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Abstract

Spring application programmersar e introduced to Virgo by installing the Virgo Tomcat
Server and building and running a small application called GreenPages.

Despiteits simplicity, GreenPagesis designed to demonstrate many different Virgo
features and to act asatemplate from which other modular applications can be built.
This guide highlights areas of interest in the sample code.

Thisversion of the guideis based on the following softwar e versions:

GreenPages Sample 240.RELEASE
Virgo Tomcat Server 3.0.0.RELEASE
Apache Maven 220

Copyright © 2011 VMware Inc.

% VIRGO

from eclipseRT

All rights reserved. This document is made available under the terms of the Eclipse Public License v1.0 which is
available at http://www.eclipse.org/legal/epl-v10.html.

Java, Sun, and Sun Microsystems are trademarks or registered trademarks of Sun Microsystems, Inc. in the United


http://www.eclipse.org/legal/epl-v10.html

States and other countries.

OSGi isatrademark or aregistered trademark of the OSGi Alliance in the United States, other countries, or both.
Eclipse isatrademark of Eclipse Foundation, Inc.

UNIX isaregistered trademark of The Open Group.

Windows is aregistered trademark of Microsoft Corporation in the United States and other countries.



Table of Contents

1. INStAlliNG Pre-r@QUISITES ....c.ooviiiiiieiieieeeee ettt s nne s 1
1.1, INSEAHING @IDK ...t b e 1
1.2. Installing Virgo TOMCEE SEIVES .....ccooiiiiirieieeeeeeee et 1
1.3. Installing the Eclipse Virgo TOOING ......cccccveiiririieieiesesie e 1
1.4. Installing APaCNe MaVEN ........ooeiiiieeee e e 1
2. Installing and RUNNING GreeNPAagES .........ccciiiiiiiriceeee et 3
P20 W 1 g 0o [0 Tox i o] IO USRS 3
2.2. ObtaiNiNG GIrEENPAJES .......coeririeieriesiesie sttt e e ss b sbesbe e 4
2.3. Building and Installing GreenPages ...........ccoererieieriere e 5
2.4. Browsing the GreenPages APPlICALION .......c.ooeeieierieie e 7
2.5. Running GreenPages from ECHIPSE ..o 9
3. GreenPages HighligNTS ..o e 15
3.1. Web Application Bundle Highlights ... 15
3.2. Middle Tier HIghIGhS ......ccooiiiieceeeee e 17
3.3. Testing HIghIIGNES .....ovoieieee e e 19
3.4. Automated Build HighlightS ........ccooiiiiiiiiieee e 21
A FUINEN RESOUITES .....oviieitieiieieeee ettt sttt b et sb e e ens 25
N I (0] ot £ TSRS 25
A.2. DOCUMENEALION ..ottt sttt se et bbbt senee e seesbe e 25



GreenPages Guide



Installing Pre-requisites 1

1. Installing Pre-requisites

Before building and running the GreenPages sample, it is essential to install a JDK, Virgo
Tomcat Server and Apache Maven.

1.1 Installing a JDK

Before proceeding, ensure that a Java™ Standard Edition Development Kit (JDK) for Java 6 or
later isinstalled and that the JAVA HOME environment variableis set to the root directory of the
JDK. (A Java Runtime Environment (JRE) alone is not sufficient for building the sample.)

1.2 Installing Virgo Tomcat Server

Unzip the Virgo Tomcat Server Zip file. Ensure the destination path does not contain spaces. On
Windows™ operating systems, ensure you unzip this near the root of adrive to avoid issues with
long path names.

Please refer to the Virgo User Guide for full installation instructions. See Documentation.

1.3 Installing the Eclipse Virgo Tooling

Thisis necessary only if you would like to run the sample under Eclipse.

Please refer to the Virgo Programmer Guide for installation instructions. See Documentation.

1.4 Installing Apache Maven

Apache Maven, or Maven for short, is a software project management and comprehension tool
which uses a central Project Object Model (POM) to manage a project’s build, reporting and
documentation generation. POM files (pom xm ) are included in the projects for GreenPages.

Toinstall Maven, visit the Maven website (http://maven.apache.org) and follow the download
instructions from there. This document has been written and tested with Maven version 2.2.0.
The rest of the document assumes that Maven commands (mvn ..) are available from the
command line.
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2. Installing and Running GreenPages

2.1 Introduction

GreenPagesis asimple application that allows users to search an online email address directory.
Each listing in the directory details the relevant email addresses and the name of the owner.
GreenPages has only three screens:. the search screen, the results screen and the listing detail
screen.

In the search screen, users can enter search criteriato be matched against the listingsin the
directory. The result screen displays any listings that match the criteria entered by the user. The
listing detail screen shows all the data known about a given listing.

Despiteits smplicity, GreenPages is designed to demonstrate many different Virgo Tomcat
Server features and to act as a template from which other modular applications can be built. In
particular, GreenPages demonstrates:

* bundle dependencieswith | nport - Package,

* |oad-time weaving with JPA and Aspect],

* bundle classpath scanning, and

* service export, lookup and injection.

In addition to demonstrating common Virgo Tomcat Server features, GreenPages demonstrates
integration with:

» Spring Framework 3.0;
* FreeMarker 2.3;

» EclipseLink 1.0.0;

* H21.0.71; and

* Commons DBCP 1.2.2.

