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Abstract

Web service technology is making strides in the creation of distributed systems. The main
objective of this technology is to enhance the interconnectivity of heterogeneous systems by
using standard protocols to describe, discover, and communicate with distributed software
entities across the Internet. It faces some challenges in creating a robust architecture for
developing software applications. Web service composition refers to the mechanisms that
promote the collaboration of individual Web services to create software applications with a
functionality that is the result of the integration of the individual functionalities provided by

each participating service.

Some factors to be taken into account in the implementation of Web service composition
approaches are (i) the manner in which services are orchestrated, coordinated, and
discovered; (ii) the scalability and flexibility levels; and (ii) the allowance of individual

services to fail without affecting the complete composite service execution.

Recent Web service composition techniques provide solutions to the challenges of Web
service composition. However, these solutions have the following limitations: (i) the use of
the standard service registry only at development time; (ii) the necessity of service providers
to host additional software modules to obtain high levels of scalability and flexibility; and (iii)
the lack of mechanisms to allow composite services to be created where some individual
services are allowed to fail without affecting the entire service execution.

This thesis proposes the design of a Web service composition framework in which
individual Web services are represented by software agents that collaborate to create
composite services. The design includes the language to define composite services, the
protocol that software agents follow when executing composite services and the architecture
of the proposed framework. The proposed architecture provides: (i) the incorporation of
standard technologies for service discovery into a dynamic service-discovery process; (ii)
high levels of scalability and flexibility without requiring the service provider to host
additional modules; and (iii) the incorporation of composite services that are successfully

executed even when negligible individual services fail.

The proposed framework was evaluated with different sets of users that simultaneously
requested the same composite service. An improvement to the basic architecture was made

to decrease the processing times when the number of users is increased.
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Chapter 1

Introduction

Different technologies have been used in the creation of distributed systems. These
technologies provide mechanisms to software entities to communicate with each other
within the same platform. A software entity deployed in one of these platforms has
restrictions on interacting with entities deployed in different platforms. Some recent
technologies that have benefited the creation of distributed systems are Web Services

Architecture, software agent technology, and peer-to-peer computing.

1.1 Web Services Architecture

Web services technology enhances the interconnectivity between software entities in
heterogeneous architectures by using standard technologies and Internet protocols to carry
information over the Internet. Web Services Architecture (WSA) is an implementation of the
Service-Oriented Architecture, in which software services are the basic computing entities
that offer a specific functionality. WSA extensively uses XML technologies to define the
protocols that allow interconnectivity between Web services. The use of a certain Web
service is described in a Web-accessible XML document using the Web Service Definition
Language (WSDL). By using the WSDL document of a specific Web service, a Web service
requester can discover the type of messages and the endpoint address required to invoke
the Web service. Web services communicate though SOAP (Simple Object Access
Protocol) messages, which carry data of the request and response messages in the
invocation of Web services. SOAP message transmission is based on standard Internet

transport protocols such as HTTP and SMTP. Web services can be registered in a standard



service registry, such as the UDDI (Universal Description, Discovery and Integration)

business registry, to be discovered by service requesters at development time.

1.1.1 Web service composition

Web service technblogy is facing some challenges in providing a widely accepted, and
therefore widely used, software architecture. One of these challenges is related to Web
service composition. Web service composition focuses on the mechanisms to promote the
collaboration between individual Web services to create a software application with a
functionality that is the result of the integration of individual functionalities. This service
composition cannot only be performed statically at development time, but can also be

performed dynamically at execution time.

1.1.2 Web service composition issues

Software developers face some issues when developing composite Web services. The
software developer must decide whether to use a proactive or a reactive arrangement of
individual Web services. A proactive service composition organizes participating services in
an executable business-process representation at development time. In a reactive service
composition, participating services are selected and incorporated into the composition at

execution time, in accordance with the existing runtime conditions.

Other factors to consider are services choreography and discovery. Service
choreography can be performed by a centralized entity or through the cooperation of
distributed entities in a peer-to-peer fashion. Service discovery can be carried out by using
standard (UDDI) or proprietary service repositories.

The scalability and flexibility of the service composition approach are also important

factors to consider. Scalability refers to the ability of multiple Web services to be integrated



into the infrastructure with minimal effort. Flexibility refers to the ability to select, from a set
of Web services that offer the same functionality, the one that best provides that

functionality according to the current situation.

Software developers must also take into account that (a) involved Web services are
invoked by using either 'request-response or one-way messages (synchronous or
asynchronous calls); (b) a composite service approach can integrate composite services
that act as atomic services in a broader service (recursiveness); (c) a composite service
approach may require Web services to implement specifically agreed-upon service
interfaces to be integrated into the composition; (d) a composite service approach can allow
some individual Web services to fail within the composite-service execution; (e) a composite
service approach can provide fault-recovery support to roll back faulty service executions;
and (f) data and control flow can be exchanged between cooperating entities either in the

same representation or in separate representations.

1.1.3 Web service composition approaches

Recent service-composition approaches address Web service composition problems and
offer various solutions. For example, the Business Process Execution Language for Web
Services (BPEL4WS) and its related technologies offer a proactive centralized approach
that is neither scalable nor flexible. The enTish infrastructure offers a reactive approach
where service choreography is performed in a peer-to-peer fashion through the cooperation
of software agents, and offers a low level of scalability and a medium level of flexibility.
DAML-S is an agent-based reactive approach with a medium level of scalability and a high
level of flexibility in which the service choreography is performed by a centralized entity.
SELF-SERYV offers a reactive approach with high levels of scalability and fiexibility, where
the service choreography is performed through the cooperation of distributed software
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entities. None of the analyzed approaches allow the creation of composite services where
some individual services are allowed to fail without affecting the entire service execution,

and where the data and contro! flow are handied in separated artifacts but in one message.

1.2 Software agent technology and peer-to-peer computing

In software agent technology, agents are the basic computing entities that can structurally
represent their beliefs, roles and objectives [23]. They can cooperate and negotiate to fulfill
the common objective of solving complex problems. They are also [22] autonomous (they
act without the influence of external agents), reactive (they detect their environment and
respond to changes in it), and proactive (they independently initiate actions that are focused
on their objectives). Standard agent platforms have been created by using the Foundation
for Intelligent Physical Agents (FIPA) specifications to enhance interoperability between
them. FIPA agents can interact with each other, regardless of the platform they are

deployed in, by using FIPA-based messages and protocols.

The peer-to-peer computing model also provides some benefits to the design of
distributed systems [30]. In this computing model, software entities behave as either a client
or a server, depending on the role they must play to fulfill a particular objective. The entire
functionality of a peer-to-peer system is distributed among the participating entities, instead

of residing in a centralized server.

1.3 Motivation

Companies can deploy their software applications through Web services, to allow others to
access the functionalities that their applications offer. These functionalities can be either
isolated or be part of a broader software application in which the entire functionality is an

integration of individual software applications. Web service composition aims to create
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mechanisms to allow software applications to be created through the collaboration of
individual software applications that offer a certain functionality deployed as Web services.
Although current Web-service composition approaches address challenges that Web

service composition faces, the following points arise:

1. The standard UDDI service registry is not used for runtime Web service discovery. In
the analyzed approaches, Web service discovery is carried out through the following
methods: (a) at development time by a UDDI registry, such as BPEL4WS; (b) by a
semantically-enhanced UDDI registry to allow dynamic service discovery, such as the
DAML-S approach; or (¢) by using non-standard service registries, such as enTish

and SELF-SERV.

2. To obtain high levels of scalability and flexibility in Web service composition, Web
service providers must host additional software modules. The scalability and flexibility
factors of Web service composition vary from non-existent in the BPEL4WS approach
to high in the SELF-SERV approach. However, with SELF-SERV, a Web service
provider not only has to deploy its Web services that offer a certain functionality, but
must also host a software module from the SELF-SERV architecture to be able to

take part into the composition process.

3. The analyzed Web service composition approaches do not allow composite services
to be created where some individual services are allowed to fail without affecting the
entire service execution.

The need to address these issues is the motivation behind this thesis. The use of

software-agent technology to solve these problems is another driving force in this research.
The ability of software agents to cooperate in achieving common objectives can be applied

to perform composite services. Single agents are in charge of providing individual
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functionalities and can cooperate to create the entire functionality of a composite service.
Moreover, the proactive behaviour of software agents is used to periodically search a public
UDDI registry for available Web services to be integrated into the composition process and
discard the Web services that are no longer available. Thus, the Web-service discovery
process can be performed dynamically when a composite service is being executed.

The creation of a Web service composition framework that resolves the aforementioned
issues, and the benefits offered by software agent technology in the creation of such a

framework, inspire an alternative approach to Web service composition.

1.4 Thesis objectives

The objectives of this thesis are:

s To present an agent-based Web-service composition framework that uses standard

Web service technologies (e.g., WSDL, SOAP and UDDI).

e To develop a mechanism to execute a composite service represented as a business

process, through the collaboration of software agents.

e To develop a mechanism to dynamically incorporate Web services into the

composition process without the need to host additional software modules.

e To develop a mechanism to execute composite services that allows some of their

individual services to fail without affecting the composite-service execution.

1.5 Thesis contribution
This thesis presents the following results:

1. The conception and implementation of a Web service composition approach that has

the following characteristics:



b)

d)

f)

)

Services involved in the composition are organized into an executable business-
process representation; however, the Web services that are actually invoked are

selected at runtime.
Service choreography is performed through the cooperation of software agents.

Service discovery is carried out by using the agent-platform Directory Facilitator to
search for software agents that provide a specific service, and by using a
standard UDDI service registry to search for Web services that provide a service

operation through a specific service interface.

The level of scalability is high. When a new Web service is going to be integrated
into the framework, it must implement an agreed-upon service interface and be
registered in a common UDDI service registry by following a set of standard

recommendations. Service providers do not need to host additional modules.

The level of flexibility is high. A software agent that offers a specific service within
the framework can select, from a set of Web services offering the same service
through the same interface, the one that best fits the user requirements and the
current intermediate data.

The composition process allows some services to fail without affecting the entire
execution by incorporating optional-composite services.

Data and control flow representations are handled separately in two different

artifacts. However, both are transmitted by using the same message.

