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Preface to the Second Edition

The expression “web time” connotes a world in which rapid change is the norm, where time is expo-
nentially condensed. Technological advances that once upon a time might have taken years to transpire
now occur in a matter of months or even days. What’s more, these advances often result in radical
paradigm shifts that change the way we interact with our technology, and with the world at large.

The first edition of this book was published in 2003. Since then, there have been many technological
advances and paradigm shifts, causing some of what we wrote to become dated. New frameworks
such as Ruby on Rails have arisen as a reaction to increasing complexity in the application develop-
ment process. AJAX has taken client-side interactivity to a new level, blazing new frontiers in web
application functionality. Search has become a fundamental part of our everyday web experience.
Even the core protocols and markup languages representing the foundation of web technology have
evolved since we first wrote about them over five years ago. Back then, who could have imagined
the ascendance of today’s most popular web applications, such as YouTube, Facebook, eBay, and
Wikipedia, or the advances in real-time interactivity that are now commonplace?

For the second edition of this book, we provide new material covering these changes in the web tech-
nology landscape, while striving to bring existing content up-to-date. We have included new chapters
on search technology and client-side interactivity (JavaScript, DHTML, and AJAX). We have added
a second sample application implemented using Ruby on Rails as a complement to the original
Struts application, which has been updated for the new edition. The chapters on Internet protocols,
markup languages, server and browser architecture, and application development approaches have all
been revised and enhanced. It is our hope that this updated edition will provide readers with deeper
insights into the principles, protocols, and practices associated with the design and development of
web applications.

Leon Shklar
Rich Rosen
October 31, 2008
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CHAPTER

Introduction

IN THIS CHAPTER

History and pre-history of the web

From web pages to web sites to web applications
Web 2.0 and AJAX

Summary of what is covered in the book

OBJECTIVES

Offer a historical overview of web technology.
Introduce the concept of “web applications.”
Explain the focus and purpose of the book.
Provide a chapter-by-chapter outline.

1.1 History and Pre-History of the Web

Back in 1989, at CERN (the scientific research laboratory near Geneva, Switzerland), Tim Berners-Lee
presented a proposal for an information management system that would enable the sharing of knowl-
edge and resources over a computer network. We now know this system as the worldwide web (the
web). Building on the foundation of existing Internet protocols and services, it lives up to its name
as a ubiquitous network providing information and communication services to hundreds of millions
of people around the world.



2 Web Application Architecture

From the very beginnings of Internet technology, many people shared the dream of using the Internet
as a universal medium for exchanging information over computer networks. Internet file-sharing ser-
vices (such as FTP and Gopher) and message forum services (such as Netnews) provided increasingly
powerful mechanisms for information exchange and brought us closer to fulfilling those goals.

Ted Nelson’s Xanadu project aspired to make that dream a reality, but the goals were lofty and
never fully realized. Nelson coined the term “hypertext” as a way of describing “non-sequential
writing — text that branches and allows choice to the reader.” Unlike the static text of print media,
hypertext was intended for use with an interactive computer screen. It is open, fluid and mutable, and
can be connected to other pieces of hypertext by “links”.

It took Tim Berners-Lee to “marry together” (in his words) the notion of hypertext with the power
of the Internet, bringing those initial dreams to fruition in a way that the earliest developers of both
hypertext and Internet technology might never have imagined. His vision was to connect literally
everything, in a uniform and universal way. Berners-Lee originally promoted the web as a virtual
library, a document control system for sharing information resources among researchers. On-line
documents could be accessed via a unique document address, a universal resource locator (URL).
These documents could be cross-referenced via hypertext links.

