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Scalable and High-Performance

Web App]icaﬁ ons

The Emergence of Web App]icaﬁ ons

In the span of just a few years, the Internet has transformed the way information is
both provided and consumed throughout the world. Its hardware and software tech-
nologies have made it possible for anyone not only to be an information consumer,
but also for nearly anyone to be an information provider. Although the Internet—
specifically the World Wide Web (the Web)—has been treated seriously as a platform
for information sharing among the mass public for only a short time, many organi-
zations have managed to create useful Web applications that provide significant
value to consumers.

These Web applications allow consumers to buy books and compact discs online.
They enable businesses to use the Internet for secure data transactions. Workers use
Web applications to find jobs; employers use them to find employees; stocks are
bought and sold using online applications provided by brokerages; and travelers
book flight and hotel reservations using Web applications. The list goes on and on.
Obviously, many useful Web applications are available on the public Internet as well
as within countless corporate intranets today.

This book describes general techniques for building high-performance and
scalable enterprise Web applications. Generally speaking, this means building applica-
tions that are reasonably and consistently fast and have a strong, gradual tolerance for
rising user and request demands. Although we will spend a lot of time considering this
topic in general, the core of our discussion will be phrased in terms of a solution built
around the Java 2 Enterprise Edition (J2EE) specification. Now, before we dive into the
details of building these kinds of applications, it is important to identify and under-
stand the overall problem. More specifically, it is important to define Web applications
and scalability.
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Scalable and High-Performance Web Applications

Basic Definitions

In this book, Web application has a very general definition—client/server software
that is connected by Internet technologies to route the data it processes. By “Internet
technologies,” I mean the collection of hardware and software that comprises the
network infrastructure between consumers and providers of information. Web appli-
cations can be made accessible by specific client software or by one or more related
Web pages that are logically grouped for a specific productive purpose. That purpose
can be one of any number of things, for example, to buy books, to process stock
orders, or to simply exist as content to be read by the consumer.

Notice that our discussion is about Web applications, not just “Web sites.” In
truth, the difference between the two is essential to understanding one of the key
themes of this book. Most nonengineers do not make a distinction between a Web
site and a Web application. Regardless of the term, it’s the thing that allows them to
buy their books online, to make plane reservations, to purchase tickets, and so forth.

If you're an engineer, however, there is a difference. For you, it’s likely that when
someone talks about, say, the performance of a Web site, you start thinking of back-
end details. And so do I. Your mind begins to consider if it’s running an Apache or IIS
and whether it works using Java servlets, PHP, or CGI-bin Perl scripts. This difference
in thinking between engineers and nonengineers could be confusing. Engineers, by
habit, tend to associate “Web site” with the server side. However, as we all know,
there is more to a Web application than just the server side; there’s the network and
the client. So, based on just that, a Web site (server) is not the same thing as a Web
application (the client, network, and server).

While this book emphasizes server-side solutions, it is also concerned with client-
side and networking topics because they have a fundamental impact on how end users
perceive Web applications. That is, we will be concerned with the end-fo-end inter-
action with a Web site, which simply means from client to server and back to client.
This is a reasonable focus. After all, most people who use the Web are concerned with
its end-to-end behavior. If it takes them a while to buy concert tickets online, it doesn’t
matter if the problem is caused by a slow modem, an overtaxed server, or network con-
gestion. Whatever the reason(s), the effect is the same—a slow application that’s eating
up time. As engineers, we are concerned not only that such applications might be slow
for one user, but also that the system becomes slower as more users access it.

Now that we have a better fix on the scope of a Web application, let us review its
core components. These are the major pieces of any online application and each rep-
resents an opportunity—a problem or a challenge, depending on how you look at it.
Although you’re probably familiar with the components, it doesn’t hurt to make sure
everyone is on the same page, especially since these terms appear throughout the
book. Let’s start with the client side.

Page 13 of 34
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Figure 1-1

Client, network, and server

Server Hardware

Client Hardware

Network
Client e Server

Software Software

We will say that Web applications are used by consumers via client software (i.e.,
Web browsers or applications that use the Web to retrieve or process data) running
on client hardware (i.e., PCs, PDAs). Application data is provided and processing is
handled by producers via server software (i.e., Web server, server-side component soft-
ware, database) running on server hardware (i.e., high-end multiprocessor systems,
clusters, etc.). Connecting the client to the server (from the modem or network port on
the client device to the networking equipment on the server side) is the nefworking
mfrastructure. Figure 1-1 shows the client/server relationship graphically. Notice that
the server side is bigger; in general, we assume that the server side has more resources
at its disposal.