The conception of the mechanism that allows composite-service execution through

the cooperation of a set of software agents. This thesis proposes a mechanism to

execute a composite service, which is represented as a business process through the

collaboration of software agents. The software agents in charge of the service
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execution are the following: (a) a process-broker agent, which represents a
composite service within the framework; (b) a process-executor agent, which initiates
the execution of an instance of a service; and (c) a set of activity-executor agents,

which represent individual services and collaborate to execute the composite service.

The incorporation of standard technologies for Web service discovery into a dynamic
service discovery process. This thesis proposes a dynamic agent-based service
discovery model that builds on the agent-platform Directory Facilitator and on a UDDI
service registry. Software agents that collaborate in a composite-service execution
search a UDDI service registry for available Web services that offer the functionality
the software agent represents. These agents select, from their list of available Web
services, the one that best fits in the service composition according to current
conditions. Web service providers that want to incorporate their services into the
composition process must register their Web services in a common UDDI registry by
following a set of standard recommendations. They do not need to host any extra

modules to be integrated into the framework.

Incorporation of optional-composite services to be executed in the framework. This
thesis proposes a method to allow the execution of optional-composite services. An
optional-composite service contains individual services that are categorized as either
vital or negligible. An optional-composite service is successfully executed when all of
its vital services are successfully executed. Negligible services, however, are allowed
to fail without affecting the entire composite service.

Utilization of software agents grouped into teams to decrease the response time
when executing composite services within the framework. This thesis proposes using

teams of activity-executor agents to decrease the average composite-service



processing time when the number of users requesting a service execution is
increased. Service-execution requests are spread across the teams of activity-

executor agents, thereby distributing the workload.

1.6 Thesis organization

The rest of the thesis is organized as follows. Chapter 2 provides an overview of the
Service-Oriented Architecture (SOA), Web Services Architecture (WSA), software agent
technology, and peer-to-peer computing. It also discuses some challenges that WSA faces,
such as service composition. Chapter 3 presents concepts related to Web service
composition, including its definition and the main issues in creating it. It also presents some
Web service composition approaches and a comparison of them according to how they
resolve the main issues of service composition. Chapter 4 presents the design of the
Agent-based Web Service composiTion framEworK (ASTEK). It describes the scenario that
is used in the design and implementation of the framework, the process modelling language
used to define the composite services within the framework, the data representation within
the framework, and the way in which a composite service is executed through the
collaboration of software agents. Chapter 5 presents ASTEK’s implementation. It describes
ASTEK’s architecture, which contains the software entities that comprise the framework,
including software tools, databases, and software agents. This chapter also presents the
implementation of the software agents involved in the service composition, as well as the
Web service invocation, registration, and discovery processes. Chapter 6 presents ASTEK’s
performance evaluation. It presents the testing scenario and the service processing time
evaluation that ASTEK was subjected to. This chapter also presents an improvement upon
the basic architecture to decrease the service processing times. Finally, Chapter 7 presents

the conclusions of this thesis, followed by some suggestions for future work.



Chapter 2
Background

The design of distributed systems has benefited from emerging technologies that
incorporate new techniques and improve upon already existing solutions. This chapter
presents some recent technologies for creating distributed systems that have caused a
commotion among researchers within industry and academia. These technologies offer
individual solutions that can be collectively used to create more robust and reliable

computing platforms for better implementation of distributed systems.

First, this chapter explains the Service-Oriented Architecture (SOA), which arose to
provide interoperability among heterogeneous systems and in which services are the basic
computing entities that offer a certain functionality to be used by different applications.
Second, it describes the Web Service Architecture (WSA), which is an implementation of the
SOA in which the Internet is used as the medium of communication. Third, it describes
software agent technology, which focuses on developing systems by using software entities
that can cooperate and negotiate to fulfill a common objective. Finally, it describes peer-to-
peer (P2P) computing, which is a technology that uses software entities that can act as

clients or servers, depending on the role they must play to meet a common objective.

2.1 Service-Oriented Architecture

The design of software systems by using a collection of individual elements that are
integrated in such a way that the functionality of the whole system depends on it is not new.
There has been an evolution from object-based to component-based software design to
achieve the reusability of existing software objects, and from component-based to service-

based software design to achieve interoperability between software components. This
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section describes the use of objects, components, and services in the creation of software

applications.

2.1.1 Object-oriented design

A software application can be built by using software objects that model real-world entities.
The state of an object is represented by the information stored in its variables. An object
performs a specific behaviour that is represented by the functions or methods used to
retrieve or modify the object’s state. The object’s interface defines a set of public methods
that an external object can interact with. Objects are controlled by external entities, either by
other objects or by legacy programs. This approach brought about some benefits, including
modularity, shorter development time, and information abstraction. The main weakness of
the object-oriented design is that reusability can not be achieved as expected; objects
written in a specific language cannot be used by applications written in a different language
[1]. To resolve this inconvenience, the research community focused on the approach of the

component-based system design (CBD).

2.1.2 Component-based design

Frankel [2, p.10] defines a component as a “software module that can be packaged in
compiled form so that it can be [either] independently deployed as part of applications or
assembled into larger components.” A component can be made available through data
networks in order to be used in distributed applications, regardless of the programming
language it was created with. However, it can only be used within one platform. In this
context, a platform is a specific combination of data-representation technology,

programming language, distributed-component middleware, and messaging middleware [2].

The successful use of software components is a resuit of the software community’s effort

to agree on the creation of a standard distributed-component middleware [1]. Inside this
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middieware, the Unified Modelling Language (UML) is the de facto language for describing
the functionality, structure, and behaviour of components, allowing an efficient definition of
the collaboration among them. Defining component interfaces is vital to component
integration; therefore, an Interface Definiton Language (IDL) is needed within the
middieware. Also, an entity playing the role of component repository must be integrated into
the component middleware to categorize and discover components. Examples of widely
used distributed-component middleware include the Distributed Component Object Model
(DCOM) from Microsoft, the Remote Method Invocation (RMI) from SUN Microsystems, and
the Common Object Request Broker Architecture (CORBA) developed by the Object
Management Group (OMG). Each infrastructure uses its own protocol for component
intercommunication in such a way that the components residing in a given component

middleware cannot interact with components residing in another component middleware.

Using components within specific middieware enhanced the software systems design.
However, the need for interoperability among components created in different middleware
arose when developers wanted an external functionality of a certain software component to

be used by software components residing in another middleware.

2.1.3 Service-based design
A software service is a software entity that, in addition to the interface-based and
discoverability properties of components [3], (i) exists as a single instance offering its
functionalities to a variable set of clients; (ii) offers more functionality than a
component-based entity; and (iii) interacts with other services and clients with
loosely-coupled message-based methods using standard protocols.

The definition of service interfaces is also vital for interaction between services and

clients, because the service functionality is made available through its interface definition. A
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peculiar property of the Service-Based Design (SBD) is that different services can
implement their functionality using a common interface, and a single service can implement
its functionality using different interfaces. This property is used when services are
assembled to create a complete software system. Moreover, a service is a software entity
that is [4, p.19]: (i) well-defined (it offers a specific functionality); (ii) self-contained (it does
not need other services to provide its functionality); and (iii) independent of the context or

state of other services.

l L service™" l Service Layer
Comp 1 tomp 2 % Component Layer
Quiectl Object/Class Layer|
i
i ]
Qhject2 QObjectd

Figure 2-1. Application implementation layers [3]

Figure 2-1 depicts how a software application is implemented using a collection of
software entities grouped by layers. The functionality of the application is made available
through a service that uses well-defined interfaces. A service can be built on
component-based approaches using existing reliable components. Components consist of
objects that provide partial functionality. Note that services focus on the integration of

dissimilar platforms and do not have the same features as distributed objects [5].

2.1.4 Service-Oriented Architecture
Service-Oriented Architecture (SOA) defines the entities that integrate services to create a

complete system, and describes the mechanism used in such integration.
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As shown in Figure 2-2, SOA consists of the following entities [6]: (i) the service provider,
which provides a set of services; (ii) the service requester, which requests a certain service
to fulfill a specific objective; and (iii) the service repository, which provides publishing
services to providers and searching services to requesters. SOA entities are interconnected

in a communication network and exchange messages by using standard protocols.

@ Service

requester

Service @
provider Service
description

Figure 2-2. Service-Oriented Architecture (cf. Figure 1 [6])

The course of action inside SOA, as shown in Figure 2-2, consists of the following steps
[6]: (1) the service provider creates the service and describes the service functionality by
defining its interface and the type of messages it can process; (2) the service provider
publishes its service in the service repository to be discovered by service requesters; (3) the
service requester searches for services published in the service repository and finds the one
that best fits its requirements; (4) once the service requester recovers the description of a
service functionality from the service repository, it finds out the kind of messages it needs to
invoke the service, then begins interacting with the service by sending a service invocation
message to it; and (5) the service provider processes the request and returns a message to

the service requester containing the service resulit.

In the previously described scenario, some observations arise: (a) the service requester
can be either a legacy application or another service; (b) the service provider is responsible

for updating the published service information whenever the service definition is modified or
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the service is shut down, preventing erroneous information from being published by the
service repository; (c) the service repository can be used for different purposes: for finding
service providers by using keywords such as the name or category of the company; for
finding services offered by a certain provider; for finding services deployed using a given
interface; or for finding information related to the service usage; and (d) service requesters

can search the repository for services at the time of development or execution.

2.2 Web Services Architecture

Web Services Architecture (WSA) is an implementation of Service-Oriented Architecture.
The Internet is the environment where services are situated and Internet protocols are used

to exchange messages among software entities. Figure 2-3 depicts WSA.

Web Service
Repository

Internet

XML/SOAP

Web Service Web Service
Client Provider

Figure 2-3. Web Services Architecture (cf. Figure 1.6 [8])

Every entity defined in SOA is implemented in WSA. Web service providers offer Web
services that are made available to clients through the Internet. Communication among Web
services is carried out by using a standard message format, provided by the Simple Object
Access Protocol (SOAP). Web services use the Web Services Definition Language (WSDL)
to create a Web-accessible document that describes how the service must be invoked. The

Web service repository is implemented by either a Universal Description, Discovery and
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Integration (UDDI) business registry or by an Electronic Business using XML (ebXML)
registry. The Web service repository provides publishing services to Web service providers,
and discovery services to Web service clients. As a result of standard protocols, Web

services are not tied to specific platforms.

