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The standards in web service technology aim at enhancing the interoperability of web components. When it comes
to discovery, composition and execution of composite web services, standards such as XML, SOAP [14],
WSDL [15] has been successful in providing the required interoperability between components of the composite
web service. Though, several researchers agree that these standards do not support automation of all steps of
webs service life cycle [16, 12, 1, 4, 7]. The authors in [7] identify several kinds of semantics that are required for
automation of web service lifecycle. Also they illustrate how this semantic knowledge can enable automation of
semantic web service lifecycle. Ontologies are the tool for knowledge sharing. Semantic web services allow for fully
or partially automation of web service annotation, discovery, selection, composition and execution [7].

The authors in [7] identify four types of semantics for web services: functional semantics, data semantics, QoS
semantics and Execution semantics. Functional semantics determine what a service does. Data semantics
determine the semantics of the Inputs and outputs of a service. QoS semantics enable selection of the most
suitable service. Execution semantics identify the execution conversation patterns and preconditions and effects of
a service.

According to [7] the inclusion of semantics in web service description enables the automation of the rest of the
semantic web service lifecycle. The current standard WSDL only specifies syntactic information while semantics are
needed for discovery, selection, composition and execution. The current web service advertisement mechanism is
UDDI which only enables keyword based search. An advertisement mechanism that supports semantics is required
instead. Web service discovery should find the services that can potentially satisfy the user’s goal. This search must
not only consider the syntax of services but also the semantics of the services must be matched with user goals.
Then, the services that match best with the requested QoS are selected. An ontology of QoS metrics is required at
this stage. Then, the services must be composed to realize the client’s goal. Automation of the composition
involves all categories of the semantics mentioned above. Finally, the composed web service should be executed
and monitored.

It is necessary that the knowledge about the web services can be interpreted uniformly. According to [7] similar to
the semantic web in which ontologies have been proposed to build a web that computers can understand; this
makes shared ontologies indispensible for web service semantic interoperability. That is, a set of web services who
share the same ontology will be able to communicate semantically with each other. Ontology is the taxonomy of
the concepts in the world along with the relations among them which facilitates the knowledge sharing [9]. Many
approaches such as [16, 1] use ontologies to add semantics to web services. The design of the ontology to
represent the required semantics of the web services is crucial to all stages of semantic web service life cycle.

A lot of research has been done on addition of semantics to web services and how it enables different stages of
semantic web service life cycle; though there is not agreement among the researchers and research is ongoing.
Two approaches exist for representing the knowledge: One approach is adding semantics to existing web service
standards, such as WSDL-S [16, 1]. Another alternative solution is introduction of new semantically rich models.
Examples of these approaches are OWL-S [12] (by W3C), and CoSMoS [3]. In the rest of this report OWL-S and an
extension of it, WSDL-S and a similar approach, and CoSMoS are briefly introduced and compared. Also, an
ontology based composition framework that uses ontologies for semantic web service composition is reviewed to
demonstrate how a semantically rich description of web services can leverage web service composition.



There are mainly two approaches for introduction of semantics to web services. One is extending WSDL to
represent the required semantics. The other approach is introduction of new web service description languages
that are semantically rich. One of the examples of the latter is OWL-S by W3C. Though a lot of research have been
done to demonstrate how OWL-S can be used to leverage web service discovery, composition and execution such
as [6, 3, 11], the authors in [16, 1] argue that instead of introduction of fresh standards, previous standards (i.e.
WSDL and UDDI) should be extended to represent semantics and this extension must be independent of the
ontology representation language. In this way several advantages are gained: industry is familiar with the
standards; existing tools can be updated; and existing domain models in other languages can be reused. Examples
of this approach are [16, 1]. Below OWL-S and several other approaches are to adding semantic of web services are
briefly introduced.
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OWL-S [12] (previously named DAML-S) provides a semantic and syntactic rich description of web services by using
an ontology consisting of a service class with three properties; namely ServiceProfile, ServiceModel and
ServiceGrounding. These three properties are described below:

ServiceProfile specifies what service does by specifying its quality, input, output, preconditions, effects (IOPE),
category. It is used for service discovery and composition.

