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Would you like the front-end power of JavaServer Faces (JSF), the
content-formatting strengths of Tiles, and the flexibility of the Struts
controller tier all wrapped up in your J2EE Web application? Enterprise Java
experts Srikanth Shenoy and Nithin Mallya show you how to integrate the
features of al three. This article demonstrates how to customize the classesin
the Struts-Faces integration library to make them work with Tiles and JSF,
explains the rational e behind doing this, and details how to use the new set of
classes with aworking example.

By using Struts, Tiles, and JavaServer Faces (JSF) together, devel opers can ensure a
robust, well-presented Web application that is easy to manage and reuse.

The Struts framework has been around for quite some time and has become the de
facto standard that developers turn to when devel oping a J2EE Web application. The
Tiles framework, which came soon after Struts, established its niche by offering
developers the ability to assemble presentation pages using component parts. JSF,
the newest kid on the Web-application-framework block, provides mechanisms for
validating user input and handling user events; most importantly, itisa
protocol-independent way of rendering user interface components. (For a quick look
at these technologies, see the sidebar, "The major players.”)

Although some of the functionalitiesin Struts and JSF overlap, they are
complementary in other ways. The combination of these three technologies can
provide an efficient way to develop a Web application, organize its presentation, and
render custom user interface (Ul) components independent of protocol.

To run the sample code from this article, you will need Struts 1.1, Tiles, JavaServer
Faces Reference Implementation (JSF-RI) Early Access Release 4.0, and
Struts-Faces 0.4. Struts and Tiles come bundled in the Struts 1.1 release from the
Jakarta project. The Struts-Faces integration library can also be downloaded from
the Jakarta project. The JSF-RI is part of the Web Services Devel oper Pack from
Sun. (Links to these downloads and the sample code are available in Resources.)

And now, back to details of integrating the three technologies. First the bad news:. as
of the publication of this article, the three technol ogies do not interoperate out of the
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box. And the good news: in this article, we demonstrate how to integrate Struts, Tiles, and JSF. We assume that
you aready know Struts and Tiles. Some familiarity with JSF is helpful (see Resources for alink to arecent JSF
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tutorial on developerWorks), but is not necessary to understand this article.

A look at JSF

JSF applications are normal J2EE Web applications using the JSF framework, aframework that providesarich
GUI component model that offersinsight into how areal GUI framework should be. Y ou might have heard people
say that, although a certain technology is good, itslook and fedl still needs to mature. Well, the days of plain
vanilla pages with HTML components are behind us and the days of having a superior GUI look and feel are here
to stay if JSF has anything to do with it. How, you ask? Tree components, menu components, and graphs are some
of the already existing Ul components that JSF has to offer. Furthermore, JSF encourages the creation of custom
components by providing an easy to use API.

Note: The Ul components mentioned are part of the samples provided by Sun. Asin any specification, the actual
implementation is left to the various vendors.

In traditional Web applications that use the Model-View-Controller (MV C) pattern, the GUI components are
represented by custom tags which handle both presentation and business logic. This leads to the problem of having
to "code to aclient device," which can involve duplication of code. Not so with JSF.

JSF architecturally separates the presentation logic (the "what") from the Ul component's business logic (the
"why" and "how"). By using JSF tagsin your JSP pages, you can associate arenderer and a Ul component
together. A single Ul component can be rendered in different ways by using different renderers. The Ul
component-specific code runs on the server and responds to events that are generated by user actions.

JSF-RI provides arender kit that comes with a custom tag library to render HTML from Ul components. It also
provides the ability to customize the look and feel of these components as desired. If specialized components are
required, you can construct custom tags for a particular client device and associate it with a Ul component and a
custom renderer. For different devices, all you need to specify are different renderers.

JSF and the Ul component

Y ou may have created Java GUI applications using the Java AWT or Swing API, so you would be familiar with
JSF'sUl Conponent (whichis much likean AWT or a Swing component). It stores the tree of its child
components (if they exist) and generates standard events for actions that occur on the client side, such as clicking a
button to submit aform. These events are cached in the Faces Cont ext . You can associate handlers for each of
these events using custom tags. For example, you have acustom Act i onLi st ener to handle user clicks or
form submissions.

The JSF Ul Conponent , Render er , and the tag always go hand in hand. All JSF custom tags are created by
subclassing Ul Conponent Tag. ThedoSt art and doEnd methods are already implemented in the
U Conponent Tag class. Y ou only have to provide additional functionality in these tag classes.

Figure 1 illustrates the relationship between the custom tag, Ul component, and the renderer. The client browser
accesses a JSP page with JSF tags (j sf : myTag) for the Ul component (My Conrponent ). The Ul component
runs on the server and is rendered back to the client as HTML using the appropriate renderer (MyRender er).
The JSP page expresses the user interface components with custom tags in JSF-RI rather than coding them in
HTML.

For instance, Figure 1 shows the usage of the h: panel : gr oup tag. Thistag is used to group a set of
components under one parent. When used in combination with other panel tags such aspanel _gri d and
panel _dat a, it generates mark-up for columnsin HTML tables at run time. The JSF-RI-provided html_basic
tag library is used to represent HTML components such as text fields, buttons, and the like.

Figure 1. Rendering a JSF page
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The JSF lifecycle

The JSF life cycle consists of six phases; an incoming request might go through al or none of the phases
depending on the type of request, validation and conversion errors that occur in the life cycle, and the type of
response. Faces requests originating from JSP pages are handled by the JSF framework and a faces or non-faces
responseis returned.

A faces request occurs when a JSF form is submitted or when a user clicks alink that points to a page with the
prefix /[facesin the URL. All faces requests are handled by aFacesSer vl et -- the controller serviet in JSF.

A request sent to a servlet or a JSP page with no JSF componentsis called a non-faces request. When the resulting
page has JSF tagsinit, it is called afaces response; with no JSF tags, it is a non-faces response.

There are six phasesin the JSF life cycle:
« Recongtitute request tree
« Apply request values
 Processvalidations
o Update model values
« Invoke application
« Render response

According to the JSF specification, each phase represents alogical concept in the Request processing life cycle.
However in the JSF-RI, these phases are represented by actual classes with corresponding names. The following
section describes how each phase handles request processing and response generation. Y ou will first see the
phases involved in handling a faces request and then see the phases involved in handling a faces response.

Handling faces requests

To understand JSF request processing, look at FlightSearch.jsp, asimple JSF form in Listing 1. Thisis essentially
how a JSF page looks. The JSF form has input text fields for from and to cities, departure and return dates, and
buttons for submitting and resetting the form. (We'll examine what each tag in Listing 1 means shortly.) For now,
assume that this form submission creates a faces request.

The request isreceived by the FacesSer vl et and goes through the various phases before aresponseis
rendered back to the client. Figure 2 shows how a JSF request is processed. Let's see how this works.