The rest of this section: defines Web services; describes the technologies that are used
within Web Services Architecture (i.e., XML, SOAP, WSDL, and UDDI); presents some
challenges that Web service technology faces; presents the Web service stack, which
contains some protocols and specifications that solve some challenges that Web service

technology faces; and describes two initiatives for implementing Web services platforms.

2.2.1 Web service definition

The World Wide Web Consortium (W3C) has defined a Web service as:

“A software system designed to support interoperable machine-to-machine
interaction over a network. It has an interface described in a machine-
processable format (specifically WSDL). Other systems interact with the Web
service in a manner prescribed by its description using SOAP messages,
typically conveyed using HTTP with an XML serialization in conjunction with
other Web-related standards.” [7]

The interoperability of software applications on different platforms is enhanced with Web
services because they use standard communication protocols over the Internet (e.g., SOAP
and HTTP), a standard language for describing the Web services (WSDL), and a public-
standard service repository (UDDI or ebXML registry) to publish and search Web services.
Thus, the Web, which was initially created for human-to-software interaction, is now

changing to carry information for software-to-software interaction [8].

2.2.2 Extensible Markup Language
The Extensible Markup Language (XML) is a meta-language—a language that describes

new languages—that consists of “a set of rules for describing structured data in plain text
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rather than in proprietary binary representations” [8, p. 3]. An XML document is well-formed
if it follows the structural rules, and is valid if it fits the definition of either a Document Type

Definition (DTD) or an XML schema artifact.

XML has been widely accepted by the software industry, and used in a wide range of
applications, but primarily for [8]: (i) data interchange: by using a previously agreed-upon
data description, different companies can exchange and process data regardless of the
platforms they use; (ii) software configuration: describes instructions and actions in a
common representation; and (iii) protocol definition: describes how heterogeneous systems
communicate with each other, i.e., the processes and messages that are involved in the

communication.

2.2.3 Simple Object Access Protocol

The Simple Object Access Protocol (SOAP) is an XML-based protocol for exchanging
messages between software entities using the Internet. It defines a standard message
format for carrying XML data that primarily consists of the request and response messages,
with details on their respective parameters required for remote-method invocation. SOAP
message transmission is based on standard Internet transport protocols such as HTTP and
SMTP. SOAP is based on XML-RPC, a set of specifications for invoking methods, functions

or procedures across the Internet [8].

2.2.3.1 SOAP 1.1

SOAP is an XML protocol that encloses XML data inside an XML envelope to be sent
anywhere across the Internet. SOAP incorporates a set of rules for creating messages to
provide improved interoperability among system entities. The syntax and semantics of
messages is guaranteed due to the use of namespaces and XML Schemas in such a way

that messages with incorrect namespaces are discarded by SOAP applications [9].
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SOAP 1.1 specification defines three concepts [9]: (i) an envelope for defining the
message content; (i) a set of encoding rules for defining a serialization mechanism to
manipulate structured datatypes between partners; and (iii) an RPC representation for

defining rules for representing remote-procedure calls and responses.

The envelope concept, Which represents the SOAP message, is composed of three
elements [9]: (i) an envelope, which is the core of the XML document and defines the entire
SOAP message; (ii) an optional header, which contains information used for security,
routing, or context-processing actions in the SOAP message; and (iii) a compulsory body,
which contains the actual information being transported and can be either data with domain-

specific XML information or a remote procedure call.

The combination of SOAP messages can represent any of the following operations
between applications: (a) a one-way operation, used when the server receives a SOAP
message and processes it without immediately returning a response message; (b) a
notification operation, used when the server sends a message to one or more clients without
a previous request message; (c) a request-response operation, used when a client sends a
request message to the server, who, after processing the request, returns the corresponding
response message; and (d) a solicit-response operation, used when the server sends a

message to the client and receives the related response message from the client.

An example of a request-response operation is included in Appendix A, which shows

both request and response SOAP messages.

2.2.3.2 SOAP 1.2
SOAP 1.2 specifications arose from the desire to improve upon SOAP 1.1 features [10].
Although SOAP 1.2 has become a W3C specification, it has yet to be fully implemented;

some Web service platforms have not yet included SOAP 1.2 in their products.
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2.2.4 Web Services Definition Language
The Web Services Definition Language (WSDL) is an XML-based ianguage that describes
how Web services must be invoked, and defines their interface and implementation details
[11]. The interface describes the messages and parameters that a Web service can receive
and respond to, and the implementation describes how messages are processed and where
the Web service can be accessed. By using a WSDL document that describes a specific
Web service, clients can figure out the kind of SOAP messages necessary to invoke the
Web service operations.

A WSDL document has the elements shown in Figure 2-4. A WSDL document is divided
into two sections [11]: the Service Interface Definition, which contains the types, message,
portType and binding elements, and the Service Implementation Definition, which contains

the service and port elements. These elements are presented in the following subsections.

types

Service message
Interface
Definition portType

il

binding

Service service

Implementation
Definition

Figure 2-4. WSDL elements

2.2.4.1 Service interface definition
This section contains a description of the elements of a service interface; they are presented

in an order that helps their description.

2.2.4.1.1 PortType element
The portType element defines the operations that the Web service provides. Each operation

is defined by its name, the name and order of its parameters, and its input and output
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messages. For example, if a Central Bank System (CBS) provides the operations described
in Figure 2-5(a), the portType content looks like Figure 2-5(b), which shows only the

definition of the requestWithdrawal operation.

{(a) CBS operations:

Response requestDeposit (Card card, double amount, String concept);
Response requestWithdrawal (Card card, double amount, String concept);
Response requestUpdate {Card card, String concept);

Response requestTransference (Card fromCard, Card toCard, double amount, String concept);

(b) WSDL entry defining the CBS System operations:

<portType name="CbsIF"> .....

<operation name="requestWithdrawal® parameterOrder="Card_1 double_2 String 3">
<input message="tns:CbsIF_requestWithdrawal" />
<output message="tns:CbsIF_requestWithdrawalResponse" />

</operation> .....

</portType>

Figure 2-5. WSDL poriType element

2.2.4.1.2 Message element

The message element defines the message format. Each received or sent message must
be defined by its name, and the name and type of each parameter. In the example, the
requestWithdrawal operation uses two messages: a request message and a response

message. Figure 2-6(a) shows the definition of these messages.

(a) WSDL entry defining two messages:

<message name="CbsIF_requestWithdrawal">
<part name="Card_1l" type="tns:Card" />
<part name="double_2" type="xsd:double" />

<part name="String_3" type="xsd:string" /> </message>
<message name="CbsIF_requestWithdrawalResponse">
<part name="result" type="tns:Response" /> </message> ... .

(b) WSDL Types entry:

<types> .
<complexType name="Card">
<sequence>
<element name="expirationDate" type="string" />
<element name="holderName" type="string" />
<element name="number" type="string" />
<element name="pin" type="int" />
</sequence>
</complexType> .
</types>

Figure 2-6. WSDL message and types elements
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2.2.4.1.3 Type element
The type element defines the complex-data types used in the messages. Figure 2-6(b)

shows the definition of the complex-data type called Card in the example.

2.2.4.1.4 Binding element

The binding element describes the attributes used for a specific portType.

2.2.4.2 Service implementation definition
The service element contains a set of port elements. Each port element includes the
endpoint address of each Web service binding where the WSDL document can be found.

Figure 2-7 shows an example of the service and port elements.

<service name="CBSService">
<port name="CbsIFPort" binding="tns:CbsIFBinding">
<soap:address location="http://mmarl-11:8080/cbsservice/cbs"
xmlns:wsdl="http://schemas.xmlsocap.org/wsdl/" />
</port>
</service>

Figure 2-7. WSDL service and port elements

2.2.5 Universal Description, Discovery and Integration business registry
The Universal Description, Discovery and Integration (UDDI) business registry is a general
platform-independent repository that stores and categorizes service providers and the
services they offer [12]. Because of the recent interest in Web services, UDDI has been
used, with certain modifications, to describe Web services. Web service requesters use
UDDI to find the services that best fulfill their requirements as well as details on how to
establish communication with them. To communicate with a UDDI registry, service providers
and requesters use a specific UDDI implementation that generates SOAP messages to

exchange information [12].
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The UDDI Project, a group of industries, governs the UDDI specifications. It has
established three specifications: UDDI V1, UDDI V2, and UDDI V3. At the time of this
writing, UDDI V2 is completely supported by many products. This is not the case with UDDI

V3, which is in the process of being implemented. Therefore, this study refers to UDDI V2.

<businessEntity>
naime, contacts, y .
description, indentifiers, categorles .
[ <thodel»
name
deserption
URL pointers to spacificaltons

[

<businessService> sService>
(1 ..:}) ;

<bindingTermplates (1.0}
' technical Information

Figure 2-8. UDDI structure [12]
A UDDI entity is formed by UDDI registries. Each one contains information about the
provider, services offered, service-binding details, and service specifications, all grouped in

an XML document [13]. The structure of a UDDI entry is shown in Figure 2-8.
The following is a description of each component of a UDDI entry [13].

1. BusinessEntity: Provides information related to the company, such as the name,
description, category, and contact information. This information is used for the white

pages service, which lists companies according to name.

2. BusinessService: Provides a list of registered services offered by the company,
including a short description, a category, and a set of binding-template entries that
contain technical information on implementing the service. This information is used
for the yellow pages service, which lists companies according to the services they

offer.
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3. BindingTemplate: Every service registered in the businessService entry has a set of
bindingTemplate elements, with information about technical details for using the
service. The information in the bindingTemplate entry is used for the green pages

service, which lists the details on how the services can be invoked.

4. TModel: A particulaf component of every binding template, that provides a set of
references to specifications for proper use of the service. A tModel may contain a

pointer to technical specifications, such as a WSDL document pointer.

A technical note entitled Using WSDL in a UDDI Registry, version 2.0 was presented by
the UDDI Project to explain the relation between WSDL and UDDI, and to “describe a
recommended approach to mapping WSDL descriptions to the UDDI data structures” [14].
The proposed mapping is used for enabling automatic registration of WSDL definitions in
UDDI, and for accurate and flexible UDDI queries based on specific WSDL entries.

