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Abstract: 17 
This Reference Model for Service Oriented Architectures is an abstract framework for 18 
understanding significant entities and relationships between them within a service-19 
oriented environment, and for the development of consistent standards or specifications 20 
supporting that environment. It is based on unifying concepts of SOA and may be used 21 
by architects developing specific service oriented architectures or by those needing to 22 
explain or teach about SOA. A reference model is not directly tied to any standards, 23 
technologies or other concrete implementation details. It does seek to provide a common 24 
semantics that can be used unambiguously across and between different 25 
implementations. 26 
 27 
While service-orientation may be a popular concept found in a broad variety of 28 
applications, this reference model focuses on the field of software architecture. While the 29 
concepts and relationships described may apply to other "service" environments, this 30 
specification makes no attempt to completely account for use outside of the software 31 
domain. 32 

Status: 33 
This document is updated periodically on no particular schedule. Send comments to the 34 
editor(s). 35 
Committee members should send comments on this specification to the soa-36 
rm@lists.oasis-open.org list. Others should visit the SOA-RM TC home page at 37 
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=soa-rm, and record 38 
comments using the web form available there. 39 
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For information on whether any patents have been disclosed that may be essential to 41 
implementing this specification, and any offers of patent licensing terms, please refer to 42 
the Intellectual Property Rights section of the SOA-RM TC web page at: 43 
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=soa-rm 44 

 45 
The errata page for this specification is at:  46 
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=soa-rm. 47 
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1 Introduction 85 

The notion of Service Oriented Architecture (SOA) has received significant attention within the 86 
software design and development community. The result of this attention is the proliferation of 87 
many conflicting definitions of SOA. Whereas SOA architectural patterns (or reference 88 
architectures) may be developed to explain and underpin a generic design template supporting a 89 
specific SOA, a reference model is intended to provide an even higher level of commonality, with 90 
definitions that should apply to all SOA. 91 

1.1 What is a reference model 92 
A reference model is an abstract framework for understanding significant relationships among the 93 
entities of some environment that enables the development of specific architectures using 94 
consistent standards or specifications supporting that environment. A reference model consists of 95 
a minimal set of unifying concepts, axioms and relationships within a particular problem domain, 96 
and is independent of specific standards, technologies, implementations, or other concrete 97 
details. 98 
The purpose of a reference model is to provide a common conceptual framework that can be 99 
used consistently across and between different implementations and is of particular use in 100 
modeling specific solutions. 101 
The goal of this reference model is to define the essence of service oriented architecture, and 102 
emerge with a vocabulary and a common understanding of SOA. It provides a normative 103 
reference for SOA as an abstract and powerful model, irrespective of the various and inevitable 104 
technology evolutions that will impact SOA. 105 

 106 

1.2 Audience 107 
The intended audiences of this document include non-exhaustively: 108 
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• Architects and developers designing, identifying or developing a system based on the 109 
service-oriented paradigm. 110 

• Standards architects and analysts developing specifications that rely on service oriented 111 
architecture concepts. 112 

• Decision makers seeking a "consistent and common" understanding of service oriented 113 
architecture. 114 

• Users who need a better understanding of the concepts and benefits of service oriented 115 
architecture. 116 

1.3 How to use the reference model 117 
New readers are encouraged to read this reference model in its entirety. Concepts are presented 118 
in an order that the authors hope will simplify understanding. 119 
This section introduces the conventions, defines the audience and sets the stage for the rest of 120 
the document. Non-technical readers are encouraged to read this information as it provides 121 
background material necessary to understand the nature and usage of reference models.  122 
Section 2 introduces the concept of SOA and identifies some of the ways that it differs from 123 
previous paradigms for distributed systems. Section 2 offers guidance on the basic principles of 124 
service oriented architecture. This can be used by non-technical readers to gain an explicit 125 
understanding of the core principles of SOA and by architects as guidance for developing specific 126 
service oriented architectures. 127 
Section 3 introduces the Reference Model for SOA. In any framework as rich as SOA, it is difficult 128 
to avoid a significant amount of cross referencing between concepts. This makes presentation of 129 
the material subject to a certain amount of arbitrariness. We resolve this by initially discussing the 130 
key concepts behind the reference model and then follow this by more detailed sections on the 131 
main concepts. In the first more detailed section, service is defined along with service description. 132 
There then follows a section about interaction between service participants, followed by sections 133 
on service policies and expectations. Finally, the concept of service visibility is introduced. 134 
Section 4 addresses conformance with the reference model. 135 
The glossary provides a summary of the definitions made and used within the reference model 136 
specification. 137 
 138 

1.4 Notational Conventions 139 
The key words must, must not, required, shall, shall not, should, should not, recommended, may, 140 
and optional in this document are to be interpreted as described in [RFC2119]. 141 
 142 
References are surrounded with [square brackets and are in bold text]. 143 

1.5 Relationships to Other Standards 144 
Due to its nature, this reference model may have an implied relationship with any group that:  145 

• Considers its work "service oriented";  146 
• Makes (publicly) an adoption statement to use the Reference Model for SOA of this TC 147 

as a base or inspiration for their work; and 148 
• Standards or technologies that claim to be service oriented. 149 

The reference model does not endorse any particular service-oriented architecture, or attest to 150 
the validity of third party reference model conformance claims. 151 
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2 Service Oriented Architecture 152 

2.1 What is SOA? 153 
Service Oriented Architecture (SOA) is a paradigm concerned with organizing and using 154 
distributed capabilities that may be under the control of different ownership domains.  It is natural 155 
in such a context to think of one person’s needs being met by capabilities offered by someone 156 
else; or, in the world of distributed computing, one computer agent’s requirements being met by a 157 
computer agent belonging to a different owner. There is not necessarily a one-to-one correlation 158 
between needs and capabilities; the granularity of needs and capabilities vary from fundamental 159 
to complex, and any given need may require the combining of numerous capabilities while any 160 
single capability may address more than one need. The perceived value of SOA is that it provides 161 
a powerful framework for matching needs and capabilities and for combining capabilities to 162 
address those needs. 163 

 164 
Visibility, interaction, and effect are key concepts for describing the SOA paradigm.  Visibility 165 
refers to the capacity for those with needs and those with capabilities to be able to see each 166 
other.  This is typically done through generating metadata to describe such aspects as functional 167 
and technical requirements, related constraints and policies, and mechanisms for access or 168 
response.  The metadata must be in a form (or be capable of being transformed to a form) in 169 
which its syntax and semantics are widely accessible and understandable. 170 
Whereas visibility introduces the possibilities for matching needs to capabilities (and vice versa), 171 
interaction is the activity of using the capability. Typically mediated by the exchange of 172 
messages, an interaction proceeds through a series of information exchanges and invoked 173 
actions. There are many facets of interaction; but they are all grounded in a particular execution 174 
context – the set of technical and business elements that together form a path between those 175 
with needs and those with capabilities and that permit information to be exchanged, actions to be 176 
performed and provides a decision point for any policies and contracts that may be in force. 177 
The purpose of using a capability is to realize one or more real world effects.  At its core, an 178 
interaction is “an act” rather than “an object” and the result of an interaction is an effect (or a 179 
set/series of effects).  We are careful to distinguish public actions and private actions; private 180 
actions are inherently unknowable by other parties. On the other hand, public actions result in 181 
changes to the state that is shared (at least) between those involved in the current execution 182 
context. Real world effects are, then, expressed in terms of changes to this shared state. 183 
The capability metadata should make the expected effects visible and thus form an important part 184 
of the assessment as to whether a given capability matches similarly described needs.  At the 185 
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interaction stage, the description of real world effects establishes the expectations of those using 186 
the capability. It is not possible nor desirable to describe every possible effect of using a 187 
capability: indeed a cornerstone of SOA is that such knowledge is not necessary. 188 
A concept considered central to SOA has not yet been mentioned: the service. Both needs and 189 
capabilities exist outside of SOA. What distinguishes SOA is the perceived improvement in 190 
bringing needs and capabilities together.  In SOA, services are the mechanism by which 191 
needs and capabilities are brought together. SOA is not the solution of domain problems but 192 
rather a way of organizing a wider array of possibilities to generate a domain solution. By itself, 193 
SOA does not provide a solution to a difficult domain problem where a satisfactory solution does 194 
not already exist.  SOA can, however, provide an organizing and delivery paradigm that enables 195 
one to get more value from use of both solutions which are locally “owned” and solutions under 196 
the control of others.  It also enables one to express solutions in a way that makes it easier to 197 
modify or evolve the identified solution or to try alternate domain solutions. 198 
The concepts of visibility, interaction, and effect apply directly to services in the same manner as 199 
these were described for the general SOA paradigm.  Visibility is promoted through the service 200 
description, which contains the information necessary to interact with the service and describes 201 
this in such terms as the service inputs, outputs, and associated semantics.  The service 202 
description also conveys what is accomplished when the service is invoked and the conditions for 203 
invoking the service.  In general, entities (people and organizations) offer capabilities through 204 
services and act as service providers.  Those with needs who make use of capabilities through 205 
their associated services are referred to as service consumers.  The service description allows 206 
prospective consumers to decide if the service is suitable for their current needs and establish 207 
whether a consumer satisfies the requirements, if any, of the service provider to be permitted 208 
access. 209 
Having described what is SOA, it is appropriate to note several things which are related but are 210 
not necessary attributes or restrictions. 211 
• SOA identifies necessary aspects of interactions involving multiple ownership domains; 212 

however, it does not directly embody concepts relating to ownership. 213 
• SOA is commonly implemented using Web services, but services can be made visible, 214 

support interaction, and generate effects through other implementations. 215 
In most discussions of SOA, the terms “loose coupling” and “coarse-grained” are commonly 216 
applied as SOA concepts. However, these terms are subjective and without useful metrics to 217 
indicate compliance. In terms of needs and capabilities, SOA is most effective when it focuses on 218 
bringing solutions to bear, rather than on “fine-grained” pieces of a particular implementation that 219 
are unlikely to be reusable beyond a particular solution. Granularity and coarseness are usually 220 
relative to detail for the level of the problem being addressed (e.g. one that is more strategic 221 
compared with another that considers the issues down to the algorithm level). Counting the 222 
number of interfaces or the number or types of information exchanges connected to an interface 223 
does not help define the optimum level of detail. 224 