The GreenPages application is packaged as a PAR file containing four bundles.
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greenpages package
greenpages.web

greenpages.Directory
service

greenpages.app

C_____ |

greenpages package

greenpages.jpa

javax.sql.DataSource
service

L_—J L

greenpages.db

greenpages.par

Thegr eenpages. db bundle provides access to an external database and publishes a
j avax. sql . Dat aSour ce service.

Thegr eenpages. app bundle exportsagr eenpages package containing Di r ect or y and
Li st i ng interfaces.

Thegr eenpages. j pa bundleimportsthe gr eenpages package and uses the
j avax. sql . Dat aSour ce serviceto access the external database and publishes its contents
asagreenpages. Di rect ory service.

Thegr eenpages. web web application bundle imports the gr eenpages package and uses
thegr eenpages. Di r ect or y service to respond to web requests.

2.2 Obtaining GreenPages

This document provides instructions for building the complete GreenPages application and
running it in Virgo Tomcat Server.

To get the completed GreenPages application, including tests and explanatory skeleton parts:

1. download the latest Zip file from
http://eclipse.org/virgo/ downl oad/
2. extract al thefiles from the Zip file to a convenient directory (preserving the directory
structure).

To extract the files on Windows:

pronpt > nkdir c:\springsource\sanples

pronmpt > cd c:\springsource\sanples

pronpt > jar xf c:\path\to\greenpages-2.4.0. RELEASE. zi p

pronpt > set GREENPAGES_HOVE=c: \ spri ngsour ce\ sanpl es\ gr eenpages- 2. 4. 0. RELEASE

Installing and Running
4 GreenPages
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To extract the files on Unix systems:

pronpt$ nkdir -p /opt/springsource/sanples

pronpt$ cd /opt/springsource/sanpl es

pronpt$ unzi p /path/to/greenpages-2.4.0. RELEASE. zi p

pronpt $ export GREENPAGES HOME=/ opt/ spri ngsour ce/ sanpl es/ gr eenpages- 2. 4. 0. RELEASE

The environment variable GREENPAGES HOVE set hereis not used by the projects, but is used
as a shorthand in the instructions that follow.

The GreenPages Zip file contains two main directories called sol uti on andstart. The

sol ut i on directory contains the completed application which can be built and tested (as
described in the next section). The st art directory, which isignored by this guide, contains an
initial skeleton of the GreenPages application which could be used to generate the full
application.

2.3 Building and Installing GreenPages

Building with Apache Maven

GreenPages uses Apache Maven asits primary build system. Each bundle of the application can
be built separately and the entire application can built and assembled into aPAR filefrom a
single location. To build the application and assembleit into a PAR file:

1. Make $GREENPAGES HOME/ sol ut i on the current directory.

2. Run the command nvn package. Thefirst timethisisrun several files will be downloaded
from Maven repositories. Subsequent runs will not need to do this.

3. Verify that thegr eenpages- 2. 4. 0. RELEASE. par fileexistsin
$CREENPAGES_HOVE/ sol uti on/ gr eenpages/t ar get .

Installing Dependencies into Virgo Tomcat Server

Unlike traditional Java EE applications, GreenPages does not package al of its dependencies
inside its deployment unit. Instead, it relies on the mechanisms of OSGi to locate its
dependencies at runtime. When running an OSGi application on Virgo Tomcat Server, these
dependencies can be loaded into memory as needed, but first they must be made available to
Virgo Tomcat Server.

The Maven build included with GreenPages usesthe dependency: copy- dependenci es
plugin to gather al the artifacts that GreenPages depends on that are not supplied by the Virgo
Tomcat Server runtime. These dependencies can then be installed into the Virgo Tomcat Server
repository. Dependencies are gathered automatically during the package phase. These
dependencies can befound in

$CREENPAGES HOWE/ sol uti on/ gr eenpages/ t arget/ par - provi ded. Toinstall
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dependencies simply copy all the*. j ar filesfrom thisdirectory into
$SERVER_HOWVE/ r eposi t or y/ usr (where $SERVER_HOME is the Virgo Tomcat Server
installation directory).

Installing dependencies on Windows:

pronpt > cd %GREENPAGES_HOVE% sol uti on\ gr eenpages
pronpt > copy target\par-provi ded\* ¥SERVER HOVE% r eposi t or y\ usr

Installing dependencies on UNIX:

pronpt$ cd $GREENPAGES _HOMWE/ sol uti on/ gr eenpages
pronpt$ cp target/par-provided/ * $SERVER HOVE/ r eposi t ory/ usr

Notice that Virgo Tomcat Server will not necessarily see these dependencies unless its repository
indexes are rebuilt. Different repositories behave differently in this respect; some are passive
(their indexes are built only once upon startup) and some are active (they can detect new files or
files being removed dynamically). The usr repository is active so there is no need to restart
Virgo Tomcat Server when copying these files. The next time Virgo Tomcat Server is started the
- ¢l ean option will cause Virgo Tomcat Server to re-scan the repository directoriesin any case.
It isalways safe to start Virgo Tomcat Server with the - cl ean option.

Starting and Configuring the Database

GreenPages uses the H2 database to store all its data. Before starting the application, start the
database server and popul ate the database with data.

1. Change to the $GREENPAGES HOVE/ db current directory. On Unix:

pronpt$ cd $GREENPAGES_HOVE/ db

On Windows:;

pronpt > cd %EREENPAGES HOVE% db

2. Run the database startup script appropriate to the operating system. For Unix, thisisr un. sh,
run in the background:

pronpt$ sh run.sh &

Press Return to continue.