At this point, it is important to distinguish one piece of server software, the Web
server, because it nearly always plays a central role in brokering communication
(HTTP traffic) between client and server. In this book, when I refer to the “server
side,” I am nearly always including the Web server. When it is necessary to distin-
guish it from the rest of the software on the server side, I will do so explicitly.

The Nature of the Web and Its Cha“enges

Although Web applications have rapidly made the Internet a productive medium, the
nature of the Internet poses many engineering puzzles. Even the most basic of
challenges—engineering how a provider can quickly and reliably deliver information
to all who want it—is neither simple nor well understood. Like other challenges,
this problem’s complexity has to do with the nature of the medium. The Internet is
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different from the information-sharing paradigms of radio, television, and newspa-
pers for several reasons. Perhaps two of the most important reasons are its incredibly
wide audience (unpredictable number of customers) and the potential at any time
for that wide audience to request information from any given provider (unpre-
dictable work demands).

Unlike in other media, Internet information providers simply do not have the abil-
ity to know their audience in advance. Newspapers, for example, know their circulation
before they print each edition. They also have the advantage of being able to control
their growth, making sure they have enough employees to deliver the paper daily, and
have the resources and time to go from deadline on the previous night to delivery on
the next morning. Furthermore, newspapers do not have to deal with sudden jumps in
circulation. Compared to the Internet, the growth of big newspapers in metropolitan
areas seems far more gradual. For example, when the Washington Post was founded in
1877, it had a circulation of 10,000. By 1998, that circulation had reached nearly
800,000 for its daily edition and more than that for its Sunday edition.” That’s an aver-
age growth rate of just over 6,500 subscribers per year, or 17 per day.

Deployers of Web applications have a love/hate relationship with their growth
rates. In one sense, they would love the gradual growth of 17 new users per day. How
nice life would be if you had to worry about scaling at that rate! You could finally go
home at 5 P.M., not 9:30 P.M. At the same time, such growth rates are the reason that
people are so excited about Web applications—Dbecause you can potentially reach the
whole world in a matter of seconds. Your growth rate out of the gate could be hun-
dreds of thousands of users. Although this bodes well for the business side of the
things, it creates a tremendous challenge in terms of dealing with such demands.

On the Internet, circulation is akin to page hits, that is, the number of requests
for a given document. Page hits can jump wildly overnight. A favorite example in the
Web-caching community is the popularity of the online distribution of the Starr
report. As most Americans know, this report was put together by the Office of the
Independent Counsel during the Clinton administration. Let us just say that, while it
was not flattering by any means, it was eagerly awaited by both the American public
and the international press corps.

When the Starr report was released online in the summer of 1998 at government
Web sites, tens of thousands of people tried to download it. A representative for
Sprint, Inc., one of the Internet’s backbone providers, reported a surge in bandwidth
demand that ranged between 10 and 20 percent above normal; a representative of
AOL reported an “immediate 30 percent spike”; and NetRatings, a Nielsen-like
Internet content popularity company, estimated that at one point, more than

*Source: Attp:/fwww.thewashingtonpost.com.
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one in five Web users was requesting the report or news about it. CNET.COM ran a
number of stories about the event and its ramifications for Internet scalability in
the Fall of 1998.*

The conclusion among network administrators and engineers was universal.
There were simply too many requests to be handled at once, and the distribution
mechanisms were unable to scale to demand. It was a real test of the scalability of the
Internet itself. Not only were the Web servers that provided this information over-
loaded, but the networking infrastructure connecting consumers to providers
became heavily congested and severely inefficient. The effect was much like that of a
traffic jam on a freeway.

This phenomenon was unique because it demonstrated the effects of sudden
popularity as well as the short-lived nature of that popularity. For example, it is
unlikely that you or anyone else remembers the URL(s) where the report was first
available. And it is unlikely that you have it bookmarked. Thus, even had those sites
been able to accommodate the demands of the time by buying bigger and faster
machines, it would likely have been money wasted because the need for those
resources dropped dramatically after the public lost interest in the report.

Other media, such as radio and television, are broadcast and do not need to
worry about the size of their audience affecting their ability to deliver information.
Consider television or radio programs, such as the national and local news. Their
programmers know in advance when they are scheduled to broadcast. They have the
luxury of being able to prepare ahead of time. Even when live radio or television
beckons, the fact that both media are broadcast means that there is only one audi-
ence to address. Cable companies and good old TV antennae are already in place to
facilitate the transport of that information. If we all watch or listen to the same chan-
nel, we all see or hear the same program. This is not the case with Internet audiences,
where it is usually impossible to prepare for every request, where every consumer of
information requires a unique response, and where there is a continual need for new
virtual links (HTTP connections) between consumer and provider to be both created
and then destroyed.