From its humble beginnings, the web has expanded exponentially to serve a wide variety of purposes
for a wide variety of people:

e Given its origins, it seems natural that educational institutions and research laboratories were among
the very first users of the web, employing it to share documents and other resources across the
Internet.

e Popular adoption of the web by individuals followed gradually, originally through on-line services,
such as America On-line (now AOL) that slowly but surely integrated with the web and the Internet.
Initially, personal usage of the web was limited to e-mail and web surfing. Eventually, people began
building their own web sites where they posted everything from on-line photo albums to personal
journals that would become known as “blogs.”

e Over time, businesses saw the potential of the web and began to employ it for e-commerce, providing
an on-line medium for buying and selling goods interactively. As more and more people were
connected to the web, the draw of a new source of revenue and the fear that competitors would
get there first and undercut traditional revenue streams made e-commerce increasingly important to
business. E-commerce applications are now being used for everything — from displaying catalogs
of available merchandise to providing the means for customers to purchase goods and services
securely on-line.

e As the impact of e-commerce grew, the back-end applications supporting e-commerce became
increasingly important to the companies using it. The front-end, customer-facing web sites needed
to be up to date, synchronized with inventory systems so that customers would know what items
were or weren’t immediately available. Automated fulfillment systems connected to the on-line
ordering mechanisms became commonplace. With that, secure login and registration, including
collection of credit card information and payment processing, became an absolute requirement for
viable e-commerce sites.

e With the maturing of the web, a tug of war arose between sites offering free and paid content.
Google was successful in tilting the balance in favor of free content supported by ads. Even the
Wall Street Journal, which pioneered the notion of paid subscriptions for on-line content, has been
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opening up more and more of its content to non-subscribers. Critical technological challenges
for free sites include tracking visitor behavior, providing adaptive personalization, and offering
advanced community-building tools.

The web did not come into existence in a vacuum. It was built on top of core Internet protocols
that had been in existence for many years prior to the inception of the web. Understanding the
relationship between web technology and the underlying Internet protocols is fundamental to the
design and implementation of true web applications. In fact, it is the exploitation of that relationship
that distinguishes a web page or web site from a web application.

1.2 From Web Pages to Web Sites

The explosive growth of the web at least partially can be attributed to its grass-roots proliferation
as a tool for personal publishing. The fundamental technology behind the web is relatively simple.
A computer connected to the Internet running a web server was all that was necessary to serve
documents. Both CERN and the National Center for Supercomputer Applications (NCSA) at the
University of Illinois had developed freely available web server software. A small amount of HTML
knowledge (and the proper computing resources) got you something that could be called a web site.
Early web sites were just loosely connected sets of pages, branching hierarchically from a home page;
now, a web site is much more than just a conglomeration of web pages.

When the web was in its infancy, academic institutions and technology companies owned the only
computers that were connected to the Internet and could run server software. In those days, personal
computers sitting on people’s desks were still a rarity. If you wanted access to any sort of computing
power, you used a terminal that let you “log in” to a large server or mainframe over a direct connection
or dial-up phone line.

Still, creating and posting web pages quickly became popular among people that had access to
scarce computing power. The original HTML language was simple enough that, even without the
more sophisticated tools we have at our disposal today, it was an easy task for someone to create a
web page. (Some would say foo easy.) In the end, all that was needed to create first generation web
pages was a simple text editor.

There is a big difference between a bunch of web pages and a web sife. A web site is more than
just a group of web pages that happen to be connected to each other through hypertext links:

e First, there are content-related concerns. Maintaining thematic consistency of content is important
in giving a site some degree of identity.

e There are also aesthetic concerns. In addition to having thematically related content, a web site
should also have a common look and feel across all of its pages, so that site visitors know what they
are looking at. This means utilizing a common style: page layout, graphic design, and typographical
elements.

e Then there are architectural concerns. As a site grows in size and becomes more complex, it is
critically important to organize its content. This includes not just the layout of content on individual
pages, but also the interconnections between the pages (site navigation). If the site becomes so
complex that visitors cannot navigate their way through, even with the help of site maps and
navigation bars, then it needs to be reorganized and restructured.
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1.3 From Web Sites to Web Applications

Initially, what people shared over the Internet consisted mostly of static information found in files.
They might edit those files, but there were few truly dynamic information services.

Granted, there were a few exceptions: search applications for finding files in on-line archives
and services that provided information about the current weather, or the availability of cans from a
soda-dispensing machine. (One of the first web applications that Tim Berners-Lee demonstrated at
CERN was designed to look up numbers in an on-line phone book using a web browser.) However,
for the most part, the information resources on the web were static documents.

The advent of the dynamic web, which resulted from the proliferation of dynamic information
services, changed all that. The new services ranged from CGI scripts to search engines to packages
that connected web applications to relational databases. No longer was it sufficient to build a web site
(as opposed to a motley collection of web pages). It became necessary to design a web application.

