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Preface

Preface

This Guide introduces some basic concepts, explains how to install Virgo Web Server and the
associated Eclipse™ tools, and examines a sample web application in detail, including how the
application is built and tested.

It isintended for Spring application programmers and assumes little or no understanding of
OSGI™ or Virgo Web Server.

Questions about Web Server and SpringSource Tool Suite (or this Guide) may be posted to the
Web Server Community Forums (http://www.eclipse.org/forums).

2.1.0.M01
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Concepts 1

1. Concepts

Virgo Web Server is a Java application server composed of a collection of modules which
supports applications which are a'so composed of a collection of modules. These may be
traditional Java web applications packaged as Web ARchive (. war ) files as well as other
modular applications.

This chapter introduces concepts necessary for devel oping Web Server applications. These
concepts will become clearer as the GreenPages application is explored in later chapters.

1.1 OSGi concepts

Modulesin Virgo are represented using a standard Java module system known as OSGi.
Modules consist of programs and resources organised by Java package together with metadata
which declares imported and exported packages. A module exports a package to make the
corresponding programs and resources available for use by other modules. A module imports a
package to use the corresponding programs and resources of another module.

Representing a program as a collection of modules makes it easier for the programmer to manage
it and modify it and for teams of programmers to divide responsibilities between themselves. A
module is similar to a Javaclass in this respect. Rules similar to those for organising data and
programs into classes can be applied to organising applications into modules.

An industry consortium known as the OSGi Alliance (see the appendix Projects) devel ops OSGi
specifications, reference implementations, and compliance tests. Virgo Web Server is built on
the Equinox OSGi framework which is aso the reference implementation for the OSGi
framework specification.

Bundles

Modulesin OSGi are known as bundles. Each bundle conforms to the JAR file format and can
contain Java classes, amanifest (in META- | NF/ MANI FEST. MF), and further resource files.

The OSGi framework enables bundles to be installed and run.
OSGi identifies bundles “by name” or “by identifier” (id).
The symbolic name and version of abundle is an attribute of the bundle itself and uniquely

identifies that bundle (by name) in an OSGi framework. A bundle usually declares its symbolic
name and version in its manifest (afile called MANI FEST. MF) likethis:

Bundl e- Synbol i cNane: org. foo. bundl e
Bundl e- Version: 1.2.3.BU LD 2009- 06- 04

Additionally, the OSGi framework assigns a distinct number, known as abundle id, to each
bundle asit isinstaled. Bundles may be referred to “by identifier” using this number. The OSGi

2.1.0.M01 1



2 Creating GreenPages

framework itself residesin abundle with bundieid O.

The dependencies between bundles are expressed statically in terms of packages and
dynamically in terms of services. A package isfamiliar to Java programmers. For example, a
Java program may depend on aclassor g. f 00. X, from package or g. f 00, and abundle
containing that program would either need to contain or g. f 00. X or depend on the package
or g. f 00. Package dependencies are specified in the bundle manifest, for example:

| nport - Package: org.foo

A bundle which provides a package for use by other bundles must export the package in its
manifest. For example:

Export - Package: org.foo

The OSGi framework ensures that a given bundle’ s package dependencies can be satisfied before
the bundle runs. This processis known as resolution.

After abundleisresolved, its classes and resources are available for loading. In OSGi, bundles
and their packages do not appear on the application classpath. Instead, each bundle has a class
loader which loads its own classes and |oads classes belonging to each of itsimported packages
by deferring to the bundle class loader that exported the package.

Life cycle

The OSGi framework manages the life cycle of each bundle. A bundleisfirst of al installed and
will beinthe INSTALLED state. If arequest is made to start the bundle, the OSGi framework
resolves the bundle and, if resolution was successful, will subsequently move the bundle to the
ACTIVE dtate. If arequest is made to stop the bundle, the OSGi framework will move the
bundle back to the INSTALLED state. A request may then be made to uninstall the bundle.

While the bundle isINSTALLED or ACTIVE, it may be updated to pick up some changes.
These changes are not detected by bundles which were depending on the bundle before it was
updated. A “refresh packages’ operation may be performed to ripple the changes out to those
bundles. (See Services concepts.)

