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1 Introduction
In the first generations of the Web, the Web was seen as

a collection of information available either in a static way
(static Web documents normally generated manually by
persons) or in a dynamic way (dynamic Web documents
generated from databases, creating the so-called Deep Web).

Web Service technology allowed lifting the Web to a
new level of service, where software applications and com-
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ponents could be accessed and executed using the Web as
their medium for transmitting inputs needed for the execu-
tion and outputs obtained from it. Specifications (and their
corresponding components) like UDDI (Universal Descrip-
tion, Discovery and Integration), WSDL (Web Services
Description Language) and SOAP (Simple Object Access
Protocol) are the basis for this new type of Web. They will
be described in Section 3 of this document.

The use of this set of specifications and their correspond-
ing components is tightly related to the development of the
Service Oriented Architecture (SOA) vision, with the idea
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of "plug-compatible" software components that allow re-
ducing the costs of developing software systems while at
the same time allows increasing their capabilities. Though
the origin of SOAs cannot be found on Web Service tech-
nology, but on previous efforts on the development of dis-
tributed systems (from Remote Procedure Calls to CORBA
– Common Object Request Broker Architecture), it is true
that Web Services have contributed deeply to their success
and wide implementation, and constitute a good technol-
ogy to realise this vision. Section 2 will describe this vision
further and will focus on how Web Services contribute to it.

With the emergence and wide deployment of Web Serv-
ice-based applications in different contexts, new require-
ments arise.

These include how to represent and exchange Web Serv-
ice metadata, how to ensure the reliability of services, how
to deal with security aspects such as authentication and au-
thorisation, how to compose services and coordinate their
executions in complex interactions, how to manage and
monitor them, how to represent and deal with their state in
the case of stateful resources, etc. To address all these re-
quirements, new specifications have been created on top of
the basic set of specifications. They will be described in
Section 4.

Many challenges still exist in the development of Web
Service-based applications. These challenges include serv-
ice discovery, selection, composition, negotiation, dynamic

configuration, invocation, monitoring and recovery. A large
amount of research is being devoted to studying them and
proposing solutions. Current research is focused on isolated
specific aspects (for instance, improving service discovery
algorithms using a combination of keywords, input and
output datatype similarity, etc.) or on more comprehensive
approaches, such as the ones proposed in the context of
Semantic Web Services, which aim at augmenting the de-
scriptions of Web Services with formal metadata related to
the application domain, the preconditions and postconditions
for the service execution, etc. This last approach would per-
mit finding solutions to most of the aforementioned chal-
lenges, although with the additional cost of requiring a
higher effort for service providers who have to annotate
their services.

Other distributed and non-distributed technologies are
also adopting Web Services as their means to implement
their functionality: this is the case of datasets, which are
being made available by Web Services, or of Grid Tech-
nologies, which are also adopting (and extending) Web Serv-
ice specifications and components. All these research chal-
lenges will be described in Section 5.

Finally, in Section 6 we will be giving examples of ap-
plications based on Web Service technology. Applications
range several domains: public administration, financial serv-
ices, B2B (Business to Business) integration, enterprise ap-
plication integration, etc.

Figure 1:  Layered Web Service Architecture
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2 Architecture
Web Service technology is not monolithic. It is defined

by means of a set of specifications, each of which is fo-
cused on solving different needs of service oriented
architectures. Even if the main Information Technology
companies have different objectives in mind with respect
to Web Service technology, they collaborate in the stand-
ardisation of these specifications. As a result, they have
converged into a set of widely-adopted basic specifications
that have contributed to the success of this approach to ap-
plication development.

Figure 1, obtained from [1], presents a commonly agreed
view of Web Service Architecture, structured along a set of
functional layers with pointers to the most relevant specifi-
cations.

Now we summarise the role of each layer in the global
architecture, and the main characteristics of the correspond-
ing specifications:

Web Services define a message-based architecture.
The transport layer is focused on the set of protocols used
to deliver these messages. Web Service specifications al-
low using any protocol in this layer, though most of them
rely on HTTP and HTTPS.

The Messaging layer defines protocols that specify
the format of the exchanged messages, their source and tar-
get, the systems that can process them, etc. This layer is the
core of the architecture and the two main specifications are
SOAP and WS-Addressing.

The Service description layer is used to express
metadata about service capabilities, both from the functional
and non-functional points of view. The most important speci-
fication in this layer is WSDL.

The Service discovery layer allows users (either hu-
mans or systems) to look for services that can accomplish
their goals, according to the metadata stored for them. The
most important specification in this layer is UDDI.

The Quality of Service layer is in charge of non-func-
tional aspects of Web Services, which are relevant to make
it possible to interact with them, such as reliable messaging,
security, transaction management, etc.

 The Components layer is in charge of the composi-
tion of new services from existing services, and of the co-
ordination of interacting services.