Performance and Sca]abi]ity

Have you ever gone to a Web site, clicked on a link, and really waited for a response?
Of course you have; we all have. It’s annoying and frustrating. Worst are those
content-laden sites that are meant to be read like newspapers. You want to jump from
link to link, but every time you click, you have to wait seconds (not milliseconds) for

*Source: http://news.cnet.com/news/0-1005-204-332427.himl.
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the page and the ads and the embedded applets to download. You almost begin to
hate clicking on a link because you know you will have to wait. You've learned to
classify this kind of site as slow.

Then there are sites that are suspiciously slow. In these cases, you have reason to
believe that bazillions of people are trying to connect, and this mass, not the tech-
nology, is responsible for the slowness. Say you're ordering a book at a site that has
just announced a 50%-off sale. Or suppose tickets for a really hot concert have just
gone on sale. When you're able to connect, the site seems unresponsive. When it
does respond, it crawls. You guess that the site is buckling under the demand caused
by the event. You've learned to classify this kind of site as not scalable.

As users, we have learned what poor performance and scalability are because we
have experienced them. As engineers, we would like to understand these faults better
so that our own users don’t experience them. Because that is the focus of this book,
let’s start our discussion of performance and scalability by defining our terms.

Performance

Performance can be described simply as the raw speed of your application in terms of
a single user. How long does a single application-level operation take? How long does
it take to search for a book? How long does it take to confirm an online registration
once we click Confirm? How long does it take to check out and pay at an online
store? Notice that some of these examples describe atomic operations and some
don’t. When describing performance, we have to be clear if we are talking about one
application operation or an entire session.

Consider the user interaction required to buy an airline ticket in Figure 1-2: In
this session, there are three application operations, each consisting of a roundtrip
between client and server. The operations are listed in Table 1-1 with their code names.

When we are talking about the performance of an operation, such as selection, we
are interested in the end-to-end time required to complete that operation. In other
words, the clock starts ticking when the user clicks the button and stops ticking when
the user sees the information delivered. Why all this focus on end-to-end performance?

Table 1-1: Application Operations

Code Name User Action Server Action
Search Criteria specified Search based on criteria
Selection Flight chosen Confirmation for that flight generated
Confirmation Flight confirmed Confirmation processed
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The J2EE Specification

Sun Microsystem’s Java 2 Platform, Enterprise Edition (J2EE) specification is the pro-
posed Java-based solution to the problem of building n-tier applications. J2EE focuses
on defining client- and server-side technologies that make these applications not only
easier to build but also easier to integrate. The J2EE spec encompasses all kinds of
client/server types and interactions: It deals with Web clients, Web-based information
servers, pure application servers, applets, and both synchronous and asynchronous
solutions.

Although J2EE specifies many complex and powerful technologies, it is still just
a specification. It requires vendors to actually develop what it proposes. Several have:
BEA offers its WebLogic suite of products and IBM offers WebSphere, just to name
the two most well-known. Sun has also released a reference implementation, which
is a very useful and cost-effective way to get started with J2EE. Vendors differ on
some important details, as we’ll see later, but they must all implement the specifica-
tion correctly or they won't be certified.

In this chapter, I provide a brief overview of J2EE and highlight the key
component- and platform-level technologies it defines.

Overview of the Specification

The J2EE specification (version 1.3) describes a set of technologies designed to address
the presentation, business logic, and persistent storage needs of n-tier applications.
Generally speaking, a J2EE environment consists of several types of components that
communicate with each other and a persistent storage device (a database). There are
four categories of components:

® Java applets, which typically execute in a Web browser on a client machine
® Java applications, which execute on a local or remote client machine
49
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m Java servlets, JavaServer Pages (JSPs), filters, and Web event listeners, which
execute on a server machine

m Enterprise JavaBeans (EJBs), which are application objects that execute on
a server machine

Each of these component categories is associated with a specific type of J2EE
container:

u Applet containers, which host applet components

u Application containers, which host application components
m Web containers, which host servlets and JSPs

u EJB containers, which host EJBs

Containers manage their components. Component developers can assume that
the containers exist and manage the components per a specified confract (agreement).
In plain terms, this means that components must obey certain interface guidelines and
that containers rely on interface-guaranteed functionality in the course of their man-
agement duties.

From the component perspective, a container is used to access the rest of the
J2EE services. Thus, the container acts as the layer (or API) that makes the rest of
the system visible to the component being contained. Through this layer, compo-
nents can access other components or resources, such as an external database.