Thelife cycle of abundle can be summarised by a state transition diagram. This diagram shows
some more of the intermediate states of a bundle not described in the overview above:

2 Concepts
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Figure 1.1. Bundle life cycle

Services

Bundles may publish Java objects, known as services, to aregistry managed by the OSGi
framework. Other bundles running in the same OSGi framework can then find and use those
services. Services are typically instances of some shared Java interface. A bundle which provides
a service need not export the package containing the implementation class of the service.

For example, abundle could export a package containing the interface
or g. bar. Sonel nt er f ace, thus:

Export - Package: org. bar

...implement the interface with a class Sonel npl :

package org. bar.inpl;
class Sonel npl inplenents Sonelnterface {

}

...Create an instance of Sorrel npl and then publish this instance (as an instance of the interface
Sonel nter f ace).

OSGi publishes anumber of standard services. For example, the Package Admin service
provides the “refresh packages’ life cycle operation mentioned above.

OSGi provides an API which can be used to publish and find services, but it is much ssmpler to
use Spring DM to accomplish this. (See Spring DM concepts.)

2.1.0.M01 3
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Versioning

OSGi dlows different versions of bundles, packages, and several other entities, to co-exist and
provides some mechanisms for managing these versions.

Version numbers

An OSGi version number consists of up to three numeric components, or exactly three numeric
components followed by a string component. These components are separated by a period (“. ")
and are called the major, minor, micro, and qualifier components, respectively.

For example, theversion 2. 4. 1. ga has major component 2, minor component 4, micro
component 1, and aqualifier component ga. (There are restrictions on the characters that can
appear in aqualifier. For example: letters, digits, underscores and hyphens are allowed; periods
and commas are not.)

Trailing components may be omitted along with their period (. ). So, for example, the version
numbers 2, 2. 0, and 2. 0. 0 al denote the same version. This example demonstratesthat O is
assumed if a numeric component is omitted, and the empty string is assumed for an omitted
qualifier.

Version ranges

Dependencies on bundles and packages have an associated version range which is specified
using an interval notation: a square bracket “[ ” or “] ” denotes an inclusive end of the range and
around bracket “(” or “) ” denotes an exclusive end of the range. Where one end of the rangeis
to be included and the other excluded, it is permitted to pair around bracket with a square
bracket. The examples below make this clear.

If asingle version number is used where aversion range is required this does not indicate a
single version, but the range starting from that version and including all higher versions.

There are three common cases:

* A*“dlrict” versionrange, suchas[ 1. 2, 1. 2] , which denotes that version and only that
version.

* A “half-open” range, suchas[ 1. 2, 2) , which hasan inclusive lower limit and an exclusive
upper limit, denoting version 1. 2. 0 and any version later than this, up to, but not including,
version 2. 0. 0.

* An “unbounded”’ version range, such as 1. 2, which denotesversion 1. 2 and all later
Versions.

Versioning policies

4 Concepts
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A versioning policy isaway of using version numbers to indicate compatible and incompatible
changes. OSGi does not mandate a particular versioning policy. Instead, a specific versioning
policy may be implemented using version ranges.

Strict and half-open version ranges are most useful in representing versioning policies.
Unbounded version ranges can lead to problems as they (unrealistically) assume that
compatibility will be preserved indefinitely.

For example, a conservative versioning policy might assume that any change, other than in the
qualifier component of aversion, implies an incompatible change to the object. Such a policy
would employ versionrangessuch as[ 1. 2. 1. bet a, 1. 2. 2) which accept any version from
1. 2. 1. bet a (inclusive) up to but not including 1. 2. 2 (exclusive).

Alternatively, arelaxed versioning policy might assume that only changes in the major

component of a version denote an incompatible change. Such a policy would employ version
rangessuchas[ 1. 2, 2) to capturethis.

Bundle version

Each bundle has aversion. The bundl€e' s version may be specified in the manifest using a
Bundl e- Ver si on header:

Bundl e- Versi on: 1.4.3. BU LD 20090302

If not specified the bundle version is assumed to be 0.

Package version

Each exported package has a version. The exported package' s version may be specified on the
Export-Package manifest header. For example

Export - Package: org.foo; version="2.9", org. bar; versi on="1"
exports two packages. or g. f 0o, at version 2. 9. 0 and or g. bar , at version 1. 0. 0.

If the version attribute is omitted the version is assumed to be 0.

