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Preface

Today, the need for advanced services is rapidly increasing, as consumers’ needs be-
come more demanding and complex, most notably as a result of the growth in demand
for mobile devices and ubiquitous computing environments. Web service composition
aims to respond to today’s challenges, as it combines several atomic services to form a
unique service composition that provides a solution to these complex demands. Ser-
vice-oriented architecture (SOA) represents an appropriate architectural model for
composite services, enabling, even dynamically, combinations of a variety of inde-
pendently developed services to form distributed, software intensive systems.

A key plank of the service computing agenda is Web service composition: it aims at
providing techniques, models, and architectures for the automation of multiple,
autonomous, and dissimilar services to produce new and novel services. Web service
composition benefits include better techniques for service outsourcing and innovative
and serendipitous services. Applications abound and span almost numerous areas, in-
cluding e-government, life sciences, hospitality, disaster management, education,
health, IT outsourcing, cloud computing, and many more. A key technology enabler for
services is Web services which is tightly congruent with the service paradigm. There
have been tremendous activities around Web service standardization which must be
said, has probably gone beyond what was needed. Without any doubt, the problem of
Web service composition is viewed by many as the “holy grail” in Services Computing.
There have been many attempts by researchers from various domains to perform re-
search on this highly relevant and timely subject. The optimization selection and reli-
ability verification played a more prominent role in Web service composition research
for the following reasons: On the one hand, with the proliferation of Web services offer-
ing similar functionality, developed on various platforms and in various programming
languages, the problem of how to choose optimal service for composition from a given
class has become increasingly important. On the other hand, service reliability verifica-
tion becomes a prerequisite as these new kinds of modern services are present in our
everyday life affecting several everyday functions and situations. Web services are usu-
ally managed by different companies and may not have been developed for composi-
tion. Analogous to other distributed systems based on asynchronous communication, it
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is difficult to anticipate how Web service compositions behave during execution and
whether they conform to the functional requirements identified during requirements
engineering. Errors, however, may violate service level agreements. This may cause
losses or penalties and have negative impact on the reputation of the companies in-
volved. Therefore, it is an important task to make sure that service compositions are
reliable at run-time.

This book is to the best of our knowledge, the first of its kind to address service op-
timization by using aiNet. The aiNet is capable of finding optimal services with differ-
ent QoS (Quality of Service) properties from similar functionality services, which pro-
vides a new approach for service selection. The service optimization selection imple-
ments not only QoS properties but also transactional properties, which ensure reliable
execution of composite Web service and construct the optimal composite Web service.
Reliability verification is another cool feature in this book. The conformance verifica-
tion approach with temporal logic is implemented. The expected interaction is usually
defined by business process execution language (BPEL), which is translated into a co-
lour Petri net model. We use scenarios from e-government (social services) and life
sciences (analysis of protein sequence information) to illustrate the concepts and tech-
niques discussed in this book.

This work is partially supported by Science and Technology Plan Projects of
Shaanxi Education Department, No. 15jk1237, by the projects of characteristic disci-
pline construction of Weinan Normal University, No. 14TSXK09, by the projects of
Weinan Normal University, No. 13YKPO013 and 13YKS006, by Science and Technol-
ogy Plan Projects of Weinan, No 2015KYJ-2-3.

Chen Liping
June 20, 2016
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Chapter 1
Introduction

Web services are considered as self-contained, self-describing, modular applications that
can be published, located, and invoked across the Web, which have generated great inter-
ests in both vendors and researchers. Web services, based on existing Internet protocols
and open standards, can provide a flexible solution to the problem of application integra-
tion. With the help of WSDL, SOAP, and UDDI, Web services are becoming popular in
Web applications. Nowadays, an increasing amount of companies and organizations im-
plement their core business and outsource other applications as Web services over Inter-
net. However, single Web service cannot satisfy all the functionality needed by the user.
It is imperative task to study how to compose Web services into a new service. Web ser-
vice composition focuses on how to integrate existing Web services in diverse and het-
erogeneous distributed environments, providing different functional, nonfunctional, and
behavioral features, to quickly construct workable applications or software for satisfying
the requirements which are requested by users and unable to be fulfilled by any single
Web service. This book focuses on how to find and select optimal component services
form same functionality candidate services, and verify reliability of Web service compo-
sition. This chapter discusses the state of Web service composition.

1.1 Background

1.1.1 Web service model and framework

The sharing of data and application system resources among collaborating organiza-
tions is the key to achieving their common goals. With the Internet, especially the Web,
becoming the fastest growing collection of data and software programs, more and more
academia, business and government organizations have focused their efforts on pro-
moting the sharing of these Web resources.

