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Preface

Services Computing has become a cross-discipline subject that covers the science 
and technology of bridging the gap between Business Services and IT Services. Its 
most recent enabling technology is Web services centered on Service-Oriented
Architecture (SOA). This book depicts an overall picture of the state-of-the-art of the 
field. A comprehensive set of innovative research results and solution methods is 
described and discussed, including business componentization, services modeling, 
services creation, services realization, services annotation, services deployment, services
discovery, services composition, services delivery, service-to-service collaboration, 
services monitoring, services optimization, services management, business consulting
methodology and utilities, business process modeling, transformation, integration,
and management. 

What Is the Uniqueness of This Book?

This book introduces innovative ideas and solutions based on existing key techniques 
and industry standards in the field of Services Computing. In particular, this book 
illustrates Services Computing as an emerging interdisciplinary science and engineering
subject bridging the gap between business/application services and IT services. It 
presents a lifecycle view of modern services industry, discusses up-to-date innovative 
research directions and industry solutions in the domain of Services Computing. It 
explains how to effectively and efficiently establish, operate, and manage business 
and application services using Services Computing, and it also guides research
directions of Services Computing.

There have been numerous publications in the market regarding Web services and 
Service-Oriented Architecture from specifications and standards perspectives. To our 
knowledge, however, this book is the first that provides a systematic view of SOA 
solutions and SOA services to enable the lifecycle of modernized services businesses 
and applications. In our view, Services Computing is not merely a technical direction;
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instead, it is an interdisciplinary area aiming to bridge the gap between IT and
business. Therefore, it is not only necessary, but also critical to consider Services
Computing from strategic point of view. Moreover, Service-Oriented Computing is 
just a pure technology fraction of Services Computing that also includes services 
consulting methodologies, services design and service delivery, as well as services 
maintenance and management.

As for implementation, there have emerged a number of industry standards and 
specifications for Web services, such as Web Services Description Language (WSDL),
Simple Object Access Protocol (SOAP), Universal Description, Discovery, and
Integration (UDDI), Business Process Execution Language for Web Services
(BPEL4WS). However, from our point of view, these existing specifications are just 
examples of infrastructure enabling technologies for Services Computing environment.
With the development of Services Computing, these specifications and technologies
will continuously be evolving into their next generation or be replaced by new
technologies and standards.

Throughout this book, instead of repeating the existing specifications, we concentrate
on introducing innovative frameworks and methods on how to leverage related
technologies to address real business challenges. The existing technologies are used 
as examples to study the state-of-the-art of the field and can be used as starting points 
for further innovations. Along with the newly introduced ideas in this book, the 
present enabling technologies provide a comprehensive framework that can be used 
to construct domain-specific SOA solutions. It should be noted that the existing 
technologies may have to be adjusted, extended, and customized in accordance with 
particular execution contexts and business requirements.

Finally, this is a foresighted book intended to spur researchers, practitioners, and 
students into further explorations and investigations in the field of Services Computing.
As SOA and services engineering become mainstream, there are numerous efforts
underway in both academia and industry, all of which deliver concepts and
technologies in the same or similar fashion. This book aims to guide readers to grasp 
the foundations and state-of-the-art developments in the field of Services Computing.

Who Should Read This Book?

Researchers and students

The audience first includes researchers, graduate students, and senior undergraduates
who seek a systemic introduction to the key technologies and research innovations in 
the field of Services Computing. This book can be used as an introductory textbook, 
advanced undergraduate textbook, graduate textbook, continuing education textbook 
(e.g., for executive MBA), or supplemental reading materials in classrooms.

In addition, this book can be used as a reference book on advanced technologies
for a set of existing courses such as Modern Software Engineering, Web Engineering, 
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Web Technologies, Advanced Software Engineering Methodologies, Advanced Software
Architecture, and so on. Targeting departments include Department of Computer
Science, Department of Industrial Engineering, Department of Business Management, 
Department of Automation, and Department of Management of Information System.

