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Whatis J2EE?

Achieving high return on [.T. investment and low cost of ownership over the lifetime
of software are common requirements for businesses. Changes in environment, where
systems need to serve many more users than originally envisaged, demand that
software is designed from the start to be scalable and flexible. Java 2 Enterprise
Edition (J2EE) provides the solution needed in these areas and provides a common
architectural structure to allow efficient, scalable and reliable software systems to be
developed quickly. In the last few years, Java technology has taken an important part
in business software and J2EE is continuing this trend by taking Java to the enterprise-
scale applications.

J2EE is a language and toolkit for developing software which answers modern
corporate needs, including those of scalability, reliability and use of standard
architectures to keep total cost of ownership low. It consists of Sun Microsystems’s
Java 2 language together with a set of tools and specifications for developing and
hosting enterprise applications. With a standard specification for a multi-tier
application environment, J2EE makes it easier to build, deploy and run software
systems that support the genuine needs of modern business.

The J2EE basis for solutions

J2EE draws together the Enterprise JavaBeans (EJB) framework with other enterprise
technologies to provide the technical foundations and a set of architectures and
conventions for developing enterprise applications. At the core is Java 2 Standard
Edition (J2SE), together with EJB and Java technologies based on the network or the
Internet (Servlets, JavaServer Pages (JSP) and XML) and integration technologies.
This document will discuss these elements and how they interact in J2EE to support
the development, maintenance and hosting of applications.

The foundation for the architecture is the well-proven multiple-tier model, where data,
business logic and presentation are separate layers of the application to ease design
and maintenance. A basic model is shown in the diagram below. We will look at the
components in turn, from the presentation layer (the user interface provided to the
user) through to the underlying enterprise data systems and business logic.

e
Issue: VI.R1.MO Copyright © Tessella 2003



J2EE

Client Server

Enterprise

4 Database
Java

application §§
or applet

Presentation

The only part of an application a user needs to be aware of is the interface — the means
of presenting the application’s functionality to the user. While they need to know that
the required functionality exists and is being carried out, they do not need any direct
access to it — there is no need for the presentation to be tightly bound to the
underlying business logic. In fact, separating the presentation from the complexity of
the business logic provides a useful modularisation that allows one to be changed
without affecting the other.

Presenting the application to the user has often meant installing client software that
incorporates the user interface (the screens, buttons and text fields) and a degree of
business functionality. J2EE moves away from this model, typically to provide a “thin”
client, which only needs to offer the user interface itself. This client communicates
with the business functionality provided on the server, instead of having to take that
functionality out to the user.

The main benefit of this approach to the user is that the client software is so thin —
typically it might be a web interface which the user accesses through their existing
browser software. With nothing for the user to download, the software is always
available and is always the latest version. For the enterprise’s part, this separation of
the presentation layer means that it can be changed whenever required, without
changes to the business functionality (reducing the maintenance) and in the case of
web clients, without needing to re-deploy software to a user base which could number
thousands. For a web-based system facing customers directly (for example, an on-line
shop), the ability to change the look and feel of a web site without affecting the rest of
the application is often a necessity, where the interface requires frequent changes to
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keep pace with competitors’ images.

The technology used for web-based presentation layers will usually consist of JSPs or
Servlets. A Servlet is a small Java application running in a host Java environment,
typically on a web server, responding to requests for pages and accepting submitted
input from users. The template class for a servlet provides the support for the
interaction with the web client, so that this comes “free” to the developer. An
application might have one servlet per screen (web page) in the application,
responsible for writing the HTML to send to the user to make up the page, and for
processing submitted data from that screen and moving the user on to the next
appropriate screen.

JSPs provide an environment for this functionality that is more accessible for web
developers. Rather than writing Java code, the developer works in a much more
HTML-like environment, designing the look and feel of the page, with pieces of
embedded Java code or JSP ‘tags’ to Java code elsewhere, to access the server-side
functionality. JSPs will be compiled to servlets on the web server, so are executed
using the same underlying technology. An application may use a mixture of the two,
allowing graphic designers to work in a less technical environment, while software
developers work purely in Java. Both JSPs and Servlets provide HTML to the end
user, so that all they see is the web page in their browser. They do not need to be
aware of the Java code or the underlying technology.

Thicker clients are possible in J2EE without compromising the benefits of the multi-tier
architecture. A Java client application on the user’s workstation might take the place of
both the browser and the JSPs/Servlets, providing a more sophisticated user interface
and talking directly to the underlying EJB layer. This still avoids taking the business
logic to the end user, though clearly more effort will be required to deploy software to
clients and to update it as required.