Appendix B shows the mapping between WSDL and UDDI V2 data models.

2.2.6 Challenges of Web service technologies

The main objective of Web service technology is to create software applications by using
existing discrete services that collaborate to provide the entire application’s functionality.
Therefore, these discrete services are preferably bound dynamically, rather than being
selected statically. In this way, requesters could dynamically select, from among a set of
services that provide the same functionality, the one that best meets their requirements.
Moreover, discrete services could negotiate between each other to provide a certain
functionality to the application without the intervention of external entities. This integration of

and collaboration between services lead to the creation of new services from existing ones.
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Some issues must be taken into account in the creation of a robust Web service
technology. The following sections describe the main challenges this technology deals with

to effectively achieve its objectives.

2.2.6.1 Service description

A description of services includes information not only about their functionality and
interfaces but also about their non-functional characteristics and constraints, which are
parameters that could be considered by other services at negotiation time [15]. A semantic

description is also necessary for better service discovery.

2.2.6.2 Service composition

A service can be composed of low-level services. Both the interrelation among individual
services and the manner in which they are arranged inside a process can be defined [15].
The service execution should meet the ACID transaction properties (Atomicity, Consistency,
Isolation, and Durability) [34]. A service can also be defined either statically or dynamically.

Moreover, a model for control and data flow can be used within the service composition.

2.2.6.3 Service delivery
A mechanism for monitoring the service invocation state at execution time is required. With
such a mechanism, users and providers can react to unexpected situations such as when

the service-level agreements have not been met or when services are not available [15].

2.2.6.4 Service discovery

When clients discover a set of services that meets their requirements, a collaboration phase
between clients and service providers may be necessary to reach an agreement on the
terms and conditions for providing the service. As a result, users can select among the

discovered services the ones that best meet their requirements [15].
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2.2.6.5 Security
Some security mechanisms may be added to WSA to provide accurate message exchange
between partners and precise control over authentication and authorization concerns when

malicious users are attempting to invoke restricted services [17].

2.2.7 Web service stack framework
M. Turner, et al., present a Web service stack framework [15] that shows how existing
technologies deal with the aforementioned challenges of Web service technology (except

security). Figure 2-9 depicts the Web service stack framework.
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Figure 2-9. Web service stack framework (cf. Figure 2 [15])

The framework is divided into three columns [15]: WSDL-based, semantic-based, and
ebXML-based groups. The WSDL-based group contains technologies that use or extend
WSDL. The semantic-based group includes technologies that are based on the Semantic
Web Project using the Resource Description Framework (RDF) for semantic creation and
the DARPA Agent Markup Language for Services (DAML-S) for service description. Finally,

the ebXML-based group includes specifications of the ebXML consortium.
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The framework is also divided into the following layers [15]:

1.

2.

10.

11.

Network layer: Uses HTTP, FTP, or SMTP as transport protocols.

XML-based messaging layer: Provides a mechanism to exchange messages by
using standard protocols (e.g., SOAP).
Security layer: Enables the authentication, authorization, and accurate exchange of

messages to provide secure transactions within the architecture.

Service description layer: Describes the service functions using details about their

interface and implementation.

Non-functional description layer: Describes the non-functional parameters used for

selecting services, such as quality of service and cost.

Conversations layer: Describes the type of data contained inside exchanged

messages as well as the sequence of messages in a process execution.

Choreography layer: Coordinates Web services to achieve a common goal using

methods that establish the order in which the involved Web services are invoked.
Transactions layer: Monitors transactions between collaborating Web services.

Business process and workflow layer: Models the integration of individual Web
services into a business process as a way of describing high-level compositions of
services, by using specifications to express the data and control flow within the
process execution.

Contracts layer: Describes protocols for automatic service-based negotiations
where contracts are used to describe the service-level agreements between partners.
Discovery layer: Enables service providers to publish their services, and clients to

search for and discover services.
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2.2.8 Solutions to challenges that Web service technology faces

This section explains how current Web service technologies overcome the challenges that

Web service technology faces.

2.2.8.1 Service description

Problems associated with service description are handied by the WSDL-based technologies
with the Web Services Endpoint Language (WSEL), an IBM specification that aims to
describe the non-functional and negotiable parameters of Web services. Semantic-based
technologies introduce the DAML-S service profile as a method of describing both functional
and non-functional features. EbXML-based technologies deal with this issue by
incorporating the Collaboration Protocol Profile (CPP), which provides greater functionality

for service description and error handling than WSDL. [15]

2.2.8.2 Service composition

The WSDL-based technologies address service-composition problems by introducing the
Web Services Conversation Language (WSCL) and the Conversation Support for Web
Services (CS-WS) specification. Both solutions describe the type of data and the sequence
of messages exchanged between Web services. The WS-Coordination Protocol and the
Web Services Choreography Interface (WSCI) are specifications for describing how
composite services are connected. Transactions are monitored and managed by the
Business Transaction Protocol (BTP) and by WS-Transaction specifications. The control
and data-flow modelling can be expressed by using either the Business Process Modelling
Language (BPML) or the Business Process Execution Language for Web Services

(BPEL4WS). [15]

In the semantic-based technologies, DAML-S provides a service profile and a service

model for service-composition support. EbXML-based technologies use the Business
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Process Specification Schema (BPSS) along with BPML and BTP specifications to describe

the internal aspects of workflow modelling and transaction processing.

Chapter 3 presents the enTish and SELF-SERV infrastructures, which, in addition to

BPEL4WS and DAML-S, provide solutions for problems related to service composition.

2.2.8.3 Service delivery

WSDL-based technologies offer a solution to service-delivery related problems by using the
Web Services Choreography Interface (WSCI) to describe the actions that a service
performs in exceptional situations. The DAML-S service-grounding model (see Figure 2-9)
solves service-delivery problems by using semantic-based technologies. EbXML-based
technologies offer a third solution using the Collaboration Protocol Agreement (CPA) to
describe the service-level agreements between partners; the invocation of services is based

on the fulfillment of these agreements. [15]

2.2.8.4 Service discovery

UDDI cannot semantically describe services for better automatic processing of service
discovery; it is limited to basic queries [15]. A DARPA project [16] presents a mapping
between the DAML-S service profile and the UDDI data model, as well as some
modifications to the UDDI registry to improve the semantic representation of services and
enhance the service-discovery process. The ebXML registry provides better searching

capabilities but it still does not have semantic specifications.

2.2.8.5 Security
IBM and Microsoft have joined efforts to create specifications that address security issues
[17]. The basis of these specifications is WS-Security, which is a model for accurate

exchanging of SOAP messages that incorporates signature and encryption headers, as well
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as security tokens, into the messages. WS-Policy, WS-Trust, and WS-Privacy are based on
WS-Security. WS-Policy describes security policies when accessing Web service endpoints;
WS-Trust creates trust models for Web service interoperability; and WS-Privacy enables
both clients and providers to create privacy preferences. In addition to these technologies,
IBM and Microsoft recommend: (i) incorporating the WS-SecureConversation specification,
which is in charge of authentication issues and the establishment of secure conversation
sessions; (i) the WS-Federation specification, which manages trust relations within
federated environments; and (iii) WS-Authorization, which focuses on data authorization and
the policies to grant it. The OASIS consortium offers different solutions to the security issue.
It is working with the Security Assertion Markup Language (SAML), which is a standard for
exchanging messages that contain authenﬁcation and authorization information as part of a
SOAP message [18]. EbXML-based technologies use the ebXML messaging specification
to incorporate authentication and contextual information within the header of SOAP

messages.

2.2.9 Web services implementation
Two Web service initiatives have been competing for the implementation of Web service
platforms: the .NET framework and the Java 2 Enterprise Edition (J2EE) standard. The
.NET framework is a Microsoft initiative that only works on Microsoft Windows operating
systems. The J2EE standard, with more than 30 implementations, is an initiative agreed
upon by a set of companies [19] that ensures the implementation of Web services
regardless the platform being used. SUN, IBM, Oracle, HP, and BEA have their own J2EE
implementation.

SUN'’s implementation of J2EE will be used in this study, given the advantages that it has
over .NET. These advantages are the following: (a) the design of J2EE implementations is
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based on Java language; therefore, external Java software tools can easily be integrated
into the development of Web services; (b) J2EE implementations can be installed on the
main operating systems (e.g., Windows, Linux, or Unix); (c) SUN provides an
implementation of the J2EE specifications free of charge; (d) SUN provides invaluable
forums for solving problems that developers may encounter when developing J2EE

applications; and (e) SUN fully implements the J2EE specification.

2.3 Software agent technology

Software agents emerged from the evolution of software objects [20]. In addition to the
properties of software objects, software agents can structurally represent beliefs, roles and
objectives [23]. Communication among agents is enhanced by the use of high-level and
well-expressed languages. Software-agent technology incorporates into software
development the concepts of cooperation and negotiation among software entities, as well

as the concept of computational communities [21].

2.3.1 Software agent definition

Software agents are software entities situated within an environment and have the following
properties [21]: (1) autonomy: they use their own protected internal state to freely act
without the influence of external entities; (2) reactivity: they detect the environment and
respond to changes in it; (3) pro-activity: they can independently initiate actions that are
focused on the agent’s objectives; and (4) social ability: they can engage in social activities
to cooperate or negotiate to complete a collective task. Moreover, agents are [22] (1)
mobile: they can move across agent platforms; (2) truthful: they only share accurate
information; (3) benevolent: they only do what they are requested to do; and (4) rational:

they are focused on meeting their objectives.
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2.3.2 Agent platforms

Agents are deployed within an environment, called an Agent Platform (AP), that provides
them with the necessary facilities to meet their objectives. Perhaps, the main function that
agent platforms must provide to agents is the ability to communicate with each other. This

allows them to interact with their peers. [23]

Several agent platforms have been implemented for creating software applications in
which software agents are the main software entities. Early agent platforms were
implemented with proprietary technologies for deploying software agents and for enabling
communication among them. During the development of new agent platforms, the problem
of interoperability arose: agents deployed within an agent platform could not interact with
agents residing in a different agent platform. Therefore, standards were clearly necessary in

the creation of agent platforms to guarantee interoperability.