Each package import has aversion range. The package import version range may be specified on

thel nport - Package manifest header. If interval notation is used, the version range must be
enclosed in double quotes, for example:

| nport - Package: org.foo;version="[2,3)",org. bar;version="[1,1]"

seeks to import apackage or g. f oo intherange[ 2. 0. 0, 3. 0. 0) and apackageor g. bar
with the (exact) version 1. 0. O.

2.1.0.M01 5
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If aversion range is not specified on an import, the range 0 is assumed, meaning that any version
of this package would satisfy the import.

Bundle manifest version

Bundle manifests have aversion which is 1 by default, indicating OSGi Release 3 semantics.
Web Server is based on OSGi Release 4 and therefore expects bundle manifests to be at version
2, indicating OSGi Release 4 semantics. (See the appendix Projects.) The bundle manifest’s
version should be specified on the Bundle-ManifestVersion manifest header, exactly as follows:

Bundl e- Mani f est Ver si on: 2

Manifest version

Manifests themselves aso have aversion which must be specified as 1. 0. Thisis not an OSGi
definition but part of the JAR file specification
(http://java.sun.com/javase/6/docs/technotes/quidedjar/jar.html).

Mani fest-Version: 1.0

1.2 Spring DM concepts

Spring DM is a project which enables services to be published and consumed using descriptions
written in XML. Web Server has Spring DM built-in.

The XML descriptionsreside in fileswith extension . xni inthe bundle’s META- | NF/ spri ng
sub-directory.

To publish aservice, an <osgi : ser vi ce> tag is used, specifying the implementation class of
the service and the interface class to be used. Spring DM constructs an instance of the
implementation class like any other Spring bean and then publishes that instance in the OSGi
service registry under the interface when the bundle is started.

To consume aservice, an <osgi : r ef er ence> tag isused and the service may be passed into
other Spring beans using Spring’ s dependency injection facilities.

Spring DM automatically creates proxies for OSGi services so that the actual service object may
come and go at runtime. If a service disappears, any proxies to the service will wait for the
service to re-appear. This effect is known as damping.

When abundle is started, Spring DM builds the application contexts specified by the XML
descriptions, creates proxies for the specified services, and publishes the specified servicesto the
OSGi service registry.

6 Concepts
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When abundle is stopped, Spring DM retracts any services it published on behalf of the bundle
and closes the bundl€’ s application contexts. Web Server turns off damping of a service proxy
while the proxy’ s application context is being closed.

Note that, at the time of writing, Spring DM isin the process of being contributed to Eclipse as
the Gemini Blueprint service.

1.3 Web Server concepts

Several Web Server concepts are essential for developing an application.

PAR files

Web Server provides away of grouping together a collection of OSGi bundles which comprise a
single application. These bundles are placed in a JAR file with extension . par ”. Thisiscalled
aPARfile.

All the bundlesin a PAR file are resolved together and so mutual dependencies are permitted.

At runtime aPAR file provides a scope in the sense that bundles inside the PAR file may depend
on packages and services outside the PAR file, but bundles outside the PAR file may not depend
on packages and services provided by the PAR file.

Virgo aso provides another way of grouping bundles and other artifacts into an application:
plans. A planisa XML filelisting a collection of artifacts. This Guide makes no further
reference to plans.

Deployment

PAR files or individual bundles are deployed into Web Server by dropping them into a* pickup”
directory or using the Administration Console web application provided with Web Server.
During deployment, the bundle or bundles are installed into OSGi, resolved together, and then
started together.

Personalities

Web Server supports multiple application programming models known as personalities. Each
bundle of an application has a personality. For example, a bundle providing a servlet has the web
personality. Bundles which provide packages and services using the OSGi and Spring DM
programming models have the bundle personality.

When a bundle is deployed into Web Server, personality-specific transformations are applied to

the bundl€’'s contents, including its manifest, and the bundle is made available for usein a
personality-specific way. For example, a bundle with the web personality has some package

2.1.0.M01 7
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imports added to its manifest and its servlet is automatically made available for dispatching from
HTTP requests.

8 Concepts
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2. Installation

Before devel oping an application with Web Server, it is essential to install Web Server, the
Eclipse Integrated Development Environment (IDE), the Eclipse-based SporingSource Tool Suite
(STS), and abuild system integrated with Eclipse. The build system used here is Apache Maven.