2.2 How is Service Oriented Architecture different? 225 
How does this paradigm of Service Oriented Architecture differ from other approaches to 226 
organizing and understanding IT assets?  Essentially, there are two areas in which SOA 227 
revolutionizes the framework of concepts that functions as a tool for addressing IT solutions.    228 
First, SOA reflects the reality that ownership boundaries are a motivating consideration in the 229 
architecture and design of systems.  This recognition is evident in the core concepts of visibility, 230 
interaction and effect.  However, SOA does not itself address all the concepts associated with 231 
ownership, ownership domains and actions communicated between legal peers. To fully account 232 
for concepts such as trust, business transactions, authority, delegation and so on – additional 233 
conceptual frameworks and architectural elements are required.  Within the context of SOA, 234 
these are likely to be represented within service descriptions and interfaces. 235 
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Second, SOA applies the lessons learned from commerce to the organization of IT assets to 236 
facilitate the matching of capabilities and needs.  That two or more entities come together within 237 
the context of a single interaction implies the exchange of some type of value.  This is the same 238 
fundamental basis as trade itself, and suggests that as SOAs evolve away from interactions 239 
defined in a point-to-point manner to a marketplace of services; the technology and concepts can 240 
scale as successfully as the commercial marketplace.   241 
Unlike Object Oriented Programming paradigms, where the focus is on packaging data with 242 
operations, the central focus of SOA is the task or business function – getting something done. 243 
This is a more viable basis for large scale systems because it is a better fit to the way human 244 
activity itself is managed – by delegation and by trading. 245 

2.3 The Benefits of Service Oriented Architecture 246 
The main drivers for SOA-based architectures are the requirement to facilitate the manageable 247 
growth of large-scale enterprise systems, the requirement to facilitate Internet-scale provisioning 248 
and use of services and the requirement to reduce costs in organization to organization 249 
cooperation. 250 
The value of SOA is that it provides a simple scalable paradigm for organizing large networks of 251 
systems that require interoperability to realize the value inherent in the individual components.  252 
Indeed, SOA is scalable because it makes the fewest possible assumptions, including about the 253 
network and also minimizes any trust assumptions that are often implicitly made in smaller scale 254 
systems.  255 
An architect using SOA principles is better equipped, therefore, to develop systems that are 256 
scalable, evolvable and manageable. It should be easier to decide how to integrate functionality 257 
across ownership boundaries.  For example, a large company that acquires a smaller company 258 
must determine how to integrate the acquired IT infrastructure into its overall IT portfolio.   259 
Through this inherent ability to scale and evolve, SOA enables an IT portfolio which is also 260 
adaptable to the needs of a specific problem domain or process architecture.  The infrastructure 261 
SOA encourages is also more agile and responsive than one built on an exponential number of 262 
pair-wise interfaces.  Therefore, SOA can also provide a solid foundation for business agility and 263 
adaptability. 264 
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3 The Reference Model 265 

A service oriented architecture represents a uniform means to offer, discover and interact with 266 
capabilities to produce desired effects consistent with measurable preconditions and 267 
expectations. This section introduces the main concepts within this paradigm. A detailed 268 
discussion of the concepts and their relationships are in the sections that follow. 269 

3.1 Overview of model 270 
A key concept of SOA is that of service. In general, entities (people and organizations) create 271 
capabilities to solve or support a solution for the problems they face in the course of their 272 
business. The concept of service arises when a means to access this capability is made available 273 
to another: The noun “service” is defined in dictionaries as “The performance of work (a function) 274 
by one for another.”  SOA is a way to organize the world around this key concept of service.  275 
However, service, as the term is generally understood, also rolls together the following related 276 
ideas: 277 

• The capability to perform work for another 278 
• The specification of the work offered for another 279 
• The offer to perform work for another 280 

In the context of SOA, these related ideas emphasize the distinction between a capability; and 281 
the ability to bring that capability to bear. It is assumed that the capability has been created and 282 
exists independently of SOA. The oft used but imprecise term “service” should rather be 283 
understood therefore as a set of separate, yet interrelated and precise concepts.  These concepts 284 
are an offer, interaction and effect.   285 
The concept of an offer follows directly from the dictionary definition of service: 'by one' and 'for 286 
another.'  In general terms, an offer is a proposal.   These offers are made by providers which 287 
may possess a capability that address some need. 288 
The convergence of a capability and a need results in an interaction.  At its core, an interaction 289 
is “an act” rather than “an object.” Therefore, this concept focuses the necessary interfaces and 290 
behavior to support the interaction. Recall also that interaction may, and often will, cross 291 
ownership boundaries.  SOA identifies necessary aspects of interactions involving multiple 292 
ownership domains.  However, it does not directly embody concepts relating to ownership. 293 
The final concept focuses on the consequences – or effect - of the interaction.  294 
In order to consider using a service, it is necessary to know that it exists (or at least that offers 295 
exist), what is accomplished if the service is invoked, how the service is invoked, and other 296 
characteristics. Collectively this is the service visibility. When this information is available in an 297 
explicitly structured manner, it allows, for example, prospective consumers to decide if the service 298 
is suitable for their current needs and helps consumers establish whether they satisfy any 299 
requirements set by the service provider to be permitted access.   This information constitutes the 300 
service description. 301 
It is often the case that the consumer of a service and the provider of a service belong in different 302 
ownership domains.  As a result, there is a natural distinction to be drawn between the public 303 
interactions with a service and the private actions of both the service provider and consumer. This 304 
distinction maintains and encourages independence of each service participant which, in turn, 305 
greatly enhances the scalability and security attributes of SOA.  Focus can be directed to the 306 
public aspects of using a service by examining the conditions of using a service and the 307 
expectations that arise as a result of using the service. Service conditions are loosely associated 308 
with the service policies and the expectations with service contracts. 309 
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Another key concept in SOA is that of service interaction. Service providers and consumers 310 
exchange information to achieve particular desired effects. Typically this is achieved by 311 
exchanging messages using a standardized protocol. However, interaction can be achieved in 312 
many ways. 313 
Finally we identify discoverability as a key concept of SOA. Discoverability refers to the 314 
possibility that service consumers and providers can be brought together, and the mechanisms 315 
by which this can be achieved. There are many such mechanisms, including undoubtedly 316 
powerful registries or repositories of service descriptions, but SOA is not limited to these. 317 
SOA identifies necessary aspects of interactions involving multiple ownership domains; however, 318 
it does not directly embody concepts relating to ownership. 319 

3.2 The Reference Model 320 

3.2.1 Service 321 
A service is a means to access one or more capabilities, where the access is provided using a 322 
prescribed interface and is exercised consistent with constraints and policies as specified by the 323 
service description.  A service is provided by one entity – the service provider –  for use by 324 
others, but the eventual consumers of the service may not be known to the service provider and 325 
may demonstrate uses of the service beyond the scope originally conceived by the provider. 326 
A service is invoked through a service interface (see Section 3.2.2.4), where the interface 327 
comprises the specifics of how to access the underlying capabilities.  There are no constraints on 328 
what constitutes the underlying capability or how access is implemented by the service provider.  329 
Thus, the service could carry out its described functionality through one or more automated 330 
and/or manual processes that themselves could invoke other available services.  A service is 331 
opaque in that its implementation is typically hidden from the service consumer except for (1) the 332 
data model exposed through the published service interface and (2) any information included as 333 
metadata to describe aspects of the service which are needed by service consumers to 334 
determine whether a given service is appropriate for the consumer’s needs. The consequence of 335 
invoking a service is a realization of one or more real world effects. The effects may include: 336 
 337 

1. information returned in response to a request, 338 
2. processing a requested change to the shared state of defined entities, or 339 
3. some combination of (1) and (2). 340 