In 1997, the Foundation for Intelligent Physical Agents (FIPA) [24] was formed as a result
of the collaboration among companies and universities involved in software agent
technology. The main objective of FIPA is to develop specifications to provide
interoperability among agent platforms. Several organizations have taken into account the
FIPA specifications in the creation of agent platforms. Some examples [25] of these
platforms are: ZEUS, from BTexact Technologies (UK); AAP, from Fujitsu Labs (USA);

JADE from CSELT (ltaly); and FIPA-OS from Nortel Networks (UK).

2.3.3 FIPA agent platform

FIPA describes the standard infrastructure where FIPA agents are deployed [24]. This
infrastructure is represented in the Agent Management Reference Model (AMRM), which is
shown in Figure 2-10. The AMRM defines an Agent Platform (AP) as the “physical

infrastructure” where agents are located [24]. An AP is deployed in one or more computers
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that can have different operating systems, and is composed of [24]: (a) a mandatory and
unique Agent Management System (AMS); (b) a Message Transport System (MTS); and (c)
an optional Directory Facilitator (DF). All the components within the AP are agents. They
can communicate with external software entities to integrate them into the agent technology,

or provide new services within the Agent Platform by using the external software entities.

Software

‘I ; Agent Platfom)

Agent Directory

~~: Management—| Facilitator
System

Message Transport System

Message Transport System

Agert Plattorn

Figure 2-10. Agent Management Reference Model [24]

2.3.3.1 Agent Management System

The AMS is the core of the AP [24]. It provides management functions for all of the
components required to operate the AP; thus, the AMS is in charge of the AP’s operability.
The AMS assigns a unique Agent Identifier (AID) to every agent that is created in the
platform. The AMS contains a list of all existing agents within the platform that is used by
agents to search for other agents. The AMS is also used to register new agents (either
agents created inside the platform or agents that are moving in from another platform); to
deregister agents (when an agent dies or migrates to another platform); to modify agent
descriptions (when necessary); to search for information about certain agents; and to
retrieve the description of the platform. Moreover, the AMS can create, suspend, terminate,
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resume, and invoke an agent, as well as manage which resources each agent is aliowed to

use.

2.3.3.2 Message Transport System
The MTS is responsible for message exchanges among agents residing within the same

AP, and with agents belonging to external platforms. [24]

2.3.3.3 Director Facilitator

Agents use the DF to publish their offered services and to search for agents offering a
certain service. Agents are responsible for the accuracy of their published information;
therefore, an agent must modify its published information every time it changes the way in
which other agents must invoke its serviCes, and erase its information when the agent

completes its execution. [24]

2.3.4 FIPA agent communication

Agents are able to communicate with each other only if they share the same ontology and
content language. An ontology is a vocabulary that represents the shared knowledge and
defines the concepts and their relations in a specific area of interest [26]. A content
language is the language used to represent the beliefs, desires, or intentions [27] that an
agent wants to communicate. Thus, agent communities are created by grouping agents that
share the same kind of knowledge and perform certain functions in the same application

area. Therefore, agents can simultaneously belong to different agent communities.

The Agent Communication Language (ACL) is the language that enables agents to
communicate. FIPA ACL provides a set of language primitives to exchange information

among agents, regardless of the ontology or content language they use.
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FIPA agents exchange FIPA ACL messages to communicate their desires, beliefs, or
intentions. [24] These concepts can be expressed by using a standard set of FIPA
communicative acts, which are words that express the meaning associated with the
message content. Some of these communicative acts are: inform, request, agree, failure,
query-if, propose, and non-understood. For example, when an agent cannot decipher the
content of a received message, it can return a message with non-understood as a

communicative act.

A FIPA ACL message is composed of a set of message parameters [28]. The crucial
parameters that a FIPA ACL message contains are the following: performative, which is
compulsory and expresses the communicative act of the message; sender, which indicates
the identity of the agent that sent the message (which may not be present if the sender
decides to remain anonymous); receiver, which is compulsory and indicates the identity of
the intended receiving agent; content, which is a sentence that represents the actual
intention or goal of the message; /language, which indicates the language used to express
the message content; and ontology, which represents the ontology used to structure the

sentence content.

FIPA defines a set of interaction protocols, which represent specific sequences of
messages exchanged among agents in typical conversations [29]. Interaction protocols are
reliable patterns for interaction among agents that could be used to enhance the
development of agent-based systems. Some of these protocols are the Request Interaction
Protocol, which is used when one agent requests another to execute a certain action; the
Query Interaction Protocol, which is used when an agent asks another for the value of a
specific proposition, or when requesting a specific object; and the ContractNet Protocol,

which is used when one agent negotiates the execution of a certain task with a group of
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agents to select the agent or agents that best execute the task. Figure 2-11 depicts the

Request Interaction Protocol.
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Figure 2-11. Request Interaction Protocol [29]
Interoperability among FIPA agents is guaranteed due to the standard FIPA ACL and the
common ontologies and content languages. As a result, FIPA agents can communicate with

each other regardless of the FIPA-based platform in which they are deployed.

2.4 Peer-to-peer computing

Peer-to-peer computing is a computing model in which software entities, called peers,
behave either as a client or server depending on the role they must play to fuffill a certain
objective [30]. In a peer-to-peer infrastructure, the entire functionality. of the system is
dispersed among the participating entities, instead of residing in a centralized server, as is
the case in the client-server model. Peers need to advertise their offered services in order to

be located by other peers and interact with other entities. Some applications of this model
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include file transference, instant messaging, storage schemas, and collaborative systems. In
this last application, the functionality of the entire system is provided by the coordinated

interaction of the component peer entities.

The creation of peer-to-peer systems over the Internet requires the development of one
overlay structure in which peers can interact with each other. The creation of this overlay
structure is enhanced by the use of Web Services Architecture, which enables peer entities
to advertise their functionalities in order to be located by other peers and provide their

functionality using standard definitions of interfaces and message representations [30].

2.5 Summary

In this chapter, some recent technologieé that have enhanced the design of distributed
systems were presented, namely: Service-Oriented Architecture (SOA), Web Services
Architecture (WSA), software agent technology, and peer-to-peer computing. SOA provides
an infrastructure where software applications can be built by using discrete software
components regardless of the platform these components are deployed in. Thus, SOA
provides the desired interoperability among heterogeneous platforms. Within SOA, a
software service represents the functionality a provider offers. This functionality is defined
by the service interface that contains the allowed mechanism to communicate with the
service. Services are made public in a service repository. Users can access a service
repository to search for available services that meet certain criteria. Services interact with
each other to build the whole functionality of the system by using standard protocols for

message exchange.
Web Services Architecture maps the existing components in the SOA onto Web

technologies. Web services are described by using the standard Web Services Definition

Language (WSDL) and advertised by using either the UDDI or the ebXML service registries.
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Once clients know how the Web service must be invoked, they interact with it by using
SOAP as the standard message format. New challenges arise in the creation of applications
using WSA. First, the service description may not only consider the Web service
functionality and its interface definition, but may also semantically describe the negotiable
parameters to improve service discovery and composition. Second, a dynamic mechanism
that enables collaboration among individual services is necessary to reach a common
objective. Third, monitoring the state of service invocations and reacting to outstanding
situations are necessary. Finally, a negotiation among different service providers is
necessary at discovery time so that they agree on the conditions of the services being

provided. Some proposals that deal with these challenges were presented in this chapter.

Software agent technology was developed to improve upon object-oriented technology
by adding to software objects the ability to structurally represent beliefs, roles and
objectives. It also improves communication among software entities by using high-level and
well-expressed languages. The Foundation for Intelligent Physical Agents (FIPA) is focused
on creating standards for interoperable Agent Platforms. FIPA provides agents with the
ability to communicate and cooperate regardless of the FIPA platform in which they are
deployed. FIPA standards also define some general interaction protocols for representing

patterns for agent communication.

Peer-to-peer computing and Web services have strongly influenced the creation of
distributed computing. They enable the Internet to create distributed systems to solve

specific problems regardless of the platform or location of their software components.
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Chapter 3
Web Service Composition

Web service technology is facing some challenges in how it provides a more robust
infrastructure for deploying'Web services. The success of Web service techhology depends
on how these challenges are overcome. Web service composition is a challenge for providing
mechanisms to promote the collaboration of individual Web services to create software
applications [31]. The entire functionality of these applications is created by integrating the

individual functionalities of each Web service.

This chapter covers the definition of Web service composition as well as the main issues
that software developers face when integrating Web services. Moreover, this chapter presents

the description and comparison of recent Web service composition approaches.

3.1 Definition of Web service composition

By deploying a Web service, a service provider can offer a functionality generated by the
interaction of its internal software applications. This functionality can be made public either

within its internal network, or through the Internet.

Individual Web services improve upon the distributed-system design in that they can be
invoked regardless of the platform used by the involved parties. However, the real benefit of
Web services is the possibility of integrate individual Web-service functionalities to create
software applications with a more solid functionality [31]. Perhaps the most widely used
example of such Web-service integration is a travel service system, which integrates services
such as flight and hotel booking, car rental, and travel insurance. Every service provides

specific functionalities within the travel service system. However, to provide an entire travel
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service system, they must be invoked under certain conditions. For example, the hotel

booking service cannot be invoked without the prior execution of the flight booking service.

Web service composition refers to the methods or mechanisms used to integrate individual
Web services in the creation of more customized applications. It includes specifications for the
proper integration of individual Web services, also known as orchestration, as well as for their

execution control or coordination, also known as choreography. [31]

Individual Web services are commonly called atomic services and the resulting assembled
Web service is called a composite service [38]. Thus, a composite service is a collection of
atomic services—or more specifically, service operations—arranged in such a way that their

collaboration carries out user requests [38].

3.2 Main issues in Web service composition

Some factors must be taken into account in the implementation of Web service compositions.
These factors are how the services are orchestrated, coordinated, and discovered. When
Web services are being integrated, the following factors must also be considered: scalability
and flexibility; the communication mechanism used between Web services; the ability of
composite Web services to take part in a broader composition (i.e., recursiveness); the
definition of Web-service interfaces; the level of participation between atomic services within a
composite service; fault-recovery support; and the representation of data and control flow.
These factors are described in the following sections and will be used in subsequent sections

to describe and compare different Web service composition techniques.