STSissupplied asafully configured Eclipse IDE, with Virgo Web Server and Maven plugins
built-in.

2.1 Pre-requisites

Before proceeding, ensure that a Java™ Standard Edition Development Kit for Java 6 or later is
installed and that the JAVA HOME environment variable is set to the correct value. (A Java
Runtime Environment (JRE) alone is not sufficient, a development kit is necessary to use the
facilitiesin STS)

To verify this, issue the command " %d AVA_ HOVEY \ bi n\ j ava -versi on froma
command prompt on Windows or $JAVA HOVE/ bi n/ j ava - ver si on from aterminal
window on UNIX and ensure that the command completes successfully and reports a Java
version 1. 6. x (denoting Java 6) or greater.

Also issue the command " % AVA HOVEYS \ bi n\ j ar to ensure that there is a means of
extracting files from zip archives. If thej ar command is unavailable, download and install a
suitable zip program such as 7zi p, gzi p, or W nZi p. Thisis most relevant for Windows
operating systems where the inbuilt zip extraction utility may mishandle long pathnames.

2.2 Installing Web Server

Although the steps are similar, the details of installing the Virgo Web Server depend on the
operating system.

Obtain Web Server from the download site (http://www.eclipse.org/virgo/download). This guide
is consistent with version 2.1.0.M01 of Web Server.

Installing Web Server on Windows™ operating systems

Unzip the download of Web Server to the root directory of adrive (thiswill avoid possible
problems with long pathnames). Set an environment variable %3/ \W5_HOVE%oto refer to the
unzipped folder...

pronpt > cd C\
pronpt > "% AVA HOVEY \ bi n\j ar xf \path\to\wrgo web- server-2.1.0. M1. zi p
pronpt > set WS HOVE=C: \virgo-web-server-2.1.0. M1

To verify the installation, issue the command: " /W5 HOVEY \ bi n\ st art up. bat and

2.1.0.M01 9
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ensure a message numbered URO0011 isdisplayed. You will see many other messages about
starting and installing other required artifacts, but the URO0011 message indicates that the user
region isready for your use. (Timestamps have been removed and thread names and other
details may vary with different installations and versions.)

systemartifacts <TCO0000l > Starting Tonctat.
systemartifacts <TC0010l > Creating HTTP/ 1.1 connector with schene http on port 8080.
systemartifacts <TC0010l > Creating HTTP/ 1.1 connector with schenme https on port 8443.
systemartifacts  <TC0010l> Creating AJP/ 1.3 connector with scheme http on port 8009.
systemartifacts <TC0001l > Started Tonctat.
systemartifacts <DE0004| > Starting bundle 'org.eclipse.virgo.server.web.core' version '2.0.
systemartifacts <DE0004!| > Starting bundle 'org.eclipse.virgo.server.wb.dm version '2.0.0.
start-signalling-1 <DEOOO5I> Started bundle 'org.eclipse.virgo.server.web.dm version '2.0.0. M
systemartifacts <DE0005I > Started bundl e 'org. eclipse.virgo.server.web.toncat' version '2.0.0.M'.
start-signalling-1 <DEOOO5I > Started bundl e 'com springsource. osgi . webcontai ner.tontat' version '1.0.0.Cl-102".
1
1

0. V6" .
MB' .

start-signalling-1 <DEO005I> Started bundle 'org.eclipse.virgo.server.web.core' version '2.0.0. M.
start-signalling-1 <DEOOO5I > Started plan 'org.eclipse.virgo.server.web' version '2.0.0".
Thr ead- 2 <UR0001l > User region ready.

Shut down the server by pressingCtr | - C.

Installing Web Server on UNIX™ operating systems

Unzip the download of Web Server to a suitable location on the file system, such as the home
directory. (If the download was automatically unzipped by the operating system, simply move
the unzipped directory to the chosen location.) Set an environment variable $VW5S_HOVE to refer
to the unzipped folder...

pronpt$ nkdir /path/to/hone/springsource

pronpt$ cd /path/to/ hone/ springsource

pronpt$ unzip /path/to/virgo-web-server-2.1.0. M1. zi p
pronpt$ export VWS_HOVE=/ pat h/t o/ hone/ spri ngsour ce/ vi r go- web- server-2. 1. 0. M1

To verify the installation, use aterminal window to issue the command:

$VWE_HOVE/ bi n/ st art up. sh and ensure a message numbered URO001I isdisplayed.