Each container type is targeted toward a particular style of deployment:

m Applet containers are the most limited. They simply act as proxies to the other
types of container. Applets run in a Web browser and can contact Web contain-
ers in order to access the underlying business logic.

m Application containers run as standalone programs and can access Web contain-
ers, EJB containers, or the database.

= Web containers receive requests and format replies for Web clients. They enable
a J2EE system to be accessed via HTTP.

s EJB containers represent the heart of the J2EE architecture: They manage the
underlying business logic of the application. This is where operations like order
processing occur or new accounts are created. EJBs are constructed based on
the language of your business. They consist of a number of built-in features to
enable reliability, availability, security, scalability, and robustness.
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Figure 3-1 shows the general relationships of the different types of containers.
The purpose of each of four J2EE containers is to permit access to underlying J2EE
services (local or remote) through a set of common APIs. These APIs allow the con-
tainers to do things such as conduct transactions, manage security, and pool
resources. The APIs and their basic purposes are listed in Table 3-1. Figure 3-2, a
more detailed version of Figure 31, indicates where the various APIs and services fit
into the different J2EE containers.

There is considerable opportunity for J2EE containers to interoperate with tech-
nologies that live outside a J2EE environment. For example, a Web container can use
the HTTP, HTTPS, or IIOP protocols for communicating with other objects and sys-
tems. Table 3-2 summarizes the basic interoperability capabilities of the four types of
containers.

There are many details of the J2EE spec that we could cover at this point. Rather
than discuss all of them, we will focus on those that will play a role later in our dis-
cussions about scalability and performance.

Figure 3-1
Relationships
among J2EE
containers

Client Side Server Side

App] et Container Web Container

Applet .
P { Servlet  JSP

.":::. l

¥ EJB Container Y
; — - >

: EJB
Application Container /
>

App]i cation
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Table 3-1: J2EE Services and APIs

Service

Purpose

HTTP
HTTPS
RMI-ITIOP

Java Database Connectivity

Java Naming and Directory Interface
Java Message Service

Java Interface Definition Language
JavaMail

JavaBeans Application Framework

Java Transaction API

Java API for XML Parsing

Java Connectors

Java Authentication and Authorization

Message-based Web communication

Message-based secure Web communication protocol
RMI accessibility for CORBA objects

Database management

Resource identification and state management
Asynchronous messaging between containers
Access to CORBA objects outside of a J2EE deployment

Notification via e-mail

(Required by Java Mail)
Transaction management
Parsing XML

Container access to Enterprise Information Systems
Security within J2EE containers

Figure 3-2
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Table 3-2: J2EE Container Interoperability

Container Type Inbound Protocols Outbound Protocols
Application HTTP, SSL, IIOP, JRMP
Applet HTTP, SSL, IIOP, JRMP
Web HTTP, SSL HTTP, SSL, IIOP, JRMP
EJB EJB, IIOP, SSL HTTP, SSL, IIOP, JRMP
Dep] oyment Issues

In this book, we will not be covering things like how to run a certain implementa-
tion of the J2EE or the exact details of variations of J2EE across vendors. In fact,
we’ll generally ignore detailed deployment issues, because they tend to be highly
vendor specific and relate more to J2EE operation than architecture and design.
Nevertheless, it is useful at this point to say a few things about how a J2EE appli-
cation is packaged and deployed. Later, when I refer to something as being a
deployment issue, it is often related to one or more of the aspects that I'm going to
cover here.

Packaging

In terms of packaging, a J2EE application is stored in a file with an .ear extension
(hereafter called an EAR file). An EAR file is the same as a . jar (JAR) file, except that
it refers to an enterprise Java application archive, not just to a Java application
archive. Another important type of file is the Web application archive, or .war (WAR)
file, which archives files related to servlets and their JSP pages.

An EAR file can contain one or more of the following:

m JAR files for each EJB component
m JAR files for each application client (if any)
= WAR files for each servlet and set of related JSPs

The EJB and application client JARs contain the relevant .class files, any related
files, and something called a deployment descriptor (more about this in a moment).
The WAR files contain servlet .class files, static Web resources such as GIF files, a
set of related files (i.e., utility Java classes), and a deployment descriptor file.
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Figure 3-3
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To get a feel for what an EJB JAR file looks like, consider a JAR file for a sam-
ple EJB called BenefitSession (this EJB will appear in a later example). Here are
its contents:

BenefitSession/
EjbBenefitSessionbean.class
EjbBenefitSessionRemote.class
EjbBenefitSessionHome.class

META-INF/
ejb-jar.xml

The relationship between what is assembled and what is deployed is shown in
Figure 3-3. As you can see, WAR and JAR files are the guts of a J2EE application
EAR file, which is deployed as a J2EE server.