Enterprise JavaBeans

Efficient use of the middle layer of the application (where the business logic and
functionality reside) will include resource pooling, persistence, some support for
transactional mechanisms (where transactions must be either wholly completed or
rolled back completely) and a defined approach to handling security and
authentication. EJBs are one solution in this area. The EJBs in the middle layer
encapsulate components of the business logic, while a container environment, which
hosts them on the server, is responsible for much of the transaction management and
resource pooling. This allows developers to concentrate on the application itself
without having to reinvent the features provided by the container environment. The
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EJB container specification sets out which tasks are the job of the container providers
and what remains for the developer to do.

EJBs are split into two types to represent the broad types of transactional needs.
Session EJBs persist for the duration of a client’s conversation with the middle tier to
represent data which needs to be carried over, for example, the identity of the client
and the topic of their conversation. A shopping cart might be one example of a
functional need (adding and removing items, creating accounts) that requires
persistence of data (the identity of the customer, the current contents of the cart).
Entity EJBs wrap data (e.g. a row in a database) and persist for as long as the data is
needed. Together these fulfil the needs of the application, where a session bean may
use entity beans to retrieve and manipulate items of data from the database and both
may be used by a servlet, JSP or client-side Java application.

(A third type, message-driven beans, are also now being used to service messaging
needs between and inside applications, but are not yet common enough to include in
this discussion.)

Persistence of data can be handled by the container environment (container-managed
persistence) or manually by the developer of the EJB (bean-managed persistence),
depending on the needs of the application. Typically the persistence needs will be
offloaded to the container, as an additional way of leveraging the provided
functionality of J2EE to reduce the development workload.

Managing resources

When users connect to a server-side application, the load could vary over the course
of a day from a single user to a hundred thousand, depending on the nature of the
application. It is not an option to grind to a halt, or fail to respond to new requests.
Applications need to be able to assign resources dynamically to accommodate the load
and to reclaim resources when they are no longer needed. The EJB container
environments deal with all of this on the application’s behalf, removing a complex
requirement from the scope of the development work.

The container will create a number of instances of each bean, to support an average
simultaneous load on the system, so that initialisation and housekeeping is already
done by the time a user connects. When a user needs a piece of functionality, the
container will provide a bean that is not currently being used by another user. If there
are no beans known to be free, the system will re-use an existing bean by storing its
temporary data to a safe location, and providing it to the new user. When the original
user issues another request, their temporary data will be loaded
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into a free bean and their session will continue. In this way no matter how many users
attempt to connect at one time, the system is always able to respond to each of them.

This can be supplemented by maintaining a farm of EJB containers, if the load is
expected to be extremely high, or if the system is required to have more extensive
redundancy in case of hardware failure.

Common Framework

Sun’s intention in creating the EJB framework was that a catalogue of off-the shelf
components would be created by third-party providers, providing enough support and
momentum for EJB to grow into a real rival for alternative enterprise architectures.
While organisations could create their own custom components to represent parts of
their specific needs, much of what they would need could be bought from an existing
stock of tested components and either slotted in immediately, or be subclassed to tailor
the behaviour to the organisation’s business model. The EJB programming model
(both the API and a set of conventions) provides a specific framework for developing
on a common platform, to ensure that one vendor’s component should interoperate in a
straightforward manner with another’s.

At a higher level, the standard vendor-neutral specification of the EJB containers
ensures that any vendor’s EJB container will support the same standard set of
features, so that an application may be moved from one EJB container to another. This
ensures that organisations are not committing to a single vendor’s solution when they
implement a J2EE system — they may change freely at a later date to a different host
platform. IBM, Oracle, BEA and Sun all provide J2EE application servers that are
compatible with the published specification. This provides a level of reassurance that
the technology will be supported beyond the lifetime of a single vendor and also
encourages a level of competition amongst vendors to enhance and refine their
products. Some vendors include their own enhancements to the specification, to
provide additional useful features - using these will tie the application to a single
vendor but there 1s no compulsion to do so. The level and type of administration tools
will also vary between vendors, as these are outside the requirements of the common
EJB specification.

Enterprise Data

Underlying the application is the permanent data that drives the business goal.
Typically there would be an enterprise database, such as Oracle or SQL Server, holding
the corporate data that users are accessing via the application. However, as J2EE can
communicate with a host of system types this could be a legacy mainframe system or
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even a combination of legacy and new data systems.

In the case of relational databases access would be via JDBC interfaces, either directly
or though a bridge to the older ODBC technology, depending on the availability of
JDBC drivers for older systems. This common interface technology retains portability
and provides an established, familiar API for the developers to use.

Integration with data and business logic on other systems can be achieved using J2EE
connections to CORBA or to other J2EE systems via more direct means such as SOAP
communication. Java Message Service (JMS) allows for asynchronous messaging to
communicate, for example, with a mainframe database system. The J2EE Connector
architecture also provides a standardised path for integrating disparate systems with
J2EE architecture.