 341 
Note, the service consumer in (1) does not typically know how the information is generated, e.g. 342 
whether it is extracted from a database or generated dynamically; in (2), the consumer does not 343 
typically know how the state change is effected.  In either case, the service consumer would need 344 
to provide input parameters required by the service and the service would return information, 345 
status indicators, or error descriptions, where both the input and output are as described by the 346 
data model exposed through the published service interface.  Note that the service may be 347 
invoked without requiring input from the consumer (other than a command to initiate action) and 348 
may accomplish its functions without providing any return or feedback to the consumer. 349 
The service concept above has emphasized a distinction between a capability that represents 350 
some functionality created to address a problem or a need and the service that forms the point of 351 
access to bring that capability to bear in the context of SOA.  It is assumed that the capability was 352 
created and exists outside of the SOA. One of the major benefits of SOA is enabling the 353 
capability to be applicable to an expanded realm of relevant problems.  In actual use, maintaining 354 
this distinction may not be critical (i.e. the service may be talked about in terms of being the 355 
capability) but the separation is pertinent in terms of a clear expression of the nature of SOA and 356 
the value it provides. 357 
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3.2.2 Service description 358 
The service description represents the information needed in order to use a service.  It may be 359 
considered part of or the complete set of the metadata (see Section 3.2.3) associated with a 360 
service. In any case, the service description overlaps and shares many common properties with 361 
service metadata.  In most cases, there is no one “right” set of metadata but rather the metadata 362 
content depends on the context and the needs of the parties using the associated entity.  The 363 
same holds for a service description.  While there are certain elements that are likely to be part of 364 
any service description, most notably the data model, many elements such as function and policy 365 
may vary.  366 
Best practice suggests that the service description should be represented using a standard, 367 
referenceable format. Such a format facilitates the use of common processing tools (such as 368 
discovery engines) that can in turn capitalize on the service description. 369 
While the concept of a SOA supports use of a service without the service consumer needing to 370 
know the details of the service implementation, the service description makes available critical 371 
information that a consumer needs in order to decide whether or not to use a service.  In 372 
particular, a service consumer must possess the following items of information: 373 
 374 

1. That the service exists and is addressable (i.e., the service is visible to the service 375 
consumer and there are sufficient mechanisms in place for the service participants to be 376 
able to interact); 377 

2. That the service performs a certain function or set of functions; 378 
3. That the service operates under a specified set of constraints and policies; 379 
4. That the service will (to some implicit or explicit extent) comply with policies as prescribed 380 

by the service consumer; 381 
5. How to interact with the service in order to achieve the required objectives, including the 382 

format and content of information exchanged between the service and the consumer and 383 
the sequences of information exchange that may be expected. 384 

 385 
Subsequent sections of this document will deal with these aspects of a service in details but the 386 
following subsections will describe the relationship of these information items to the service 387 
description. 388 

3.2.2.1 Service Addressability 389 
A service description should include sufficient data to permit a service consumer and service 390 
provider to exchange information. This might include metadata (such as the location of the 391 
service and what information protocols it supports and requires) and information about how to 392 
determine whether the service is currently reachable or not. 393 

3.2.2.2 Service Functionality 394 
Item 2 relates to the need to unambiguously express the function(s) of the service and the real 395 
world effects (see Section 1.1) that result from it being invoked.  This portion of the description 396 
needs to be expressed in a way that is generally understandable by service consumers but able 397 
to accommodate a vocabulary that is sufficiently expressive for the domain for which the service 398 
provides its functionality.  The description of functionality may include, among other possibilities, 399 
a textual description intended for human consumption or identifiers or keywords referenced to 400 
specific machine-process-able definitions.  For a full description allowing the functionalities to be 401 
understood by a range of implementations, it may be useful to indicate multiple identifiers or 402 
keywords from a number of different collections of definitions. 403 
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Part of the description of functionality may include underlying technical assumptions that 404 
determine the limits of functionality exposed by the service or of the underlying capability.  For 405 
example, the amounts dispensed by an automated teller machine (ATM) are consistent with the 406 
assumption that the user is an individual rather than a business.  To use the ATM, the user must 407 
not only adhere to the policies and satisfy the constraints of the associated financial institution 408 
(see Section 3.2.2.3 for how this relates to service description and Section 1.1 for a detailed 409 
discussion) but the user is limited to withdrawing certain fixed amounts of cash and a certain 410 
number of transactions in a specified period of time.  The financial institution, as the underlying 411 
capability, does not have these limits but the service interface as exposed to its customers does, 412 
consistent with its assumption of the needs of the intended user.  If the assumption is not valid, 413 
the user may need to use another service to access the capability. 414 

3.2.2.3 Policies Related to a Service 415 
Items 3 and 4 from Section 3.2.2 relate to the service description’s support for associating 416 
constraints and policies with a service and providing necessary information for prospective 417 
consumers to evaluate if a service will act in a manner consistent with the consumer’s constraints 418 
and policies.  419 
In some situations the consumer may similarly provide an indication of its constraints and policies 420 
to support a service’s need to do a similar evaluation of suitability.  Thus, both prospective 421 
consumers and providers are likely to use the service description to mutually establish what 422 
Section 3.3.3 refers to as the execution context.  423 

3.2.2.4 Service Interface 424 
The service interface is the means referred to in Item 5 in Section 3.2.2 for interacting with a 425 
service.  It includes the specific protocols, commands, and information exchange by which 426 
actions are initiated that result in the real world effects as specified through the service 427 
functionality portion of the service description.  428 
The specifics of the interface should be syntactically represented in a standard reference-able 429 
format. These prescribe what information needs to be provided to the service in order to exercise 430 
its functionality and/or the results of the service invocation to be returned to the service 431 
consumer.  This logical expression of the set of information items associated with the 432 
consumption of the service is often referred to as the service’s data model.  It should be noted 433 
that the particulars of the standard reference-able format is beyond the scope of the reference 434 
model. However, requiring that mechanisms be available (in order to define and retrieve such 435 
definitions) is fundamental to the SOA concept.   436 
While this discussion refers to a standard reference-able syntax for service descriptions, it is not 437 
specified how the consumer accesses the interface definition nor how the service itself is 438 
accessed.  However, it is assumed that for a service to be usable, its interface must be 439 
represented in a format that allows interpretation of the interface information by its consumers. 440 

3.2.2.5 An Example of Using Information Contained in the Service 441 
Description 442 

The following example may help clarify the concepts related to service and service description.   443 
A utility has the capacity to generate and distribute electricity (the underlying capability). A 444 
consumer accesses electricity generated (the invoked service) via a wall outlet (service interface). 445 
In order to use the electricity, a consumer needs to understand what type of plug to use, which 446 
voltage is used and possible limits to the load (service description); the utility presumes that the 447 
customer will only connect devices that are compatible with the voltage provided; and the 448 
consumer in turn assumes that compatible devices can be connected without damage or harm 449 
(service assumptions). A residential or business user will need to open an account with the utility 450 
in order to use the supply (service constraint) and the utility will meter usage and expects the 451 
consumer to pay for use at the rate prescribed (service policy).  When the consumer and utility 452 
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agree on constraints and polices (service contract), the consumer can receive electricity using the 453 
service. Another person (say, a visitor to someone else's house) may use a contracted supply 454 
without any relationship with the utility or any requirement to also satisfy the initial service 455 
constraint but would nonetheless be expected to be compatible with the service interface. In 456 
certain situations (for example, excessive demand), a utility may limit supply or institute rolling 457 
blackouts (service policy). A consumer might lodge a formal complaint if this occurred frequently 458 
(consumer's implied policy). In this example, the underlying capability would still exist and be 459 
usable even if every device were required to be hard-wired to the utility's equipment, but this 460 
would result in a very different service and service interface. 461 

3.2.3 Descriptions and Metadata 462 
One of the hallmarks of a Service Oriented Architecture is the degree of documentation and 463 
description associated with it; particularly machine process-able descriptions – otherwise known 464 
as metadata. 465 
The purpose of this metadata is to facilitate integration, particularly across ownership domains. 466 
By providing public descriptions, it makes it possible for potential participants to construct 467 
applications that use services and even offer compatible services. Standardizing the formats of 468 
such metadata reduces the cost and burden of producing the descriptions necessary to promote 469 
reuse and integration. 470 

3.2.3.1 The roles of description 471 
An important additional benefit of metadata – as opposed to informal natural language 472 
descriptions – is its potential to facilitate automated software development. Both service providers 473 
and service consumers can benefit from such automation – reducing the cost of developing such 474 
systems. 475 
For example, metadata can be used as a basis of discovery in dynamic systems. Metadata can 476 
assist in managing a service, validating and auditing usage of services which may also be 477 
simplified by rich metadata.  It can also help ensure that requirements and expectations 478 
(regarding the content of any data interchanged) are properly interpreted and fulfilled. 479 

3.2.3.2 The limits of description 480 
There are well-known theoretic limits on the effectiveness of descriptions – it is simply not 481 
possible to specify, completely and unambiguously the precise semantics of a service.  482 
There will always be unstated assumptions made by the describer of a service that must be 483 
implicitly shared by readers of the description. This applies to machine processable descriptions 484 
as well as to human readable descriptions. 485 
Fortunately, complete precision is not necessary either – what is required is sufficient precision to 486 
enable required functionality.  487 
Another kind of limit of service descriptions is more straightforward: whenever a repository is 488 
searched using any kind of query there is always the potential for zero or more responses.  489 
There may be many reasons why a multiplicity of responses is returned: there might be several 490 
versions of the service, there might be competing services that offer overlapping functionality and 491 
there might be services from multiple different providers.  492 
In the case that there is more than one response, this set of responses has to be converted into a 493 
choice of a single service in order for a service consumer to ensure the required function 494 
performed. In a multi-provider scenario, that choice must also take into account real world 495 
aspects of the service – such as whether the service consumer can identify the provider, can or 496 
should trust the provider, and whether the provider is reliable and timely in delivering the service 497 
offered. It is unlikely that all such factors can be easily and securely encoded in descriptions and 498 
search criteria. 499 
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3.3 Interacting with services 500 
Interacting with a service involves exchanging information with the service and performing actions 501 
against the service. In many cases, this is accomplished by sending and receiving messages, but 502 
there are other modes possible that do not involve explicit message transmission. However, for 503 
simplicity, message exchange is the primary process (interaction) model for a service. The 504 
information exchanged and understood, together with mechanisms used, constitute the service 505 
interface – see Section 3.2.2.4. 506 
The key concepts that are important in understanding what it is involved in interacting with 507 
services are the data model, the process model, the execution context and the expectations 508 
about the interaction.  509 