Dep]oyment Descriptor Files

A deployment descriptor file is simply an XML file that typically contains structural,
assembly, and runtime information about J2EE components. A J2EE application
consists of a deployment descriptor for the application as a whole and specific
deployment descriptor files for each component as necessary. The information in a
descriptor file has to do with the component assembly (e.g., the names of EJB interface
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classes), security information (e.g., definitions and applications of roles), and other
runtime dependencies and information.

Part of a sample EJB deployment descriptor file is shown here. This snippet indi-
cates something about the structure of the object (i.e., its attributes and relation-
ships) and its resource dependencies (i.e., database information):

<persistence-type>Container</persistence-type>

<cmp-field><field-name>first_name</field-name></cmp-field>
<cmp-field><field-name>Tlast_name</field-name></cmp-field>
<cmp-field><field-name>hire_date</field-name></cmp-field>

<resource-ref>
<res-ref-name>employee</res-ref-name>
<res-type>javax.sql.DataSource</res-type>
<res-auth>Container</res-auth>
</resource-ref>

Without going into the details of what a deployment descriptor is made of, we
can observe that it is simply an XML file that contains metadata about the EJB or the
application component being deployed. As an XML file, the deployment descriptor
helps to ensure the portability of deployment—independent of the deployment plat-
form, the same set of properties can be used. The XML file is, after all, just a text file
that is independent of the operating system and CPU. If you are new to XML, you
may find it helpful to skip ahead to the first part of Chapter 12.

To illustrate how deployment descriptors can contain information about secu-
rity roles and privileges, consider the following example.

Listing 3—-1: Sample deployment descriptor
<ejb-jar>
<enterprise-beans>
<entity>
<ejb-name>MyBean</ejb-name>
<ejb-class>MyEntityBean.class</ejb-class>

<security-role-ref>
<role-name>entity-admin</role-name>
<role-Tink>administrator</role-Tink>

</security-role-ref>

</entity>
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</enterprise-beans>

<assembly-descriptor>
<security-role>
<description>The Admin Role</description>
<role-name>administrator</role-name>
</security-role>
</assembly-descriptor>

</ejb-jar>

Notice that new security roles can be both defined and linked, as well as applied to
various application components such as EJBs.

The entire XML DTD for J2EE deployment descriptors can be found at
http://java.sun.com/dtd/application_1_3.dtd. Taken almost directly from the
J2EE specification, Figure 3—4 is a graphical summary of this DTD, which may help
you visualize how a J2EE application breaks down and organizes its assembly and
deployment information.

As the figure shows, a deployment descriptor contains information about all
types of application information, including its modules. Note that this DTD is
relevant for the entire application (i.e., the EAR file). Individual elements of the
application, such as the EJB JAR file and the WAR file, have their own deploy-
ment discriptor DTDs.

Again, we won't consider the detailed modifications of the deployment descrip-
tor file for each component. Books devoted to specific J2EE technologies like JMS

Figure 3-4 J2EE deployment descriptor XML DTD

app]icah'on
|
| | l | I
icon display-name description? module+ security-role*
small-icon  large-icon connector | ejb | java | web alt-dd? descripﬁon? role-name

? = Oph’ona] element [ l

*

= Zero or more elements z
_ web-uri context-root?
+= One or more elements
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and EJBs already offer such information. They are often the best resource because
there are so many possible deployment descriptor settings, many of which are
independent. The J2EE vendor documentation is also a good source; it will pro-
vide the most comprehensive information about deployments. Finally, continual
comments about deployment descriptor settings would be tedious and a distrac-
tion. We are occasionally interested in what kind of information is stored in a file
for a given component—not so much in how it is actually specified.

Platform Technol ogies and Services

One of the benefits of building your application on top of the J2EE infrastructure
is that doing so allows you to inherit key technologies that facilitate scalable
deployment. In this section, we visit some of the key platform technologies and
services J2EE infrastructures provide. These technologies are related to simplify-
ing and empowering distributed application components to coordinate and com-
municate. Providing this type of transparency in a distributed system allows
application designers to focus on the business logic of their applications, rather
than waste their time tuning the replication and distribution of components that
implement that logic.

Component Communication via RMI-IIOP

A large part of J2EE centers around the idea of making sure that business logic is
accessible from many types of clients and from other middleware standards, particu-
larly the Common Object Request Broker Architecture (CORBA). CORBA and the
Internet Inter-ORB Protocol (IIOP) specify how distributed objects can be deployed
and can communicate across network boundaries.