3 Basic Web Service Specifications: SOAP,
WSDL and UDDI

3.1 SOAP
SOAP is an XML-based protocol used to define the

messages to be exchanged in an heterogeneous and decen-
tralised environment, independently of the transport proto-
col used, the type of communication established, and the
rules for the interpretation of messages.

SOAP has been standardised by the W3C consortium
[2], [3], and widely accepted by industry.

3.2 WSDL (Web Service Description Language)
WSDL is a language used to describe the public inter-

face of a service, including its public functions, the service
location and the way to access it. The aspects related to
service invocation, operations and messages are described
in an abstract way so that they can be linked later to a net-
work protocol and to a specific message format [4].

WSDL has been also standardised by the W3C consor-
tium, with different versions [5], [6].

3.3 UDDI  (Universal Description Discovery and
Integration)

UDDI  [7] is used to describe an XML-based universal
registry that stores different types of information about the
Web Services in a system. The UDDI specification includes
a set of APIs for the discovery and publication of services
in repositories.

4 Other Specifications
Besides the previous three basic specifications, now we

describe others that are in the standardisation process and
define other aspects related to Service-Oriented
Architectures.

4.1 Addressing: WS-Addressing
WS-Addressing allows identifying nodes that exchange

messages, independently of the protocol used to transport
them, by means of endpoint references (EPRs). This specifi-
cation is currenlty under the standardisation process by the
W3C, and some documents are already proposed as W3C
Recommendations [8][9][10].

4.2 Policies: WS-Policy
WS-Policy defines a general framework to describe and

combine, in an abstract way, different types of policies re-
garding the service access or execution features of the serv-
ices in different domains. This includes aspects such as se-
curity, reliable messaging, transactions, etc. The informa-
tion provided with WS-Policy complements the WSDL
functional descriptions. As with the previous one, this speci-
fication is currently under standardisation by the W3C, with
some working drafts [11][12].

4.3 Metadata Exchange: WS-MetadataExchange
WS-MetadataExchange [13] defines protocols to allow

endpoint references to exchange their metadata. Metadata
can include policies, WSDL descriptions, XML Schema
datatype descriptions, etc.

4.4 Security: The WS-Security Family
Secure transport protocols like HTTPS are not enough

for building secure service-oriented applications, since they
usually imply the use of multi-step messages, participation
of more than two entities, etc. The WS-Security family of
specifications (which includes WS-Trust, WS-
SecureConversation and WS-Federation, among others) pro-
poses an interoperable way to combine existing security
techniques in an interoperable way. Some of these specifi-
cations are OASIS (Organization for the Advanced Struc-
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tured Information Standards) standards [14] and others are
in the standardisation process.

4.5 Reliable Messaging: WS-Reliability and WS-
ReliableMessaging

Independently of whether the lower-level protocols are
realiable or not, other additional mechanisms have to be
used to guarantee a reliable end-to-end message exchange.
WS-ReliableMessaging [15] specifies three basic seman-
tics that can be combined: ordered delivery, delivery of each
message at least once and deliver of each message at most
one. WS-Reliability [16] is similar to WS-
ReliableMessaging and has been standardised by OASIS.

4.6 Transactions: The WS-Coordination Family
In complex interactions with multiple message ex-

changes it is difficult to guarantee that the final result of the
interaction is coherent, due to the occurrence of errors, un-
expected situations, etc. For this reason protocols for the
coordination of transactions are being proposed. WS-Coor-
dination specifies a general framework to define such coor-
dination protocols. Among these protocols we can cite WS-
AtomicTransaction, for applications that require the use of
the classical model for atomic transactions ACID (Atomic-
ity, Consistency, Isolation and Durability), and WS-
BusinessActivity, for long-lasting business interactions
where the ACID model is not adequate. These specifica-
tions are available at [17][18][19].

4.7 Composition: WS-BPEL
WS-BPEL (Business Process Execution Language, pre-

viously known as BPEL4WS) is a high-level language for
defining service composition (aka business processes). Serv-
ice composition descriptions can be executed and managed
automatically by execution engines that are compatible with
the language. The current BPEL4WS 1.1 [20] was sent to
OASIS for standardisation and will be transformed into the
WS-BPEL 2.0 specification.

4.8 State: WSRF
The Web Service interfaces aforementioned do not

specify how service providers and requesters have to deal
with the access to the resources they are wrapping when
these resources are stateful. The WS-Resource [23] con-
struct was proposed as a means to expressing this relation-
ship, and the WS-Resource framework (WSRF [24]) is a set
of Web Service specifications that define a rendering of the
WS-Resource approach in terms of specific message exchanges
and related XML definitions: WS-ResourceProperties (WSRF-
RP), WS-ResourceLifetime (WSRF-RL), WS-ServiceGroup
(WSRF-SG), and WS-BaseFaults (WSRF-BF). The aim of
this specification is to allow programmers to declare and
implement associations between a Web Service and one or

more stateful resources, describing how the resource state
is accessible through the Web Service interface and defin-
ing related mechanisms concerned with WS-Resource
grouping and addressing.