A Web service is defined by the W3C M as "a software system designed to support
interoperable Machine to Machine interaction over a network." The Web services



2 Component Service Optimization and Verification for Web Service Composition

model proposed by IBM and Microsoft is a framework designed to facilitate the shar-
ing of a tremendous amount of data and software resources on the Web. It allows soft-
ware/application systems' functionalities to be defined as Web services, also referred to
as services hereafter, and makes them programmatically accessible over the Internet.
This model allows the publishing of business functions to the Web and enables univer-
sal access to these functions. Both developers and end-users can enjoy the benefits of
Web services. The Web service model simplifies business application development and
interoperation. Additionally, it greatly serves end-user needs by enabling them through
an intuitive, browser-based interface to choose, configure and assemble their own Web
services 1.

The Web service model shown in the Figure 1.1 contains 3 roles: service provider,
service requester and service broker, and the following basic activities: describing,
publish/unpublish/update, discover and invoke/bind 1!,

Invoke/Bind
< - >(_ Service Requester
Discoverr

Figure 1.1  Web service model

Publish,Unpublish,Update

Service Broker

1) Service provider

A service provider is the party that provides software applications for specific needs as
services. Service providers publish, unpublish and update their services so that they are
available on the Internet. From a business perspective, this is the owner of the service.
From an architectural perspective, this is the platform that holds the implementation of
the service.

2) Service requester

A requester is the party that has a need that can be fulfilled by a service available on the
Internet. From a business perspective, this is the business that requires certain function
to be fulfilled. From an architectural perspective, this is the application that is looking
for and invoking a service. A requester could be a human user accessing the service
through a desktop or a wireless browser; it could be an application program; or it could
be another Web service. A requester finds the required services via a service broker and
binds to services via the service provider.

3) Service broker

This party provides a searchable repository of service descriptions where service pro-
viders publish their services and service requesters find services and obtain binding
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information for these services. It is like telephone yellow pages. Such examples of ser-
vice brokers are UDDI (Universal Description, Discovery, Integration) and Xmethods.

It is clear that since the service provider, the service broker and the service re-
quester interact with each other they should use standard technologies for service de-
scription, communication and data formats.

There are generally three roles involved in Web service applications: service pro-
vider, service broker, and service requester. The interactions between these three roles
are published, find and invoke/bind. Web services are implemented and published by
service providers. They are discovered and invoked by service requesters. Information
about a Web service (i.e., service descriptions) is kept within a service broker.

1.1.2  Web service composition definition

With the rapid expansion of Web service related applications in fields such as
e-business, e-government and e-health, there is a clear need for infrastructures and
frameworks that can be used to develop applications on the basis of Web service com-
positions. The majority of SOA publications are concentrating on definition and im-
plementations of the individual business services. Building enterprise solution(s) typi-
cally requires combining multiple existing enterprise services. These composite ser-
vices can be in turn recursively composed with other services into higher level solu-
tions, and so on. Such recursive composition of business services is one of the most
important features of SOA, allowing to rapidly building new solutions based on the
existing business services. As the amount of individual business services (and their
compositions) grows, the easier it becomes to implement new enterprise solutions.

The main drivers for the creation of composite-services are:
1) Usage simplicity
When several business services are used together by multiple consumers, exposing
knowledge about all participating services and their coordination rules to every con-
sumer can make consumer implementation more complex. Creation of composite ser-
vice, both encapsulating participating services and enforcing the rules of their invoca-
tion can significantly simplify their usage.
2) Improved reusability
New unplanned solutions can often be assembled from available services. Even though
they have been designed for the construction of a specific set of solutions, existing
business services can be combined in other ways to implement solutions that had not
been anticipated. In addition, the availability of services suggests new solutions that
might otherwise not be considered. These new solutions can often be created inexpen-
sively and quickly through development or enhancement of relatively few services.
3) Solution partitioning, visibility, control and change management
Composite services can serve as a partitioning mechanism for overall solution. Similar
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to the case of local and remote interfaces in EJBs, introducing composite services and
exposing only some of their interfaces to external users allows controlling what is visi-
ble to the consumer. This supports the ability of underlying software architectures
(composite services implementations) to rapidly respond to changing requirements by
changing the implementations of its subordinate services, as well as the interconnection
between them with minimal or no impact to the consumers.

There is currently no single definition of Web service composition, and we collect
some existing definitions. The Web service composition, according to Jonatha et al.l*],
can be defined as follows: The Web service composition is the process of building an
instance of an abstract workflow by combining appropriate Web services that satisfies
given QoS requirements. In general, QoS requirements consist of a number of con-
straints. The selection process requires global optimization and can be formalized as a
mixed integer linear programming problem which cannot be solved in polynomial
time.