This book is organized in a way that is suitable for students to learn the Services 
Computing concepts and technologies step by step. It is written in a way that it can 
be used as a classroom textbook, as well as a self-study reference book.

Engineers and managers

As Services Computing is being widely accepted by the business world, practitioners
who are interested in building value-added services or solutions based on SOA will 
become suitable audiences. Companies that either develop software using SOA or intend
to introduce SOA and Web services in business could use this book as a reference
book for their software engineers, IT managers, business managers, salesmen, and IT 
and business executives.

Outline of This Book

Part 1: Foundations of Services Computing

This part introduces core techniques of Web services modeling, registry, and discovery.
SOA paradigm is discussed, along with SOA solution architecture based on industry
best practices. Current SOA and Web services standard stack is also presented.
Advanced techniques are introduced including multi-dimensional services modeling, 
dynamic services invocation, federated services discovery, services relationship
modeling, and solution-level Quality of Service (QoS) in SOA.

Part 2: Realization of Services Computing

This part introduces services realization technologies from four perspectives:
requirements-driven services composition, services value chain collaboration, business
process management and integration, as well as business grid.

Part 3: Services Delivery and Services Engineering

This part introduces technologies and methodologies for services delivery and
engineering from four perspectives: project-based business performance management, 
service-oriented business consulting methodology, end-to-end services delivery
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platform and methodology, as well as software as services and services as software.
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Part 1  Foundations of Services 
Computing



1 The Principle of Services and Services Computing

1.1 Introduction of Services

1.1.1 Definition of Services

The term “service” has existed for thousands of years along human history. When 
a person or a group performs some work to benefit another, it becomes a service. 
Many versions of definitions exist for the term “service”. For example, James
Fitzimmons[1] defines a service as follows:

“A service is a time-perishable, intangible experience performed for a
customer acting in the role of co-producer.”

Christian Gronroos defines a service from the perspective of management and
marketing as follows[2]:

“A service is an activity or series of activities of more or less intangible
nature that normally, but not necessarily, take place in interactions between 
customer and service employees and/or physical resources or goods and/or
systems of the service provider, which are provided as solutions to customer 
problems.”

Although these definitions look different, they all indicate a fact that each
service involves two inevitable sides: service provider and service consumer. A
service provider offers the service, and a service consumer utilizes the service.
The interaction between a service consumer and a service provider may happen
in real-time or off-line. Focusing on IT-enabled business services, this book
defines the term “services” as follows:

Services represent a type of relationships-based interactions (activities)
between at least one service provider and one service consumer to achieve a 
certain business goal or solution objective.

A service provider commits to complete the tasks and provide values to a
service consumer during the service’s lifecycle. Both sides share a common goal
of keeping a healthy, long-term trust with efficient and valuable services.

An IT-enabled business service is typically characterized by two features: its
service operation model and its service charge model. A service operation model 
defines how the service is to be delivered; a service charge model specifies how
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the delivered service is to be charged.
Services can be realized in different ways, represented by corresponding

service operation models. Traditionally, services are typically provided in an
end-to-end service operation model, meaning that service providers deliver
services directly to their end users (i.e., service consumers). Leveraging the
recent Information Technologies, services can now be delivered in several novel
approaches, such as hosted service model, business process outsourcing,
data-centered outsourcing, and services through online broker agency. These
approaches intend to enhance customers’ service experiences and enhance
service providers’ productivity.

Based on different business models, services can be charged in different ways. 
In general, there are three categories of service charge model: free-of-charge models,
fee-based models, and government service models. Adopting a free-of-charge
model, a service provider offers free services. Nowadays, free services are
common, such as free email services, free Voice over IP (VoIP) services, and free 
instant message services. Adopting a fee-based model, a service consumer needs
to pay a pre-announced fee to use the service. For example, an online payment
service charges transaction-based service fee. Between free services and fee-based
services, there are public services provided by governments. They are free-of-
charge to use; however, they are actually “paid” (funded) by citizens’ tax money.