1. Receive therequest
The FacesSer vl et receivesthe request and gets an instance of the FacesCont ext from the
FacesCont ext Fact ory.

2. Delegate life cycle processing
FacesSer vl et delegatesthelife cycle processingtothelLi f ecycl e interface by invoking the execut e



method ontheLi f ecycl e implementation passing in the faces context.

3. Lifecycle executes each phase
TheLi f ecycl e implementation executes each of the phases starting with the Reconstitute Component Tree
phase.

4. Component tree created
In the Reconstitute Component Tree phase, a component tree is created with the componentsint r avel For m
Thistree has the Ul For masthe root and the various text fields and buttons as its children.

Thef r onCi t y field has avaidation rule that specifiesthat it cannot be empty, as shown by the
val i dat e_r equi r ed tag. Thistag linksthef r onmGi t y text field with aJSF Val i dat or .

JSF has several built-in validators. The corresponding Val i dat or isinitialized in this phase. This component
treeis cached in the FacesCont ext and the context will be used in later phases to access the tree and invoke
any event handlers. Also the Ul For mstate is saved automatically. So, when this pageis refreshed, the form's
origina contents are displayed.

5. Extracting values from thetree

In the Apply Request Values phase, the JSF implementation traverses the component tree and extracts values from
the request using the decode method and sets them locally for each of the components. If there are any errors
during this process, they are queued on the FacesCont ext and will be displayed to the user in the Render
Response phase.

Also, any events that were created as aresult of user actions, such as clicking on the reset button, that are queued
during this phase are broadcast to registered listeners. Clicking the reset button will set the valuesin the text fields
back to their original values.

6. Validations ar e processed

In the Process Validations phase, any validations associated with each component are performed against the local
values set in the Apply Request Vaues phase. This happens when the JSF implementation invokes the

val i dat e method on each registered validator.

If any of the validations fail, then the life cycle advances to the Render Response phase where the same page is
rendered, but with the error messages. Here also, any events that are queued during this phase are broadcast to
registered listeners.

The JSF implementation processes the validator on the source field. If the dataisinvalid, then control passesto the
Render Response phase where FlightSearch.jsp is rendered again with validation errors displayed for the
associated component. By declaring out put _er r or s in the JSP page, al the errorsin the page will be
displayed at the bottom of the page.

7. Setting the model abject values

In the Update Model Vaues phase, after al the validations are processed successfully, the JSF implementation
sets the model object values with the valid ones by invoking the updat eModel method on each component. If
any errors occur while trying to convert the local data to the types specified by the model object properties, the life
cycle advances to the Render Response phase where the errors are displayed. The values from the form field
properties are populated into the model object's attribute val ues.

8. ActionListener can beinvoked

You can associate an Act i onLi st ener with auser action such as clicking the submit button, as shownin
Listing 1. In the Invoke Application phase, the pr ocessAct i on method isinvoked on

Fl i ght Sear chAct i onLi st ener . Upon invocation, the pr ocessAct i on method would, in areal-world
scenario, search the database for flights satisfying the criteria and retrieve the outcome from a component's action
attribute.

In the example Web applications provided with this article, we have used static data to represent the list of flights.
This method aso sends the retrieved action attribute to the Navi gat i onHandl er implementation. The
Navi gat i onHandl er looks up the faces-config.xml file -- the default application configuration file for JSF --



to determine the next page to be directed to based on this outcome.

9. Rendering theresponse

In the Render Response phase, the page obtained from the lookup in the faces configuration file, FlightList.jsp, is
displayed if there are no errorsin the faces context. If control came to this phase due to errorsin any previous
phases, then FlightSearch.jsp is redisplayed with the error messages.

Figure 2. Processing a JSF request
Click hereto view the figure.

Listing 1. FlightSear ch.jsp, a smple JSF form

<U@taglib uri="http://java.sun.com jsf/htm" prefix="h" %
<Y@taglib uri="http://java.sun.com jsf/core" prefix="f" %

<f:use_ faces>
<h:formid="flight Form' fornmNanme="flightForm' >
<h:input_text id="fronCity" val ueRef="Flight SearchBean. fronCity">
<f:validate_required/ >
<h:input_text/>

<h:input_text id="toC ty" val ueRef ="Fli ght SearchBean.toC ty">
<h:input _text id="departureDate"

val ueRef =" Fl i ght Sear chBean. depart ur eDat e" >
<h:input_text id="arrival Date"

val ueRef =" Fl i ght Sear chBean. arri val Dat e" >

<h: command_button i d="submt" acti on="success"
| abel =" Subm t" comandNane="submt" >
<f:action_listener
t ype="fo0o. bar. Fl i ght Sear chAct i onLi st ener"/ >
</ h: command_but t on>
<h: command_button id="reset" action="reset" | abel =" Reset"
commandNane="reset" />

<h: out put _errors/>
</ h:forne
</f:use_faces>

Two tag libraries from JSF-RI are used in this code. The html_basic tag library defines tags for commonly used
HTML components and the jsf-core tag library contains tags used to register listeners and validators. Other tags:

« Thef: use_f aces tagindicatesto the JSF implementation that the tags following are faces tags.

o Thef:vali dat e_requi red tagindicates that the field to which it is attached (thef r onCi t y field in
FI i ght Sear chBean) should have a value before the form can be submitted.

o Theh: formandh:input _text tagsrepresent an HTML formcalled f | i ght Sear chFor mand the
various text fields respectively.

o Theh: command_but t on tagisused to represent Submit and Reset buttons.

o Finaly, theh: out put _errors tagissimilar tothe Strutsht m : err or s tag and is used to display any
errors that occur during validation of the form fields.



A JavaBean called FlightSearchBean represents the model that is updated during the Updated Model Vaues phase
from the Ul Conponent data. Typically a JavaBean is declared in the JSP page with thej sp: useBean tag.

Y ou might notice that this has not been done in FlightSearch.jsp. Thisis because you can use afeature of JSF
called Managed Beans whereby you declare al the JavaBeans components being used by the JSP pages in the
faces configuration file. At startup, the servlet container initializes these JavaBeans components. The entry for
FlightSearchBean in the faces-config.xml fileis shown in Listing 2:

Listing 2. faces-config.xml entry for TravellnfoBean

<managed- bean>
<managed- bean- nane>Fl i ght Sear chBean</ managed- bean- nane>
<managed- bean- cl ass>
f 0o. bar. Fl i ght Sear chBean
</ managed- bean- cl ass>
<managed- bean- scope>sessi on</ nanaged- bean- scope>
</ managed- bean>

Now let'slook at the phases as they handle a response.

Rendering faces response
A facesresponse is generated by a Faces application when the resulting JSP page contains JSF tags. This response
could be the result of afaces or non-faces request on a JSF application.