3.2.1 Service orchestration

Service orchestration refers to how atomic services are arranged to provide the functionality

of the composite service [32]. There are two main methods to service orchestration: one in
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which atomic services are arranged in an executable process representation before being
invoked, called a proactive, imperative, or procedural, and another in which atomic services

are grouped at runtime, called a reactive or declarative.

3.2.1.1 Proactive service orchestration
The proactive service orchestration uses an executable business-process representation to
express how the atomic services are organized. This is useful when developing composite

services that are frequently used by many users, and when atomic services are stable.

3.2.1.2 Reactive service orchestration

In the reactive service orchestration method, atomic services are selected only when they are
needed at execution ﬁme, and in consideration of the user request and the existing runtime
conditions. This is useful when atomic services are likely to undergo changes and when

composite services are not frequently used [31]. —

3.2.2 Service choreography

Service choreography refers to [32] the execution-control mechanism used in the invocation
of atomic services that results in a composite service. Atomic services can be choreographed
either by a centralized entity or through the cooperation of distributed entities, in a peer-to-
peer fashion. Moreover, because the availability of atomic services depends on many factors,
such as the network’s reliability or the conditions of the computer that hosts the services, a
fault-recovery mechanism must be integrated into the composition approach to detect

unsuccessful service invocations and react to failures according to predefined actions [33].

3.2.3 Service discovery
Service discovery is the process in which available atomic services can be located to be

assembled into a composite service [31]. Service discovery can be implemented in a
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centralized manner, by using service repositories such as UDDI, or in a distributed manner,
by using service discovery techniques through entities distributed over a certain environment.
When using a centralized repository, the service provider is required to update the information

of its Web services when they are off-line or when their implementation details have changed.

3.2.4 Level of scalability and flexibility

Service orchestration approaches should take into account the properties of scalability and
flexibility [47]. A Web service composition approach is scalable if it permits the integration of
multiple Web services into the infrastructure with minimal effort. A Web service composition
approach is flexible if it can select, from among atomic services that offer the same
functionality, the one that best provides that functionality. Scalability and flexibility can be
improved by defining the control logic within the composite service without considering the
actual atomic services being invoked [47). The level of scalability and flexibility can be

categorized as high, medium, low, or nonexistent.

3.2.5 Service communication
Web services can be accessed by sending them messages and by receiving the
corresponding response message (if it exists). Communication with a Web service can be

either through request-response messages or through one-way messages [40].

3.2.5.1 Communication with request-response messages

In a communication with request-response messages, the user sends a request message to
the service, which processes the request and immediately returns the corresponding
response message. During the invocation time, the user is blocked until the response

message arrives.
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3.2.5.2 Communication with one-way messages

In a communication with one-way messages, the user sends a one-way request message to
the service without waiting for the service response. The service would either immediately
process the request, or queue the received message for future processing. If there is a

response, the server sends the corresponding one-way response message to the user.

Service composition approaches must consider the type of communication that atomic
services are able to use. It would be difficult to integrate atomic services that communicate in

a one-way fashion within a process that requires an immediate response to requests.

3.2.6 Recursiveness

This factor is related to the ability of composite services to act as atomic services within a
broader composite service [40]. Recursiveness is useful when a certain functionality cannot
be provided by an atomic service, but can be carried out by the collaboration of a set of them.
This collaboration should be dynamically created, without the intervention of external entities,
and according to the current conditions. To be used as an atomic service, a composite Web

service must be made public using its own WSDL interface.

3.2.7 Definition of interfaces

When composing services, another factor to be considered is the definition of interfaces for
providing the service functionality. A service interface is the set of operations that a service
offers to external software entities. The service interface can enhance its incorporation into a
composite service, but can also make it more difficult to incorporate into a different one. The
kind of composite service where services can collaborate must be considered when designing
service interfaces. It is also useful to consider implementing one service that provides its

functionality through more than one interface, as shown in Figure 3-1(a).
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Figure 3-1. Service interface definition

The definition of interfaces also allows Web services that are deployed by different
providers to offer the same functionality (e.g., a set of companies can provide the same flight
booking service). This makes it easy to replace a given atomic service when the existence of
a similar atomic service offering better service conditions is detected. For a better selection of
atomic services, different companies can offer the same service functionality through
previously agreed-upon interfaces. Figure 3-1(b) shows how three separate companies ;ffer
the flight booking service using the common Interface A. Thus, any of the flight booking
services offered by the three companies can easily be incorporated into a composite service
requiring a flight booking service with the specific Interface A. The selection criteria among the

three services can take into account parameters such as cost, and quality of service.

3.2.8 Participation of atomic services

An atomic service can participate within a service composition as either a vital service or
negligible service. It is a vital service if its execution is essential for the full execution of the
composite service. However, it is a negligible service if the entire service can be executed
without it. Chakraborty and Joshi [31] characterize composite services as mandatory-
composite and optional-composite services based on the participation of their atomic

services.
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3.2.8.1 Mandatory-composite service
A mandatory-composite service is a composite service in which all of its atomic services are
vital services. The successful execution of a mandatory-composite service depends on the

successful execution of each one of its atomic services.

3.2.8.2 Optional-composite service

An optional-composite service is a composite service that contains vital and negligible atomic
services, and its successful execution does not necessarily require the execution of all of its
atomic services. During the execution of an optional-composite service, the execution of

negligible services is allowed to fail without affecting the functionality of the composite service.

3.2.9 Fault-recovery support

In the development of composite services, the fact that atomic services can fail anytime must
be considered [31]. If a vital atomic service fails during execution, the entire composite service
also fails. A mechanism for cancelling the already executed services is needed to roll back the
whole composite service execution. For instance, in the travel service scenario, the hotel
booking service is a vital atomic service that is executed after the flight booking service, also a
vital atomic service. If the hotel booking service fails, then the entire composite service fails;
all of the already executed services must be cancelled. Thus, a flight booking cancellation

operation is necessary to successfully cancel the composite service.

Treating a composite service as a transaction promotes the accurate execution of the
composite service to obtain reliable results [33]. A transaction is a collection of operations that
are executed sequentially to modify certain system data “from one consistent state to another”
and it is considered as a single execution for the end user [34, p. 470]. The operations of a
transaction are “recoverable objects” in that they can reverse the modification of the data after

the transaction has failed. Thus, if the execution of a composite service fails, i.e., if one of its
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vital atomic services fails or the complete execution is aborted by the user, all of its atomic
services must execute their undo operation to restore the whole system to its original state.
Transactions should meet the ACID (Atomicity, Consistency, Isolation, and Durability)

properties, to ensure their correct and reliable execution [34].

3.2.10 Data representation

Another factor to consider in the integration of Web services is how data are represented.
During the execution of a composite service, the invocation of some atomic services
generates certain intermediate data that is used as input data for the invocation of subsequent
atomic services participating in the same composition. A data representation is necessary to
facilitate the invocation of subsequent services. Moreover, after the execution is completed, a
data representation is needed to show or store the resulting information. The data
representation can be included within the control flow representation, or can be handled

separately.

3.3 Web service composition approaches

Some Web service composition approaches have emerged to solve issues associated with
Web service composition. This section covers the most significant solutions related to this
thesis. The main issues in the creation of Web service compositions that were pointed out in

the previous section are the parameters that describe and compare every approach.

The Web service composition approaches that are analyzed in this section are: the
Business Process Execution Language for Web Services (BPEL4WS) and its related
technologies, the enTish infrastructure, the DAML-S language, and the Self-Serv framework.

These approaches are described in the following subsections.
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3.3.1 BPEL4WS and related technologies

The Business Process Execution Language for Web Services (BPEL4WS) is a set of
specifications that models business processes based on Web services [35]. A business
process describes how Web services are integrated into a single execution to implement the
functionality that the proceés represents. BPEL4WS includes the best features of two early
works in business process design: XLANG, which offers structural constructs to support
sequential, parallel, and conditional process flows; and the Web Services Flow Language

(WSFL) which offers graph-oriented process modelling support [35].

BPEL4WS provides an approach for modelling the behaviour of Web services when they
are incorporated into a business process [32]. Developers can use BPELAWS to model a
process by describing it in an XML document. This XML document describes the control logic
that governs the Web service operations involved in the process and the data dependencies
on these Web services. In turn, an “orchestration engine” takes this XML document and
executes it by following the control logic in which Web service operations are assembled, and

by executing compensation tasks when faults occur in the process execution [36].

BPEL4WS models two different types of business processes: executable processes and
abstract processes. An executable process models the orchestration of the composite service
by grouping the participant processes inside a workflow. An abstract process models the
choreography of Web services by specifying the messages exchanged among the Web
services involved in the business process.

As depicted in Figure 2-9, BPEL4WS is a specification based on WSDL. It identifies the
Web services being invoked within a business process. BPEL4AWS has to be with other
specifications in order to implement a complete Web service composition approach.

WS-Coordination and WS-Transaction accompany BPEL4WS. WS-Coordination describes
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how Web services collaborate by playing specific roles within the process execution.

WS-Transaction incorporates transactional semantics into coordinated activities [38].

BPEL4WS competes with alternative specifications. The Business Process Management
Language (BPML) [37] is also a language for describing business processes that can express
“concurrent, repeating, and dynamic tasks”. Like BPEL4WS, BPML is based on WSDL.
Although developers can alternatively use both language specifications, it seems that

BPEL4WS will be more widely used [15].

The Business Transaction Protocol (BTP) provides the same functionalities as WS-
Transaction (the management of business transactions and fault recovery mechanisms).
Whereas the Web Service Choreography Interface (WSCI) specification is the foundation of
BPML for expressing the collaboration of participant Web services within the business

process, WS-Coordination is the foundation of BPEL4WS [15].

As for ebXML technologies, BPML and BTP are also used for business-process modelling
and transaction support. The choreography governing Web service interactions are achieved

by the Business Process Specification Schema (BPSS) [15].

3.3.1.1 BPEL4WS and Web service composition issues
This subsection presents how BPEL4AWS and its related technologies solve the previously

discussed problems associated with Web service composition.