One service may be further divided into different service levels, each being
associated with different service fees. A service consumer may choose to pay
higher service fees to obtain higher-quality services with advanced capabilities,
or pay lower fees to obtain services with less functionality. For example, a Web
hosting service provider may provide three levels of services: gold Web plan,
silver Web plan, and bronze Web plan. Each plan offers different storage space
sizes and file transfer rates with different monthly charges.

1.1.2 Definition of Services System

Business services are realized by IT software systems, called services systems.
This section defines a services system hosted by a service provider. As shown in
Fig. 1.1, a services system can be viewed as a self-contained encapsulated system 
providing some services to the outside world. Such a services system shows as a 
feedback system, meaning that it possesses internal controls and reacts to
surrounding environments. Therefore, a services system SS can be informally
defined as a 6-tuple:

SS = <Inputs, Outputs, Goals, Transformation, Components, Sensors>, where:
Inputs denote input information sent from service consumers, so that the services
system can provide customized and personalized services. Outputs denote the
output of the services system, i.e., the services to be offered. Goals denote the
objectives of the system as a set of predefined system requirements. These goals 
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Figure 1.1 Feedback Control-based Services System

can be further divided into internal goals and external goals. Internal goals come 
from service providers who intend to increase their profits or decrease cost, for
example. External goals come from service consumers who request certain levels 
of service quality. Transformation denotes the control or tuning activities applied 
to the system and its linkage with its interconnected services systems. A services 
system typically requires support from other services system; therefore, it needs
to collaborate with other systems to fulfill the business goal. Components denote
major elements of the services system, which will be discussed in detail later.
Sensors denote the system elements that monitor and detect changes from
surrounding environments (contexts), so that the services system can react
accordingly to provide better services.

Same as a traditional software system, each services system has its proprietary 
lifecycle, from the time it is created until the time it is destroyed or discarded.
During its lifecycle, the services system typically includes the following five major
components:

Components = <service people, service partners, service information, service
activities, service infrastructure resources>, where:
Service people denote the people involved in the lifecycle of the services system.
These people typically act in different roles, such as system designer, system
developer, and system tester. One person may act in different roles at different
times or simultaneously. Service partners denote the business partners involved
in the lifecycle of the system. Service information denotes the information
exchanged and required in the lifecycle of the system. Service activities denote
the activities or business processes conducted in the lifecycle of the system.
Service infrastructure resources denote all non-people resources required for the
system. Three categories can be identified: physical resources such as building
offices, IT resources comprising hardware resources (e.g., servers and networks)
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and software resources (e.g., application servers and operating systems), and
abstract resources (e.g., time).

In order to support such a comprehensive services system, innovative
technologies and methodologies from cross-disciplinary subjects are required,
such as computer science, management science, Information Technology (IT),
organizational science, economics, and operational research.

1.2 Perspectives of Services Systems

With the definition of the services system, this section will discuss the essential
perspectives internal of the services system. Figure 1.2 illustrates a coherent
logical view of a services system, which comprises four major perspectives:
model, technology, architecture, and optimization.

1.2.1 Model

Enablement of a services system should be guided by modeling and model-driven
methodologies that help developers manage complexity at various levels of
abstraction. A model is a “philosophy” of how to design a services system and its 
development process. Based on different phases during the lifecycle of a services 
system, various models may need to be adopted to guide the transformations
between models (e.g., operational-level models, platform- independent models,
and platform-specific models), codes, and other artifacts (e.g., business objects).
These models typically define proprietary patterns, which formalize repeatable
scenarios and provide tested solutions, to improve developer’s productivity.

Figure 1.2  Enablement of services systems
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1.2.2 Technology

The unique features of services and services systems demand corresponding IT
support. The advancement of IT brings more opportunities for innovations. To
date, several service-oriented technologies have emerged, such as Service-
Oriented Architecture (SOA), Web services, Grid Computing, and Autonomic
Computing. These technologies facilitate the construction of the services systems 
with higher reusability, flexibility, extensibility, and robustness.