3.3.1 Data model 510 
The data model of a service is a characterization of the information associated with the use of 511 
service.  512 
The scope of the data model covers the information and messaging formats, together with the 513 
structural relationships between them and the definition of terms used. Uusually, only information 514 
about, and data potentially included in, an exchange with a service are included within that 515 
service's data model. 516 
Any single type of information, such as structure, is insufficient to completely describe the data 517 
model. It needs to be complemented with other types in the data model in order to adequately 518 
describe the service. 519 

3.3.1.1 Structure 520 
Understanding the data model is a key initial step in ensuring effective interactions with a service. 521 
There are several levels of structural information, including for example the encoding of character 522 
data, the use of formats such as XML, SOAP and schema-based representations. 523 
A large portion of the data model typically represents the structure (or form) of the data model. 524 
However, purely “data-typed” information is often not sufficient to interpret the data accurately 525 
and completely  526 
For information that is exchanged across an ownership boundary, an important function of the 527 
service data model is to convey the intended meaning (the “semantics”) of the service. A common 528 
understanding of the function played by strings and other tokens in the information must be 529 
assured. 530 

3.3.1.2 Semantics and Ontology 531 
The primary task of any communication infrastructure is to facilitate the exchange of information 532 
and the exchange of intent. For example, a purchase order combines two somewhat orthogonal 533 
aspects: the description of the items being purchased and the fact that one party intends to 534 
purchase those items from another party. Even within a service, such exchanges have similar 535 
aspects and intent. For example, an exchange may update the customer profile with select 536 
changes. 537 
With information being exchanged potentially across ownership boundaries a critical issue is the 538 
interpretation of the data. This interpretation must be consistent between the participants in the 539 
service interaction. Consistent understanding of information is a stronger requirement than merely 540 
type (or structure) consistency – the tokens in the data itself must also have a shared basis. 541 
For example, the structure of a street address, while relatively “standard” within a given country, 542 
varies immensely across the globe. Even within a given area, there may be variants on a city’s 543 
name. For example, SF, San Francisco, San Fran, the City by the Bay are alternate ”labels” for 544 
the same city. For successful exchange of address information, all participants must have a 545 Formatted: Font:
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consistent view of the meaning of the address tokens, if address information is to be reliably 546 
shared. 547 
An ontology is a formal description of terms and the relationships between them in a given 548 
context. It will include information about how terms should be used and understood within the 549 
given context (constraints on and functions of valid values for the data and associated properties, 550 
etc.) as well as about their relationships to each other (hierarchical, class/sub-class, associative, 551 
dependent, etc.). 552 
The role of explicit ontologies is to provide an unambiguous basis for selecting the correct 553 
interpretations of data used - and thus information conveyed - in a service.  For example, an 554 
ontology can be used to capture the alternate ways of expressing the name of a city. as well as 555 
distinguishing a city name from a street name.  556 
Ontologies also provide a point of context to facilitate the reinterpretation of data – for example 557 
that a 3/8” steel washer may be a potential replacement for a 1cm spacer. Such a reinterpretation 558 
is effectively represented as a particular traversal of the graph of concepts and relationships 559 
embodied in the ontology. How much automation of ontology walking is appropriate will depend 560 
on the nature of the service and the service participants. 561 
Note that, for the most part, it is not expected that service consumers and providers would 562 
actually exchange ontologies in their interaction – the role of the ontology is a background one – it 563 
facilitates sound interactions. Hence ontology references are mostly to be found in service 564 
descriptions. 565 
More specifically, and in order for a service to be consistent, the service should make consistent 566 
use of terms as defined in an ontology. Specific domain semantics are beyond the scope of this 567 
reference model; but there is a requirement that the service interface enable providers and 568 
consumers to identify unambiguously those definitions that are relevant to their respective 569 
domains. 570 

3.3.2 Behavioral model 571 
The second key requirement for successful interactions with services is knowledge of the process 572 
or temporal aspects of interacting with the service.  This is characterized as knowledge of, 573 
responses to and temporal dependencies between, actions on the service. 574 
For example, in a security-controlled access to a database service, the actions available to a 575 
service consumer might include presenting credentials, requesting database updates and reading 576 
results of queries. The security may be based on a challenge-response protocol.  For example, 577 
the initiator presents an initial token of identity, the responder presents a challenge and the 578 
initiator responds to the challenge in a way that satisfies the service.  Only after the user’s 579 
credentials have been verified will any action - that queries and/or updates the database - be 580 
accepted. The sequences of actions involved are a critical aspect of the knowledge required for 581 
successful use of the secured database service. 582 
There are other aspects of the behavior of services that are important. These include, for 583 
example, whether the service is transactional, idempotent or long running.  As a particular 584 
example, a service that supports updating an account balance with a transaction is typically 585 
idempotent; i.e., the state of the account would not be affected should a subsequent interaction 586 
be attempted for the same transaction.  587 

3.3.2.1 Action model 588 
The action model of a service determines and constrains the permissible actions that may be 589 
invoked against the service. For example, in a service managing a bank account, it is not 590 
sufficient that you need to exchange a given message (with appropriate authentication tokens), in 591 
order to use the service. It is also necessary to understand that using the service may actually 592 
affect the state of the account (for example, withdrawing cash); that dependencies are involved 593 
(for example, a withdrawal request must follow not precede an authentication); or that the data 594 
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changes made have different value in different contexts (for example, changing the data in a bank 595 
statement is not the same as changing the actual data representing the amount in an account). 596 
Much of the behavior resulting from an action may be private but that part that is public should 597 
reflect the implied effects of actions taken. 598 

3.3.2.2 Process Model 599 
The process model characterizes the temporal relationships between actions and events 600 
associated with interacting with the service.  It is fairly common to partition the process model 601 
associated with a service into two levels: the particular sequences of operations needed to 602 
achieve single service exchanges and longer term transactions. These two levels may be nested 603 
– a long running transaction is often composed of sequences of exchange patterns. Ultimately, 604 
however, the consumer is only interested in achieving the desired result/effect from the use of the 605 
service 606 
The existence of a process model is a requirement of this Reference Model, but the extent of its 607 
use is not. In some architectures the process model will include aspects that are not strictly part 608 
of this reference model. For example, The reference model does not address orchestration of 609 
multiple services – although orchestration and choreography may be part of the process model of 610 
a given architecture. At a minimum, the process model must cover the interactions with the 611 
service itself. 612 

3.3.2.3 Higher-order attributes of processes 613 
Beyond the straightforward mechanics of interacting with a service there are other, higher-order, 614 
attributes of services’ process models that are also often important. These can include whether 615 
the service is idempotent, whether the service is long-running in nature and whether it is 616 
important to account for any transactional aspects of the service. 617 
A service is idempotent if subsequent attempts to perform identical transactions are discounted. 618 
For example, it often important that a bank will only cash a check once – subsequent attempts to 619 
cash the same check should be ignored, rejected or initiate an alert process. Note that 620 
idempotency is not the same as effect-free or stateless: a service that always returns the same 621 
results is idempotent, but only by virtue of the fact that it does not change from invocation to 622 
invocation. 623 
Idempotency is an important attribute of a service in an environment where there is a significant 624 
possibility that the interaction between the service provider and consumer may be interrupted – 625 
whether by a network issue or simply one of the parties dropping out. A strategy for recovering 626 
from such a breakdown is to attempt to repeat the interaction – an idempotent service is required 627 
to ignore such repetitions should the transaction have been successfully completed. 628 
A service is long-running if the activities engendered by an interaction are likely to persist beyond 629 
the immediate interaction itself. For example, a classic book selling service might be viewed as a 630 
long-running service: the activity started by the purchase of the book may take days or weeks to 631 
complete. It can be important to account for a long-running process as it has implications for the 632 
kinds of infrastructure needed – both by the service provider and by the service consumer – in 633 
order to be able to keep track of the progress of the interaction. 634 
Often, once a business-level contract has been agreed on, it can be difficult or impossible to 635 
simply cancel the consequences of the agreement. This is particularly an issue when the 636 
agreement of several parties is necessary simultaneously. For example, booking a vacation may 637 
require a flight ticket as well as a hotel room – without one, it would not be a vacation. However, 638 
the airline typically will not have a relationship with the hotel. If there are no hotel rooms available 639 
for the proposed vacation, then the airline ticket will need to be canceled. 640 
The process of reversing a previously completed transaction however – backing out of the airline 641 
booking for example – may well involve a completely different service from that used for the 642 

Deleted: Of course, a 
great portion

Deleted: ; however, 

Comment [AE60]: Does 
it?  It may imply it only if 
one thinks it implies such.  
In itself, I think a service’s 
behavior is somewhat inert.

Comment [FGM: Yes, 
informally. E.g., one might 
imagine that updating a 
bank account with a 
transaction is part of the 
expectations associated 
with the bank service; even 
though the outsider can 
never see that update 
going on. 

Deleted: the expected 
public view of a service 
surely includes the

Comment [m62]: Used 
to be “fundamental”.  
Fundamental was a bit 
strong, IMO. 