In our example, the rendering of the pagein Listing 1 is afaces response. Y ou might be familiar with the
doSt art Tag() anddoEndTag() methods onthe Tag interface. In JSF and Struts-Faces, each tag extends
from Ul Conponent Tag. Ul Conponent Tag implementsthedoSt art Tag() and doEndTag() methods.

It also has two abstract methods, get Conponent Type() and get Render er Type() . By implementing
these two methods in the concrete tag classes, you can specify the type of the component and the renderer,
respectively.

Consider asimple JSF form with atext field. The following sequence of stepsis executed when the JSF formis
rendered.

1. Invoking the doStartTag() method
The Servlet container invokesthe doSt art Tag() method on For nirag.

2. Getting the UlComponent

The For niTag getsits Ul Conponent fromtheget Conponent Type() method. Ul Conponent Tag (parent
of For nirag) usesget Conponent Type() tolook up the class name for this component from the
faces-config.xml file and creates an instance of the Ul Conponent ( For nConponent ) .

3. Getting the renderer
Next, For mrag getsits Render er fromthe get Render er Type method. Asin the component type, the
renderer name islooked up in the faces-config.xml file.

4. Encoding methods ar e invoked

After the For nConponent and For nRender er have been created, the encodeBegi n() method isinvoked
on the For mConponent . For each tag, the rendering beginswith encodeBegi n() and endswith
encodeEnd() . TheencodeBegi n() methods areinvoked in the order of nesting.

5. Endingtagsand rendering HTML

The servlet container invokesthe doEndTag() method on thetags. TheencodeEnd() methods areinvoked in
the reverse order of nesting on each component. In the end, the Form and all nested components are rendered as
HTML. At this point, the generation of HTML is complete and the HTML equivalent of the JSP is rendered.

Figure 3 shows the sequence of events that makes up the generation of afaces response.



Figure 3. Rendering a faces response
Click hereto view the figure.

Why integrate the trinity?

Asthe JSP and the related specifications mature, new standards like JSF and the JSP Standard Tag Library (or
JSTL, which uses simple tags to encapsul ate the core functionality common to many JSP applications) are
emerging. Following are some of the advantages to using the new technol ogies as an integrated whole:

« Cleaner separation of behaviorsand presentation. With the separation of tag, renderer, and component,
the roles of page authors and application devel opersin the devel opment cycle become better defined.

« Changing the presentation for a component does not have an avalanche effect. Now you can easily just
change the renderer. In the traditional MV C model, since this separation did not exist, any change in tags
needed changes to the business logic as well. Not any more.

« Renderer independence. Or restated, protocol independence by reusing component logic for multiple
presentation devices with multiple renderers. The ability to use different renderers eliminates the need to
code the entire presentation tier for specific devices.

« A standard for assembling and reusing custom components. JSF thinks beyond "forms and fields" and
provides arich component model for rendering custom GUI components. Using JSF you can customize the
way each component looks and behaves in a page. Devel opers also gain the ability to create their own GUI
components (like menus and trees), which can easily be included in any JSP page with simple custom tags.
Just like the Javafront-end GUI components provided by AWT and Swing, we can have custom
components for our Web pages that use their own event handlers and have customizable appearances. This
is GUI nirvanafor the Web tier!

Strutsis aframework that already possesses alarge customer base. Many I T departments have recognized the
value of this MV C framework and have been using it for quite awhile. JSF doesn't possess the equivalent of
Struts's powerful controller architecture, as well asits standardized Act i onFor mand Act i ons (with their
declarative capabilities). When you integrate Tiles into the mix, you give yourself the ability to reuse and change
corporate layouts in a seamless manner.

The challenges of migrating JSF-enabled Struts applications are two-fold. First, Struts tags are not JSF-compliant.
In other words, they do not extend the Ul Conrponent Tag as mandated by the JSF specification, therefore, JSF
cannot interpret and associate Ul Conponent and Render er s with them.

Second, thereisno link between the FacesSer vl et and Struts Request Pr ocessor . In a Struts application,
the Request Pr ocessor manages the show with the callback methodsinto Act i onFor mand Act i ons
classes. Getters and settersfor Act i onFor mpropertiesand val i dat e() arethe callback methodsin the

Act i onFor m For Act i on, execut e() isthecalback method. Unlessthe Request Pr ocessor gets
invoked, the callback methods in Struts Act i onFor mand Act i ons classes do not get a chance to invoke the
businesslogic.

Integrate Struts and JSF with Struts-Faces
At this point you might be wondering if there is any software that can help integrate Struts with JSF, or whether
you'll have to write the integration software yourself.

The good news is that the software already exists. Sruts-Faces is an early access release of the Struts JSF
integration library. Thislibrary was created by Craig McClanahan, the creator of Struts, and makesit easy to
migrate your existing Struts applications to JSF (keeping the value of your existing Struts investment).
Struts-Faces a so strives for a clean integration with JSF so that JSF can be used on the front end while the back
end will till have the familiar Struts components.

Figure 4 illustrates the relationships among Struts-Faces and JSF classes. The classes in blue belong to
Struts-Faces.



Figure 4. Struts-Faces class diagram
Click hereto view the figure.

The following are the major components of Struts-Faces:

The FacesRequest Processor class, which handles all faces requests. This class subclasses the regular
Struts Request Processor and handles the faces requests. Non-faces requests are delegated to its parent,
Request Pr ocessor.

TheActi onLi st ener | npl class, which handlesAct i onEvent s such as submitting aform or
clicking on alink. This classis used instead of the default Act i onLi st ener implementation provided by
JSF-RI. Whenever an Act i onEvent isgenerated in afaces request, the pr ocessAct i on() method on
Acti onLi stener | npl isinvoked and Act i onEvent s are forwarded to the

FacesRequest Processor . Thisisinteresting because Request Pr ocessor isnormally invoked
only by the Struts Act i onSer vl et to process HTTP requests.

The For nConponent class, which extends from the JSF Form Component but is invoked within the
Struts life cycle.

A renderer and tag for the For mConponent .

Tags and renderers for datathat is rendered for output only, that is, where there is no need for a separate
component. For instance, Er r or sTag and Er r or sRender er are used to display the form errorsin
HTML.

Animplementation of the Ser vl et Cont ext Li st ener caledLi f eCycl eLi st ener, whichisused
to register the appropriate Request Pr ocessor during initialization.

The faces-config.xml file. Thisis aready bundled in the struts-faces.jar file.

