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Preface

Web software development and cloud computing, which are based on Service-Oriented Architecture (SOA),
Service-Oriented Computing (SOC), and Service-Oriented Development (SOD), represent the modern
software engineering theory, practices, and technologies. The availability and unification of computing
capacities and data resources are reshaping the world. The latest wonder of technology is the Big Data. The
amount of the data is not the key. The relationship among all data is the key. Finding the connections of all
related data and making use of the connections to make decisions become possible after the maturity of
cloud computing and related data management technologies.

The text takes a comprehensive and coherent approach to study the latest distributed and service-oriented
architecture, distributed computing paradigm, and distributed software development and integration
technologies. The goal is to learn the concepts, principles, methods, development frameworks, and their
applications. The methodology is learning by developing examples. In the service development part, we
assume that students have good knowledge in object-oriented computing. Students learn to build services
through class definition, interface specification, the association between class methods and service
operations, service deployment and service hosting. In the software integration part, we assume that
students have basic understanding of software architecture. We take an architecture-driven approach to help
students creating the working solution step by step from their architecture design. The first step is to design
the architecture, which includes the major components and the interconnection. The next step is to define
the interfaces among the components using the standard data types. Finally, the behavior of each
component is linked to remote service or local object. The elaborated architecture is automatically
translated into the executable.

The text consists of 14 chapters and 3 appendices, which are organized into three parts.

Part I: Distributed Service-Oriented Software Development and Web Data Management

Chapter 1  Introduction to Distributed Service-Oriented Computing
Chapter 2 Distributed Computing with Multithreading

Chapter 3  Essentials in Service-Oriented Software Development
Chapter 4 XML Data Representation and Processing

Chapter 5 Web Application and State Management

Chapter 6  Dependability of Service-Oriented Software

Part II: Advanced Service-Oriented Computing and System Integration

Chapter 7  Advanced Services and Architecture-Driven Application Development
Chapter 8  Enterprise Software Development and Integration

Chapter 9  Internet of Things and Robot as a Service

Chapter 10 Interfacing Service-Oriented Software with Databases
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Chapter 11 Big Data and Ontology Systems

Chapter 12 Service-Oriented Application Architecture

Chapter 13 A Mini Walkthrough of Service-Oriented Software Development
Chapter 14 Cloud Computing and Software as a Service

Part III: Appendices: Tutorials on Service-Oriented Software Development

Appendix A Web Application Development
Appendix B Service-Oriented Robotics Applications

Appendix C ASU Repository of Services and Applications

Part I includes the first six chapters, which can be used for a service-oriented computing and distributed
software development course at the senior level or graduate level of universities. This part emphasizes the
computing paradigm, data representation, state management, and programming language-based SOC
software development. It introduces fundamental concepts and principles, in addition to technologies and
tools, which are not being taught in traditional software engineering courses.

Chapter 1 gives an overview and explains fundamental concepts of distributed software architecture, design
patterns, distributed computing, service-oriented architecture, and enterprise software architecture. The
connections and distinctions between object orientation and service orientation are discussed in detail.

Chapter 2 studies parallel computing in multithreading. It discusses threading, synchronization,
coordination, event-driven programming, and performance of parallel computing under multicore
computers.

Chapter 3 introduces the essential concepts and techniques in service-oriented architecture, particularly the
three-party model of service-oriented software development: Service providers, service brokers, and
service consumers. Service interfaces, service communication protocols, and service hosting are keys for
supporting this new computing paradigm.

Chapter 4 discusses XML and related technologies, which are used in almost everywhere in service
oriented software development. XML is used for representing data, interface, standards, protocols, and
even the execution process definition. This chapter studies not only XML representations, but also XML
processing and transforming.

Chapter 5 1s a long chapter and comprises application logic, data and state management, and presentation
design. It involves application building based on architecture design using existing services and
components, stateful Web application development using different state management techniques, including
view state, session state, application state, file management, and Web caching. At the presentation layer, it
discusses dynamic graphics generation, animation, and phone app development.

Chapter 6 deals with the dependability issues in Web-based applications, including access control through
Forms security, encryption and decryption applications, and Secure Sockets Layer in Web communication.
The chapter also discusses the reliability issues in Web application design and particularly in Web
communication.

Part II includes the next eight chapters. These chapters are built on the basic concepts and principles
discussed in Part I, yet they do not rely on the details of the first six chapters. This part emphasizes software
composition and integration using existing services and components. The approach is based on
architecture-driven approach, higher-level of data management, and message-based integration.

Chapter 7 starts with reviewing service-oriented computing and service development covered in Part I.
Then the chapter moves to discuss more advanced service development that supports asynchronous
communications. It also presents more detail in RESTful service development that has been briefly
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discussed in Part I. Finally, the chapter moves to Workflow Foundation that supports architecture-driven
software development. It uses examples and case studies to demonstrate software development by drawing
the flowchart consisting of blocks of services and local components, adding inputs/outputs to the blocks,
and then compiling the flowchart into executable.

Chapter 8 further discusses flowchart-based and architecture-driven software development by using other
process languages and developments environments. It starts with BPEL (Business Process Execution
Language) and BPEL-based development environments. Then the discussion is extended into
message-based software integration, Enterprise Service Bus, and Mashup tools for integrating Web
contents.

Chapter 9 extends Web-based computing to Internet of Things and Robot as a Service (RaaS). As an
example, robotics applications are studied in detail, which use the service-oriented Visual Programming
Language (VPL) from Microsoft to develop robotics services and applications. A new visual programming
environment, ASU-VPL, is introduced, which can be used as a follow-up language of Microsoft VPL. Full
programming examples in ASU-VPL and hardware platforms supported are given.