Y ou will see many other messages about starting and installing other required artifacts, but the
UROOO1I message indicates that the user region is ready for your use. (Timestamps have been
removed and thread names and other details may vary with different installations and versions.)

systemartifacts <TC0000l > Starting Tontat.

systemartifacts <TC0010l > Creating HTTP/ 1.1 connector with schenme http on port 8080.
systemartifacts <TC0010!l > Creating HTTP/1.1 connector with scheme https on port 8443.
systemartifacts <TC0010l > Creating AJP/ 1.3 connector with scheme http on port 8009.
systemartifacts <TC0001l > Started Tonctat.

systemartifacts <DE0004!| > Starting bundl e 'org.eclipse.virgo.server.web.core' version '2.0.0. M.
systemartifacts <DE0004| > Starting bundle 'org.eclipse.virgo.server.web.dm version '2.0.0. M.
start-signalling-1 <DEOOO5I > Started bundle 'org.eclipse.virgo.server.web.dm version '2.0.0. M.
systemartifacts <DE0005I > Started bundl e 'org. eclipse.virgo.server.web.toncat' version '2.0.0. M.
start-signalling-1 <DEO005!> Started bundl e ' com springsource. osgi . webcont ai ner.tontat' version '1.0.0.Cl -102".
start-signalling-1 <DEOOO5I > Started bundle 'org.eclipse.virgo.server.wb.core' version '2.0.0. M.
start-signalling-1 <DEQOOO5I > Started plan 'org.eclipse.virgo.server.wb' version '2.0.0".

Thr ead- 2 <UR0001l > User region ready.

Shut down the server by pressing Ct r | - C.

2.3 Installing the SpringSource Tool Suite

The SpringSource Tool Suite (STYS) is a development environment based on Eclipse that needs to
be configured with the plugins needed to work with Web Server and OSGi. Although the steps
aresimilar, the details of installing STS depend on the operating system.

10 Installation
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Go to the STS download site (http://www.springsource.com/products/sts) and download the
variant appropriate to the operating system being used. This guide is consistent with STS version
2.3.2.RELEASE. Previous versions may not work properly with the latest revision of
GreenPages, currently 2.1.0.RELEASE (? check this).

Installing STS on Windows™ operating systems

Unzip the download of STSto the root directory of adrive (thiswill avoid possible problems
with long pathnames).

prompt> cd C\
pronpt > "%AVA HOVEY \ bi n\jar xf \full.path.to\springsource-tool-suite-2.3.2. RELEASE-e3. 4-wi n32.zip

To verify theinstallation, runtheecl i pse. exe executable in the unzipped directory and
check that STS displays awelcome panel. The first time there may be a short delay due to the
initial set-up of indexes.

Installing STS on UNIX™ operating systems

Unpack the download of STS to a suitable location on the file system, such as/ opt or, if root
access is not available, the home directory. (If the download was automatically unpacked by the
operating system, ssmply move the unpacked directory to the chosen location.)

To verify the installation, run the STS executable (Ecl | pse. app on Mac OS X) in the
unpacked directory and check that STS displays a welcome panel. The first time there may be a
short delay due to theinitial set-up of indexes.

Adding the Virgo tools plugins

After installing and starting STS, click Help > Install New Software... and add the
SpringSource Tools tools update site (http://www.springsource.com/snapshot/e3.5). Install the

SpringSource dm Server Tools which include the tools for Virgo. When prompted, restart
Eclipse.

Note about Java versions in STS

SpringSource Tool Suite runs on Eclipse using JavaVersion 1.5, and Web Server requires Java
Version 1.6. The GreenPages application built here also requires JavaVersion 1.6. Alter the
default Java compiler settingsin STS before proceeding:

1. In SpringSource Tool Suite, click Window > Pr efer ences from the menu.

2. Inthe Preferences window, click Java > Compiler in the left panel.

3. Intheright panel, set the Compiler compliancelevel to 1. 6.

2.1.0.M01 11
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4. Click Apply. You will get amessage asking if you want afull rebuild; click Yes. Therebuild
should take very little time to complete.