What is a “web application?” It is a client—server application that uses a web browser as its
client program. It delivers interactive services through web servers distributed over the Internet (or
an intranet). A web site simply delivers content from static files. A web application can present
dynamically tailored content based on request parameters, tracked user behaviors, and security con-
siderations.

Web applications power information portals, retail sites, and corporate intranets. They not only
provide information and interact with site visitors, but also collect and update information, maintain
access controls, and support on-line transactions.

A prime example of a dynamic web application is an on-line shopping site. Site visitors browse
on-line catalogs, search for items they want to purchase, add those items to an on-line shopping cart,
and place their orders through a secure interface that encrypts personal information. To enable this
functionality, the web application communicates with warehouses that maintain catalog and inventory
information, storing this information in a database. Users can search the on-line database to obtain
information about products. The application provides a way for users to select items to be added to
their shopping carts, maintains shopping cart contents for the duration of the browser session, and
records order information in the database. It communicates with outside financial institutions to verify
credit card and address information, fulfills the order by directing warehouses to ship the purchased
items, and sends confirmation e-mails to purchasers allowing them to track shipment of their orders.

1.4 Web 2.0: On-line Communities and Collaboration

Since 2000, another major trend has arisen in the on-line world, incorporating applications that sup-
port user-generated content, on-line communities, and collaborative mechanisms for updating on-line
content. This trend is often referred to as Web 2.0, because it is closely tied to advances in web
technology that herald a new generation of web applications.

In many respects, Web 2.0 is a harking back to the web as a network for presenting personal
hyperlinked information. Information flow on the web is no longer one way, from the web site to the
surfer. Site visitors contribute information of their own, ranging from reviews and ratings for movies,
music, and books to personal journals, how-to information, and news for popular consumption. These
journals go by the name blogs (short for “web logs”) and the whole blogging movement has resurrected
the idea of the personal web page and elevated its status.
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Personal blogs and community web sites encouraging user input may bear a resemblance to the
more personal web of old, but the technology behind them does not. Whereas individual owners
could easily maintain the simple static web sites of old, this has become impractical given the enor-
mous volume and increasingly malleable nature of content out there today. Blogs, user forums, and
collaborative community sites may look like the simpler web sites of the past, but the underlying
functionality supporting them is based on sophisticated web application technology incorporating user
authentication, access control, and content management services.

1.5 The Brave New World of AJAX

Another radical change in the web application landscape was the advent of AJAX (an acronym that
stands for Asynchronous JavaScript and XmlHttpRequest). While the technology advances behind it
accumulated gradually, AJAX represents a paradigm shift that has changed the way web applications
are conceived and developed.

Tim Berners-Lee’s original concept of HTTP was that of a simple stateless request—response pro-
tocol. Such a protocol allows for independent processing of requests and responses, without requiring
a persistent connection. This simplicity fostered wide acceptance of the HTTP protocol but imposed
significant limitations. The only method available for updating page content was to replace the entire
page. This limitation was unsatisfying to those who were used to client—server applications that com-
municated with their associated servers directly and continuously. For instance, in such an application,
a server-side change to a value in a spreadsheet cell could immediately be reflected on the screen
without refreshing the whole spreadsheet.

HTTP, and the web experience in general, have evolved in a number of ways since their incep-
tion, introducing elements that allow web transactions to transcend the limitations of a stateless
request—response protocol (e.g., cookies and JavaScript). AJAX is the latest such element, essentially
allowing what amounts to an “end-run” to communicate with a web server indirectly: instead of
submitting a direct request to see a new page from the server, a subordinate background request is
submitted (usually through a JavaScript object called XmlHttpRequest) and the response to that request
is used to dynamically modify the content of the current page in lieu of replacing its content entirely.

The main impact of AJAX is that the web experience is brought closer to that of client—server
applications, allowing for a more immediate dynamic interaction between the user and the web appli-
cation.

1.6 Focus of This Book

The purpose of this book is to provide a guide for learning the underlying principles, protocols, and
practices associated with designing flexible and efficient web applications. Our target audience is
senior undergraduate or graduate students who have already learned the basics of web development
and professional developers who have had some exposure to web application development and want
to expand their knowledge.

