A residential or business user will need to open an account with the utility in order to use the
supply (service constraint) and the utility will meter usage and expects the consumer to pay for
use at the rate prescribed (service policy). When the consumer and utility agree on constraints
and polices (service contract), the consumer can receive electricity using the service as long as
the electricity distribution grid and house connection remain intact (e.g. a storm knocking down
power lines would disrupt distribution) and the consumer can have payment sent (e.g. a check by
mail or electronic funds transfer) to the utility (reachability).

Another person (say, a visitor to someone else's house) may use a contracted supply without any
relationship with the utility or any requirement to also satisfy the initial service constraint (i.e.
OASIS SOA Reference Model 15 December 2005
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reachability only requires intact electricity distribution) but would’ nDi I expec
compatible with the service interface.
In certain situations (for example, excessive demand), a utility may I|m|t sup\ly or instit lin
blackouts (service policy). A consumer might lodge a formal complaint if this occurred frequently

(consumer's implied policy).

In this example, the underlying capability would still exist and be usable even if every device were
required to be hard-wired to the utility's equipment, but this would result in a very different service
and service interface.

2.2 How is Service Oriented Architecture different?

How does this paradigm of Service Oriented Architecture differ from other approaches to
organizing and understanding IT assets? Essentially, there are two areas in which SOA shapes
the framework of concepts that underlie distributed systems.

First, SOA reflects the reality that ownership boundaries are a motivating consideration in the
architecture and design of systems. This recognition is evident in the core concepts of visibility,
interaction and effect. However, SOA does not itself address all the concepts associated with
ownership, ownership domains and actions communicated between legal peers. To fully account
for concepts such as trust, business transactions, authority, delegation and so on — additional
conceptual frameworks and architectural elements are required. Within the context of SOA,
these are likely to be represented and referenced within service descriptions and service
interfaces.

Second, SOA applies the lessons learned from commerce to the organization of IT assets to
facilitate the matching of capabilities and needs. That two or more entities come together within
the context of a single interaction implies the exchange of some type of value. This is the same
fundamental basis as trade itself, and suggests that as SOAs evolve away from interactions
defined in a point-to-point manner to a marketplace of services; the technology and concepts can
scale as successfully as the commercial marketplace.

Unlike Object Oriented Programming paradigms, where the focus is on packaging data with
operations, the central focus of SOA is the task or business function — getting something done.
This is a more viable basis for large scale systems because it is a better fit to the way human
activity itself is managed — by delegation.

2.3 The Benefits of Service Oriented Architecture

The main drivers for SOA-based architectures are to facilitate the manageable growth of large-
scale enterprise systems, to facilitate Internet-scale provisioning and use of services and to
reduce costs in organization to organization cooperation.

The value of SOA is that it provides a simple scalable paradigm for organizing large networks of
systems that require interoperability to realize the value inherent in the individual components.
Indeed, SOA is scalable because it makes the fewest possible assumptions about the network
and also minimizes any trust assumptions that are often implicitly made in smaller scale systems.

An architect using SOA principles is better equipped, therefore, to develop systems that are
scalable, evolvable and manageable. It should be easier to decide how to integrate functionality
across ownership boundaries. For example, a large company that acquires a smaller company
must determine how to integrate the acquired IT infrastructure into its overall IT portfolio.

Through this inherent ability to scale and evolve, SOA enables an IT portfolio which is also
adaptable to the needs of a specific problem domain or process architecture. The infrastructure
SOA encourages is also more agile and responsive than one built on an exponential number of
pair-wise interfaces. Therefore, SOA can also provide a solid foundation for business agility and
adaptability.

OASIS SOA Reference Model 15 December 2005
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300 3 The Reference Model

310 Figure 2 illustrates the principal concepts this reference model defines. The relationships between ™ - — .
311 them are developed as each concept is defined in turn.

Execution
Context

Service
description

Real world effect
Contract & Policy
312

313 Figure 2 Principal concepts in the Reference Model

314 3.1 Service

315 A service is a mechanism to enable access to a set of one or more capabilities, where the

316 access is provided using a prescribed interface and is exercised consistent with constraints and
317 policies as specified by the service description. A service is provided by one entity — the service
318 provider — for use by others, but the eventual consumers of the service may not be known to the
319 service provider and may demonstrate uses of the service beyond the scope originally conceived
320 by the provider.

321 A service is accessed by means of a service interface (see Section 3.3.1.4), where the interface
322 comprises the specifics of how to access the underlying capabilities. There are no constraints on
323 what constitutes the underlying capability or how access is implemented by the service provider.
324 Thus, the service could carry out its described functionality through one or more automated

325 and/or manual processes that themselves could invoke other available services.

326 A service is opaque in that its implementation is typically hidden from the service consumer

327  except for (1) the information and behavior models exposed through the service interface and (2)
328 the information required by service consumers to determine whether a given service is

329 appropriate for their needs.