Listing 3 shows FlightSearch.jsp using the Struts-Faces tags. It is similar to the JSF example demonstrated in
Listing 1. The differences are highlighted with boldface. In it, you will find that a new tag library, tags-faces, is

added. Thistag library definition declares the tags used by the Struts-Faces API.
Listing 3. FlightSear ch.jsp using Struts-Facestags

<v@taglib uri="http://java.sun.conljsf/htm" prefix="h" %
<v@taglib uri="http://java.sun.conljsf/core" prefix="f" %
<v@taglib uri="http://jakarta.apache. org/struts/tags-faces"

prefix=

s" %

<f:use faces>

<s:formaction="/1listFlights">
<h:input_text id="fronCity" val ueRef="Flight SearchForm fronCity"/>

<h:input_text id="toGC ty" val ueRef ="Fli ght SearchFormtoGC ty"/>
<h:input _text id="departurebDate"

val ueRef =" Fl i ght Sear chFor m depar t ur eDat e" >
<h:input text id="arrival Date"

val ueRef =" Fl i ght Sear chForm arri val Dat e" >

<h: command_button i d="submit" action="success" |abel ="Submt"
conmandNane="subm t" />
<h: command_button i d="reset" action="reset" | abel =" Reset"




commandNane="reset" />

<s:errors/>
</s:fornp
</f:use_faces>

Thes: f or mtag is used to create the HTML form. The form action attribute is /listFlights instead of the form
name, flightForm as specified in Listing 1. In JSF, the form name is just a name assigned to the UlForm and

nothing more.

Fl i ght Sear chBean isthe model for the JSF Form and gets the values in Update Model Vaues phase. In
Struts however, the form action pointsto the Act i onMappi ng in the Struts Configuration File,
struts-config.xml. To understand how this works you have to also take alook at the struts-config.xml file shown in
Listing 4.

You will seethat the Act i onMappi ng for /listFlights indicates that the Act i onFor mfor this URI-path is
foo. bar. Fl i ght Sear chFor mandthe Act i on classisf 0o. bar. Fl i ght Sear chAct i on. In other
words, the Act i onFor m(FI i ght Sear chFor m itself isthe modd for the HTML form in Struts-Faces and its
action indirectly points to this model. (You can see thisin Listing 3, where the text field tags point to the

Fl i ght Sear chFor m In anormal Struts application thiswould have been <ht m : t ext
property="fronCity"/>)

Listing 4. Declaring the Action in struts-config.xml

<f orm bean name="Fl i ght Sear chFor nt
type="fo0o0. bar. Fl i ght Sear chFor ni'/ >

<l -- ========== Acti on [\/app| ng Definiti on ========================= -->
<act i on- mappi ngs>

<l-- List Flights action -->
<action path="/1istFlights"
t ype="fo0o0. bar. Fl i ght Sear chActi on"
name="Fl i ght Sear chFor n{
scope="request "
i nput ="/faces/Flight Search.jsp">
<forward nane="success" path="/faces/FlightList.jsp"/>
</ action>

</ acti on- mappi ngs>

Y ou will notice that the familiar .do is missing in the action attribute. This
is because the Struts-Faces uses the form action itself as the form name
(which should also match the Act i onFor mname in Struts configuration The following five steps will get

file). Struts 1.1 and Tiles working

Also notice that we have not used the JSF val i dat i on tag here. Thisis | together:
because in Struts, the validation happensinval i dat e() method on the
Act i onFor mclass potentially by using the Commons-Validator. The

s: errors tagissimilar to the Struts errors tag and is used to display
error messages that occur during validation.

Five stepsto integrate Strutsand
Tiles

1. Create a JSP to represent your site
layout. Thisisyour master JSP with
placeholders for header, body, and
footers. Each of these are added to

Another thing to notice isthat no Act i onLi st ener isexplicitly the main JSP page by using Tiles
associated with the Submit button. Thisis because the tags.
Act i onLi st ener isaready provided in Struts-Faces and always 2 Create aTiles definition file and

forwards the faces requests with Act i onEvent stothe




FacesRequest Processor , from which the requests are dispatched to| define what JSP page has to be
appropriate Act i on classes based on the struts-config.xml file. included in each of the placeholders
for each aggregate page. |dentify
every aggregate page definition with
aunigue name.

Migrating Struts applications to JSF
In order to integrate the Struts Web application with JSF, follow these

steps:

« Add the struts-faces,jar file along with the JSF-specific JARs 3. Changethe global and local
(jsf-api jar, jsf-ri jar) into the WEB-INF/lib directory of theWeb | forwardsin the struts-config.xml file
application. to use the unique names from the

previous step instead of the aliases.

« Addthe JSTL-specific JARs (jstl.jar, standard.jar) into the 4.UseTi | esPl ugl n toload the

WEB-INF/lib folder if you plan to use JSF and JSTL. Thisstepis | Tiles definition file during startup.
needed only if you are deploying to the regular Tomcat. WSDP AddtheTi | esPl ugl n entry into

already provides these JARSs. the struts-config.xml file.

5. Add the

Ti | esRequest Processor entry
into the struts-config.xml file. Thisis
the default request processor for
Tiles-enabled Struts application.

« Modify the Web application deployment descriptor
(/WEB-INF/web.xml) to have an entry for the Faces Servlet
definition as shown in Listing 5.

« Modify the JSP pages to use the JSF and Struts-Faces tags instead
of the Struts tags. Specifically replacetheht ml , base, f or m and er r or s tags with Struts-Faces
equivalents. Replacethet ext ,t ext ar ea, andr adi o tags with equivalent JSF tags. Struts-Faces does
not have separate tags for these. Although not a requirement, you might also want to consider replacing the
Struts Logic tags with equivalent JSTL tags.

« For each JSP that uses JSF tags, modify the struts-config.xml file to include the prefix /facesin the
global-forwards and the local-forwards in the Action Mappings pointing to that JSP.

« If the Web application uses any custom components that you've created, you will need to register them with
the JSF implementation's default RenderKit. Y ou can do this by creating a faces-config.xml filein the
WEB-INF folder and adding entries for each component and renderer. However, remember that the
faces-config.xml fileis aready bundled in the struts-faces.jar file. Y ou have to extract it from the
struts-faces,jar file, add your contents, and put it under WEB-INF folder.

Listing 5. Declaring the FacesServlet in web.xml

<l-- JavaServer Faces Servlet Configuration -->

<servl et >

<servl et - name>f aces</ ser vl et - nane>

<servl et - cl ass>j avax. f aces. webapp. FacesSer vl et </ servl et - cl ass>
<| oad- on- st art up>1</1| oad- on- st art up>

</servlet>

<l-- JavaServer Faces Servlet Mpping -->
<servl et - mappi ng>
<servl et - name>f aces</ ser vl et - nane>
<url-pattern>/faces/*</url-pattern>
</ servl et - mappi ng>

Challenges to integrating Struts-Faces and Tiles

The Struts-Faces library provides an efficient bridge between Struts and JSF, making rich presentation layers a
reality in J2EE Web applications. Y ou can make the presentation layers even richer by adding Tilesto the
combination, so that you not only get the benefit of the Struts and JSF combination, but you can also efficiently



reuse the various JSP pages because they will be made up of component parts or tiles that can be added or
removed as required.