ServiceModel specifies a service as a process. It shows the interaction and can be used to interpret what the
service does. There are several kinds of processes; atomic, composite, and simple. An atomic process is a single
step process that doesn’t call any other processes. A composite process is a compound web service that calls other
processes. A simple process is a process, composite or simple, at abstract level. Two things are specified for a
composite process:

1. Several Control structure much similar to those of BPEL [2] have been provided to specify the flow of
services interactions.
2. Flow of data between the components is specified by relating the IOPE’s of the processes.

ServiceModel is used for service composition. In [3] the authors have used the description of a composite process
as an input to a planner which finds a collection of atomic processes to form a concrete composite process. In [5]
the authors have mapped from process model to BPEL which can be used to execute such generated process.

ServiceGrounding specifies how a concrete can be accessed. While ServiceProfile and ServiceModel give abstract
information about a service, the ServiceGrounding binds this semantic information to a WSDL which is a concrete
definition of the service. It specifies the transport protocol, message format, serialization and addresses. For this
purpose, WSDL is extended to support OWL data types. Also a correspondence between OWL-S processes which
are semantically rich and WSDL operation that can be called has been added. ServiceGrounding is used for service
invocation.

In [11] the authors propose to extend the OWL-S framework with an abstract service level. The abstract service
level enables categorizing similar services. An abstract service hierarchy is proposed to categorize abstract services
based on their functional and non-functional characteristics. The concrete services are plugged into the abstract
services in this hierarchy. When a composition is requested, each requested service is matched with an abstract
service, or a new abstract service is added to the pool. In their extension to OWL they have added a new Instance
section to OWL-S. All concrete services that implement the abstract service are specified in this section. In
compose time if no concrete service is defined for an abstract service, the services are found and added at run
time. Another extension to OWL-S is abstractComposedOf attribute for process element which specifies different
possible composition plans. In this way future compositions can be made in abstract level. They have designed and
prototyped a planner which accepts queries containing Input, output, parameters and non-functional
requirements from user and generates a plan from available services.
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As it was previously mentioned, another approach to description of web services is extending WSDL. Three
approaches are described below:

The authors in [16] introduce WSDL-S which is the result of addition of OWL-S ProfileModel semantics to WSDL.
They also believe that ProcessModel semantics need to be added to BPELAWS. In their approach for extending
WSDL they add precondition and effects of operations; map the input and output types to ontological concepts;
and finally, they specify a categorization attribute to represent the category of the service.

In [4] the authors extend WSDL with semantic capabilities. Their extension to WSDL includes addition of service
category, service purpose, operation description, operation mode, operation quality, parameter business role and
unit. In their ontology a Web service is specified by its description, operations, bindings, purposes, and categories.
It is shown how this knowledge can be used to compose the services and generate a plan. The authors
demonstrate how this ontology can be used to reason about composability of web services. To determine the
composability of services they define rules to check modes of operation; the data types of the messages; purposes
and categories of operations; operations quality for fulfillment of the client’s requirement; and check the
composition soundness that tests whether the service combination has any added value. They demonstrate how
this description can be used to specify services, find appropriate services, select among them and compose them
to build a required composite service.

In [1] the authors take the approach of annotating web services based on shared ontologies and use these
annotations for web service discovery. To do this they map the concepts in WSDL to the concepts in DAML+OWL
ontologies, and use a search on UDDI that can query the services based on ontological concepts. In this vein, they
map the WSDL operations to the concepts in ontology that represent the functionality of the operation; they map
the WSDL message parts to corresponding ontological concepts. They add new tags for preconditions and effects.
This information is stored in UDDI when a web service is published. For service discovery, the information is used
to match the operations based on their functionalities. The preconditions and effects of the services that propose
more similar functionalities are ranked and the one that is closest to user’s goal is chosen.
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In [3] the authors propose a new component model for web services. They define four domains: Data Type Domain
that define data format of components; Semantic Domain that define concepts that are used to annotate the
components operations and types for example; Logic domain that define rules about components, for example: TV
plays a Movie implies that a person watches Movie; Component Domain that connects the three domains and
represent a web service.
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In this section the outline of two approaches to semantic web service composition is briefly described to illustrate
how knowledge can leverage automation of web service composition. Both of the approaches compose web
services that are described using OWL-S. The first approach is OMWSC and uses the ServiceProfile section of OWL-
S. The second one uses an Al planning Algorithm named SHOP2 [6] to compose web services using the knowledge
represented in ServiceModel of OWL-S.
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In this section [8] which is an Ontology-Based Model for Web Services Composition (OMWSC) is reviewed to
demonstrate how knowledge can leverage the automatic composition of web services. The system has four
components: the user’s goal which specifies their intention, the agents that compose a service that satisfies
user’s goal, Service database that contains services which are annotated with DAML-S and a composition
algorithm.