On Windows, runther un. bat command:

pronpt > run

For both platforms, the command might invoke a browser window offering a connection to
the database; close this window.

3. Run the data population script appropriate to the operating system. For Unix, thisis
dat a. sh:

Installing and Running
6 GreenPages
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pronpt$ sh data.sh

On Windows, run thedat a. bat command:

pronpt > data

Run these commands once to start a database server for H2; the server will continueto run in the
background.

Installing and Starting GreenPages PAR
To install the GreenPages PAR into Virgo Tomcat Server and start it:

1. Copy the GreenPages PAR to the $SERVER _HOVE/ pi ckup directory. On Unix:

pronmpt$ cd $SERVER HOVE
pronpt$ cp $GREENPAGES_HOMVE/ sol uti on/ gr eenpages/t ar get/ gr eenpages- sol uti on- 2. 4. 0. RELEASE. par pi ckup/

On Windows:;

pronmpt > cd %SERVER HOVE%
pronpt > copy %GREENPAGES HOVE% sol uti on\ gr eenpages\t ar get\ gr eenpages- sol uti on-2. 4. 0. RELEASE. par pi ckup\

2. Start Virgo Tomcat Server with the - cl ean option. On Unix:

pronpt$ $SERVER _HOVE/ bi n/ startup. sh -cl ean

On Windows:

pronpt > "¥%SERVER_HOVE% \ bi n\ st art up. bat -cl ean

3. Verify that GreenPages starts correctly by checking in the Virgo Tomcat Server output for the
log message:

<DEOO0O05! > Started par 'greenpages' version '2.4.0. RELEASE .

2.4 Browsing the GreenPages Application

Onceinstalled and started, the GreenPages application can be accessed with aweb browser using
the address http://|ocal host:8080/greenpages.

From the home page, a search query can be entered into the search box:


http://localhost:8080/greenpages
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GreenPages Admin Console  Virgo

Virgo Web Server - Greenpages sample

on (Submit )

After entering a query into the search box, the results page shows al the matches from the
directory:

GreenPages Admin Console  Virgo

Virgo Web Server - Greenpages sample

(submit )
Last Name First Name
Johnson Rod view
Normington  Glyn view
Wilkinson Andy view

Clicking on view, next to an entry in the search listing, displays the full details for that listing
entry:

Installing and Running
8 GreenPages
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GraenPagas Aclmln Console  Virgo

Virgo Web Server - Greenpages sample

Rod Johnson

rod.johnson@springsource.com

2.5 Running GreenPages from Eclipse

Using Eclipse and the Virgo Tomcat Server tools, it is possible to run applications directly from
the IDE. As changes are made to the application in the IDE, they can be automatically applied to
the running application allowing for rapid feedback of changesin function.

Importing the GreenPages Projects into Eclipse
Before starting the GreenPages application from Eclipse, import the projects:

1. Open the Import Wizard using File - Import.

2. From the Import Wizard select General - Existing Projects into Workspace and click Next:

(< NN Import
Select
: - i N
Create new projects from an archive file or directory. E - 5
Select an import source:
[ type filter text
¥ [=- General 'y
[T, Archive File m
T’_‘? Existing Projects into Workspace
[, File System
El Preferences =]

[:':7:] < Back ( Next > ) ( Cancel \I Finish
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3. Click Browse... and select $GREENPAGES _HOVE/ sol ut i on asthe root directory.

4. Inthe Import Projects window, select al the projects and click Finish:

[ NN &) Import
Import Projects '
Select a directory to search for existing Eclipse projects. i f
-
@ Select root directory: fUsers/spowell {dev/virgo/sample-greenpages/solutior| (" Browse.. )
:
G Select archive file:
Projects:
@ greenpages-solution (fUsers/spowell/dev/virgo/sample-greenpages/solution/greenpages) (" Selectall )
N
ET greenpages.app-solution (fUsers /spowell/dev/virgo/sample-greenpages/solution/greenpages.app)
ET greenpages.db-solution (/Users/spowell/dev/virgo/sample-greenpages/solution/greenpages.dh) { Deselect All )
—
E gresnpages jpa-solution (fUsers fspowell/dev/virgo/sample-greenpages /solution/greenpages.jpa)
E greenpages.parent-solution (fUsers/spowell/dev/virgo/sample-greenpages /solution/parent) { Refresh \:
E greenpages.web-solution [fUsers fspowellfdev/virgo/sample-greenpagesfsolution/greenpages.web)
: Copy projects into workspace
Working sets
: Add project to werking sets
Working sets:
-, - I — —
|/"_?| ( < Back \: ( Cancel \: ( Finish )
R
#4

5. Validate that the imported projects appear in Package Explorer:

| ﬁégreenpages-sulutiun

[ 2 :;‘J greenpages.app-solution

[ Ep“' greenpages.db-solution

[ E]?J greenpages.jpa-solution

[ Hgreenpages.parent—snlutiun

> ngeenpages.mb—snlutinn
There may be compilation errors at this stage.

Configuring Virgo Tomcat Server Target Runtime

Projects for Virgo Tomcat Server are associated with a Virgo Virgo Tomcat Server runtime
environment in Eclipse. Thisisto allow launching and testing from within Eclipse, and also to
allow classpath construction in Eclipse to mirror the dynamic classpath in the Virgo Tomcat
Server runtime.