1.2.3 Architecture

It has been well accepted that software architecture plays a key role in the design 
and development of a software system. A sound architectural model allows a
software system to be adaptive to future changes. Similarly, software architecture 
is a critical aspect of a services system. It provides a guidance of designing and
constructing a services system, by identifying system components along with the 
connections and interactions between them. It should be noted that the term
“architecture” in Services Computing is not limited to IT architecture. Instead,
since the tenet of Services Computing is to align IT with business in a
service-oriented framework, the definition of the “architecture” becomes a
manifold architectural model, including business architecture, IT architecture,
data architecture, and performance architecture.

1.2.4 Optimization

In order to provide optimal services, a services system needs to be adaptive to
ever-changing environments and business requirements. Optimization intends to
select the best solution when facing multiple choices. This process may be
needed during the entire lifecycle of a services system, and includes not only
local optimization but also global optimization. Various related disciplines, such
as operational research, complex system modeling, and system engineering, can
be applied under different scenarios to facilitate the analysis and design of a
services system.

1.3 Services Lifecycle

A typical service’s lifecycle often consists of six key phases as shown in Fig. 1.3:
consulting and strategic planning, services engagement, services delivery, services
operation, services billing, and services management. Using a bookstore service
as an example, this section briefly summarizes the activities within each phase.
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In this example, a customer C invites a consulting service provider (CSP) and an 
IT service provider (ITP) to construct a set of bookstore branches locating at
different places.

Figure 1.3 A services lifecycle

1.3.1 Phase 1: Consulting and Strategic Planning

The key activity in this phase is to invite third-party consulting companies to
perform strategic planning. Using the bookstore example, in this phase, customer 
C invites CSP to analyze its potential position in the market together with an IT
strategic plan for the next five years. At the end of the consulting phase, CSP
helps C build a Request For Proposal (RFP).

1.3.2 Phase 2: Services Engagement

The key activities in this phase include: opportunity identification, RFP,
negotiating service demands, forming the Statement of Work (SoW), and
contracting. Using the bookstore example, in this phase, C distributes RFPs to
multiple service providers to bid for the project; then C decides one service
provider, say ITP.

1.3.3 Phase 3: Services Delivery

The key activities in this phase include: establishing service delivery teams and
governing project management, solution creation, work breakdown, macro
design, micro design, development and implementation, testing, and deployment. 
Using the bookstore example, in this phase, ITP establishes a project team and
selects sub-service providers ITP1 and ITP2. ITP’s project team comprises a
project executive, an IT architect, and some senior IT experts with rich
knowledge in SOA solution creation. Based on the results from the consulting
company and RFP, they decide to adopt the SOA infrastructure. Part of the work
is decided to be outsourced to ITP1 and ITP2; the testing work is decided to be
outsourced to ITP1.
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1.3.4 Phase 4: Services Operation

The key activities in this phase include: call center (contact center) management, 
selecting tools for service operation, business and IT performance monitoring,
change management and problem management, configuration management, and
other IT service management functions. Using the bookstore example, in this
phase, customer C decides to build a call center to improve customer experience. 
C may also decide to run the call center by himself/herself, and outsource other
IT service management work to ITP.

1.3.5 Phase 5: Services Billing

In this phase, the service provider gathers payment based on the contracts with
the customer. Using the bookstore example, in the service delivery case, ITP
successfully completes the project for C by collaborating with ITP1 and ITP2.
The contract will be closed, and C will pay ITP according to the contract.
Besides the transaction-based payment for the completed project, C may sign a
new outsourcing contract with ITP and decide to pay ITP the IT maintenance fee 
annually.

1.3.6 Phase 6: Services Management

Using the bookstore example, in this phase, since ITP is in charge of the solution 
creation and IT service management tasks, ITP1 could predict the traffic
knowing that customer C wants to add a new service, and recommends that C
increase IT resources for the new service.

1.4 Key Factors in a Services Lifecycle

Seven key factors need to be considered in a services lifecycle: data and information,
processes, people, resources, finance factors, knowledge and skills, and innovation
and technology.