Y ou might also see a message similar to the following on the settings panel: “ When selecting
1.6 compliance, make sure to have a compatible JRE installed and activated (currently 1.5).”
A link to Configure thiswill appear. Select this link to open the Java--Installed JREs panel. If
not already selected, choose a JRE suitable for Java Version 1.6.x (for example JVM
1.6.0).

5. Click OK.

2.4 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. The POM files (pom xm ) areincluded in the projects for
GreenPages.

Toinstall Maven, visit the Maven website (http://maven.apache.orq) 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.

12 Installation
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3. Installing and exploring GreenPages

3.1 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 Web Server
features and to act as a template from which other modular applications can be built. In
particular, GreenPages demonstrates:

» module dependencies with | nport - Package,

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

* bundle classpath scanning, and

* service export, lookup and injection.

In addition to demonstrating common Web Server features, GreenPages demonstrates i ntegration
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 modules.
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greenpages package

;— greenpages.web

greenpages.app

; greenpages.jpa

greenpages package

greenpages.Directory
service

)

javax.sql.DataSource
service

L—J L

greenpages.db

greenpages.par

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

Thegr eenpages. app module exportsagr eenpages package containing Di r ect or y and
Li sti ng interfaces.

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

Thegr eenpages. web module importsthe gr eenpages package and uses the
gr eenpages. Di r ect ory service to respond to web requests.

3.2 Obtaining GreenPages

This document provides instructions for building the complete GreenPages application and
running it in Web Server as well as running tests and executing it from the SpringSource Tool
Suite. In addition, the application is examined in development stages from SpringSource Tool
Suite, stepping through the development process and comparing this to the solution.

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

1. download the latest ZIP file from

http://eclipse.org/virgo/ docunentation/

2. extract al the filesfrom the ZIP file to a convenient directory (preserving the directory
structure).

To extract the files on Windows:

pronpt > nkdir c:\springsource\sanples

pronpt > cd c:\springsource\sanples

pronpt > jar xf c:\path\to\greenpages-2.1.0. RELEASE (? check this).zip

pronpt > set GREENPAGES_HOVE=c: \ spri ngsour ce\ sanpl es\ gr eenpages- 2. 1. 0. RELEASE (? check this)

14 Installing GreenPages



Installing GreenPages 15

To extract the files on Unix systems:

pronpt$ nkdir -p /opt/springsource/sanples

pronpt$ cd /opt/springsource/sanpl es

pronpt$ unzip /path/to/greenpages-2.1.0. RELEASE (? check this).zip

pronpt $ export GREENPAGES HOME=/ opt/ spri ngsour ce/ sanpl es/ gr eenpages- 2. 1. 0. RELEASE (? check this)

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 andst art . The
sol ut i on directory contains the completed application which can be built and tested (as
described in the next section). The st ar t directory contains an initial skeleton of the
GreenPages application which can be used to generate the full application. The examination
steps refer to this skeleton by way of illustration.

To follow the examination steps read Chapter 4, The Web Module after installing the full
application in the following section.

3.3 Building and installing GreenPages

Building with Apache Maven

GreenPages uses Apache Maven asits primary build system. Each module of the application can
be built separately and the entire application can built and assembled into aPAR file from 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 and SpringSource repositories. Subsequent runs will not need to do
this.

3. Verify that thegr eenpages- 2. 1. 0. RELEASE. par fileexistsin
$CREENPAGES_HOVE/ sol uti on/ gr eenpages/t ar get .

Installing dependencies into Web 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 Web Server, these dependencies
can be loaded into memory as needed, but first they must be made available to Web 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 Web
Server runtime. These dependencies can then be installed into the Web Server repository.
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Dependencies are gathered automatically during the package phase. These dependencies can
be found in $GREENPAGES HOVE/ sol ut i on/ gr eenpages/ t ar get/ par - provi ded.
To install dependencies simply copy all the*. j ar filesfrom this directory into

$VWS HOVE/ r eposi tory/ usr.