Applying J2EE

Sun have released sample best-practice architectures, including detailed functional
examples, to outline the blueprints for creating J2EE solutions. The choice of
technologies within the framework is still quite open, appropriately so given the wide
variety of application types that will be developed under this framework, but it
provides a consistent means for devising the broad approach and specific
recommendations at lower levels depending on the chosen paths.

In addition to low-level programming design patterns, full-scale coding and design
samples give a common way forward for the J2EE development community. With this
type of architectural support, J2EE has been positioned as a solution tool for
enterprise development, as much as a software development language.

If the standard J2EE templates do not fit your business model or the business need
that the software is intended meet, there is no compulsion to draw on them. However,
the reduced design time in drawing on the application development experience of many
other expert developers should help reduce the initial costs of the project. Keeping to
an industry standard set of designs will also provide a common structure that is easily
understood by staff that have to maintain or develop the system in future, helping
contribute to a lower total cost of ownership over the system’s subsequent lifetime.
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Realising the benefits

Scalability
At each layer, the J2EE architecture allows user numbers or data quantities to increase
in straightforward ways.

a

User Interface

For systems with a web browser interface, there is no need for any software to
be installed on the user’s machine. Instead of rolling out a thick client
application to 3,000 users, the new authorised users can simply point their
browser at the application.

JSP /Servlet

A high-use web system will typically be hosted on a cluster of multiple
physical servers, though to the outside world it appears as though only a
single large system is there. With a farm of servers available to respond, user
requests are passed to the least busy servers to achieve the quickest
responses. Standard load-balancing systems for web server farms ensure that
the systems are scalable even before the core J2EE layers are reached.

EJB Container clustering

As with the web server farm, the EJB containers can be clustered to enable
transparent sharing of user session data between containers, allowing a high-
level balancing of load across a number of servers.

EJB Pooling

Pooling of bean resources in the container will deliver good performance to a
large number of users. Quiet time between a user’s interaction with the
system (for example, while they are reading data which the system has
returned to them) does not need to tie up beans they are using. Instead those
resources can be reassigned to another user in the meantime, ensuring that no
resources on the server need be wasted.

Database clustering

Many of the leading database systems will allow for clustering multiple
database servers together so that, as for the web server farm, requests are
responded to by the least busy machine. The synchronisation of the multiple
servers 1s handled by the database software.

High availability
The scalability features listed above also have a part to play in making the system
highly available. Ifit has grown to a size where multiple servers are a necessity, it is
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likely to be an important enough system that any downtime is a critical problem for the
organisation. With load balancing between multiple servers, there is already
redundancy built in to cope with the failure of an individual system. If a single server
suffers a hardware failure (or requires periodic maintenance), the other servers in the
layer will simply take up the load without it needing to be apparent to users that there
is any change. When the problem is rectified, re-joining the cluster need also not be
apparent to the end users.

The ability to have this redundancy at all levels in your application is a strong
business benefit. Being able to keep a core system available to all users while half the
servers are without power provides a reassurance which is being demanded more and
more in corporate [.T.

Long-lived applications

The features and blueprints which J2EE brings to the solution help to lower the total
cost of ownership and enable the system to continue to achieve the business needs
for a wider and wider range of users and quantity of data as time goes on. A proposed
project is likely to have undergone significant analysis and feasibility work before a
technical element to a solution is proposed, during which time the work may not be
detailed enough to specify the use of J2EE to implement the technical work. It may
well be that introducing J2EE to the equation boosts the return on investment
expected, making the project more appealing than if alternative technologies were
used. Although tying the project to specific low-level details too early on may be
detrimental, including an analysis of how J2EE might provide a solution could be
useful at the project initiation stage.

Once the decision has been taken to use J2EE as the foundation, the design and
development work could be expected to take less time and cost than in other
architectures. By specifying the features that an EJB container must provide, J2EE
takes an entire layer of complexity away from the application analysts and designers,
allowing them to concentrate on the real business issues. The details of pooling
connections, managing transactions and design structures can be taken as-is and the
development work can continue far more productively. Less to develop from scratch
will mean less code to debug and test, as well as less to design.

J2EE is frequently being applied in all areas where I.T. is supporting business,
including:
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Providing an integrated environment based on existing data or systems
High-user web interfaces to corporate data or workflow systems
Customer-facing web interfaces

Scalable new systems where the business is expected to shift its systems
onto a rationalised structure and needs the flexibility and scalability to cope
Systems where availability and reliability are paramount

Q Thick clients on a corporate desktop, providing tools for users to view and
update complex data

U000

U

Platform and vendor independence

As with all pure Java software, the system is not tied to a single computer architecture
or operating system. Once the system is developed and compiled, a thick client could
be installed on any software and hardware combination for which there is a Java
runtime environment. The same is true at the servlet or EJB layer — the supporting
technology will run on any common platform, allowing the organisation’s architecture
to be migrated without requiring changes to the business systems.