The initial work on WSRF was performed by Globus
Alliance and IBM (WSRF was first released in January
2004), as an initial refactoring of the concepts and inter-
faces developed in the OGSI V1.0 specification [25]. Now
it is in the process of standardisation by OASIS1 .

5 Semantic Web Services
Current Web Service technologies (SOAP, WSDL and

UDDI) operate at a syntactic level. Hence they normally
require humans to search for appropriate Web Services to
be used in an application and to combine them so that they
fulfil the application objectives. Semantic Web Services are
aimed at overcoming this human dependency by providing
(semi)-automatic means to discover, select, and compose
Web Services for an application, giving support as well to
service mediation, execution and monitoring. The basis for
providing such functionalities is the annotation (also known
as markup) of Web Services with machine-understandable
content that describes their preconditions and
postconditions, their inputs and outputs, etc.

There are currently three leading approaches for the
development of Semantic Web Services: WSDL-S, WSMO
(Web Service Modeling Ontology) and OWL-S (Ontology
Web Language-S). A comparison can be found in [21]. All
of them are similar with respect to their design principles
and to the types of problems that they aim to solve. How-
ever, they differ in the formal languages and models used
to describe services, and in how they integrate with the un-
derlying Web Service technology.

WSDL-S [26] uses the extensibility elements of WSDL
in order to include semantic descriptions of Web Services.
Extension attributes are used to associate WSDL entities
with concepts in a semantic model, to handle structural dif-
ferences between the Web Service schema elements and the
semantic concepts, to specify preconditions and effects of
each Web Service operation, and to specify a semantic cat-
egory of the service, which can be seen as an extension to
the UDDI registry information. The WSDL-S approach does
not make any assumption about the formal language to be
used to specify the semantics of Web Services. Hence it can
be seen as complementary to the other two approaches.

WSMO [27] and OWL-S [28] propose ontology-based
models for describing Web Services. The WSMO model is
specified in the WSML (Web Services Meta Language) and
can be dealt with by execution platforms like WSMX or
IRS-III. WSMO descriptions specify preconditions,
postconditions, assumptions and effects of Web Service
operations, as well as non-functional properties of the serv-
ice.  The OWL-S model is specified in the OWL language
and can be dealt with by the OWL-S virtual machine. Serv-
ices are described according to their profile (what the serv-
ice does), model (how to use the service and what happens
when the service is used) and grounding (details on how

1 http://www.oasis-open.org/committees/tc_home.php?
wg_abbrev=wsrf
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requesters can access the service).
These approaches are under standardisation by differ-

ent standardisation committees (W3C, OASIS). Open re-
search issues in this work are still on the aspects related to
automatic discovery, selection and composition of Web
Services. There are also contests open for participation for
these open issues2 .

6 Applications
The emergence of Service Oriented Architectures in or-

ganisations has spread the use of Web Services as the can-
didate technology to implement the design principles be-
hind this paradigm. Below we describe the main applica-
tion areas of Web Services.

6.1 Enterprise Application Integration (EAI)
Web Services have changed the way in which enterprises

integrate their legacy applications, departments and infor-
mation systems. Web Service standardisation is key to make
it possible to share information and services with other part-
ners, providers and customers, reducing the software de-
velopment and maintenance costs and taking advantage of
all the development and investments done in the enterprise.

Besides, the importance of Web Services in application
integration has grown because of the popularity of Enter-
prise Service Buses (ESBs).

6.2 Business Process Management (BPM)
BPM solutions are linked to the maintenance of the

lifecycle of business process, together with their automati-
sation, optimisation and design. Web Services constitute a
key technology to achieve an open integration between in-
ter and intra-organisational processes.

Specifications like BPEL have boosted the support for
the orchestration of collaborative Web Service based proc-
esses.

6.3 Business-to-Business and E-Commerce (B2B
and EC)

Collaboration in B2B requires an open and normalised
exchange of information between organisations, so that they
can converge into a common model and ensure the exten-
sion of their business and organisational boundaries to other
organisations.

With respect to Electronic Commerce, Web Services are
used in portals like Amazon.com, Yahoo.com, or eBay, us-
ing APIs based on REST. In the academic environment,
analyses are being made about the impact of Web Services
in virtual markets, contracts and e-provisioning.

6.4 Public Sector
Web Services are being used in all types of public ad-

ministrations to offer services to citizens (change of address,
tax payment, electronic notifications, certificates, etc.), and

in those scenarios where the collaboration between differ-
ent public administrations is required.

As an example, in the Health sector we can highlight
the wide use of Web Services to make it possible for hospi-
tal information systems and other public Health-related serv-
ices to interoperate. Similarly, Web Services are being used
in other areas such as tourism, finance and insurances.

6.5 New Business Models
Web Services are being also considered as a gateway to

new business models, since they provide an inter-connec-
tion of services that was not provided before. One example
is the emergence of the concept of "Software as a Service"
(SaaS) [22], which represents a new way to distribute soft-
ware.

Translated by Oscar Corcho-García
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