This article has aready demonstrated the integration of Struts and JSF, so you would think that adding Tiles to the
mix would be a breeze, right?

Unfortunately, JSF is il in the early stages and hasn't been posted in afinal release. With thisin mind, the
Struts-Faces integration software is being developed iteratively to accommodate the various features of JSF and
does not yet support Tiles.

Struts and Tiles can work together seamlessly, but you will encounter roadblocks on the integration journey. In the
following subsections, you will find a summary of some commonly encountered issues you may face when using
the Struts-Faces integration library in conjunction with Tiles. For each of these problems, we detail a solution by
modifying the Struts-Faces classes. We will explain the solutions using the Flight Search example.

Listing 6 illustrates the layout for Flight Search page. Notice that we are calling it Flight Search page and not
HightSearch.jsp. Thisis because the FlightSearch JSP is the body of the aggregate page the user sees on the
foobar travel Web site.

For now, we will retain the actual FlightSearch.jsp asis. We will change it as we go along. For your part, you will
also haveto create a Tiles definitions file with a definition for Flight Search page. Listing 7 (immediately
following Listing 6) demonstrates an entry for Flight Search Page in the Tiles definition file. Notice the reuse of
the master layout template with the ext ends attribute.

The individual potential challenges will follow Listings6 and 7.
Listing 6. Tileslayout for the Flight Search example

<v@taglib uri="/WEB-INF/struts-tiles.tld" prefix="tiles" %
<y@taglib uri="http://jakarta.apache.org/struts/tags-faces"prefix=

s" %

<l-- Layout conponent paraneters: header, nenu, body, footer -->
<s:htm >
<head>
<title> <tiles:getAsString nane="title"/></title>
<s: base/ >
</ head>
<body>
<TABLE border="0" wi dt h="100% cel |l spaci ng="5">
<tr>
<td><tiles:insert attribute="header"/></td>
</[tr>

<tr>
<td><tiles:insert attribute="body"/></td>
</[tr>

<tr><td><hr></td></tr>

<tr>
<td><tiles:insert attribute="footer" /></td>
</[tr>
</ TABLE>
</ body>
</s:htm >




Listing 7. Tiles definition for Flight Search Page.

<l-- Master Layout definition -->
<definition nane="foobar. master-1|ayout"
pat h="/f aces/| ayout/ Mast er Layout . j sp" >

<put nane="title" value="Wlcone to Foo Bar Travel s" />
<put nane="header" val ue="/faces/conmon/ header.jsp" />
<put nane="footer" val ue="/faces/comon/footer.jsp" />
<put nane="body" val ue="" />

</ definition>

<I-- Definition for Flight Search Page -->
<definition nane="/foobar.flight-search"
ext ends="f oobar. nast er-1| ayout ">
<put nane="body" val ue="/faces/ Fl i ght Search.jsp" />
</ definition>

Response has already been committed

Thisisthefirst problem you will see as soon as you try to access the Flight Search Form. Carefully look at the
stack trace. Y ou will see that the problem liesin the class

com sun. faces. | ifecycl e. Vi ewHandl er | npl . ThisisaJSF-RI classimplementing the

Vi ewHandl er interface.

Figure 2 demonstrated the role played by Vi ewHandl er . Thisisthe class that forwards the request to the next
page. When forwarding the request, it does not check the status of the response before forwarding it -- this
happens only when you use Tiles, because Tilesinternally includes the JSP pages in the response and JSF-RI
commits the response after the first forward and then tries to forward again to the next Tilesinclude JSP.

To fix this problem, you will have to create a custom Vi ewHand| er implementation that will check the status of
the response to determine whether it has been committed. If the response has not been committed, then the request
isforwarded to the next page; otherwise, the request is included and the appropriate JSP is displayed. We will
create aclasscaled STFVi ewHandl er | npl that implementsthe Vi ewHandl er interface and implements the
required method r ender Vi ew( ) . Listing 8 showsther ender Vi ew() method in STFVi ewHandl er | npl :

Listing 8. renderView() method in STFViewHandlerImpl

Request Di spatcher rd = nul | ;

Tree tree = context.getTree();

String requestURI = context.getTree().getTreeld();
rd = request. get Request Di spat cher (request URl ) ;

/[** |f the response is conmitted, include the resource **/
if( !'response.isConmitted() ) {
rd. forward(request, context.getServletResponse());

}
el se {

rd.include(request, context.getServletResponse());
}

Now that you have implemented your own Vi ewHandl er , how do you notify the JSF-RI to use your
Vi ewHandl er instead of the default implementation? To answer this question, you have to understand the
workings of FacesSer vl et .



During the Faces initialization process, the Faces Ser vl et consultstheLi f ecycl eFact or y implementation
to return an implementation of Li f ecycl e class, as shownin Listing 9:

Listing 9. Facesinitialization in FacesServlet

/1 Get the LifecycleFactory fromthe Factory Finder
Li fecycl eFactory factory = (Lifecycl eFactory)
Fact or yFi nder. get Factory("j avax. faces. li fecycl e. Li f ecycl eFactory");

[/ CGet the context param from web. xm
String lifecyclelD =
get Servl et Context (). getlnitParaneter("javax.faces.|lifecycle.LI FECYCLE |ID");

/1 Get the Lifecycle Inplenentation
Lifecycle lifecycle = factory. getLifecycle(lifeCyclelD);

ThelLi f ecycl e implementation object holds the Vi ewHandl er to be used during the Render Response phase.
Y ou can make your own Vi ewHand!| er implementation to be the default by calling the set Vi ewHandl er
method ontheLi f ecycl e implementation.

Now the question becomes how do you get the default Li f ecycl e implementation? The answer is that you don't
need to do this. Y ou just create a new implementation and register it withthe Li f ecycl eFact ory witha
unique ID, as shown in Listing 10:

Listing 10. Registering the custom ViewHandler and Lifecycle

/1 Get the LifecycleFactory fromthe Factory Finder
Li fecycl eFactory factory = (Lifecycl eFactory)
Fact or yFi nder. get Factory("j avax. faces. |i fecycl e. Li f ecycl eFactory");

//Create a new instance of Lifecycle inplenmentation -

//com sun. faces. lifecycl e. Li fecycl el npl

// According to the docunentation, factory.getLifecycle("STFLifecycle")
//should work, but JSF-RI has a defect.

// Hence this workaround of creating a RI class explicitly.