In their approach, the user goal which is provided as input are translated into an AND/OR expression of sub-
goals. The system has agents to satisfy the sub-goals. The information in the user goal contains semantics of
the functionality that the user requests and some other non-functional requirements such as QoS as well as
the effect of the functionality.

To describe the services, a domain-specific ontology that inherits from DAML-S an earlier version of OWL-S is
used. Specifically IOPE's of a service and service type which refers to service taxonomy is used to describe a
service.

For service selection, first the IOPE of services are matched. Then, among the matched services, a plan that
satisfies two types of constraints is chosen: Subjective constraints which represent consumer interests such as
location; objective constraints which represent the required QoS;

. | H$% 85" 0$) O+ & (

SHOP2 [6] is an Al planning algorithm that receives initial state, an ordered set of tasks to be performed and a
domain description as inputs and generates a plan to accomplish the tasks in the given order. A task is an
activity to accomplish. There are two types of task: primitive and compound. To perform a compound task
several primitive sub-tasks must be performed. The domain description consists of operators and methods.
Operators represent how to perform a primitive task. Methods represent how to perform a compound task;
that is how to decompose it to primitive tasks.

SHOP2 algorithm can be simplified in these steps. The algorithm chooses a step from the ordered set of task in
the same order that they will be executed. If the task is primitive task, it finds an operator that accomplishes
the task and it's preconditions are satisfied, If the task is a compound task, it non-deterministically, chooses a
method to be applied. To ensure that the precondition of a compound task is satisfied, it recursively
decomposes the task to reach the first primitive task that should be performed to perform the compound
task. After decomposing the compound task, it adds the sub tasks to the list of the tasks to be performed.

The authors in [13] have tailored this algorithm for composing OWL-S web services. For this purpose, they use
the ServiceModel section of the OWL-S specification as the domain description. Primitive tasks are those that
can be done by a simple service. The methods are specified by the control structures and connections of
IOPE’s of the operations.
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Table 1 shows how each approach tries to support different types of semantics [7]. Each cell in the table
determines how the language specifies a semantic category. While the OWL-S approach is the most semantically
rich the authors in [16, 1] believe that for an approach to be industrially accepted it should extend the current
WSDL standard. Moreover OWL-S specifies functional semantic by IOPEs of operations which does not always work
[3]: for example consider a service that adds two integers and returns the result and the other one that does
subtraction. These two services cannot be discriminated by IOPE mechanism. Also notions of purpose, parameter
unit and business role introduced in [4] are not considered in OWL-S.

Another major difference between OWL-S and other web service description languages is that OWL-S views a
service as a process in its ServiceModel property which enables some a special branch of Al planning methods
called HTN composition methods as illustrated in [6]; instead in the other approach that extend WSDL, [16]
suggests that BPEL can be used for this.

The description of semantics of web services is the first step to the semantic web services. There are a lot of topics
in addition of semantics to web services to make the idea of semantic web services operational: what semantics to
be added, how to add the semantics and how to enable different stages of semantic web service life cycle. Though
the list doesn’t end here. If the semantics of web services are represented using ontologies, merging domain
ontologies is another problem that needs automation.
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Category, IOPE in service Quality in service profile 10 WSDL and PE
profile and service model
IOPE and operation category - 10 concepts WSDL and PE
18.++" )/ IOPE and operation concept, - 10 concepts WSDL
category and purpose
48 .++" )/ Operation purpose, category Quality(Free, privacy, 10 business role and unit ~ WSDL
and description security)
Semantic Domain, Logic = Semantic Domain
Domain
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