Migrating to another vendor’s application server allows the system to take advantage
of improvements in performance or functionality at a later stage, or to upgrade to a
newer version of the same vendor’s software at a later date without worrying about
compatibility issues. The common specification of the J2EE containers ensures that
any version from any provider will support the standard set of features in the same
way, though such a move will still require careful planning and configuration.

Using JDBC to connect to the database provides additional scope for moving to a
different enterprise database at a later stage, without needing to change any code.
Providing database connection details in flexible system configuration files allows the
data source to be changed at will after deployment, to take advantage of whatever
system the organisation’s strategy feels will be best to use at the time.

The future of J2EE

Backed by the Java community, and seeing significant investment from large
organisations, J2EE can be expected to be in use for a long time. As well as take-up by
end users in organisations using J2EE for their [.T. systems, large software firms such
as IBM, Oracle, BEA and Sun are developing their own J2EE application server
environments and development tools, ensuring that there is a wide base of products
and users. As all of the standard J2EE functionality is supported by all of the

products, the market seems in little danger of fragmentation, paving the way for J2EE
to be a cornerstone of enterprise development in the coming years.
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J2EE is gaining ground rapidly as an established platform for enterprise development,
supporting a wide range of business needs. Initial take-up by large corporations and
businesses requiring web functionality for customers (for example, on-line shops) is
spreading to small- to medium-enterprises, on the foundation of several years’
successful use in the larger enterprise market.

Benefiting from J2EE

J2EE is not an end in itself. In practice many multi-user applications would be
appropriate places to use J2EE, but it will depend on the needs of the system — other
languages or application platforms may be more appropriate choices. J2EE is
particularly suited to corporate systems where many users need to access business or
technical functionality and is less advantageous for systems with few users and little
core functionality.

A project does not have to be a multi-million development for J2EE to be an
appropriate choice. Smaller systems can reap the same initial architectural benefits,
and can have their useful lifetime extended significantly by making it easy to scale
them up in future if the need arises. A project which is not expected to serve many
users today may have very different needs in several years’ time and it is often difficult
to predict what the real requirements will be that far in advance. By using J2EE the risk
1s minimised by having a clear path to expanding the system at a future date. The
system could be scaled up easily by adding more servers, without any changes to the
software itself.

Moving to a solution

When looking for a software system to be developed, consider if aspects of the project
(the flexibility over the lifetime, the length of development timescales, any requirements
for robustness and availability) make it seem as though J2EE may be an appropriate
basis for the software. Tessella can provide advice during the feasibility stages of the
project, to help evaluate options for taking the business goals forward. We can carry
out the design and development, or work with your in-house team if you have one. If
J2EE seems the most appropriate basis for the solution, we can bring our many years’
experience of Java and J2EE to bear on your project.

Tessella has many years’ experience of Java development for a range of technical and
business solutions and has provided a large number of J2EE solutions for business
and public organisations. Through working with a software specialist like Tessella, the
opportunities offered by J2EE can be realised to achieve the aims of your business.
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Tessella Support Services plc
Creating Software for Science and Engineering

Tessella’s services range from feasibility studies, through system design,
development, implementation and ongoing support. Our expertise includes:
Data Analysis Software

Data Capture

Simulation Software

Advanced Graphics

Systems Support

Database Applications

Other Technical Supplements available include:

Archiving of Electronic Info
Active Server Pages
Automated GUI Testing
Bayesian Statistics

Beowulf Clusters

C++

Client-Server Technology
COM

Computational Fluid Dynamics
Computer Image Processing
Decision Support Systems
Electronic Data Capture
Electronic Lab Notebooks
Excel

Extending the Life of Software
Federal Drug Administration
FORTRAN 90

Grid Computing

High Throughput Screening
Instrumentation

Integrated Lab Systems
J2EE

Java

Lims

Linux

Microsoft Net
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Object Oriented Programming
Pocket PC

Portable GUI Development
Printer Technology Guide
Real Time Systems
Regression Testing

Security and the Internet
Simulation

Soft Computing

Software Design Methodologies
Software Development Cycle
Software Documentation
Software Portability
Software Re-engineering
Software Specification

SQL

UNIX Inter-Process Comms
UNIX Systems Performance
UNIX Workstations

Visual Basic 6

WAP

Web Services

Windows 2000 Services
XML

X Windows
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Tessella Support Services plc
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