Deleted: For example, in 
a publish-and-subscribe 
service, there are individual 
operations dealing with 
registering a new 

Deleted: Note that 
although t

Deleted: necessary to

Deleted: its

Deleted:  defined

Deleted:  – f

Deleted:  we do

Deleted: the 

Comment [FGM: #299 

Deleted: que

Deleted: que

Deleted:  or 

Deleted:  anyway

Deleted: either the 

Deleted:  is a bust

Deleted: ; so i

Deleted: it turns out that 

Deleted: is likely to be 
quite different to the 

... [58]

... [59]



OASIS SOA Reference Model  1 October 2005 
Copyright © OASIS Open 2005. All Rights Reserved. Page 17 of 28 

 

original transaction. Knowledge of such compensatory actions is a key aspect of the orchestration 643 
of, and interaction with, transactional services. 644 

3.3.3 Actualized Services  645 
The execution context of a service interaction is a reflection of the infrastructure elements, 646 
process entities and policy assertions that are actually deployed as part of a functioning service 647 
interaction. This context represents the distinction between the abstraction (such as service 648 
descriptions -  which concern the potential for interaction) and the actually executing service. It is 649 
the point of measurement between the service description and reality, between theory and 650 
practice. 651 
The execution context refers to the totality of the interaction – including the service provider, the 652 
service consumer and the common infrastructure needed to mediate the interaction. It is central 653 
to many aspects of a service interaction. It defines, for example, the decision point for any policy 654 
enforcement relating to the service interaction. Note that a policy decision point is not necessarily 655 
the same as an enforcement point: an execution context is not by itself something that lends itself 656 
to enforcement. On the other hand, any enforcement mechanism of a policy is likely to take into 657 
account the particulars of the actual service interaction. 658 
Services can be distinguished by their execution context. Different instances of the same service 659 
– for example, interactions between a given service provider and different service consumers – 660 
are distinguished by virtue of the fact that their execution contexts are different.  661 
Finally, the execution context is also the context in which the interpretation of data that is 662 
exchanged takes place – it is where the symbol grounding happens as it were. A particular string 663 
has a particular meaning in a service interaction in a particular context – the execution context. 664 

3.4 Real World Effect 665 
There is always a particular purpose associated with interacting with a service. Conversely, a 666 
service provider (and consumer) often has a priori conditions that apply to its interactions.  The 667 
service consumer is trying to achieve some result by interacting with the service, as is the service 668 
provider. At first sight, such a goal can often be expressed as “trying to get the service to do 669 
something”.  This is sometimes known as the real world effect of using a service. For example, 670 
an airline reservation service can be used in order to book travel: the desired real world effect 671 
being a seat on the right airplane. 672 
The internal actions that a service providers and consumers perform as a result of participation in 673 
service interactions are, by definition, private and fundamentally unknowable.1 By unknowable we 674 
mean both that external parties cannot see others’ private actions and, furthermore, should not 675 
have explicit knowledge of them. Conversely, if they are knowable, it should be assumed that this 676 
is deliberate – a desire to provide a means of interaction at that particular level. Instead the focus 677 
should be on the state that is shared between the parties – the shared state. Actions by the 678 
parties lead to modifications of this shared state; and that in turn leads to modified expectations 679 
by the participants. 680 
For example, when an airline has confirmed a seat for a passenger on a flight this represents a 681 
shared state – an expectation for both the airline and the passenger that the passenger will have 682 
a seat on the flight. Thus the real world effect of booking the flight is the creation of a, or 683 
modification to this, shared state.  Flowing from the shared facts, both the passenger, the airline 684 
and interested third parties may make inferences that when the passenger arrives at the airport 685 
the airline confirms the booking and permits the passenger onto the airplane (subject of course to 686 
the passenger meeting the other requirements for traveling). 687 

                                                      
1 A similar analysis applies to service consumers: just how a consumer of a service decides which requests 
to make and which actions to perform is something that the service provider cannot determine. 
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For the airline in the example to know that the seat is confirmed will likely require some private 688 
action to record the reservation but by minimizing assumptions about how the airline fulfils its 689 
contracts, the potential for smooth interoperation is maximized. Such minimization principles 690 
represent a key success factor for scalability. 691 
Note that there does not need to be a third party to act as a kind of escrow for the shared state 692 
between service providers and consumers. The elements of the shared state are inferred from 693 
the communication that has occurred between the participants together with other context as 694 
necessary. Of course, in the case where adjudication is a possibility, it becomes prudent to record 695 
the interaction – so that disputes can be arbitrated. 696 
Although there is not necessarily a one-to-one correspondence, the natural container for the 697 
conditions applying to a service is the service policy. Similarly, the natural container for the 698 
expectations arising from a service is the service contract. 699 

3.5 Policies and Contracts 700 
A policy represents some constraint or condition on the use, deployment or description of an 701 
owned entity as defined by that owner. A contract, on the other hand, represents an agreement 702 
between provider and consumer. The agreement often includes conditions of use of a service and 703 
what the expected real world effects might be. The reference model is concerned with how the 704 
concept of policies and contracts apply to services but not the expressiveness of the language 705 
used to describe and use them. 706 

3.5.1 Service Policy 707 
A policy is a statement of the obligations, constraints or other conditions of use of a given service 708 
that expresses intent on the part of a participant.  More particularly, policies are a way for 709 
expressing the relationship between the execution context and the data and behavior models 710 
associated with the service. 711 
Conceptually, there are three aspects of policies: the policy assertion, the policy owner 712 
(sometimes referred to as the policy subject) and policy enforcement. 713 
For example, the assertion: “All messages are triple-DES encrypted” is an assertion regarding the 714 
forms of messages. As an assertion, it is measurable: it may be true or false depending on 715 
whether the traffic is encrypted or not. Policy assertions are often about the way the service is 716 
realized: they are about the relationship between the service and its execution context. 717 
A policy always represents a participant’s point of view. An assertion becomes the policy of a 718 
participant when they make it their policy. This linking is normally not part of the assertion itself. 719 
For example, if the service consumer declares that “All messages are triple-DES encrypted”, then 720 
that reflects the policy of the service consumer. This policy is one that may be asserted by the 721 
service consumer independently of any agreement from the service provider. 722 
Finally, a policy is usually established because it is intended to be enforced. Techniques for 723 
enforcement depend on the nature of the policy. Conceptually, service policy enforcement 724 
amounts to ensuring that the actual use of a service by a consumer is consistent with its use as 725 
intended by the provider. Without enforcement, there is no real policy, only a wish or indication, 726 
as to how the service should be used. 727 
Policies potentially apply to many aspects of SOA: security, privacy, manageability, Quality of 728 
Service and so on. Beyond such infrastructure-oriented policies, participants may also express 729 
business-oriented policies – such as hours of business, return policies and so on. 730 
Policy assertions should be written in a form that is understandable to, and processable by, the 731 
parties to whom the policy is directed. This form may need to be machine-processable, 732 
depending on the purpose and applicability of the policy and whether it might affect whether a 733 
particular service is used or not. 734 
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A natural point of contact - between service participants and the policies associated with the 735 
service - is the service description (see Section 3.2.2). The service description can contain 736 
references to the policies of the service provider. 737 

3.5.2 Service Contract 738 
Where a policy is associated with the point of view of individual participants, a contract represents 739 
an agreement between two or more participants. Like policies, contracts can cover a wide range 740 
of aspects of services: quality of service agreements, interface and choreography agreements 741 
and commercial agreements.  742 
Thus, following the analysis above, a service contract is a measurable assertion that governs the 743 
requirements and expectations of two or more parties.  Unlike policy enforcement, which is 744 
usually the responsibility of the policy owner, contract enforcement may involve resolving 745 
disputes between the parties to the contract. The resolution of such disputes may involve appeals 746 
to higher authorities. 747 
Like policies, contracts may be expressed in a machine processable form. Where a contract is 748 
used to codify the results of a service interaction, it is good practice to represent it in a machine 749 
processable form. This facilitates automatic service composition, for example. Where a contract is 750 
used to describe over-arching agreements between service providers and consumers, then the 751 
priority is likely to make such contracts readable by people. 752 

3.6 Visibility 753 
For a service provider and consumer to interact with each other they have to be able to ‘see’ each 754 
other. This is true for any consumer/provider relationship – including in an application program 755 
where one program calls another: without the proper libraries being present the function call 756 
cannot complete. In the case of SOA visibility needs to be emphasized because it is not 757 
necessarily obvious how service participants can see each other to interact. 758 
Visibility is the relationship between service consumers and providers that is satisfied when they 759 
are able to interact with each other. Preconditions to visibility are awareness – typically the 760 
initiator in a service interaction must be aware of the other parties – willingness – the parties must 761 
be predisposed to interactions – and ability – the participants must be able to exchange 762 
information as part of a service interaction. 763 