Compilation errorsin the previous step will be resolved here.

Installing and Running
10 GreenPages
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To configure aVirgo Tomcat Server runtime environment:

1. Open Window - Show View - Other....

2. Inthe Show View dialog choose Server — Serversto make the serversview visible:
N.Yele Show View |

| server

¥ (= Server
4k Servers

Use F2 to display the description for a selected view.

I'r Cancel ‘\ ( oK )
4

3. Right-click in the Servers (which may not be empty) view and select New — Server.
4. Inthe New Server dialog, choose EclipseRT — Virgo Web Server and click Next.

5. Click Browse and select the $SERVER _HOVE directory. Ensure that a JRE is selected
supporting Java 1.6 or above. Click Finish to complete creation of the server:

aNeo New Server
Virgo Web Server E
Configure a new Virgo Web Server instance. .:/é

Name:

Virgo Web Server (Runtime) v2.1

Server installation directory:

F A
falynnormington /virgo-web-server-2.1.0.BUILD-20100607091906 \ Browse...

JRE:

VM 1.6 5) ( installed JREs... )

@) ( <Back ) ( Next> ) ( cancel ) ( Finish )

6. Select al projects (except Servers) in Package Explorer. Right-click on the projects and
choose Close Project and then Open Project.

It is possible that there remain spurious build errors from Eclipse (see the Problems view), in
which case a project clean build may clear the problems. Select Project — Clean... from the
main menu, and choose to Clean all projects. It may be necessary to repeat this on afew
projects. (This process is sometimes known as the “ Eclipse dance”.)

Degpite the dance steps outlined, there will remain some Warnings like this:

11
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|%. Problems £3
0 errors, 2 warnings, 0 others
Description & |Resource Location
¥ (& Warnings (2 items)
t Classpath entry org.maven.ide.eclipse.MAVEN2_CLASSPATH_CC greenpages.web-solution P/greenpages.web-solution
iy Classpath entry org.maven.ide.eclipse. MAVENZ2 _CLASSPATH_CC greenpages.app-solution F/greenpages.app-solution

It is safeto ignore these.

When the Virgo Tooling starts the Virgo Tomcat Server it uses a‘warm start’ by default. It is
useful to set the - ¢l ean option so that every server start isaclean one. Thisis done by an
option on the Virgo Tomcat Server Overview window, which is obtained by opening the Virgo
Tomcat Server entry in the Servers window. (Double-click, or right-click and choose Open.) The
check box islabelled * Start server with -clean option’. Close the window before proceeding.

Running GreenPages from Within Eclipse

Now that GreenPages is successfully imported into Eclipse, run the project directly from within
the IDE.

If the GreenPages PAR file was previously copied to the pi ckup directory, be sureit is now
removed so that it does not conflict with the deployment of the Eclipse project. On Unix:

pronpt$ cd $SERVER HOME/ pi ckup
pronpt$ rm greenpages- sol ution-2. 4. 0. RELEASE. par

On Windows:;

pronpt > cd ¥SERVER _HOVE% pi ckup
pronpt > del greenpages-sol ution-2.4.0. RELEASE. par

Also, to prevent conflicts with the server configured in Eclipse, stop a currently-running Virgo
Tomcat Server by typing Cont r ol - Cin the console window.

To run GreenPages from within Eclipse:
1. Right click on the Virgo Tomcat Server instance in the Servers view and select the Add and

Remove... menu item.

8.NO Add and Remove...

Add and Remove
Modify the resources that are configured on the server

Move resources to the right to configure them on the server
Available: Configured:

4 greenpages-solution
4 greenpages.app-solution
% greenpages.db-solution —_—

% greenpages.jpa-solution

& greenpages.web-solution

M If server is started, publish changes immediately

2

4

2. Add greenpages-solution (which is the containing project or PAR) to the server and finish.

Installing and Running
12 GreenPages
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3. Tostart Virgo Tomcat Server from within Eclipse right-click on the Virgo Tomcat Server
node in the Servers window and choose Start. The Servers view should now show the server
and the added project:

4k Servers 53 %‘F O m@E~ -0
‘= Virgo Web Server at localhost [Started, Synchronized]
*}0 greenpages-solution [Synchronized

4. Verify that GreenPages is started correctly by checking for:

<DEO005I > Started par 'greenpages' version '2.4.0. RELEASE .
in the Console window.

(If errors are shown implying that GreenPages failed to be installed, this may be because some
dependencies were not copied to Virgo Tomcat Server, as described in the section called
“Installing Dependenciesinto Virgo Tomcat Server” . Check this.)

Onceinstalled and started GreenPages is again available from aweb browser at the address
http://local host:8080/greenpages.

13
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3. GreenPages Highlights

This chapter picks out some notable features of the GreenPages sample code from the
sol ut i on folder.

3.1 Web Application Bundle Highlights

The GreenPages Web Application Bundle (WAB) is built using Spring MV C configured with
Spring annotations and component scanning. The Bundlor tool is used to generate the bundle
manifest of the WAB and a service isinjected into the code using Spring DM in combination
with Spring autowiring.

For more information on Spring, Spring MV C, Bundlor and Spring DM, please see Projects..

web.xml

The web deployment descriptor fileweb. xm isinthesr ¢/ mai n/ webapp/ VEEB_| NF folder
of thegr eenpages. web project. It defines a servlet, a servlet context parameter, and a servlet
context listener.

Spring's dispatcher servlet is used to dispatch web requests to handlers.