We expect our readers to have some familiarity with HTML and JavaScript — not at the level of
experienced web designers but enough to create web pages and embed simple JavaScript code to
submit forms to a web server. We recommend at least some exposure to Internet protocols, such as
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Telnet, FTP, SMTP, HTTP and SSL. We appreciate that many of our readers may not be familiar
with Linux or Unix operating systems. However, it is helpful to have some understanding of the
command-line interfaces provided by interactive shells, as some of our examples employ such an
interface.

As we have said, there is a major difference between web pages, web sites, and web applications.
There are excellent resources dedicated to web page and web site design, and the References section
at the end of this chapter lists some of the best that we know. When we examined the current literature
available on the subject of web application development, we found there were three main categories
of book currently available.

e technical overviews
e reference books
e focused tutorials.

Technical overviews are usually very high level, describing technology and terminology in broad
terms. They do not go into enough detail to enable the reader to design and build serious web
applications. They are most often intended for managers who want a surface understanding of concepts
and terminology without going too deeply into specific application development issues. Frequently,
such overviews attempt to cover technology in broad brushstrokes; their subject may be Java, XML,
e-commerce, or Web 2.0. Such books approach the spectrum of technology so broadly that the coverage
of any specific area is too shallow for serious application developers.

Reference books are useful, naturally, as references, but not for the purpose of learning about the
technology. They are great to keep on your desk to look things up once you are already deeply familiar
with the technology, but they are not oriented toward elucidation and explanation.

The focused tutorials concentrate on the usage of specific platforms and products to develop web
applications. Books in this category provide in-depth coverage of very narrow areas, concentrating on
how to use a particular language or platform without necessarily explaining the underlying principles.
Such books may be useful in teaching programmers to develop applications for a specific platform,
but they do not provide enough information about the enabling technologies, focusing instead on the
platform-specific implementation. Should a developer be called upon to rewrite an application for
another platform, the knowledge acquired from these books is rarely transferable to the new platform.

Given the rate of change of the web technologies, today’s platform of choice is tomorrow’s out-
dated legacy system. When new development platforms emerge, developers without a fundamental
understanding of the inner workings of web applications have to learn the new platforms from the
ground up. The challenge is their lack of understanding of what the systems they implemented using
specialized application programming interfaces (APIs) did behind the API calls. What is missing is
the ability to use fundamental technological knowledge across platforms.

What was needed was a book that covered the basic principles of good application design, the
underlying protocols associated with web technology, and the best practices for creating scalable,
extensible, maintainable applications. With this in mind, we endeavored to write such a book.

The need for such a book is particularly apparent when interviewing job candidates for web applica-
tion development positions. Too many programmers have detailed knowledge of particular languages
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and interfaces but they are lost when asked questions about the underlying technologies and how
they relate to real problems (e.g., why is it necessary for a server to add a trailing slash to a URL
and redirect the request back to itself?). Such knowledge is not purely academic — it is critical when
designing and debugging complex systems.

Too often, developers with proficiency only within a specific application development platform (such
as Active Server Pages, Cold Fusion, PHP, or Perl CGI scripting) are not capable of transferring that
proficiency directly to another platform. The fundamental understanding of core technologies is critical
to enable developers to grow with the rapid technological advances in web application development.

What do we have in mind when we refer to the general principles that need to be understood in order
to properly design and develop web applications? We mean the core protocols and languages associated
with web applications. This includes HyperText Transfer Protocol (HTTP) and HyperText Markup
Language (HTML), which are fundamental to the creation and transmission of web pages, but it also
includes older Internet protocols such as Telnet and FTP, and the protocols used for message transfer
such as SMTP and IMAP. A web application architect must also be familiar with JavaScript, XML,
relational databases, graphic design and multimedia. Web application architects must be well-versed
in application server technology and have a strong background in information architecture.

If you find people with all these qualifications, please let us know: we would love to hire them! Rare
is the person who can not only design a web site but can also perform all the other tasks associated with
web application development: working with graphic designers, creating database schemas, producing
interactive multimedia programs, and configuring e-commerce transactions. More realistically, we
can seek someone who is an expert in one particular area (e.g., e-commerce transactions or browser
programming) but who also understands the wider issues associated with designing web applications.