Li fecycl el npl stfLifecyclelnpl = new Lifecyclelnpl();

// Create a new i nstance of our STFViewHandl er and set it on the Lifecycle
stfLifecycl el npl. set Vi ewHandl er (new STFVi ewHandl er |l npl ());

// Regi ster the new lifecycle with the factory with a uni que
/I name " STFLi f ecycl e"
factory. addLi f ecycl e(" STFLi f ecycl e", stfLifecyclelnpl);

Youcanseethat thel i f ecycl el d ishardcoded as STFLi f ecycl e. Actualy thisis not the case. It becomes
clear when you re-examine Listing 9. The FacesSer vl et getsthelifecycle ID from the context parameter

declared in the web.xml file with the namej avax. f aces. | i f ecycl e. LI FECYCLE | Dasfollows:

<cont ext - par anp
<par am nane>j avax. f aces. | i fecycl e. LI FECYCLE | D</ par am nane>
<par am val ue>STFLi f ecycl e</ par amt val ue>

</ cont ext - par an>




Becausethe FacesSer vl et decidesonthelLi f ecycl e implementation class during itsinitialization, the code
shown in Listing 10 should execute before the Faces Ser vl et isinitialized. Y ou can do this by creating another

servlet and initializing it beforethe Faces Ser vl et .

But a smarter way to do thisis by implementing aSer vl et Cont ext Li st ener interface. This class declares
two methods, cont ext I ni ti al i zed() and cont ext Dest r oyed( ), which are called when the Web
application is created and just before the Web application is destroyed, respectively. The codein Listing 10 isthus
executedinthecontext I ni ti al i zed() method and the custom Vi ewHand! er isaready registered with
theLi f ecycl e identified by the name STFLi f ecycl e andisavailableto the FacesSer vl et . The

Ser vl et Cont ext Li st ener classitself isdeclared in the web.xml file as follows:

<l i st ener>
<l i st ener-cl ass>f 0o. bar. stf. appli cati on. STFCont ext Li st ener
</listener-class>

</listener>

Thisis not the only approach to registering aLi f ecycl e with custom Vi ewHandl er . In fact the

Fact or yFi nder implementsits own discovery algorithm to discover the Fact or y objects, including the

Li f ecycl eFact or y. These mechanismsinclude looking for the factory implementation class namein system
properties, faces.propertiesfile, or 1.3 Services discovery mechanism

(META- I NF/ servi ces/ {factory-cl ass- nane}), inthat order. However, the mechanism we've just
discussed is the easiest and the most non-intrusive one.

404 Resource Not Found
After the committed response problem isfixed, click on any Tiles-specific link or enter a URL that would render a
Faces response. In this case, you can enter the URL to display the Fl i ght Sear chFor m

Upon doing so, you get a foobar.flight-search - 404 Resource Not Found error. f oobar . f1i ght - searchis
the name of Tiles definition for Flight Search page. FacesRequest Pr ocessor does not have the capability of
processing Tiles requests (because it extends Request Pr ocessor instead of Ti | esRequest Processor)
and therefore, endsin an error.

To fix this problem, we will create a new request processor called STFRequest Pr ocessor (standsfor
Sruts-Tiles-Faces Request Processor). For now we will copy all the code from FacesRequest Processor
into the new class. The only differenceisthat STFRequest Pr ocessor subclasses

Ti | esRequest Processor instead of subclassing the regular Request Processor . Thisnew
Request Pr ocessor canhandle Tilesrequests. Listing 11 detailsthe STFRequest Pr ocessor :

Listing 11. STFRequestProcessor.java

public class STFRequest Processor extends Til esRequest Processor

{

protected void doForward(String uri, HttpServl et Request request,
Ht t pSer vl et Response response)
throws | OExcepti on, Servl et Excepti on

{
}

protected void dolnclude(String uri, HttpServletRequest request,
Ht t pSer vl et Response response)
t hrows | OException, ServletException

{

/I copy code from FacesRequest Processor

[/ copy code from FacesRequest Processor




}

protected String processPat h(HttpServl et Request request,
Ht t pSer vl et Response response)
throws | OExcepti on

{
}

protected String processPopul ate(Htt pServl et Request request,
Ht t pSer vl et Response response)
throws | OExcepti on

{
}

private void sel ect Tree( FacesCont ext context, String uri)

{
}

[/ copy code from FacesRequest Processor

[/ copy code from FacesRequest Processor

[/ copy code from FacesRequest Processor

}

Asyou know, the Request Pr ocessor for Struts framework is specified in the struts-config.xmil file.
STFRequest Pr ocessor becomes the processor when the following entry is added into the struts-config.xml
file

<control |l er processord ass="foobar.stf.application. STFRequest Processor" />

Form submission displays the same form in return

Thanksto STFRequest Pr ocessor, at this point you can navigate and see the Flight Search page. However, as
soon as you submit the Flight Search form, you get the same form in return, but without the header and the footer!
And there are no validation errors. In fact, there is no validation at all!

To get a hint of what is going on, go back to the Flight Search page and view the HTML source from the browser.
You will see an entry like this:

<f or m nanme="Fl i ght Sear chFor nf net hod="post"
action="/flightapp/faces/FlightSearch.jsp">

Notice that the form action is pointing to the JSP page instead of a.do. Ah hal There'sthe problem! Thisisnot a
new problem introduced when using Tiles with Struts-Faces; it is the default behavior of Struts-Faces to have the
same JSP name as the form action. This behavior works without a hitch when you have a single JSP page (such as
in the earlier Struts-Faces example). Listing 3 shows the original FlightSearch.jsp; let's go ahead and modify the

action as follows:

<s:formaction="/listFlights.do>

Of course, this modification alone does not solve the problem. With this change you will find that the
STFRequest Pr ocessor cannot find the Act i onFor m Obviously more changes are required.

Before going ahead, though, look at Figure 5. It shows the relevant portions of the sequence of eventsin rendering



afaces response for a Struts-Faces form. Thisis same asin Figure 3 except for the highlighted method

creat eActi onFor m() inFor mConponent . The For mConponent class provided by the Struts-Faces API
isaspecialized subclass of j avax. f aces. conponent . Ul For mand supports automatic creation of form
Beans in request or session scope.

Figure 5. Rendering Struts-Facesresponse
Click hereto view the figure.

Asyou can see, thecr eat eAct i onFor m() method uses the action name itself to get the Act i onMappi ng
from the Struts configuration file. Because thereisno Act i onMappi ng for /listFlights.do, Struts cannot find the
ActionForm

The solution to this problemistouseor g. apache. struts. util. Request Uti | s. The static method
get Act i onMappi ngNane() inRequest Uti | s isintelligent enough to resolve the path (/x/y/z) or suffix
(.do) mapping into appropriate Act i onMappi ng.

Listing 12 shows the changesto thecr eat eAct i onFor mmethod in boldface. Instead of doing these changes to
the For nConponent in Struts-Faces, we create a new STFFor mConponent by subclassing the
For mConmponent and overriding thecr eat eAct i onFor m() method.