CORBA has its own huge specification, which consists of many core services
(e.g., naming) and the Interface Definition Language (IDL). IDL is a platform-
neutral language for specifying services. Its compilers generate “stub” and “skele-
ton” code in languages such as C++ and COBOL, which allow the functionality in
those languages to be deployed as accessible (i.e., CORBA objects). Using the gen-
erated stub/skeleton code, objects can communicate with each other (more about
this in Chapter 8).

An object request broker (ORB) is the mechanism by which objects locate
and bind to each other. IIOP is simply a protocol for CORBA objects to com-
municate over a network. If you're somewhat familiar with RMI (Remote
Method Invocation) and EJB, but new to CORBA, you're perhaps beginning to
sense a similarity.
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Figure 3-5 J2EE System Existing CORBA System
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}
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In the Java 2 Standard Edition (J2SE) version 1.3, RMI was fused with IIOP to cre-
ate RMI-IIOP. Although it uses IIOP as its means of communication, RMI-IIOP retains
an RMI-style API. This enables IIOP-style communication without forcing Java devel-
opers to learn yet another API.

For a J2EE system, RMI-IIOP is the primary method of communication across
tiers. In addition, it essentially allows Java developers to construct CORBA services
without having to learn IDL. In the old days, you had to buy a CORBA product pro-
duced by companies such as Visigenic or IONA. Now J2SE comes with a fully func-
tional CORBA ORB and support for stub code generation through its RMI compiler.

What all this means for the application system architect is that Java developers
can easily access existing CORBA application systems and vice versa. Thus, it allows
legacy functionality to be incorporated easily in a J2EE deployment.” Figure 3-5
shows Java objects communicating with remote CORBA objects over RMI-IIOP, and
Figure 3-6 shows how IIOP works. Notice that it’s simply a layer through which
objects associated with different ORBs can be coupled.

*An important restriction, which we don’t address in detail here, has to do with legacy CORBA
objects, which must be deployed by vendors who support the recent Objects-by-Value extension of the
CORBA specification. More about this at http://cgi.omg.org/cgi-bin/doc?formal/99-10-07.
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Figure 3-6 J2EE System Existing CORBA System
[IOP among
ORBs
I1OP
ORB = > ORB

Figures 3-5 and 3-6 show a J2EE system talking to an existing CORBA System. I
do this to show why you would connect CORBA objects written in two languages—in
this case, something new (a J2EE application system written using Java)—to some-
thing that already exists (a CORBA application system written in, say, C++ or Smalltalk
and deployed using a different ORB vendor). In reality, however, these are two CORBA
systems. J2EE and RMI-IIOP allow Java programmers to represent their services as
CORBA objects, without the additional work of coding an IDL file, and so on.

The main message here is that in addition to allowing you to use RMI to com-
municate easily with existing Java-based RMI objects, RMI-IIOP allows you to extend
object sets to include CORBA objects. Since RMI-IIOP is the language spoken
between components in J2EE containers, it’s important to be aware of what it is, and
how it generally works.

Transaction Management Using
the Java Transaction API

A J2EE transaction enables a series of operations, perhaps distributed, to be executed
in an orderly way that guards against errors with any one of them. It also protects the
integrity of these operations across program boundaries.

For example, suppose your server-side application system is an automatic confer-
ence organizer that allows one-touch registration. A user enters her name, address,
conference options (i.e., tutorials she wants to enroll in), and travel options. She

Page 28 of 34



60

The J2EE Specification

provides a credit card account number and the system does the rest. The conference
organizer, in turn, does the following:

m Register participant for conference

m Register participant for hotel

m Register participant for rental car

= Debit user’s credit card for the total amount

Each operation may be handled by a different application server. There’s no telling
what can happen with any one operation; for example, the hotel registration may fail or
return an error. If there are errors, we certainly don’t want to continue the series of
operations and we want to undo actions that occurred in earlier operations. This is just
the kind of thing transactions are good at.

With transactions, there are two important terms to remember: commit and
rollback. When one operation is completed, it is still not finalized. Instead, all such
operations wait until the last one has completed. At that point, the transaction can
explicitly issue a commit operation, which finalizes all of them. If an error or failure
occurred during the execution of any of these operations, a rollback can be issued to
signal to the other operations that finalization will never occur and that uncommit-
ted actions should be undone.

The Java Transaction API (JTA) supports transaction management among var-
ious J2EE containers. The operations that take place during a transaction are typi-
cally JDBC or JMS related, although the J2EE spec also supports external adapters
that conform to the XA transaction standard. Note that the javax.transaction
package specifies a very general form of transactions that has nothing directly to
do with using JDBC or JMS in isolation—it merely ties together operations for a
logical operation, including those (e.g., database updates) that involve external
resources.