We hope that, by reading this book, you can acquire the skills needed to design and build complex
applications for the web. There is no “one easy lesson” for learning the ins and outs of applica-
tion design. Hopefully, this book will enhance your ability to design and build sophisticated web
applications that are scaleable, maintainable, and extensible.

We examine various approaches to the process of web application development, covering both
client-side presentation technology and server-side application technology. On the client side, we
look at both markup languages and programming languages, from HTML and XML to CSS and
JavaScript. On the server side, we look at the full range of approaches, starting with Server Side
Includes (SSI) and CGI, covering template languages such as Cold Fusion and ASP, examining
the intricacies of Java Platform, Enterprise Edition (Java EE), and finally looking at newer “rapid
development” approaches such as Ruby on Rails. At each level, we concentrate not only on the
particular development platform, but also on the underlying principles that span multiple platforms.

1.7 What Is Covered in This Book

The organization of this book is as follows:

e Chapter 2: Core Internet Protocols — This chapter offers an examination of the underlying Internet
protocols that form the foundation of the web. It offers some perspectives on the history of TCP/IP,
as well as some details about using several of these protocols in web applications.
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e Chapter 3: Birth of the Web: HTTP — The HTTP protocol is covered in detail in this chapter,
with explanations of how requests and responses are transmitted and processed.

e Chapter 4: HTML and Its Roots — In the first of two chapters about markup languages, we go
back to SGML to learn more about the roots of HTML (and of XML). Rather than providing a
tutorial on web design with HTML, the focus is on HTML as a markup language and its place in
web application development.

e Chapter 5: XML Languages and Applications — This chapter covers XML and related specifi-
cations, including XML Schema, XPath, XSLT, and XSL FO, as well as XML applications such
as XHTML and WML.

e Chapter 6: Web Servers — The operational intricacies of web servers is the topic of this chapter,
with in-depth discussion of what web servers must do to support interactions with clients such as
web browsers and HTTP proxies.

e Chapter 7: Web Browsers — As the previous chapter dug deep into the inner workings of web
servers, this chapter provides similar coverage of the inner workings of web browsers.

e Chapter 8: Active Browser Pages: From JavaScript to AJAX — Here we cover the mechanisms
for providing dynamic interactivity in web pages, including JavaScript, DHTML, and AJAX.

e Chapter 9: Approaches to Web Application Development — This chapter contains a survey
of available web application approaches, including CGI, Servlets, PHP, Cold Fusion, ASP, JSP,
and frameworks such as Struts. It classifies and compares these approaches to help readers make
informed decisions when choosing an approach for their project, emphasizing the benefits of using
the Model—-View—Controller (MVC) design pattern in implementing applications.

e Chapter 10: Web Application Primer: Virtual Realty Listing Services — Having examined the
landscape of available application development approaches, we decide on Struts along with the Java
Standard Tag Library (JSTL). We give the reasons for our decisions and build a sample employing
the principles we have been discussing in previous chapters. We then suggest enhancements to the
application as exercises to be performed by the reader, including the introduction of an adminis-
trative interface component, using Hibernate for object-relational mapping, and using Java Server
Faces for presentation.

e Chapter 11: Web Application Primer: Ruby on Rails — In this chapter, we revisit the Virtual
Realty Listing Services application and implement its administrative interface using the Ruby on
Rails framework. We describe the general structure of a Rails application, walk through the process
of building an application in Rails, and compare the Java EE—Struts approach with Rails in terms
of both ease of development and flexibility of deployment.

e Chapter 12: Search Technologies — Here we describe not only the process of indexing site content
for internal search functionality, but also the mechanisms for structuring a site’s content for optimal
indexing by external search engines. Jakarta’s Lucene and other tools are covered.

e Chapter 13: Trends and Directions — Finally, we look to the future, providing coverage of the
most promising developments in web technology, as well as speculating about the evolution of web
application frameworks.

Chapter 2 starts us off with a study of the core protocols supporting Internet technology, in general,
and the web in particular. Although some might see this as review, it is a subject worth going over
to gain both a historical and a technological perspective.
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