Listing 12. Modified createActionForm() method in FormComponent

/1 Look up the application nodule configuration information we need
Modul eConfi g nodul eConfi g = | ookupMdul eConfi g(cont ext) ;

/1l Look up the ActionConfig we are processing

String action = getAction();

String mappi ngNane = Request Util s. get Acti onMappi ngNanme(acti on);

Acti onConfi g acti onConfig = nodul eConfi g.findActi onConfi g( mappi ngNane) ;

One more change is needed to the new STFFor mConponent . Struts-Faces treats the action name itself asthe
form name. This needs to change because the action has the .do suffix in it while the form name does not have the
.do suffix. So we add a new property called act i on to the STFFor mConponent and override the

get Acti on() andset Acti on() methods.

FormRenderer changes
Y ou have to make a similar modification as the one shown in Listing 10 to the encodeBegi n method of

For mRender er (the classthat renders the Struts-Faces Form in HTML format).

Again, you do this by subclassing For nRender er . In addition, you will aso have to change the form action
written out to the HTML. Listing 13 details these changes in boldface:

Listing 13. FormRenderer changes




protected String acti on(FacesCont ext context, U Conmponent conponent) {

String treeld = context.getTree().getTreel d();
StringBuffer sb = new StringBuffer

(cont ext . get Ext er nal Cont ext () . get Request Cont ext Pat h() ) ;
sb. append("/faces");

/1 sb.append(treeld); -- This is old code, replaced wth
/1 the two |ines bel ow.

STFFor nConponent f Conponent = ( STFFor mConponent) conponent;
sb. append(f Conponent . get Action());

return (context. get Ext er nal Cont ext (). encodeURL(sb.toString()));
}

Changes to the FormTag

Asyou aready know, when the component and renderers change, the tag has to change, too. In this case, create a
new tag, STFFor nirag, by subclassing from the For mTag in Struts-Faces. Y ou don't have to change any of the
functionality, just override the get Conponent Type() and get Render er Type() methods. Listing 14
shows the overridden methods from STFFor nConponent :

Listing 14. FormTag changes

public String get Conponent Type()
{ return ("STFFor nConponent");
}

public String get Renderer Type()
i return ("STFFor mRenderer");

Modifying the faces-config.xml file

Custom components and renderers have to be declared in the faces-config.xml file so that JSF framework can
instantiate and use them. We have created a new component, STFFor nConponent , and a new renderer,
STFFor mRender er , sofar.

Now we will add the declarations to the faces-config.xml file as demonstrated in Listing 15. The component-class
isthe fully qualified class name for the component. The component-type refers to the name used in STFFor nifag
(Listing 12) to identify the component. Renderers are discovered and interpreted in similar manner. Note that the
faces-config.xml fileis present in the struts-faces.jar file. Remove the file from the struts-faces.jar file and put it
under the WEB-INF folder of the Web application and modify it.

Listing 15. Declaring custom component and renderersin faces-config.xml



<f aces-confi g>

<l-- Custom Conponents -->
<component >
<conponent - t ype>STFFor nConponent </ conponent - t ype>
<conponent - cl ass>
f oobar . st f. conponent . STFFor nConponent
</ conponent - cl ass>
</ conponent >

<l -- Custom Renderers -->
<render - ki t >

<r ender er >
<r ender er -t ype>STFFor nRender er </ r ender er - t ype>
<r enderer-cl ass>
f oobar. stf.renderer. STFFor nRender er
</renderer-cl ass>
</ renderer>

</ .rénder- kit>
</ faces-config>

Modifying the struts-faces.tld file

You will not find the struts-faces.tld file in the sample Struts-Faces application; it is packaged along with the
struts-faces.jar file. Open and examineit. It declares a class called

org. apache. struts. faces.taglib. Li fecycl eLi st ener, whichimplements

Ser vl et Cont ext Li st ener andinitializesthe FacesRequest Pr ocessor .

Because you want to use the new STFRequest Pr occessor , you have to remove the file from the
struts-facesjar file, put it under the WEB-INF folder of the Web application, and delete the listener declaration. If
you leave thetld file asis, then aFacesRequest Pr ocessor will beinstantiated in addition to the
STFRequest Pr ocessor when the Web application isinitialized.

Modifying the base href tag

By now, you are past most of the hurdles in Struts, Tiles, JSF integration. Y ou will even be able to navigate to the
Flight Search page and enter your criteriaand view the list of flights. Now try navigating back to the Flight Search
Form from the Flight List page. Y ou will get an HTTP 400 error. The reason for thiserror isthe HTML base

hr ef tag. It isset to the Master Layout page.

<base href=
"http://1ocal host: 8080/ stf-exanpl e/ faces/| ayout/ Mast er Layout . j sp" />

| | | |
Cont ext Servl et Path

All page navigations are being calculated relative to the layout page. It would be convenient if the base hr ef
tag included only up to the Web application context, like so:



<base href="http://I| ocal host: 8080/ st f-example/" />

We can achieve this by customizing the Struts-Faces BaseTag. The changesin this class are pretty trivial. You
just haveto get rid of including the Ht t pSer vl et Request . get Ser vl et Pat h() inthe base href.

Because these changes are display-related, a new renderer called STFBaseRender er iscreated for it. The new
tag is called STFBaseTag which declares STFBaseRender er asitsassociated renderer. Thereisno need for a
new Component.

With thisinformation, the new STFBaseTag is created by subclassing the BaseTag and overriding the
get Render er Type method, as follows:

public String get Renderer Type()

{
return ("STFBaseRenderer");
}
The changes so far

Congratulations! With these relatively minor modifications, you have successfully integrated Struts, Tiles, and JSF
and saved any previous investment you might have made in these technologies. This article has demonstrated how
to bring the front-end power of JSF, the content-formatting strengths of Tiles, and the flexibility of the Struts
controller tier, together in one package to make crafting J2EE Web applications an easier task.

We've covered the customization of Struts classes to enable a tightly integrated working relationship with both
JavaServer Faces and the Tiles framework, including such modifications and additions as.
o New Vi ewHandl er to check for committed responses

o New Ser vl et Cont ext Li st ener tocreateanew Li f ecycl e implementation and register the custom
Vi ewHandl er

« A new Request Processor to handle Tiles requests

« A modified web.xml file that declares the new Ser vI et Cont ext Li st ener and the JSF Lifecycle ID
« New For nirag, For nConponent and For nRender er classes

« New BaseTag and BaseRender er classes

« A modified faces-config.xml file that declares the new component and renderer

« A modified struts-faces.tld file without the listener declaration

Hopefully, we've provided an overview of the component technologies used in this article, and more importantly,
we've offered a cogent roadmap for you to combine Struts, Tiles, and JavaServer Faces into a powerful, flexible
mechanism for building Web applications.