330  The consequence of invoking a service is a realization of one or more real world effects (see
331 Section 3.2.3). These effects may include:

332
333 1. information returned in response to a request for that information,

OASIS SOA Reference Model 15 December 2005
Copyright © OASIS Open 2005. All Rights Reserved. Page 10 of 29



334
335
336

337
338
339

340
341
342
343
344
345

346

347
348
349
350

351
352

353

354
355
356
357
358

2. achange to the shared state of defined entities, or D I
3. some combination of (1) and (2). t

Note, the service consumer in (1) does not typically know how the information is generate? G —
whether it is extracted from a database or generated dynamically; in (2), it does not typically know
how the state change is effected.

~ .

The service concept above emphasizes a distinction between a capability that represents some
functionality created to address a need and the point of access to bring that capability to bear in
the context of SOA. Itis assumed that capabilities exist outside of SOA. In actual use,
maintaining this distinction may not be critical (i.e. the service may be talked about in terms of
being the capability) but the separation is pertinent in terms of a clear expression of the nature of
SOA and the value it provides.

3.2 Dynamics of Services

From a dynamic perspective, there are three fundamental concepts that are important in
understanding what is involved in interacting with services: the visibility between service
providers and consumers, the interaction between them, and the real world effect of interacting
with a service.

Real world effect

Figure 3 Concepts around the dynamics of service

3.2.1 Visibility

For a service provider and consumer to interact with each other they have to be able to ‘see’ each
other. This is, in fact, true for any consumer/provider relationship — including in an application
program where one program calls another: without the proper libraries being present the function
call cannot complete. In the case of SOA, visibility needs to be emphasized because it is not
necessarily obvious how service participants can see each other.

OASIS SOA Reference Model 15 December 2005
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Real world effect

Figure 4 Concepts around Visibility

Visibility is the relationship between service consumers and providers that is satisfied when they
are able to interact with each other. Preconditions to visibility are awareness, willingness and
reachability. The initiator in a service interaction MUST be aware of the other parties, the
participants MUST be predisposed to interaction, and the participants MUST be able to interact.

3.2.1.1 Awareness

Both the service provider and the service consumer MUST have information that would lead them
to know of the other’s existence. Technically, the prime requirement is that the initiator of a
service interaction has knowledge of the responder. The fact of a successful initiation is often
sufficient to inform the responder of the other’s existence.

Awareness of service offerings is often effected by various discovery mechanisms. For a service
consumer (say) to discover a service, the service provider must be capable of making details of
the service (notably service description and policies) available to potential consumers; and
consumers must be capable of becoming aware of that information.

Service awareness requires that the service description and policy — or at least a suitable
subset thereof — be available in such a manner and form that, directly or indirectly, a potential
consumer is aware of the existence and capabilities of the service. The extent to which the
description is “pushed” by the service provider, “pulled” by a potential consumer, subject to a
probe or another method, will depend on many factors.

For example, a service provider may advertise and promote their service by either including itin a
service directory or broadcasting it to all consumers; potential consumers may broadcast their
particular service needs in the hope that a suitable service responds with a proposal or offer or a
service consumer might also probe an entire network to determine if suitable services exist.
When the demand for a service is higher than the supply, then, by advertising their needs,
potential consumers are likely to be more effective than service providers advertising offered
services.

One way or another, the potential consumer must acquire sufficient descriptions to evaluate
whether a given service matches its needs and, if so, the method for the consumer to interact
with the service.
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Associated with all service interactions is intent — it is an mtentlonal aTttaLnltlate and

participate in a service interaction. For example, if a service consumer discovers-a ssrvice
description in a registry, and the consumer initiates an interaction, if the service provider doees not
cooperate then there can be no interaction. In some circumstances it is precisely the correct
behavior for a service to fail to respond — for example, it is the classic defense against certain
denial-of-service attacks.

3.2.1.2 Willingness D I f

The extent of a service participant’s willingness to engage in service interactions may be the
subject of policies. Those policies may be documented in the service description.

Of course, willingness on the part of service providers and consumers to interact is not the same
as a willingness to perform requested actions. A service provider that rejects all attempts to cause
it to perform some action may still be fully willing and engaged in interacting with the consumer.

3.2.1.3 Reachability

Reachability is the relationship between service participants where they are able to interact;
possibly by exchanging information. Reachability is an essential pre-requisite for service
interaction — participants MUST be able to communicate with each other.

A service consumer may have the intention of interacting with a service, and may even have all
the information needed to communicate with it. However, if the service is not reachable, for
example if there is not a communication path between the consumer and provider, then,
effectively, the service is not visible to the consumer.

3.2.2 Interacting with services

Interacting with a service involves performing actions against the service. In many cases, this is
accomplished by sending and receiving messages, but there are other modes possible that do
not involve explicit message transmission. However, for simplicity, we often refer to message
exchange as the primary mode of interaction with a service.

Execution
Context

Service
description

Behavior model

Real world effect

Information
model

Figure 5 Service Interaction concepts
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