Chapter 10 is on service-oriented database management, which focuses the interface between
service-oriented software and relational database, XML database, and LINQ (Language Integrated Query)
and using LINQ to access object, relational database, and XML database. LINQ is the focus of the chapter.

Chapter 11 studies the major issues in big data, including big data infrastructure, big data management, big
data analytics, and big data applications. The relationship between big data and cloud computing is
discussed. Ontology is presented as a part of big data representation and big data processing techniques.

Chapter 12 focuses on the application layer of service-oriented computing systems. It compares and
contrasts the architectures and features of a few major enterprise software systems.

Chapter 13 offers a full case study on service-oriented software development.

Chapter 14 dedicates to cloud computing, which introduces the most recent trend in cloud computing and
data centers. It covers multi-tenancy architecture, Web databases and file systems, scheduling, and
fault-tolerant techniques in cloud computing and in real-time computing. It also presents cloud computing
platforms and development environments from Google, Microsoft, and Salesforce.com. Software as a
Service is the focus of the chapter.

Part III has three appendices that supplement and support the contents on Web application development and
service-oriented robotics application development.

Appendices A and B contain tutorial-based materials that provide stepwise instructions, without missing
pieces, to build working applications from scratch. These tutorials and exercises can help students to learn
concepts by examples. This part, in conjunction with Chapter 9, can also be used for a freshman level
course to introduce computing concepts through robotics programming and Web application programming.

Appendix C is the entrance to ASU Repository of Services and Applications. It lists and explains some of
the deployed examples and URLs of SOAP services, RESTful services, Web applications, and other
resources used in this text. Free services found on Internet come and go without any guarantee on quality of
service. The repository provides a stable resource for teaching from this book without worrying about the
availability and performance of the free services found on Internet. ASU Repository of Services and
Applications is open to public and can be accessed at the link: http://venus.eas.asu.edu/WSRepository/

The book embraces extensive contents. It can be used in multiple courses. At Arizona State University, we
use the book as the text for two major courses. The first course is CSE445/598 (Distributed Software
Development), where the CSE445 session is for seniors and the CSE598 session is for graduate students.
The course started in Fall 2006, and first edition of the book was developed for this course in 2008. Now the
contents in Part I of this text are used for this course.
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A second course CSE446/598 (Software Integration and Engineering) was piloted in 2010 and 2011, and
then the course becomes a regular course in 2012. Part II of this text is used for this course.

Both CSE445 and CSE446 are required courses of the Software Engineering Concentration in the
Computer Science program at Arizona State University.

The following table illustrates the lectures of CSE445/598 and CSE446/598. Each lecture is 75-min long
and counts as 1.5 lecture hours. Each course is completed in about 44 lecture hours.

CSE445/598 Lecture by Lecture Contents CSE446/598 Lecture by Lecture Contents
®) L01 - 1. Intro to Computing ®) Unit 1-1 Introduction

®) L02 - 1. Intro to Distributed Architecture (1) Unit 1-2 Web Data and Standards

() 103 - 1. Intro to SOC Concepts 1 Unit 1-3 Self Hosting Service

(2] L04 - 1. Intro to SOC Development (1] Unit 1-4 Advanced WCF Service

®) 105 - 2. Multithreading concepts ®) Unit 1-5 RESTful Concepts

(2] L06 - 2. Multithreading in Java (1] Unit 1-6 RESTful Services

®) L07 - 2. Multithreading in C Sharp () Unit 2-1 Enterprise Architecture and Process
(2] L08 - 2. Event-driven programming () Unit 2-2 Workflow 1 Concepts

(1) L09 - 2. Threading-Multicore Performance (@) Unit 2-3 Workflow 2 Case Studies

() 110 - 3. SOC Service Development (®}) Unit 2-4 BPEL 1 Process

(®) 111 - 3. SOC Hosting and Brokerage @) Unit 2-5 BPEL 2 Case Study

(] 112 - 3. SOC Application Builder (1] Unit 2-6 BPEL 3 State and Frameworks
(2] 113 - 3. SOC Development in Java (1) Unit 2-7 Message-Based Integration

(] 114 - 4. XML basics (1] Unit 2-8 Mashup

(®H] L15 - 4. XML processing @) Mid-Term Review

(] 116 - 4. XML Schema ) Unit 3-1 Device Integration

(@) 117 - 4. XML Transformation @) Unit 3-2 Robotics Studio and VPL

(1] 118 - 5. Web Application Structure @_] Unit 3-3 VPL Maze

(®] 119 - 5. Web Application Controls @} Unit4-1 ADO

(®}] 120 - 5. Config-Global-DLL-Cookies (1] Unit 4-2 LINQ to Object

() 121 - 5. Session and File System @) Unit 4-3 LINQ to SQL

() 122 - 5. Web Caching ®H Unit 4-4 LINQ to XML

(®1) 123 - 6. Security-Reliability Concepts @) Unit 4-5 XML Database

(®}) 124 - 6. Forms Security () Unit 5-1 Big Data Concepts and Domains
(®1) L25 - 6. Error Control and SSL (1] Unit 5-2 Big Data Processing

(®}) 126 - 6. Data Encryption-Hash-Reliable Msg ® Unit 5-3 Big Data App and RDF-RDFS

() 127 - 7. Dynamic Graphics - Animation @) Unit 5-4 OWL and Ontology Frameworks
@ L28 - 7. Mobile Apps Development @_] Unit 6-1 Cloud Computing

() 129 - 7. MVC Summary and Outlook ) Unit 6-2 Cloud Computing Case Studies

We recommend teaching the two courses in a sequence. However, the two courses can be taught
independently without making one to be the prerequisite of the other. In this case, the basic concepts and
principles from Part I, including those from a part of Chapter 1 and the first section of Chapter 4, should be
reviewed or be assigned as reading materials for preparing the course using Part II.
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