Resources

« Download the examples and code from this article and follow the instructions for build and deployment in
README.txt.



ftp://www6.software.ibm.com/software/developer/library/j-integrate.zip

Ant is used to build the examples; you can download it from the Apache Ant Project Web site.

For more about Struts and Tiles, including downloadable tutorials, documentation, binaries, and source
code, try the Apache Jakarta Project Struts Web site.

Y ou can download the JSF Early Acess Release 4 (EA4) -- it comes with its own version of Tomcat -- as
part of the Java Web Services Developer Pack Version 1.2.

Y ou can download version 0.3 or 0.4 of the Struts-Faces integration library from the Jakarta site.

Y ou can download JSF-RI in the Java Web Services Developer Pack 1.2.

" Struts, an open-source MV C implementation” (devel operWorks, February 2001) introduces Struts, a
Model-View-Controller implementation that uses servlets and JavaServer Pages technology.

"Struts and Tiles aid component-based development" (devel operWorks, June 2002) explains why the Struts

and Tiles combination is aterrific package of tools for creating Web applications and shows you how to get
started using it, with afocus on changes since Struts 0.9.

"Struttin' your stuff with WebSphere Studio Application Developer, Part 2: Tiles' (devel operWorks,

November 2002) is atutorial that focuses on the use of the Tiles templating framework in conjunction with
Struts using the WebSphere Studio Application Developer as the development environment.

"Architect Struts applications for Web services' (developerWorks, April 2003) shows you how to build
Web services applications based on the MV C design pattern using Struts.

"A JSTL primer" (developerWorks, February-May 2003), a four-part series, offersall you ever wanted to
know about JSTL, including how to use JSTL tagsto avoid using scripting elementsin your JSP pages, how
to simplify software maintenance by removing source code from the presentation layer, and JSTL's
simplified expression language, which alows dynamic attribute values to be specified for JSTL actions
without having to use a full-blown programming language.

Learn the basics for developing Web applications using JSF. In histutorial, "Ul development with
JavaServer Faces' (devel operWorks, September 2003), Jackwind Li Guojie explores the JSF life cycle,
input validation, event handling, page navigation, and internationalization.

Sun's JSF Web site is another good place to start to learn about JavaServer Faces technology.

The ServerSide.com J2EE community isthe ideal place to locate resources and participate in developer
forums having to do with J2EE.

The Java Community Process site is the place to go to get up to speed on the JavaServer Pages 1.2
specifications.

You'll find hundreds of articles about every aspect of Java programming in the devel oper Works Java
technology zone.



http://ant.apache.org/
http://jakarta.apache.org/struts
http://java.sun.com/webservices/webservicespack.html
http://jakarta.apache.org/builds/jakarta-struts/release/struts-faces/
http://java.sun.com/webservices/download.html
http://www-106.ibm.com/developerworks/ibm/library/j-struts/
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Struts: A framework for developing Web applications using JSP technology (and
part of the open source Jakarta project), Struts provides aflexible control layer
based on standard technologies (such as Servlets, JavaBeans, XML, aswell as
various Jakarta Commons packages) and an application-architecture design based
on the Model 2 approach, avariation of the Model-View-Controller (MVC) design.
It provides its own Controller component and integrates with other technologies to
deliver the Model and View components. Struts tags help to associate Bean
properties with form fields, reducing the complexity of writing forms that
remember the sum of user choices between requests.

Tiles: A framework that allows users to provide a consistent user interface, to
display portlet-like rectangles of content within alarger page of content, and to
download and process just one section of the image at atime, decreasing bandwidth
needs. Through a central XML file that defines screens and a set of tags that can be
embedded in JSP pages for the insertion of dynamic/static content, Tiles lets users
build componentized views and assemble them as they choose.

JavaServer Faces. JSF technology makesit easier to build Web applications by
letting users more easily assemble reusable Ul componentsin a page, connect these
components to an application data source, and wire client-generated eventsto
server-side event handlers. JSF includes a set of APIsfor representing Ul
components and managing their state, handling events and input validation,
defining page navigation, and supporting internationalization and accessibility. It
also includes a JSP custom tag library for expressing a JavaServer Faces interface
within a JSP page. Learn more about JSF in the tutoria "UIl development with
JavaServer Faces' (see Resources).
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Navigate the JNDI maze: Write client code that successfully finds its way to an EJB component published in a JNDI namespace.
(Articles)

Scheduling recurring tasks: Learn how to build a simple, general scheduling framework for task execution conforming to an
arbitrarily complex schedule. (Articles)

Java certification success, Part 1: SCJP: This tutorial prepares you for the Sun Certified Java Programmer (SCJP) 1.4 exam,
providing a detailed overview of the exam's main objectives and practice exercises to test your knowledge. (Education)
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Specifications: Service Data Objects, WorkManager, and Timers: IBM and BEA are collaborating on specifications for
programming models and APIs for Java 2 Enterprise Edition (J2EE) application servers that provide programmers with simpler and
more powerful ways of building portable server applications.

EclipseCon 2004 - The Premiere Conference on Open Tools Development and Integration: See the breadth of Eclipse activity
=+ and interact with others in the community and the open source project. Mark your calendar for EclipseCon, February 2-5, 2004 in
Anaheim, CA.

Write JMS programs using WebSphere: Willy Farrell has updated his popular article on how to develop JMS programs with
—+ WebSphere MQ V5.3 and WebSphere Studio Application Developer V5. Be sure to see both Part 1 and Part 2.
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Site map

Join the discussion. Ask questions; get advice. Our Java programming experts keep these discussion forums on track. The forums now
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XML and Java technology: Want more on how these two technologies interact? XML/Java technology innovator Brett McLaughlin
is here to help.

Java security: Speak your mind on the Java security model. Security expert Paul Abbott is listening and can offer tips.

—
Java filter: Not sure where to ask your question? Moderator Joe Sam Shirah can help or point you in the right direction.
—
Client-side Java programming: developerWorks columnist John Zukowski answers your questions on topics like AWT, Swing,
2 Java 2D, and others.
Server-side Java programming: Programmer Govind Seshadri helps you resolve the tough challenges of server-side Java
2 programming.
Multithreaded Java programming: Do you need to understand the Java threading model? Brian Goetz can guide you through the
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Eye on performance by Jack Shirazi and Kirk Pepperdine
Get a better understanding of stress testing and the factors that go into choosing the right tool. (See previous columns.)

J2EE pathfinder by Kyle Gabhart

T New! Kyle Gabhart provides a short introduction to the J2EE Web application security architecture. (See previous columns.)

o€

Java theory and practice by Brian Goetz
F\ New! Learn how the 1.4.1 JVM handles garbage collection, including some of the new garbage collection options for

multiprocessor systems. (See previous columns.)

< Magic with Merlin by John Zukowski
Merlin adds a subtle, but important change to JProgressBar, and John Zukowski shows you how to use it. (See previous
columns.)
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