1.4.1 Data/Information

The output of a business company is typically one of two things: either physical
products/goods or business services, which can be fulfilled by manufacturing
systems and services systems, respectively. The difference between a services
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system and a manufacturing system is that, a services system is a “soft” system
in that it may not produce “hard” products/goods as a manufacturing system
typically does; instead, it generates valuable information or manipulates
information and service resources to benefit service consumers. When a customer 
requests a service, a business object (e.g., an order) is usually submitted; when a
service provider wants to charge the customer, a bill is presented containing
detailed billing information.

1.4.2 Processes

A services system is typically comprised of business processes to fulfill business 
objectives. A process usually contains a series of organized activities with
regulated inputs and outputs, while chaining different roles together. The efficiency
of a business process highly depends on core competency of related service
providers. A process can also be further decomposed into sub-processes.

1.4.3 People

Business services typically require people involvement to leverage services,
software, or other assets to deliver services to customers. Therefore, people are
considered as one individual key factor in a services system. Two types of actors 
are identified: service customers and service consultants.

Service customers refer to the end users of a services system, whose demands
need to be fully understood by corresponding service providers. They are
logically considered as an integral part of a services system in that they may
influence the status and operations of the system through interactions.

Service consultants refer to human beings from a service provider side who
perform certain tasks. Compared with the role of human beings in a
manufacturing system, service consultants are oftentimes called “human capital”
because their knowledge and skills are critical to system efficiency in a services
system.

1.4.4 Resources

Service execution typically needs to consume various types of resources: physical
resources, IT resources, information resources, and abstract resources. Examples
of physical resources are estates and offices; examples of IT resources are servers 
and storages; examples of information resources are databases; examples of
abstract resources are time and knowledge.
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1.4.5  Finance Factors

For both service consumers and service providers, cost and value are two dual
factors which should always be taken into consideration. The objective is to best
leverage resources available to service providers and generate the most return.

1.4.6  Knowledge and Skills

The degree of the ownership of knowledge and mastering of unique skills (e.g.,
IT operation) often differentiate a service provider from its competitors. In a
service business unit, the employees should continuously be trained to master
up-to-date knowledge.

1.4.7  Innovation and Technology

In the present fierce service competition, innovation and technology often decide 
the time to market. Those having the advanced technologies may have higher
opportunity to win the service market by introducing new service products /
packages or improving the operations of their services systems.

1.5 Comparisons Between Services and Manufacturing 
Models

The major differences between a services model and a manufacturing model root 
in their different outputs: services vs. goods, as described by Sasser[3]:

“A precise definition of goods and services should distinguish them on
the basis of their attributes. A good is a tangible physical object or product
that can be created and transferred; it has an existence over time and thus
can be created and used later. A service is tangible and perishable. It is an
occurrence or process that is created and used simultaneously or nearly
simultaneously. While the consumer cannot retain the actual service after it 
is produced, the effort of service can be retained.”

A typical manufacturing model is shown in Fig. 1.4. In this model, the goal of 
manufacturing activities is to produce goods that fulfill common purposes. The
products (goods) should satisfy some predefined specifications; however, goods
themselves may not directly solve an end user’s problem. As shown in Fig. 1.4,
goods act as connections between the product provider and end users.
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Figure 1.4 Manufacturing model

On the contrary, in the services field, a service provider and a service consumer
have closer relationships in a services environment as shown in Fig. 1.5. A
service provider’s environment can often be divided into two parts: service front
stage and service back stage. Interactions between the service provider and the
service consumer often happen at the service front stage. The service provider
intends to provide good service experiences to consumers to improve customer
satisfaction and attract more customers, while keeping current customers’ loyalty.
Service front stage uses service desks to collect service requirements or other
contents captured in pre-designed service forms to serve service consumers.
Some key performance indicators include service execution time, efficiency,
accuracy, and customer satisfaction.