The J2EE platform offers transaction services because of the complexity and pos-
sibility of errors when developers code their own transaction logic, especially between
tiers. In fact, a single client interaction might cause many components in many tiers
to be invoked and create confusion about who starts the transaction and who is
responsible for committing or rolling back that transaction. By offering transaction
services at the platform level, J2EE allows a collection of distributed components to
easily coordinate execution common to a single, logical client operation.

Transactions and Web Components

When designing Web components, such as Java servlets, you can always get a handle
to the current transaction. This is guaranteed by the specification and is a responsi-
bility of the platform. In particular, the spec states that Web components can obtain
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access to a transaction that implements the javax.transaction.UserTransaction
interface. Web components are allowed this access via the JNDI API, which we dis-
cuss in more detail shortly.

Transactions in Web components don’t span client sessions. More specifically,
for servlets, they are started in the servlet’s service() method and must be com-
pleted (committed or rolled back) before this method returns. If not, the Web com-
ponent is in an error state.

Web components can consist of multiple threads, but transaction resource
objects should not be shared by threads. This means that threads should not use
associate transaction resources with common memory addresses. Thus, resource
objects should not be stored in static variables or in instance variables.

Since servlets often interact with EJBs, which interact with the database, it is
important to know how a transaction propagates. The specification declares that
when a Web component contacts an EJB, the platform must be responsible for prop-
agating that transaction to the EJB’s context.

Transactions and E]Bs

Transaction management gets a bit more complicated when it comes to EJBs, par-
tially because J2EE assumes that the bulk of application logic resides in EJBs. It’s
also because management of persistent data in the application is abstracted by EJBs,
specifically in the form of entity beans. In contrast, session and message-driven
beans (the other two types of EJBs) represent session logic, not data.

It's useless to speak about the details of EJBs and transactions here, since we
haven’t discussed EJBs in detail. For now, the important things to remember about
EJBs and transactions are:

® For some types of bean (session and message-driven beans), transaction man-
agement may be handled by the bean itself; that is, the developer writes the
logic to start, commit, and possibly roll back a transaction.

® Session and message-driven beans can be configured so that transaction man-
agement is automatic—by the container. In fact, details about their transaction
management (e.g., does a transaction get passed from one bean to another
when the first calls the second?) can be defined per method.

® In contrast to session and message-driven beans, entity beans can’t manage
transactions explicitly. Everything is handled by the container, regardless of
whether that bean interacts with the database (bean-managed persistence) or
the container does (container-managed persistence).

Many of these details, especially the types of EJBs that can be developed, are covered
in Chapter 8.
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JNDI for Resource Location

Although J2EE supposes a distributed application system, it’s often necessary to
maintain a common state among the system’s components. For example, resources,
names, or addresses may be common -among components (i.e., location independ-
ent). Access and management of this state are provided by the Java Name and
Directory Interface (JNDI).

For those familiar with directory services, JNDI is the means with which to
access such services as LDAP. For most other J2EE developers, JNDI is simply an
easy way to manage resources shared by tiers.

From a component standpoint, JNDI gives location-independent access to a
common application state, or context. The J2EE specification also views the JNDI
context as a mechanism for making application components dynamic. Instead of
altering the source code for a component, it bases a conditional part of component
execution on the values obtained by access to the context. Then, at runtime, when
the component accesses its context, such variable settings (i.e., variable values or
rules) are resolved. This can be done on a deployment basis. That is, the deployer can
set the proper value in the deployment descriptor, and the component can obtain
that value via the JNDI. All of this occurs without recompilation.

For example, suppose we wanted to customize the multiple to use as the basis
for salary raises. If we assume that this value is deployment specific or otherwise
dynamic, then our application component needs to read this value from the JNDI
and act appropriately.

The following snippet of application code does just that for a mythical func-
tion called calculateNewSalary(). The method shown requires the prior salary
value as a parameter and uses the value of raiseMultiple to determine the
new salary.

pubTlic double calculateNewSalary(double a_origSalary) {

/+ Obtain handle to our naming context. =/
Context initCtx = new InitialContext();
Context localCtx = (Context)initCtx.lookup("java:comp/env");

/% Look up the salary multiple =/
double raiseMultiple = ((Double)
TocalCtx.lookup("raise_multiple")).doublevalue();

/+ Raise salary per the multiple =/
return raiseMultiple = a_origSalary;
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Thus, we first initialize the context and locate the desired node within the context
tree structure. Once found, we read one leaf of that directory tree—raise_multiple—
for its value. Thus, for example, a 10 percent raise means that this value is 1.10. We
then use that value as the basis for calculating the new salary.