Two other definitions are as follows:

Web services composition is an emerging paradigm for application integration
within and across organizational boundaries. A landscape of languages and techniques
for Web services composition has emerged and is continuously being enriched with
new proposals from different vendors and coalitions.

Web services composition is an emerging paradigm for enabling application inte-
gration within and across organizational boundaries. Current Web services composition
proposals, such as BPML, WSBPEL, WSCI and OWL-S, provide solutions for de-
scribing the control and data flows in Web service composition.

Taking into account the above definitions of Web service composition, we define
Web service composition: Provides an open, standards-based approach for connecting
Web services together to create higher-level business processes. Standards are designed
to reduce the complexity required to compose Web services, hence reducing time and
costs, and increase overall efficiency in businesses.

1.1.3 Motivations and goals of Web service standards

A good starting point for understanding the Web services paradigm is to consider the
stated goals, as found in the literature and the standards communities. The basic moti-
vation of standards such as SOAP and WSDL is to allow a high degree of flexibility in
combining Web services to create more complex ones, often in a dynamic fashion. The
current dream behind UDDI is to enable both manual and automated discovery of Web
services, and to facilitate the construction of composite Web services. Building on
these, the BPEL standard provides the basis for manually specifying composite Web
services using a procedural language that coordinates the activities of other Web ser-
vices.
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Much more ambitious goals are espoused by the OWL-S coalition (formally known
as DAML-S), and more broadly the semantic Web services community 5] These goals
are to provide machine-readable descriptions of Web services, which will enable auto-
mated discovery, negotiation with, composition, enactment, and monitoring of Web
services.

A kind of middle ground is also emerging, which provides abstract signatures of
Web services that are richer than WSDL but retain a declarative flavor. Most popular
here is the use of automata based descriptions of permitted sequencing patterns of the
Web services, with a focus on either activities performed ! or messages passed e,

1.2 Related standards and technologies

1.2.1 Web service-related standards and technologies

Today there is a lot of activity in the Web service area. Services can assume different
roles when involved in various interaction scenarios. Depending on the context with
which it's viewed, as well as the state of the currently running task, the same Web
service can change roles or be assigned multiple roles at the same time. Thomas Erl-
delves into the concepts and technology behind Web services, including Web services
and the service-oriented architecture (SOA), Web services Description Language
(WSDL), Simple Object Access Protocol (SOAP), and Universal Description,
Discovery, and Integration (UDDI). We are currently witnessing the rapid
development and maturation of a stack of interrelated standards that are defining the
Web service infrastructure along with a great number of development tools that
support the Web service development. The following standards play key roles in Web
services: Universal Description, Discovery and Integration (UDDI), Web Services
Description Language (WSDL), Web Services Inspection Language (WSIL), SOAP,
and Web Services Interoperability (WS-1). The relationship between these standards
is described in Figure 1.2.

1. UDDI

UDDI is a protocol that allows businesses to promote, use, and share services over the
Internet. It is an OASIS Standard, which is supported by several major technology
companies. Members include Microsoft, Cisco, Oracle, Avaya, Sun Microsystems, and
others. The UDDI specification defines open, platform-independent standards that en-
able businesses to share information in a global business registry, discover services on
the registry, and define how they interact over the Internet. It is a platform-independent,
Extensible Markup Language (XML)-based registry by which businesses worldwide
can list themselves on the Internet, and a mechanism to register and locate Web service
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Figure 1.2 Relationships between SOAP, UDDI, WSIL and WSDL

applications. The UDDI protocol serves as a foundational tool that allows businesses to
find each other and complete transactions quickly and easily. Companies that use the
UDDI protocol can extend their market reach and find new customers while also find-
ing other businesses that offer useful services to them. Because UDDI uses a standard
format for describing business services, it is easy to search and find useful services of-
fered from other businesses. UDDI was originally proposed as a core Web service stan-
dard ") 1t is designed to be interrogated by SOAP messages and to provide access to Web
Services Description Language (WSDL) documents describing the protocol bindings and
message formats required to interact with the Web services listed in its directory.

Figure 1.3 depicts the makeup of the UDDI project. The UDDI Business Registry
(UBR), also known as the Public Cloud, is a conceptually single system built from
multiple nodes that has their data synchronized through replication. A series of operator
nodes each hosts a copy of the content. The global grouping of operator nodes is jointly
known as the UBR. Operator nodes replicate content among one another. Accessing
any individual operator node provides the same information and quality of service as
any other operator node. Content inserted into the UBR is done at a single node, and
that operator node becomes the master owner of that content. Any subsequent updates
or deletes of the data must occur at the operator node where the data was inserted.