Figure 1.5  Model of services

At the back stage, the service provider uses factory models to seamlessly
integrate sub-services to pursue high productivity. Typical activities happened at
the service back stage include: making ready the service operation environment,
allocating resource to fulfill service consumer requirements and avoid fraud,
billing customers, running business intelligent analysis to further improve the
service, and so on.

Meanwhile, from product lifecycle point of view, a service consumer may
involve in all phases (pre-production, in-production, after-production), while a
consumer of manufactured goods is mainly involved in the after-production phase
only. In other words, a consumer of goods has little interaction with a goods
provider in the goods’ overall lifecycle, while a service consumer is usually fully 
involved in the service fulfillment process. This difference leads to highly different
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approaches when one tries to improve a manufacturing or services system.
Beyond those components mentioned above, new technologies could play

important roles in enhancing a services system. Among other technologies,
Service-Oriented Architecture (SOA), Business Process Integration and
Management (BPIM) play critical roles for business transformation in recent
years.

1.6 Business Services Lifecycle in Telecommunication 
Industry

Each company typically has many business function units: some provide direct
services to customers; others provide back-office support. In an enhanced
Telecommunication Operations Map (eTOM)[4] shown in Fig. 1.6 (with some
changes based on services industry), key service components are highlighted in
the dashed rectangle.

Figure 1.6  Typical service operation model in an enterprise

Figure 1.6 illustrates a typical view of the businesses units in a service-oriented
company. As shown in Fig. 1.6, the components in an enterprise can be divided
into three parts based on their objectives.

The first part includes strategies, infrastructures, and products. This part mainly
solves the planning or strategy-related issues.

The second part comprises service operations related to daily activities. These
operations can be divided into two categories: function-facing and people-facing.
Function-facing operations include: service readiness, service fulfillment, service 
assurance, and service billing. People-facing operations can be further divided into
four types: customer-facing (e.g., customer relationship management), internal
worker-facing (e.g., service management and operation), physical and people
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resource-facing (e.g., resource management and operation), and partner and
supplier-facing (e.g., supplier/partner relationship management).

The third part comprises enterprise management components that span the first 
part and the second part. This part covers most of the business administration
works, such as strategic and enterprise planning, enterprise risk management,
enterprise effectiveness management, knowledge and research management,
financial and asset management, stakeholder and external relations management, 
and human resource management.

1.7 Relationship Between IT and Non-IT Services in a 
Services Ecosystem

The trend of the evolution of business ecosystems is that, businesses increasingly 
depend on IT technologies as a source of innovation and differentiation, while IT 
is moved to a higher level to align with business needs. In the past, IT people
mainly focused on technology itself; at present, people have recognized that IT
should be aligned with business in the whole service lifecycle. As a matter of fact, 
both the delivery of IT services and the enablement of IT to business changes
require sound understanding of the principles of the uniqueness of IT services.
This section will compare the lifecycle of an IT service with that of a known
healthcare service. The goal is to identify their commonalities and illustrate why
Services Computing is needed to build modern services industries.

1.7.1 Overview of a Services Ecosystem

A variety of service industries (a.k.a., vertical service) exist, such as aerospace
and defense, automotive, banking, chemicals and petroleum, consumer products, 
education, electronics, energy and utilities, financial markets, government,
healthcare, insurance, life sciences, media and entertainment, retail, wholesale
distribution, telecommunications, and travel and transportation. All services can
be divided into two basic categories: pure IT services (e.g., software as services)
and IT-enabled services (e.g., Customer Relationship Management (CRM) services
and some vertical services such as banking services, telecommunication services, 
automotive services, and chemicals services). However, no matter which category
one service falls in, it shares some commonalities that are summarized in Fig. 1.7.

Figure 1.7 shows a high-level view of a simplified services ecosystem. A service
consumer may enjoy services from different service industries simultaneously.
Each of these services is typically constructed on top of some reusable
cross-industry common services (a.k.a. horizontal services), which are in turn
divided into two categories: common business services and common IT services. 