<servl et>

<servl et - nane>gr eenpages</ ser vl et - nane> .

<servl et -cl ass>org. spri ngf ramewor k. web. servl et. Di spat cher Servl et </ servl et -cl ass>
</ servl et>

Thecont ext Cl ass servlet parameter declares the implementation of
VebAppl i cat i onCont ext that Spring instantiates. The application context acts as a root
application context and each servlet in the web application, which in the case of GreenPagesis
just the dispatcher servlet, hasits own application context which is achild of the root application
context. Ser ver Osgi Bundl eXm WebAppl i cat i onCont ext isprovided by Virgo and
will hold beans created by Spring DM, which are then available in child application contexts.

<cont ext - par an>

<par am nanme>cont ext Cl ass</ par am nane>

<par am val ue>org. ecl i pse. vi rgo. web. dm Ser ver Csgi Bundl eXm WebAppl i cat i onCont ext </ par am val ue>
</ cont ext - par an>

A servlet context listener is defined which will start up the root application context for the web
application when the servlet context isinitialised.

<li stener>
<l i st ener-cl ass>org. spri ngf ramewor k. web. cont ext. Cont ext Loader Li st ener</1i stener-cl ass>
</listener>

Controller Class

15



16 GreenPages Guide

Inthesr ¢/ mai n/ j ava source folder of the gr eenpages. web project the package
gr eenpages. web contains the controller class G eenPagesControl | er.

Spring annotations are used to add web behaviour to the class. The @ont r ol | er annotation
tells Spring that the class serves the role of a controller and that the class should be scanned for
request mappings. Request mappings are defined using the @Request Mappi ng annotation.
For instance, the URL / home. ht mis mapped to the handler method horre.

@ontroll er

public class G eenPagesController {

@Requestwhpplng( / hone. ht ni")
public void home() {

Note that request mappings can also be specified at the class level.

Component Scanning

Spring will detect the @Cont r ol | er annotation and create a bean of type controller, provided
that it scans the classpath for these. Spring’s component scanning is enabled by the presence of a
cont ext tagin one of the Spring bean definition files.

The V\EB- | NF/ gr eenpages- servl et. xm fileinthesr c/ mai n/ webapp folder
contains the following lines:

<!-- enable classpath scanning -->
<cont ext: conponent - scan base- package="greenpages. web" />

Notice the convention embodied in the filename VEB- | NF/ gr eenpages- servl et . xni .
During dispatcher servlet initialisation, Spring looks for afile named

[ servl et-nane] -servl et. xm inthe WEB- | NF directory of the web application and
creates the beans defined there.

Bundle Manifest

The Virgo Tomcat Server has special support for WABS. To take advantage of this support, the
gr eenpages. web bundle must be declared to be aWAB and a context path must be defined.

The Bundlor template (thefilet enpl at e. nf at thetop level under the gr eenpages. web
project) isinput to the Bundlor tool which generates the manifest of the bundle.

The Bundlor template defines the context path as follows (and this is what declares the bundle to
be aWAB):

Web- Cont ext Pat h: gr eenpages

The Bundlor template also ensures Spring packages and greenpages packages from other bundles
are imported with suitable version ranges.

| nport - Tenpl at e:
org. springfranmework. * ver5|on [3 0, 3.1)"
greenpages. *;version="[2.3, 2.4)"

16 GreenPages Highlights



GreenPages Highlights 17

Service Injection

Thefilewebapp/ VEB- | NF/ appl i cati onCont ext . xm declares areferenceto a
gr eenpages. Di r ect ory service in the service registry using Spring DM as follows:

<osgi:reference id="directory" interface="greenpages.Di rectory"/>

The resultant bean resides in the root web application context.

The G- eenPagesCont r ol | er classuses Spring autowiring to inject the service:

@\ut owi r ed
private Directory directory;

The controller's bean resides in the web application context associated with the Spring dispatcher
servlet and so has access to the directory service bean in the root web application context.

3.2 Middle Tier Highlights

In the middle tier of GreenPages, the DataSource bundle gr eenpages. db constructs a
DataSource and publishesit in the service registry and the JPA bundle gr eenpages. j pa uses
the datasource to define a JPA entity manager which provides an object-relational mapping
between directory listings and the database. The JPA bundle also uses declarative transaction
management to ensure its persistence operations are performed inside transactions.

DataSource

Thefilesr ¢/ mai n/ r esour ces/ META- | NF/ spri ng/ nodul e- cont ext . xnm inthe
gr eenpages. db project declares the Spring p-namespace:
<beans xm ns="http://wwm springfranmewor k. or g/ schema/ beans"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schema- i nst ance"
xsi : schemaLocati on="http://ww. spri ngframewor k. or g/ schema/ beans

http://ww. spri ngfranework. or g/ schena/ beans/ spri ng- beans. xsd"
xm ns: p="http://ww. springframework. org/ schema/ p">

which isthen used to define properties of a datasource bean:

<bean id="dataSource" class="org. apache. commons. dbcp. Basi cDat aSour ce"
p: driverd assNane="org. h2. Driver" p:url="jdbc: h2: ~/ greenpages- db/ gr eenpages"
p: user nane="gr eenpages" p: passwor d="pass"
I nit-method="createDataSource" destroy-nethod="cl ose"/>

Thefilesr c/ mai n/ r esour ces/ META-1 NF/ spri ng/ osgi - cont ext . xnm publishes
the datasource bean as a service in the service registry using Spring DM:

<osgi : service ref="dataSource" interface="javax. sql.DataSource"/>

EntityManager

Thegr eenpages. j pa. JpaDi rect ory classinthefolder sr c/ mai n/ j ava of the
gr eenpages. j pa project usesthe @Reposi t or y annotation to make it eligible for Spring

17
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DataA ccessException translation (which abstracts implementation-specific persistence
exceptions to protect the application from details of the persistence implementation):

@Reposi tory
final class JpaDirectory inplenments Directory {

and also declares an entity manager which will be injected by Spring:

@er si st enceCont ext
private EntityManager em

Thefilesr c/ mai n/ r esour ces/ META- | NF/ spri ng/ nodul e- cont ext . xm inthe
gr eenpages. j pa project declares an entity manager factory based on EclipseLink JPA:

<bean id="entityManager Factory"
cl ass="org. springfranmewor k. orm j pa. Local Cont ai ner Enti t yManager Fact or yBean"
p: dat aSour ce- r ef =" dat aSour ce" >
<property name="j paVendor Adapt er ">
<bean id="] paVendor Adapt er"
class="org. springfranmewor k. orm j pa. vendor. Ecl i pseLi nkJpaVendor Adapt er "
p: dat abasePl at f or m=" or g. ecl i pse. persi st ence. pl at f orm dat abase. HSQLPI at f or ni’
p: showsgl ="true"/ >
</ property>
</ bean>

The same file enables scanning for annotations, including @er si st enceCont ext :

<cont ext : annot ati on-confi g/ >

enabl es |oad-time weaving, which is needed by the entity manager factory:

<context:|oad-tinme-weaver aspectj-weaving="on"/>

and specifies abean post processor to perform exception translation for @Reposi t or y classes:

<bean cl ass="org. springfranmewor k. dao. annot ati on. Per si st enceExcepti onTransl| ati onPost Processor"/ >

Thefilesr c/ mai n/ r esour ces/ META- | NF/ per si st ence. xm defines a persistence
unit for aJpali st i ng directory listing class.

<persistence xm ns="http://java. sun. com xm / ns/ per si st ence"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi :schemaLocation="http://]ava. sun. com xm / ns/ persi st ence
http://java. sun. conl xm / ns/ persi st ence/ persi stence_1_0. xsd"
version="1.0">

<persi stence-unit name="G eenPages" transaction-type="RESOURCE LOCAL">
<cl ass>greenpages. j pa. JpalLi sting</cl ass>
</ persi stence-unit>

</ per si st ence>

Thefilesr c/ mai n/ r esour ces/ META- 1 NF/ or m xm defines an entity mapping for the
Jpali sti ng class.

<entity-mappi ngs xm ns="http://java. sun. conl xm / ns/ persi st ence/ or ni'
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi :schemaLocati on="http://]ava. sun. com xm / ns/ persi stence/ orm
http://java.sun. com xm / ns/ persi stence/orm 1_0. xsd"
version="1.0">
<package>gr eenpages. j pa</ package>
<entity class="greenpages.jpa.JpalListing" nane="Listing">
<tabl e name="LI STI NG'/ >
<attributes>
<id nanme="1listingNunber">
<col um nane="LI STI NG_NUMBER"/ >
<gener at ed- val ue strategy="TABLE"/>
</id>
<basi ¢ name="first Nane">
<col unm nane="Fl RST_NAME"/ >
</ basi c>

</attr i”but es>
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</entity>
</ entity-mappl ngs>

Transaction Management

Thegr eenpages. j pa. JpaDi rect ory classinthefolder sr c/ mai n/ j ava of the
gr eenpages. j pa project usesthe @r ansact i onal annotation to provide transaction
demarcation (beginning and committing a transaction around each method in this case):

@r ansact i onal

final class JpaDirectory inplenments Directory {

Thefilesr c/ mai n/ r esour ces/ META- 1 NF/ spri ng/ nodul e- cont ext . xm enables
AspectJ weaving for transaction demarcation:

<t x:annotation-driven node="aspectj"/>
and specifies that the Spring JpaTr ansact i onManager should be used and associated with
the entity manager factory:

<bean id="transacti onManager" class="org. springfranmework.orm jpa.JpaTransacti onManager"
p: entityManager Fact ory-ref="entityManager Factory"/>

3.3 Testing Highlights

Testing is one of the most important aspects of software development. Without testing it would
be difficult to determine if a piece of code worked properly, changes would have undetected
consequences, and the quality of the code would generally be lower.

There are two major categories of testing generally recognised today: unit testing and integration
testing. In the context of the GreenPages application, unit testing means testing asingle classin
isolation from other application code. This type of testing does not change at all when
developing for Virgo and so the GreenPages sample does not include any unit tests.

In our application integration testing means testing an application or portion of an application
with other code. Thiskind of testing does |ook abit different when developing for Virgo. In most
cases Virgo applications are made up of small bundles that consume services through the OSGi
registry. The following highlights show how a single bundle and the entire GreenPages
application can be integration tested outside the OSGi container.

Single Bundle Integration Test

One of the most common forms of integration testing is ensuring that the object relational
mapping in an application isworking properly. Thiskind of testing typically uses a data access
object to retrieve data from alive database.