3.3.1.1.1 Service orchestration

BPEL4WS uses proactive service orchestration in which atomic services are statically
arranged by using a business process, which represents a composite service, before being
invoked. The structure of a BPELAWS business process, in its version 1.1, is defined

according to the XML-defined structure [35] shown in Figure 3-2.
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<process ..>
<partnerLinks> .. </partnerLinks >
<variables> .. </variables>
<correlationSets> .. </correlationSets>
<faultHandlers> .. </ faultHandlers >
<compensationHandler> .. </ compensationHandler>
<eventHandlers> .. </eventHandlers>
(activities) *

</process>

Figure 3-2. Structure of a BPEL4WS process

The following elements define a business process:

6.

<partnerLinks> describes the atomic Web services with which the process interacts.

This element contains one <partnerLink> element for each partnership in the process.

<variables> declares the variables that represent the process state. Information, such

as the intermediate data used in the business logic, is stored in here.

<correlationSets> enables asynchronous interactions within the process. A correlation
set provides the process-execution engine with a mechanism to match receiving
asynchronous messages with their intended business process instances to ensure that

messages are delivered to the correct business process.

<faultHandlers> describes the activities that are executed when errors or exceptions

occur either inside or outside the process-execution engine.

<compensationHandler> describes the activities to be executed when a transaction
rollback occurs. A process definition considers the operation to be invoked, and

determines the actions to follow when a rollback is necessary due to a failed process.

<eventHandlers> describes how the process deals with external events.

The BPEL4WS business process performs activities that are defined following the

<eventHandlers> construct. An activity can represent either the workflow logic within the

process or an action to be performed according to the workflow logic.

The following structures define the control flow within the process execution:
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<sequence> defines a set of activities to be performed sequentially.
<flow> defines a set of activities to be performed concurrently.

<switch> allows the process to select only one activity from a set of choices based on

a certain condition.

<while> allows the repeated execution of one activity while a certain condition is

considered true.

<pick> allows the process to perform execution blocking while awaiting the occurrence

of an external event and then execute a certain defined activity.

<throw> contains a set of actions to be executed when a fault occurs in the internal

execution of the process.
<wait> allows the process to wait for a specified period of time.
<empty> is used to insert a no operation when synchronizing concurrent activities.

<scope> defines a nested activity containing its own <variables>, <faultHandlers>, and

<compensationHandler> elements.

The following elements define the actions to be performed [35]:

1.

2.

3.

4,

<invoke> allows the invocation of a specific Web-service operation.
<receive> allows the process to wait for the reception of an invocation message.
<reply> allows the process to reply to a message received via a <receive> structure.

<assign> is used to allocate new values to variables.

The definition of the initial activity in the process starts with either a <sequence> or a

<flow> element. Logical constructions that represent the then-if-else or until structures are

implemented by combining the basic control structures.
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3.3.1.1.2 Service choreography

When using BPEL4WS, service choreography is implemented by a centralized entity. A
service-choreography engine, such as the BPEL4AWS Java Runtime platform (BPWS4J) from
IBM, is used to execute a process in a centralized manner. BPWS4J receives a workflow
description and executes it in a centralized way [36]. BPWS4J ensures that atomic-service
operations are executed according to the process description. BPWS4J is also in charge of

executing the actions when faults arise within the process.

3.3.1.1.3 Service discovery

In the BPEL4WS approach, atomic services are integrated into the process at development
time. Atomic services are provided by specific Web services that the developer uses when
developing the process. There is no automatic service discovery at execution time because all

the involved services are integrated into the business process description.

Developers can create business processes where some atomic services are provided by a
partner service provider. In such case, the partner provides developers with the details of the
Web-service interfaces. At development time, the developer can still use a service registry to

search for Web-service providers, the services they offer and for invocation details.

3.3.1.1.4 Level of scalability and flexibility

BPEL4WS is neither scalable nor flexible. Whenever a Web service provided by a new
business partner needs to be incorporated into the composite service, the information about
how to invoke the service, such as its endpoint address, must be integrated in the business
process representation at development time. In addition, the business process refers to
existing and non-interchangeable Web services. The service choreography engine is not free

to select a service to be invoked from a set of services that provide the same functionality.
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3.3.1.1.5 Service communication

BPEL4WS supports both request-response and one-way messages to enable communication
between atomic Web services and the process executor. The request-response
communication is carried out by a combination of <receive> and <reply> elements within the

process. The <invoke> element is used to invoke services with both kinds of messages.

3.3.1.1.6 Recursiveness

A BPEL4WS process can act as an atomic service in a broader composite service [35].

3.3.1.1.7 Definition of Interfaces

The definition of interfaces for dynamic service discovery is not applicable in BPEL4WS. In
BPEL4WS, the composition of atomic Web services is carried out statically by using
previously agreed-upon interfaces. A BPEL4AWS process is based on the WSDL document
description of each atomic service. An atomic service can provide more than one interface to
offer a specific functionality, but within the process definition only one interface is used.
Moreover, because there is no service discovery at execution time, there is no need to
provide more than one interface for a specific functionality. Thus, the definition of more than

one interface for a specific functionality is not applicable when using BPEL4WS.

3.3.1.1.8 Participation of atomic services
BPEL4WS does not support negligible atomic services. Therefore, a composite service in this

approach cannot be an optional-composite service, and must be a mandatory-composite one.

3.3.1.1.9 Fault-recovery support
BPEL4WS provides fault-recovery support. The use of the <faultHandlers> and
<compensationHandlers> elements makes it possible to execute activities after the

detection of internal or external failures.
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3.3.1.1.10 Data representation

A BPEL4WS process contains the control flow and data within the same document. At
execution time, the execution engine follows the control flow described in the process and
makes decisions based on the data stored in the <variables> element of the process

definition. The contents of received messages are also stored in the <variables> element.

3.3.2 The enTish infrastructure

The enTish infrastructure describes and composes services based on software agent
technology. It was proposed by a research team at the University of Podlasie, in Poland [38].
The enTish infrastructure contains two specifications [38]: a language for describing services
in an open and distributed environment, called Entish, and a protocol for performing the

service composition, called entish 1.0.

EnTish considers a service as providing only one input/output operation, contrary to
WSDL, which considers a service to be a collection of operations [40]. In enTish, the user’s
request, which is considered a task, is expressed by using the language Entish [38]. The
user's request is sent to the middleware that is in charge of receiving requests, processing

them, and returning the result to the user. This middleware is transparent to the user [39].

The enTish infrastructure is shown in Figure 3-3. It consists of the following elements [39]:
(a) the Task Manager (TM): the user interface where users make requests, insert values into
the required parameters and receive the resulting information; (b) the Service API: the
element used to integrate external applications to treat them as services within the
infrastructure; (¢) the Entish Dictionary: the element used to integrate new data types,
relations, and functions in the architecture; and (d) enTish middieware: the element that

receives user requests, executes them, and returns the corresponding result.
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Figure 3-3. The enTish infrastructure [39]
The following sections describe enTish middleware, the Entish language, the entish

protocol, and how enTish deals with the main issues related to Web service composition.

3.3.2.1 EnTish middleware

EnTish middleware is composed of software agents. The agents communicate with each
other by exchanging messages whose content is expressed using the Entish language and
following the entish 1.0 communication protocol. The agents contained in enTish middieware

are agent Server, task Agents, service Servers, service Agents and infoService. [39]

The agent Server receives (from the Task Manager) tasks to be carried out and creates a
corresponding task Agent for every task received. A task Agent is in charge of the task
execution; it completes its functions as soon as the task is performed or when it detects that

the task cannot be achieved. It has its own goal, intentions, and knowledge [40].

The service Servers integrate the services existing in the middleware. A service Agent is
created for each service registered in a service Server that provides a specific operation. A

service Agent has its own goal, commitments, and knowledge.

The infoService is used as a repository to store service information such as name,

endpoint and type of operation offered by each service Agent.
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3.3.2.2 Entish Language

The Entish language is used in enTish middleware for the following purposes [40]:

1.

To describe the internal data (resources). It specifies the type, attributes, and location

of data, as well as the methods used to manipulate them.

To express tasks. Tasks are specified as Entish formulas expressing abstract plans
and initial conditions. A task can be either a user request or an operation offered by a

certain service.

To describe service Agents and task Agents. Both service Agents and task Agents are
characterized by their own goals, intentions and commitments, elements that represent

their state.

To describe workflow and execution processes. Entish expresses the workflow
required to carry out a task in a declarative way, without using actions. It also defi_qes
the messages exchanged between service Agents and task Agents during the
execution process. These messages contain a field, called order, that distinguishes

them from the messages that can exist within the protocol.

To express the content of messages exchanged among agents. Entish is the content

language used in the messages exchanged by agents.

3.3.2.3 Description of service and task Agents

Service Agents, task Agents and Resources are the main entities inside enTish middleware

[40]. Resources are data representations exchanged between service Agents and task

Agents during a task execution. Service and task Agents are software agents that act as

service providers and task suppliers, respectively. Entish describes the state of these agents

according to the elements in Table 3.1.
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Table 3.1. Description of the state of Agents [40]

Element Type of &gent _
task Agent service Agent
Owner Address of the task Agent Address of the service Agent
. o Type of operation performed by the service
Goal F%'::::'OE?‘?V c:(r pfrfr? ondmg?s Formin: Precondition of service invocation
+ lask ol the age FormOQut: Postcondition or effect
Set of service commitments
List of Not used Formin: Precondition of the commitment
Commitments FormOut: Effect the service has committed to
perform
List of agent intentions
Plan. Agent'’s plan
intentions Workflow. Intentions already committed with Not used
services
Performed. Intentions already performed
Knowledge Collection of INFO elements Collection of INFO elements

(evaluated formulas)

(evaluated formulas)

As shown in Table 3.1, the state of the service and task Agents is defined by the following

elements:

1. Owner. This element represents the location of the owner of the state.

2. Goal. This element consists of two Entish formulas: Formin and FormOut. If the state

belongs to a task Agent, the goal is the task that the agent performs. The Formin
formula can either be empty or contain an Entish formula expressing the preconditions
for performing the task, and the FormOut formula contains the agent'’s task. If the state
belongs to a service Agent, the goal represents the type of operation the service
provides. The Formin formula represents the preconditions for invoking the service,

and the FormQut formula describes the postconditions or effects of service invocation.