In the deployment descriptor, raise_multiple might be stored as follows:

<env-entry>
<env-entry-name>raise_multiple</env-entry-name>
<env-entry-type>java.lang.Double</env-entry-type>
<env-entry-value>1.10</env-entry-value>
</env-entry>

Another use of the JNDI is to provide access to various shared J2EE resources,
such as the following:

m Databases

® Message queues
= EJBs

® Transactions

® Mail servers

m URLs

Using the JNDI to locate these objects provides a simple and consistent interface for
obtaining access to a common resource.

As an example of how these other objects can be fetched from the context via
the JNDI, consider how a well-known Java Message Service (JMS) message queue
is located. Although its name is known (i.e., the queue was registered to JNDI
under that name), its location is not. This is the value of the JNDI: Instead of
forcing every application component to know where every resource is physically
located, J2EE provides a logical handle to that distributed resource. This makes
coding application components simpler and allows the component to be relo-
cated without having to recode or recompile the application components that
use that resource.

The following code is an example of how to obtain a handle to a well-known mes-
sage queue using the JNDI, the following code might suffice:

/% Obtain handle to our naming context. =/
Context initCtx = new InitialContext();
Context TocalCtx = (Context)initCtx.lookup("java:comp/env");
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/+ Look up the message queue we want =/
Queue myQueue = (Queue)localCtx.Tlookup("jms/MyQueue");

Just as the raise_multiple value was defined in the deployment descriptor, so too is
the information corresponding to the JMS MyQueue object. Notice that in both cases,
the resource type and description can be included in the descriptor entry, thus mak-
ing the environment self-describing.

<resource-env-ref>
<description>
My message queue
</description>
<resource-env-ref-name>jms/MyQueue</resource-env-ref-name>
<resource-env-ref-type>javax.jms.Queue</resource-env-ref-type>
</resource-env-ref>

J2EE and Your Architecture

At this point, you may be wondering, do I need to use all of J2EE? If not, how much
of its technology should I use? The answer is, as much as you want.

To be sure, most Java development efforts already use popular parts of the J2EE
architecture, such as servlets, JSPs, and EJBs. JDBC has already become a popular
mechanism for integrating databases into Java applications. More recently, JMS is
gaining converts as people (re)discover the joys of asynchronous communication.
However, one of the nice things about the J2EE model is that you don’t have to
embrace all of it to use some of it. For example, you don’t have to use EJBs; you can
simply use servlets and JSPs. Or, you can use servlets and EJBs, but not JSPs. With
the exception of the platform technologies, which tie everything together, the com-
ponent technology you use depends on your needs.

When you do use J2EE, however, it means choosing a vendor. Again, the J2EE
is merely a specification. Unless you are planning to implement it yourself, you
should settle on a vendor that is not only J2EE compliant but offers an imple-
mentation that suits your needs. For example, as we will discuss in Chapter 8§,
vendors differ on how they implement container-managed persistence (automatic
data management) for EJB entity beans. This is the kind of detail you should
know before choosing a vendor.

Finally, regardless of your path, if you're interested in building highly scala-
ble Web applications, you should strongly consider an n-tier approach. In build-
ing those tiers, you may find that part or all of the J2EE specification fits your
needs and plans.
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In this chapter, we learned that the J2EE specification describes how n-tier applica-
tions can be built and deployed. Although these applications are often thought of as
Web applications, they don’t need to be. In fact, Web integration is only one facet of
the specification.

J2EE is a set of application components, containers to manage those compo-
nents, and integration or platform “glue” to tie everything together in a secure,
location-independent manner. Component management is enforced via interface
contracts. Simply put, a container has guarantees that the component has certain
methods (i.e., lifecycle methods), so that it can be managed as necessary.

We covered the key services provided by the J2EE platform and gave special
attention to transactions and resource management. From the component perspec-
tive, the container provides APIs that not only allow access to these technologies, but
also enable other J2EE functionality—such as Java Mail—to be easily accessed.

It’s unlikely that you will use every J2EE feature in a single application. For
example, your application may be such that messaging services, such as that pro-
vided by JMS, do not make sense. Still, I strongly suggest that if you plan on deploy-
ing any application system for the Web, you consider J2EE. It is portable and is
integrated with a number of Web/non-Web, asynchronous/synchronous technolo-
gies that give a great flexibility and freedom to the architect designing an applica-
tion solution. For our purposes, J2EE provides a great example of how some
scalability and performance techniques (e.g., caching and redundancy) have crept
into a practical and enterprise-level application system.
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