3.6.1 Awareness 764 
A key aspect of visibility is awareness – both the service provider and the service consumer must 765 
have information that would lead them to know of the other’s existence. Technically, the prime 766 
requirement is that the initiator of a service interaction has knowledge of the responder. The fact 767 
of a successful initiation is often sufficient to inform the responder of the other’s existence. 768 
Awareness of service offerings is often mediated by various discovery mechanisms. For a service 769 
consumer (say) to discover a service provider, the service provider must be capable of making 770 
details of the service (notably service description and policies) available to potential consumers. 771 
Likewise, consumers must be capable of finding that information. 772 
Service discoverability requires that the service description and policy – or at least a suitable 773 
subset thereof – be available in such a manner and form that, directly or indirectly, an awareness 774 
of the existence and capabilities of the service can become known to potential consumers. The 775 
extent to which the discovery is “pushed” by the service provider, “pulled” by a potential 776 
consumer, subject to a probe or another method, will depend on many factors. 777 
For example, a service provider may advertise and promote their service by either including it in a 778 
service directory or broadcasting it to all consumers; potential consumers may broadcast their 779 
particular service needs in the hope that a suitable service responds with a proposal or offer or a 780 
service consumer might also “probe()” an entire network to determine if suitable services exist. 781 
When the demand for a service is higher than the supply, then by advertising their needs, 782 
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potential consumers are likely to be more effective then service providers advertising offered 783 
services. 784 
One way or another, the potential consumer must acquire a sufficient description to evaluate 785 
whether the service matches their expectations and, if so, the method for the consumer to 786 
establish a contract and invoke the service. 787 

3.6.2 Willingness 788 
Associated with all service interactions is intent – it is an intentional act to initiate and to 789 
participate in a service interaction. For example, if a service consumer discovers a service via its 790 
description in a registry, and the consumer initiates an interaction, if the service provider does not 791 
cooperate then there can be no interaction. In some circumstances it is precisely the correct 792 
behavior for a service to fail to respond – for example, it is the classic defense against certain 793 
denial-of-service attacks. 794 
The extent of a service participant’s willingness to engage in service interactions may be the 795 
subject of policies. Those policies may be documented in the service description. 796 
Of course, willingness on the part of service providers and consumers to interact is not the same 797 
as a willingness to perform requested actions.  A service provider that rejects all attempts to 798 
cause it to perform some action may still be fully willing and engaged in interacting with the 799 
consumer. 800 

3.6.3 Addressability 801 
A service consumer may have the intention of interacting with a service, and may even have all 802 
the information needed to communicate with it. However, if the service is not reachable, for 803 
example if there is not communication path between the consumer and provider, then, effectively, 804 
the service is not visible to the consumer. 805 
Reachability is the relationship between service participants where they are able to exchange 806 
information as part of service interactions. Reachability is closely connected to the concept of 807 
execution context (see Section 3.3.3) – an important requirement for an execution context is to 808 
establish that service participants can communicate with each other. 809 Formatted: Heading
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4 Conformance Guidelines 810 

The authors of this reference model envision that architects may wish to declare their architecture 811 
is conformant with this reference model. Conforming to a Reference Model is not generally an 812 
easily automatable task – given that the Reference Model’s role is primarily to define concepts 813 
that are important to SOA rather than to give guidelines for implementing systems. 814 
However, we do expect that any given Service Oriented Architecture will reference the concepts 815 
outlined in this specification. As such, we expect that any design for a system that adopts the 816 
SOA approach will 817 

• Have entities that can be identified as services as defined by this Reference Model,  818 
• Such entities will have descriptions associated with them, 819 
• Service entities will have identifiable interaction models, including models of the 820 

information exchanged by the services and the temporal behavior of the services 821 
• It should be possible to identify a means by which consumers of services and providers 822 

of services are able to engage; and 823 
• That there will be identifiable aspects of service entities that correspond to the policies 824 

relating to the conditions of use of services and to the expectations that result from 825 
interacting with services. 826 

It is not appropriate for this specification to identify best practices with respect to building SOA-827 
based systems. However, the ease with which the above elements can be identified within a 828 
given SOA-based system could have significant impact on the scalability, maintainability and 829 
ease of use of the system. 830 
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Appendix A. Glossary 839 

EDITOR’S NOTE TO THE READER: This section is currently in flux.  Please do not submit 840 
comments/issues on/against this appendix. 841 
 842 
Terms that are used within this Reference Model are often also found in other specifications. In 843 
order to avoid potential ambiguity, this glossary locally scopes the definitions of those terms for 844 
the purpose of this Reference Model and thus overrides any other definitions. 845 
 846 
Action Model 847 
The characterization of the permissible actions that may be invoked against a service. 848 
 849 
Addressability 850 
The state is which a service is visible to potential consumers and capable of being interacted with 851 
given adequate mechanisms in place. 852 
 853 
Architecture 854 
A set of artifacts (that is: principles, guidelines, policies, models, standards and processes) and 855 
the relationships between these artifacts, that guide the selection, creation, and implementation of 856 
solutions aligned with business goals. 857 
Software architecture is the structure or structures of an information system consisting of entities 858 
and their externally visible properties, and the relationships among them.  859 
 860 
Authentication 861 
The act by which one entity establishes – to an agreed level of confidence – the identity of 862 
another. 863 
 864 
Awareness 865 
Information that leads a service provider and/or consumer to know of the other’s existence. 866 
 867 
Behavioral Model 868 
The characterization of (and responses to, and temporal dependencies between) the actions on a 869 
service 870 
 871 
Capability 872 
A real-world effect that a service provider is able to provide to a service consumer. 873 
 874 
(Service) Consumer 875 
An entity which seeks to satisfy a particular need through the use capabilities offered by means of 876 
a service. 877 
 878 
Contract 879 
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The agreement between a service provider and a consumer, often including conditions of use of a 880 
service and an indication of the expected real world effect. 881 
 882 
Data Model 883 
The characterization of the information that is associated with the use of a service. 884 
 885 
Discoverability 886 
The possibility that service consumers and service providers can be brought together, and the 887 
mechanisms by which this is achieved. 888 
  889 
Execution context 890 
A set of technical and business elements that permit information to be exchanged and actions to 891 
be performed when the “theory” of a service description, policies and contract become the 892 
“practice” of an actual running service. 893 
 894 
Framework 895 
A set of assumptions, concepts, values, and practices that constitutes a way of viewing the 896 
current environment. 897 
 898 
Idempotency/Idempotent 899 
A characteristic of a service whereby multiple attempts to change a state will always and only 900 
generate a single change of state if the operation has been already been successfully completed 901 
once. 902 
 903 
Interaction 904 
The activity involved in making using of a capability offered, usually across an ownership 905 
boundary, in order to achieve a particular desired real-world effect. 906 
 907 
Interface 908 
The means by which the underlying capabilities of a service are accessed. 909 
 910 
Message 911 
A serialized set of data that is used to convey a request or response from one party to another. 912 
 913 
Metadata 914 
A set of properties of a given entity which are intended to describe and/or indicate the nature and 915 
characteristics of the entity. 916 
 917 
Offer 918 
An invitation to use the capabilities made available by a service provider in accordance with some 919 
set of policies. 920 
 921 
Ontology 922 
A formal description of terms and the relationships between them in a given context. 923 

Deleted: The syntactic, 
semantic and logical 
constraints governing the 
use of a service

Deleted: A Data Model 
is the abstract paradigm 
used in the invocation and 
consumption of a service. It 
is expressed as a set of 
information items

Deleted: y

Deleted: act of detecting 
and gaining understanding 
of the nature of a service

Deleted: ¶
¶
Encapsulation¶
The act of hiding internal 
specifications of an entity 
from the user of that entity, 
in such a way that the 
internal data and methods 
of the entity can be 
changed without changing 
the manner in which the 
entity is used. What is seen 
by the user is only an 
interface, or service.¶

Deleted: A named set of 
operations that 
characterize the behavior 
of an entity

Deleted: Mediation¶
The transformation, routing, 
validation and processing 
of messages.¶
¶

Deleted: purpose 

Deleted:  and/or its 
relationship with others

Deleted: ¶
Negotiation¶
A process that seeks to 
establish an acceptable 
basis for a contract 
between agents for the 
provision of a service.¶

Deleted: Represents an 
agreement within a specific 
environment of the 
meanings to be associated 
with different concepts and 
their relations to each other



OASIS SOA Reference Model  1 October 2005 
Copyright © OASIS Open 2005. All Rights Reserved. Page 25 of 28 

 

 924 
Opaqueness 925 
The extent to which an agent is able to interact successfully with a service without detecting how 926 
the service is implemented. 927 
 928 
Policy 929 
A statement of obligations, constraints or other conditions of use of an owned entity as defined by 930 
that owner. 931 
 932 
Process Model 933 
The characterization of the temporal relationships between actions and events associated with 934 
interacting with a service. 935 
 936 
(Service) Provider 937 
An entity (person or organization) that offers the use of capabilities by means of a service 938 
 939 
Real world effect 940 
The actual result of using a service, rather than merely the capability offered by a service provider 941 
 942 
Reference Model 943 
A reference model is an abstract framework for understanding significant relationships among the 944 
entities of some environment that enables the development of specific architectures using 945 
consistent standards or specifications supporting that environment. 946 
A reference model is based on a small number of unifying concepts. A reference model is not 947 
directly tied to any standards, technologies or other concrete implementation details, but it does 948 
seek to provide a common semantics that can be used unambiguously across and between 949 
different implementations. 950 
 951 
Semantics 952 
A conceptualization of the implied meaning of information, shared between the service consumer 953 
and the service provider, that requires words and/or symbols within a usage context. 954 
 955 
Service 956 
The means by which the needs of a consumer are brought together with the capabilities of a 957 
provider. 958 
 959 
Service description 960 
A set of information describing a service, sufficient to allow a potential consumer to ascertain, 961 
where appropriate: 962 
- the identity of (and/or information about) the service provider; 963 
- the policies, parameters and terms of use of the service; 964 
- of the information necessary to interact with the service; 965 
- what is accomplished when the service is invoked, 966 
and thus be able to use the service as intended by the provider. 967 

Deleted:  given service. 
When a specific set of 
entities accept such a 
policy, a contract is usually 
established

Deleted: (Service) 
Requester or provider¶
An agent that interacts with 
a service in order to 
achieve a goal¶
¶
Security¶
A set of policies and 
measures designed to 
ensure that agents in an 
environment can only 
perform actions that have 
been allowed. Security in a 
specific environment is an 
agreed compromise 
between meeting the needs 
of agents and maintaining 
the integrity of the 
environment.¶
¶

Deleted: A behavior or 
set of behaviors offered by 
one entity for use by 
another according to a 
policy and in line with a 
service description.