List of commitments. This element is used by service Agents and contains elements
called commitments. A commitment is represented by two Entish formulas: a Formln
formula, which contains the required preconditions of the commitment, and a FormOut
formula, which contains the postconditions or “effects the service has committed to

perform” [40]. As soon as the service Agent performs the commitment, it is removed
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from the list of commitments and the information about its execution is incorporated

into the knowledge element.

Intentions. This element is mainly used by task Agents and has three components: a
plan element, which contains a list of intentions represented as Entish formulas that
describe the agent’é plan; a workflow element, which contains a list of intentions,
moved from the plan element, that are already committed with services; and a

performed element, which contains a list of already performed intentions.

Knowledge. This is a collection of INFO elements that represents the facts the agent

knows, and is changed with every action the agent performs.

In enTish, a service is described according to the postcondition (effect) it produces based

on specific preconditions.

3.3.2.4 The entish 1.0 protocol

The entish 1.0 protocol defines the type of messages that are exchanged between task

Agents and service Agents, as well as the order in which they are sent when composing

services [40]. Figure 3-4 shows how the entish 1.0 protocol is used when a task is performed

by two collaborating services. A number that also defines the order of the message within the

protocol represents the message type. The process for executing a user request is as follows:

1.

A user requests the execution of task ¢, represented as an Entish formula, from the

Task Manager (TM).
The TM creates taskAgent0 and assigns to it the execution of task ¢.

TaskAgentO sets task ¢ as its goal, by putting ¢ into its goal FormOut formula, and as

its intention, by putting ¢ into the plan list.
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. TaskAgent0 sends a message to infoService to find a service that can perform task ¢.
In turn, infoService finds that serviceAgent1 can provide ¢ and returns a message to

taskAgent0 with the name of the service Agent.

. TaskAgentO sends a message to serviceAgent1 to request the execution of task ¢.

ServiceAgent1 realizes that, in order to perform ¢, some preconditions must be fulfilled
(the execution of task y). Then serviceAgenti returns a message expressing its
commitment to perform ¢ if task y is previously completed. Also, serviceAgent1 puts

task ¢ on its list of commitments.

. TaskAgent0 moves the intention ¢ from its plan list to its workflow list because

serviceAgent1 has committed to execute ¢. Then task y is put into the plan list

representing the actual intention.

. TaskAgentO sends a message to infoService to find a service that can perform task y.

InfoService finds that serviceAgent2 can perform @ and returns a message to

taskAgentO with the name of the service Agent.

. TaskAgent0 sends a message to serviceAgent2 to request the execution of its intention
Y. ServiceAgent2 can unconditionally perform y; therefore, it returns a message

expressing its commitment to execute y and puts y in its list of commitments.

. TaskAgent0 moves the intention g from its plan list to its workflow list because
serviceAgent2 has committed to execute . The plan list is empty because there are
no preconditions for performing y. The workflow list contains the intentions that the
service Agents have already committed to and that represent the service composition
to perform task ¢. Then taskAgent0 simultaneously sends messages to the service

Agents telling them that the workflow has been created and is ready to be executed.
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Figure 3-4. The entish 1.0 protocol

10. ServiceAgent1 executes the workflow by sending a message to serviceAgent2 to

perform y. After completing y, serviceAgent2 returns a confirmation message. Then

serviceAgent1 performs ¢ and sends a message to taskAgentO confirming the

successful execution of ¢.

11. TaskAgent0 moves the intentions stored in its workflow list to its performed list. Then, it

sends a final confirmation message to every service involved in the workflow so that
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they can make the modifications to the resources permanent. At the same time, it

sends a message to the TM confirming the successful execution of task ¢.

12. The TM sends the result of the ¢ task execution to the user.

3.3.2.5 EnTish and Web service composition issues
This section presents how enTish solves the aforementioned problems associated with Web

service composition.

3.3.2.5.1 Service orchestration
EnTish implements the reactive service orchestration in which services are assembled at

runtime. The process that enTish follows for service orchestration consists of two phases [40]:

1. The user creates a request that is sent to the enTish middleware. The request uses the
Entish language and contains the initial conditions and objective to achieve. The

middleware creates generic plans to achieve the goal based on the initial conditions.

2. Within the middleware, one generic plan is selected. The services that can execute the
plan are discovered and arranged into a workflow. The workflow and some conditions
for executing the service are presented to the user. The user enters the values to fulffill
the conditions and starts the workflow execution. The middleware executes the

workflow, controls its execution and sends the response to the user.

3.3.2.5.2 Service choreography
With enTish, service choreography is implemented through the cooperation of service Agents
without a centralized entity controlling the workflow execution. A set of service Agents

commits to a workflow and then executes it.
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3.3.2.5.3 Service discovery
With enTish, service discovery is performed in a centralized manner. The InfoService acts as

a service repository where task Agents locate services that provide a specific operation.

3.3.2.5.4 Level of scalability and flexibility
The enTish infrastructure provides a low level of scalability. Only services that are integrated
into the infrastructure through the Service API, and that are registered with the infoService,

can be executed in a composition.

The enTish approach offers a medium level of flexibility. It defines services according to
the effects they produce and the specific preconditions they require. The service to be
incorporated into the composition is selected from among the services that provide the same
effect (i.e., that have the same effect formula) and that are registered inside the infrastructure.

Services outside the infrastructure cannot be considered for the composition.

3.3.2.5.5 Service communication

The communication mechanism among agents in enTish uses request-response messages.
During the creation of the workflow, task Agents request a service Agent to commit to a task
and wait for a response. A service Agent must also wait for the execution of another task that

a different service Agent committed to during the workflow execution. [40]

3.3.2.5.6 Recursiveness

Recursiveness could be achieved if service Agents could act as task Agents. This way, a
service Agent could ask the infoService about service Agents that provide a specific service,
and could create a workflow that groups service Agents to perform the requested type of
operation. The current version of enTish is not recursive because it does not use a list of

commitments in the state of service Agents [40].
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3.3.2.5.7 Definition of Interfaces
EnTish does not require a definition of interfaces. Services are defined by task formulas that

describe the type of operations they perform.

3.3.2.5.8 Participation of atomic services
EnTish is a mandatory-composite service approach. Each service engaged in a workflow

must be executed to successfully perform the service request.

3.3.2.5.9 Fault-recovery support

A fault-control mechanism is incorporated in enTish. If a service Agent participating in the
workflow fails to complete a task, the service Agent sends a message to the task Agent,
which then sends cancellation messages to all the participating service Agents. The

cancellation triggers rollback operations [40].

3.3.2.5.10 Data representation

Data and control-flow information are handled together in enTish. Entish formulas contain
preconditions and postconditions that express the values of data required for the execution of
tasks. The data resulting from the task execution is stored in formulas; these formulas are

used as the content of messages exchanged by service Agents during workflow execution.

3.3.3 DARPA Agent Markup Language for Services (DAML-S)

The DARPA Agent Markup Language for Services (DAML-S) [41] is a language and an
ontology that is used to describe Web services with sufficient information to enhance the
processes of “discovery, invocation, composition, and execution monitoring.” With DAML-S,
Web services are “computer-interpretable.” DAML-S enhances the current Web Services

Architecture by incorporating the ideas of the Semantic Web.
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3.3.3.1 The Semantic Web
The Semantic Web is an effort to create Web pages with information structured in such a way
that the Web content is easily manipulated and interpreted not only by humans, but also by

software applications.
The implementation of the Semantic Web is based on the following elements [42]:

1. Languages to semantically express the information contained on Web pages and make

it easy to interpret by software applications.

2. Knowledge representations to provide software applications with the ability to deduce

facts from a context, based on information about existing objects.

3. Ontologies to define the relationship- between concepts in a specific context. Inference
engines use ontologies to detect the existent relationships between objects to provide

information to trigger actions.

Some languages used to create the Semantic Web are the Resource Description
Framework (RDF), a W3C standard; DAML-OIL (Ontology Inference Layer) that extends RDF;
and the OWL Web Ontology Language. Some tools for creating Semantic Web applications

include JENA (an HP project) which provides support for RDF, DAML-OIL, and OWL [43].
By applying the Semantic-Web based ideas to the Web services world, “Autonomous

Semantic Web Services” are created, which enhance the “discovery, invocation, composition

and execution monitoring processes” [44].

3.3.3.2 DAML-S
DAML-S extends the DAML-OIL ontology to enhance the description of Web services as well
as the relationships among them [45]. DAML-S fits in the Web service stack framework as

shown in Figure 2-9. DAML-S consists of three components [45]: a service model, a service
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profile, and service grounding. DAML-S uses WSDL to describe Web services and

incorporates semantics into the Web service description by using RDF.

The service profile describes the service by adding semantic information to enhance the
service discovery. It contains the service name, a textual description, information about the
provider, a rate of quality, and the description of the offered functionality, including the input

and output parameters as well as their preconditions and effects.

The service model contains information about the process governing the execution of a
Web service. It contains the sequence in which the operations of involved atomic Web
services are invoked. The information in the service model component enables the “automatic

composition and execution” of the Web service [41].

Finally, service grounding associates the exchanged messages defined in the process

model with their corresponding representation in WSDL or SOAP.

3.3.3.3 DAML-S and Web services composition issues
This section describes how DAML-S solves the aforementioned problems associated with

Web service composition.

3.3.3.3.1 Service orchestration
DAML-S implements reactive service orchestration. Atomic Web services that participate in a

composite service are dynamically discovered and invoked at runtime [44].

DAML-S assumes that every available Web service has its own DAML-S description, which
includes the definition of the input and output parameters as well as the preconditions and
effects (postconditions), coliectively known as the IOPEs, to execute the Web service. Instead
of describing the specific services to interact with (as BPEL4WS does), a composite DAML-S

Web service contains the description that best identifies its atomic DAML-S Web services. At
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runtime, the composite DAML-S Web service discovers atomic DAML-S Web services that
best fit the description (profile) of the desired service, and then dynamically invokes it. The
orchestration of services in the DAML-S approach is represented as a workflow described

with the service model component of DAML-S [44].

DAML-S defines a corhposite service by defining services as one of three kinds of

processes [45]: an atomic, composite, or simple process.

DAML-S atomic processes are atomic services. They are able to execute simple
operations, such as r