Thegr eenpages. j pa. JpaDi r ect or ySpri ngCont ext Test s classinthe
src/test/java sourcefolder of thegr eenpages. j pa project is such atest case for the
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JpaDi r ect or y class. The class uses JUnit to run the test and tests that a directory search
completes correctly. Rather than instantiate this class directly in the test, the Spring Test
Framework is used to instantiate and inject aJpaDi r ect or y bean defined in the
META- | NF/ spri ng/ nodul e- cont ext . xm file. Spring Test Framework declarations are
used to run the test with the Spr i ngJuni t 4Cl assRunner and configure the test with the
filescl asspat h: / META- | NF/ spri ng/ nodul e- cont ext . xm and
cl asspat h: / META- | NF/ spri ng/test-context.xm:
@unW t h( Spri ngJUni t 4C assRunner . cl ass)
@Cont ext Confi guration(locations = { "classpath:/META-1 NF/ spri ng/ nodul e-cont ext . xm ",

"cl asspat h: / META-| NF/ spring/test-context.xm" })
@est Execut i onLi st eners(val ue = Dependencyl nj ecti onTest Executi onLi st ener. cl ass)
public class JpaDirectorySpringContextTests {

@\ut owi red
private Directory directory

@est
public void search() {

Thet est - cont ext . xm fileinthesrc/test/resources/ META- | NF/ spri ng folder
defines two beans: aDat aSour ce and aTest Dat aPopul at or :

<bean id="dataSource" class="org. apache. conmons. dbcp. Basi cDat aSour ce"
p:driverd assNane="org. h2. Driver" p:url="jdbc: h2:.~/greenpages-db/ greenpages”
p: user nane="gr eenpages" p: password="pass" init-nethod="creat eDataSource"
destroy- nmet hod="cl ose" />

<bean cl ass="greenpages.j pa. Test Dat aPopul ator" init-nmethod="popul ate">
<constructor-arg ref="dataSource" />
<constructor-arg value="file:../../db/db.sql" />

</ bean>

These two beans provide atest Dat aSour ce complete with test data.

Multi Bundle Integration Test

The single bundle integration test provides atest implementation of its Dat aSour ce
dependency. When integration testing, it is often a good idea to test the entire application outside
of the container. GreenPages includes such atest case for the entire application, starting with the
Gr eenPagesControl | er classand descending all the way to a database. Although it would
be sensible for thistest case to reside in a separate test bundle, one of the bundlesinvolved isa
web bundle and so it is more convenient to locate the test casein the gr eenpages. web
project.

Since this test case will be testing the GreenPages application as awhole, it needs to depend on
the bundles that make up the application. Thepom xm filefor the gr eenpages. web project
contains a dependency declaration for the gr eenpages. j pa bundle:

<dependency>
<groupl d>com springsour ce. dnser ver </ gr oupl d>
<artifactl|d>greenpages.jpa</artifactld>
<versi on>${ proj ect . ver si on} </ ver si on>
<scope>t est </ scope>

</ dependency>

Note that the scope of the dependency ist est .

The G- eenPagesSpri ngCont ext Test s classin the

src/test/javal greenpages/ web folder contains Spring Test Framework declarations to
run the test with the Spr i ngJuni t 4Cl assRunner and configure the test with the files

cl asspat h*:/ META-| NF/ spri ng/ nodul e-cont ext.xm ,

20 GreenPages Highlights



GreenPages Highlights 21

file:src/ mai n/ webapp/ VEEB- | NF/ gr eenpages-ser vl et. xnl , and

cl asspat h: / META- 1 NF/ spri ng/ t est - cont ext . xm . Note the use of

cl asspat h*: which causes Spring to look for files that match the specified path in all of the
bundles on the classpath.

@unW t h( Spri ngJUni t 4C assRunner . cl ass)
@Cont ext Confi guration(locations = {
"cl asspat h*: / META- | NF/ spri ng/ nodul e- cont ext. xm ",
"file:src/min/webapp/ WEB- | NF/ gr eenpages-servl et. xm ",
"cl asspat h: / META-| NF/ spring/test-context.xm" })
@est Execut i onLi st ener s(val ue = Dependencyl nj ecti onTest Execut i onLi st ener. cl ass)
public class G eenPagesSpringContextTests {

3.4 Automated Build Highlights

Another important aspect of application development is automated build. This permits
application artifacts to be created outside of the developer’s IDE. The application can then be
created and tested in avariety of environments, including continuous integration servers.

Building the PAR

All of the GreenPages projects have Maven POM files for building. The PAR is built using the
filepom xm inthegr eenpages folder. Thisfile defines a parent POM and a packaging type
of par :

<par ent >
<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifact|d>greenpages. parent-solution</artifact|d>
<version>2. 4. 0. RELEASE</ ver si on>
<rel ativePath> ./parent</relativePath>

</ par ent >

<nodel Ver si on>4. 0. 0</ nodel Ver si on>

<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifact|d>greenpages-solution</artifact|d>
<nane>QG eenPages PAR</ nanme>
<descri pti on>G eenPages PAR</description>
<packagi ng>par </ packagi ng>

Thorsten Maus created a Maven plugin (see Section A.2, “Documentation”) that builds a PAR
filefrom alist of dependencies. Thefilepom xmi lists those dependencies:

<dependenci es>

<dependency>
<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifactl|d>greenpages. app-sol ution</artifact!d>
<versi on>${ proj ect. versi on} </ ver si on>

</ dependency>

<dependency>
<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifact|d>greenpages.jpa-solution</artifactld>
<versi on>${ proj ect. versi on} </ ver si on>