Deleted: the procedures 
and constraints governing 
invocation of

Deleted: ,
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 968 
Service Oriented Architecture (SOA) 969 
A software architecture of services, policies, practices and frameworks in which components can 970 
be reused and repurposed rapidly in order to achieve shared and new functionality.  It provides a 971 
uniform means to offer, discover, interact with and use capabilities to produce desired effects 972 
consistent with measurable preconditions and expectations. 973 
 974 
Visibility 975 
The capacity for those with needs and those with capabilities to be able to see each other. 976 
 977 

 978 

Deleted: and thus 
determine whether the 
service meets the 
expectations and 
requirements of the 
consumer. Acceptance of 
the service description by a 
consumer does not of itself 
imply a contract to use the 
service.¶

Deleted: This enables 
rapid and economical 
implementation in response 
to new requirements thus 
ensuring that services 
respond to perceived user 
needs.¶
SOA uses the object-
oriented principle of 
encapsulation in which 
entities are accessible only 
through interfaces and 
where those entities are 
connected by well-defined 
interface agreements or 
contracts.¶
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Appendix C. Notices 984 
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that might be claimed to pertain to the implementation or use of the technology described in this 986 
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neither does it represent that it has made any effort to identify any such rights. Information on 988 
OASIS's procedures with respect to rights in OASIS specifications can be found at the OASIS 989 
website. Copies of claims of rights made available for publication and any assurances of licenses 990 
to be made available, or the result of an attempt made to obtain a general license or permission 991 
for the use of such proprietary rights by implementers or users of this specification, can be 992 
obtained from the OASIS Executive Director. 993 
OASIS invites any interested party to bring to its attention any copyrights, patents or patent 994 
applications, or other proprietary rights, which may cover technology that may be required to 995 
implement this specification. Please address the information to the OASIS Executive Director. 996 
Copyright  © OASIS Open 2005. All Rights Reserved. 997 
This document and translations of it may be copied and furnished to others, and derivative works 998 
that comment on or otherwise explain it or assist in its implementation may be prepared, copied, 999 
published and distributed, in whole or in part, without restriction of any kind, provided that the 1000 
above copyright notice and this paragraph are included on all such copies and derivative works. 1001 
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specifications, in which case the procedures for copyrights defined in the OASIS Intellectual 1004 
Property Rights document must be followed, or as required to translate it into languages other 1005 
than English. 1006 
The limited permissions granted above are perpetual and will not be revoked by OASIS or its 1007 
successors or assigns. 1008 
This document and the information contained herein is provided on an “AS IS” basis and OASIS 1009 
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO 1010 
ANY WARRANTY THAT THE USE OF THE INFORMATION HEREIN WILL NOT INFRINGE ANY 1011 
RIGHTS OR ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A 1012 
PARTICULAR PURPOSE. 1013 
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A reference model consists of a set of clearly defined concepts, axioms and relationships 
within a particular problem domain, independent of specific implementations, conventions, 
activities or organizations. The purpose is to facilitate the design of systems, to establish a 
common set of terminology as it applies to the domain and to encourage best practice where 
possible. 
 
SOA have received significant attention within the software design and development industry 
in recent times. The result of this attention is the proliferation of many conflicting definitions of 
“service-oriented architecture”. 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. A reference model is a 
foundational work that can and should be used to develop architectural patterns and promote 
effective discourse on derived works. 
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Any work that aligns with the functional areas of SOA such as the service, service description, 
advertising mechanism, service data model or service contract are likely to be directly related.   
 
 

Page 5: [3] Comment [FGM Francis McCabe 12/11/2005 16:36:00 

#207, #275 
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Benefits of SOA 
 
How does this paradigm of Service Oriented Architecture differ from other approaches to 
organizing and understanding IT assets?  Essentially, there are three areas in which SOA 
revolutionizes the framework of concepts that functions as a tool for addressing IT solutions.  
As mentioned earlier, SOA is independent of any underlying problem domain to which it may 
be applied.  Therefore, the section of the reference model clarifies how this collection of 
concepts represents combines a different approach to the organization if IT assets with a 
framework to approach a resolution to any specific IT problem.   
 
First, SOA recognizes 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.  Ultimately, SOA relies on service descriptions and interfaces 
to account for the assumptions used to cross an ownership boundary in itself. 
 
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.  Further, 
the existence of a capability and a need on different sides of an ownership boundary provides 
the motivation to establish an execution context based on the elements which provide some 
type of value to the entities involved.  Further, the barter system in which entities negotiated a 
unique exchange for each interaction evolved to a currency system which underpins a 
marketplace that allows for unanticipated and unexpected interactions.  The successful of this 
evolution suggests that the SOA paradigm, as it moves away from interactions defined in a 
point-to-point manner to a marketplace of services can scale as successfully as the 
commercial marketplace.   



 
Third, the concepts of SOA advocate and approach to any problem domain that relies upon a 
combination top-down and bottoms-up analysis when organizing capabilities and assets.  The 
top down analysis identifies initial services to create and determines the potential services 
that may be needed.  The bottoms-up analysis establishes a marketplace of services that 
address perceived needs.  The convergence point between these two is a service oriented 
infrastructure which is particularly adaptable to the needs of a specific architecture.  This 
infrastructure therefore is inherently more agile and responsive than one built on an 
exponential number of pair-wise interfaces.  Thus, also it provides a foundation for process 
oriented architecture.  
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This reference model for service-oriented architectures describes concepts and relationships 
that are fundamental in describing SOA architecture patterns (i.e. SOA reference 
architectures) and specific SOA architectures applied to the solution of specific problems.  In 
general, a 
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services that invoke functionality and 
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 Such services hide implementation details but have associated service descriptions to 
provide sufficient information to understand the technical and business requirements for 
invoking the service.  The actual decision (or agreement) to invoke a service is often 
contingent on understanding and complying with those requirements. 
 
While such a description of SOA gives a flavor for why it is of interest, it is not sufficient for 
understanding the primary SOA concepts that must be used in designing a SOA and 
effectively using an SOA. The remainder of t 
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need a glossary definition of capability:  
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SOA is a way to organize the world around this key concept of service.   
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"systems architecture" rather than "the world" ? 
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is partitioned into 
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Is this a non-sequitur? The three "precise" concepts are not the same as the 
three outlined in the bullets, namely capability, specification (description?) and 
offer 
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need further smithing 
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establish whether a 
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Services are accessed in order to achieve particular effects. There is a loose relationship 
between service providers and consumers 
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Adjusted a little 
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We've discussed this before but in writing this section it seems that an 
important concept is not only that there is a service and it's the service I want 
to use, and I know how to invoke the service, but also some mechanism that 
lets me know the service is available to be invoked or it can't.  It is an 
implementation decision whether to inform the consumer in advance (or for 
the consumer to be able to check) about availability or to generate a fault if 
the service is not accessible.  But something on availability/presence seems 
to be needed. 
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Reworded away from invoke to interaction. 
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From Al Brown: “As a reader, this section leaves me unsatisfied. 
 
What belongs in the service description out of the 5 items?  How does service description == 
service metadata” 
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Service availability refers explicitly to whether the service is available for use or not.  
Presence does not automatically imply availability. 
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Availability/reachability needs further hacking 
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However, for simplicity, we often refer to message exchange as the primary mode of 
interaction with a service. 
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Together t 
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types of  
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and  
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re 
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are three  
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 and 
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I would prefer the term information model as data model seems very low level 
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includes  
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format of documents 
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within those documents 
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also  
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#294,#295 
 

Page 14: [28] Deleted Peter F Brown 11/11/2005 23:39:00 

 within those documents 
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that  
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might be stored or internally 
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are potentially 
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 manipulation by 
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not  
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generally  
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That is part of the service implementation. 
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Knowing  
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representation, structure and form of information required 
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such  
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ranging from 
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through  
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A described data model typically has a great deal to say about the form of messages, about 
the types of the various components of messages and so on.   
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completely describe the appropriate  
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ation 
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of 
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You don’t need a common understanding of the strings, only of their function. 
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symbol grounding, unknowable, call out relationships between tokens, 
automatable crawl over graph #251,#297 
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Particularly for messages, an important aspect of the service data model is the interpretation 
of strings and other tokens in the data.  Loosely, one might partition the interpretation of a 
message into structure (syntax) and meaning (semantics); although both are part of the data 
model.   
 