</ dependency>

<dependency>
<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifact| d>greenpages. db-solution</artifactld>
<versi on>${ proj ect . ver si on} </ ver si on>

</ dependency>

<dependency>
<groupl d>or g. ecl i pse. vi rgo</ groupl d>
<artifact|d>greenpages. web-sol ution</artifactld>
<versi on>${ proj ect . ver si on} </ ver si on>
<t ype>war </t ype>

</ dependency>

<dependency>
<groupl d>or g. f reemar ker </ gr oupl d>
<artifactld>com springsource.freemarker</artifact|d>
<scope>provi ded</ scope>
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</ dependency>
</ dependenci es>

The freemarker dependency is required to ensure the Web Application Bundle has the correct set
of dependencies. Most dependencies are resolved transitively from the bundle projects, but the
‘war’ project does not pass on its dependencies; it expects them to be contained inits| i b
directory.

The <bui | d><pl ugi ns>...section contains a declaration for the par plugin and
configuration of the application symbolic name of the PAR:

<pl ugi n>
<groupl d>or g. apache. maven. pl ugi ns</ gr oupl d>
<artifactl|d>maven-par-plugin</artifactld>
<version>1. 0. 0. RELEASE</ ver si on>
<configuration>

<appl i cati onSynbol i cName>gr eenpages</ appl i cati onSynbol i cNanme>

</ configuration>

</ pl ugi n>

Obtaining Dependencies

The Maven dependency pluginisused to collect the transitive dependency graph for the PAR.

The <bui | d><pl ugi ns>.. section has adeclaration for the dependency plugin:

<pl ugi n>
<groupl d>or g. apache. maven. pl ugi ns</ gr oupl d>
<artifact|d>maven- dependency-pl ugi n</artifact!d>
<executions>
<executi on>
<i d>copy- dependenci es</i d>
<phase>package</ phase>
<goal s>
<goal >copy- dependenci es</ goal >
</ goal s>
<configuration>
<out put Di rect ory>${proj ect. bui | d. di rectory}/ par-provi ded</ out put Di rect ory>
<over Wi t el f Newer >t rue</ over Wi t el f Newer >
<excl udeG oupl ds>org. ecl i pse. vi rgo, or g. apache. | og4j </ excl udeG oupl ds>
</ configuration>
</ executi on>
</ executions>
</ pl ugi n>

The WAB must be prevented from having its dependenciesincluded in al i b directory asthey
should be provided by the runtime enviroment. The gr eenpages. web POM file contains the
following:

<bui | d>
<pl ugi ns>
<pl ugi n>
<artifactld>maven-war-plugin</artifactld>
<version>2.1-beta-1</version>
<confi guration>
<packagi ngExcl udes>WEB- | NF/ | i b/ **</ packagi ngExcl udes>
</ configuration>
</ pl ugi n>
</ pl ugi ns>
</ bui | d>

Automatically Running the Tests

The following plug-in entry inthepom xmi fileinthe par ent directory ensure that the
concrete test classes are run as part of the build:
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<pl ugi n>
<groupl d>or g. apache. maven. pl ugi ns</ gr oupl d>
<artifactld>maven-surefire-plugin</artifactld>
<confi guration>
<i ncl udes>
<include>**/*Tests.java</incl ude>
</i ncl udes>
<excl udes>
<excl ude>**/ Abstract *. j ava</ excl ude>
</ excl udes>
<juni tArtifactNane>org.junit:com springsource.org.junit</junitArtifactName>
<ar gLi ne>-j avaagent: ${user. hone}/. n2/reposi tory/ .</ argLi ne>
</ configuration>
</ pl ugi n>

The location of the user's Maven repository is hard-coded.
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Appendix A. Further Resources

A.1 Projects

Virgo (http://www.eclipse.org/virgo) — homepage for Virgo.

Bundlor (http://www.springsource.org/bundlor) — homepage for Bundlor manifest
generation tool. Note that Bundlor has been donated to Eclipse and may a devel opment
milestone be downloaded from http://www.eclipse.org/virgo/downl oad.

SpringSource.org (http://www.springsource.org) — homepage for Spring Framework.

OSGi (http://www.osgi.org) — homepage for OSGi.

H2 Database (http://www.h2database.com — homepage for the H2 database.

FreeMarker (http://freemarker.sourceforge.net) — homepage for FreeMarker templating
engine.

Commons DBCP (http://commons.apache.org/dbcp) — homepage for Commons DBCP.

Eclipse IDE (http://www.eclipse.org/eclipse) — homepage for Eclipse IDE.

. EclipseLink (http://www.eclipse.org/eclipselink) — homepage for Eclipselink JPA.

A.2 Documentation

a

Virgo Virgo Tomcat Server Documentation (http://www.eclipse.org/virgo/documentation) —
cover page for al Virgo documentation.

Spring DM Reference Guide (http://static.springsource.org/osgi/docs/1.2.0/reference/html/).

Spring Framework 3.0 documentation
(http://stati c.springsource.ora/spring/docs/ 3.0.x/spring-framework-reference/html/).

FreeMarker documentation (http://freemarker.sourceforge.net/docs).

Eclipse IDE documentation (http://www.eclipse.org/documentation).

Eclipselink documentation wiki (http://wiki.eclipse.org/Eclipsel ink/UserManual).

Maven PAR plugin (http://blog.springsource.com/2009/06/24/maven-par-plugin-100m1/).
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