A described data model typically has a great deal to say about the form of messages, about 
the types of the various components of messages and so on.  However, pure “typed” 
information is not sufficient to completely describe the appropriate interpretation of data.  
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in purely internal 
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within an Enterprise Application suite, exchanges  
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: this is an 
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these 
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cy in interpretation 
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within 
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 structure,  
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the city name and the street name are typically given the same data type – some variant of 
the string type.  
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there is a huge potential for variability in representing addresses 
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For example, an address in San Francisco, California may have variations in the way the city 
is represented:  
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 all 
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denotations 
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of 
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However, city names and street names are not really the same type of thing at all.  
Distinguishing the correct interpretation of a city name string and a street name string is not 
possible using type-based techniques – it requires additional information that cannot be 
expressed purely in terms of the structure of data. For example, a street can be found in a 
city, but not vice versa. 
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Most commonly, the relationships are class relationships – one term represents a concept 
that is a sub-class of another. However, relationships are not limited to the sub-class 
relationships; other aspects of concepts can also be usefully represented; such as the range 
of possible values given property can take and whether the property is functional or not. 
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tokens in messages 
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in the address example above,  
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appropriate distinction between street name and city name; so much so that in many cases it 
is possible to automatically map the contained information from one representation to anothe 
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Delete? Distinguishing a city from a street is not the role of the ontology, but 
should already be "captured" by the semantics of the data model, a"step" 
earlier... 
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Behavior model 
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 behavioral or process aspects of  
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news subscription service, a successful use of the service involves initially registering a 
subscription with the service; which will then be followed by an irregular series of one-way 
notifications of news items. 
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 update and query 
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 Key to the use of such a service is the knowledge that you must first register your 
preferences and that you will then receive messages without further prompting. 
 



Another example is  
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. Such services are typically 
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they will not change their state 
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The behavioral model of the account update service then consists of an initial communication 
– incorporating the transaction to record – followed by a response which might include the 
new balance.  
 

Page 16: [58] Deleted Francis McCabe 27/10/2005 12:23:00 

For example, in a publish-and-subscribe service, there are individual operations dealing with 
registering a new subscription and publishing a new notice. A longer-term view of this service 
would consider the total sequence of notifications associated with a given subscription.  
Another concept that may be featured in a process model is the transactional structure of a 
service (c.f. ACID analysis of processes). 
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is likely to be quite different to the process 
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Behavior 
The behavioral model of a service is about the behavior that results in interactions with the 
service. Of course, a great portion of the behavior of a service may be private; however, the 
expected public view of a service surely includes the implied behavior of the service. 
 
For example, in a service that manages a bank account’s state, it is not sufficient to know that 
to use the service you need to exchange a given message (with appropriate authentication 
tokens). It is also of the essence that using the service may actually affect the bank account – 
withdrawing cash from it for example. 
 
The behavior of a service is closely connected to its intended real-world effect; although not 
identical to it. In general, we can state that the behavior of a service (an attempt to withdraw 
cash from an account) results in an intended (or occasionally unintended) effect in the world: 
the account’s balance is lower. 
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ce 
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in context 
 

Page 17: [62] Deleted Peter F Brown 12/11/2005 13:28:00 

the set 
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the instantiated 
 

Page 17: [62] Deleted Peter F Brown 12/11/2005 13:24:00 

In effect, t 
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he execution 
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defines the point of contact between 
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are mostly about 
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The most basic aspect of an execution context must be consistency between what is actually 
happening and any descriptions of what ought to be happening. The execution context 
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is not limited to one side of the interaction; rather it  
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 Thus it represents a path between the intentions of the service consumer and those of the 
service provider. 
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The execution context 
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a critical touchstone for 
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it defines  
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The  
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 also allows us to distinguish services from one another 
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denoting  
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 for example  
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In an implementation, services are associated with an execution context. Consider, for 
example, that there is a distinction between a potential service and an actual service that is 
capable of being interacted with. An actualized service has an execution context that 
determines many of the properties of the service; including attributes such as security. 
 
Suppose that it were important that a given service was always executed in an authenticated 
context – i.e., that the service provider and the service consumer have authenticated 
themselves to each other. The details of how authentication is performed are not the concern 
of the reference model.  However, such an authentication requirement is an example of a 
particular execution context that applies to a service and its implementation 
 
The execution context is a touchstone for many aspects of the service – what policies are in 
force for example, whether it is available, and so on. 
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; c 
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, presumably, 
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Would this additional wording help the debate about transparency and 
opacity, giving a sense that the decision over the level of opacity is one of 
deliberate choice/design rather than chance? 
 

Page 17: [68] Comment [FGM Francis McCabe 12/11/2005 16:36:00 

If we wanted to, we could add here a note stating that shared state does not 
imply some third party in the sky that records all transactions. 
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fact that 
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share – it is part of their shared state 
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of 
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 – the existence of the booking 
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– in particular  
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Of course, i 
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n order f 
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it  
 

Page 18: [70] Deleted Peter F Brown 12/11/2005 15:48:00 

invoke 
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kind of  
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Policies and Expectations 
In the absence of intimate knowledge of the implementation of service providers and 
consumers a way of characterizing the use of a service is via the concepts of policies and 
expectations. We can understand what it means to interact with a service by examining the 
conditions on the use of the service and the expected results of using it. 
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Broadly speaking, a 
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On the other hand, the expectations associated with a service 
revolve around the consequences of interacting with the 
service. Normally, there is an expected real world effect as a 
result of using a service – such as depositing money into an 
account. However, it can be difficult to characterize the real 
world effect of using a service, since the actions performed 
by a service implementation are inherently private to that 
provider. 
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 1 Instead it may be more effective to consider the expectations for 
future interactions with services.  
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It is ambiguous whether "all messages are..." in the preceding phrase is 
intended to be descriptive or prescriptive. If prescriptive, then "constraining" 
can stay but the preceding phrase should be re-worded to "all messages must 
be..."; if descriptive - they simply "are", then use "about" or "describing" the 
forms of messages... 
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actually  
 

                                                      
1 A similar analysis applies to service consumers: just how a consumer of a service decides which 
requests to make is something that the service provider cannot determine. 
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From a conceptual  
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policy assertion is consistent with the real world. This might mean preventing unauthorized 
actions to be performed or states to be entered into; it can also mean initiating compensatory 
actions when a policy violation has been detected.  An unenforceable  
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constraint is not a policy; it would be better described as a wish. 
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al machine processable form. The importance of such a machine processable form of policy 
depends on 
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. In particular, where a policy declaration might  
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, then such policies should be expressed in machine-processable form 
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Services and expectations 
There is nearly always a particular purpose associated with interacting with a service.  The 
service consumer is trying to achieve some result by invoking the service, as is the service 
provider. At first sight, such a goal can often be expressed as “trying to get the service to do 



something”.  This is sometimes known as the real world effect of using a service. For 
example, an airline reservation service can be used in order to book seats on a flight.  
 
However, inherent to the concept of SOA is an approach to the relationship between service 
providers and consumers where there are minimum assumptions made by consumers about 
how a service is provided, and conversely minimum assumptions made by service providers 
about the connectivity of consumers. This separation is key to achieving large-scale systems 
and also to managing the evolution of such systems.   
 
In keeping with this assumption, a more effective way of capturing the purpose of using a 
service is via the concept of expectations. I.e., when an individual invokes an airline’s 
booking service, she is not interested in a response indicating that the airline has merely 
“recorded a booking”, rather, she is interested to hear that the airline has recorded her 
booking, and confirms that she has a place on the requested flight.  
 
Expectations revolve around communication and future interactions much more than present 
time actions. Of course, in order for the airline to know that the seat is confirmed it will likely 
use some kind of system for recording the reservation; but, by minimizing assumptions about 
how the airline fulfils its contracts, potential for smooth interoperation is maximized. 
 
It is natural to characterize the expectations associated with a service interaction in terms of 
the message traffic exchanged with the service. In a manner that is completely analogous to 
the service interface, we can define expectations in terms of the kinds of information that will 
be provided subsequently by a service – as opposed to the information that is required for a 
current interaction. For example, a successful interaction with a courier or package delivery 
service might result in a tracking number. The expectation is that presenting that tracking 
number to the appropriate service will result in information about the current whereabouts of 
the package being delivered. 
 
The expectations arising from a use of a service may be described in much the same ways 
that policies are described, except that the natural container for this is the service contract. 
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Where a policy is associated with the point of view of individual participants, a contract 
represents an agreement between two or more participants. Like policies, contracts can cover 
a wide range of aspects of services: quality of service agreements, interface and 
choreography agreements and commercial agreements.  
 
Thus, following the analysis above, a service contract is a measurable assertion that governs 
the requirements and expectations of two or more parties.  Unlike policy enforcement, which 
is usually the responsibility of the policy owner, contract enforcement may involve resolving 
disputes between the parties to the contract. The resolution of such disputes may involve 
appeals to higher authorities. 
 
Like policies, contracts may be expressed in a machine processable form. Where a contract 
is used to codify the results of a service interaction, it is good practice to represent it in a 
machine processable form. This facilitates automatic service composition, for example. 
Where a contract is used to describe over-arching agreements between service providers and 
consumers, then the priority is likely to make such contracts readable by people. 
 
A variant of the policy concept is the agreement or contract. A contract has all the same 
features as a policy with one key addition: the concept of agreement, contracts are policies 
that have been agreed to by participants governed by the policy; policies do not need 
agreement only enforcement. 



Service discoverability 
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A key concept of the SOA Reference Model is the discoverability of services. Discoverability 
is an important aspect of bringing together the service provider and consumer: A  
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Again, it may not be the service provider that provides this description. Ask 
Wal-Mart or GM 
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This may (and commonly does) involve a service provider entering the service description 
into a service registry and the service consumer searching for an appropriate match to their 
needs. The SOA concept of discoverability is not restricted to any single mechanism. In a 
pure P2P architecture there would be no registry at all. 
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May also not be automated. The URL for the service may be well-known – to 
be found on the side of a bus. 
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