Installing dependencies on Windows:

pronpt > cd %GREENPAGES_HOVE% sol uti on\ gr eenpages
pronpt > copy target\par-provi ded\* WW5_HOVE% r eposi t ory\ usr

Installing Dependencies on UNIX:

pronpt$ cd $GREENPAGES_HOWE/ sol uti on/ gr eenpages
pronpt$ cp target/par-provided/ * $VW5_HOVE/ r eposi tory/ usr

Notice that Web 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 Web
Server when copying these files. The next time Web Server is started the - cl ean option will
cause Web Server to re-scan the repository directoriesin any case. It is always safe to start Web
Server with the - cl ean option.

Starting and configuring the database

GreenPages uses the H2 database to store all its data. Before you can start the application, you
must 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 %REENPAGES 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
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dat a. sh:

pronpt$ sh data.sh

On Windows, run thedat a. bat command:

pronpt > data

Y ou only to need run these commands once to start a database server for H2; the server will
continue to run in the background.

Installing and starting GreenPages PAR
To install the GreenPages PAR into Web Server and start it:

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

pronpt$ cd $WS_HOVE
pronpt$ cp $GREENPAGES_HOMVE/ sol uti on/ gr eenpages/t ar get/ gr eenpages- sol uti on- 2. 1. 0. RELEASE. par pi ckup/

On Windows:;

pronmpt > cd WW5_HOVE%
pronpt > copy %GREENPAGES HOVE% sol uti on\ gr eenpages\t ar get\ gr eenpages-sol uti on-2. 1. 0. RELEASE. par pi ckup\

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

pronpt$ $VWS_HOVE/ bi n/ startup. sh -cl ean

On Windows:

pronpt > "WMW5_HOVE%Y \ bi n\ startup. bat -cl ean

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

<DEO0O05! > Started par 'greenpages’ version '2.1.0. RELEASE .

3.4 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:

2.1.0.M01 17
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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:
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GraenPagas Aclmln Console  Virgo

Virgo Web Server - Greenpages sample

Rod Johnson

rod.johnson@springsource.com

3.5 Running GreenPages from Eclipse

Using Eclipse and the Web 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 changes in function.

Importing the GreenPages projects into Eclipse

Before you can start the GreenPages application from Eclipse, you must import the projects. To
import the projectsinto Eclipse:

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 =]
@ < Back  Next> ) ( cancel ) 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:

800 Impaort
Import Projects —
Select a directory to search for existing Eclipse projects. E .-_-'

-

eklectrnut directory: llesersfspuwelIjm'.roptfgreenpages—z.ﬂ_l.RELEASE.-'sqution I [ Browse... j

OSelect archive file: Browse...

Projects:

greenpages-solution (/Users/spowell/myopt/greenpages-2.0.1L.RELEASE/sol [ Sglect All )
 l—
greenpages.app-solution (fUsers/spowell/myopt/greenpages-2.0. 1. RELEASE

greenpages.db-solution (/Users/spowell/myopt/greenpages-2.0.L.RELEASE) [ Dpeselect all
N
greenpages.jpa-solution (fUsers/spowell/myopt/greenpages-2.0.1.RELEASE

greenpages.parent-solution (/Users/spowell/myopt/greenpages-2.0.L.RELEX [ Refresh |
) e
greenpages.web-solution (fUsers/spowellfmyopt/greenpages-2.0. 1. RELEASE

— I e

HEEEEE

Y
m

Copy projects into workspace

(]

Working sets
D Add project to working sets

Working sets: ? " Select... |

@:l ( <Back ) [ Next> [ Cancel j E—ﬁrmrh—a

A

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

| Ep‘l greenpages-solution

[ :;‘J greenpages.app-solution

> Ep“' greenpages.db-solution

> E]?J greenpages.jpa-solution

> H greenpages.parent-solution
[ :;‘,J greenpages.web-solution

There may be compilation errors at this stage.

Configuring Web Server target runtime

20 Installing GreenPages



Installing GreenPages 21

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

Compilation errors in the previous step will be resolved here.

To configure aWeb 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 $VW5_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
fglynnormington fvirgo-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
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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”.)

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

|%. 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.

Running GreenPages from within Eclipse

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

If you previously deployed the GreenPages PAR to Web Server by copying the PAR file to the
pi ckup directory, be sure you now remove it so that it does not conflict with the deployment of
the Eclipse project. On Unix:

pronpt$ cd $VWS_HOVE/ pi ckup
pronpt$ rm greenpages- sol ution-2. 1. 0. RELEASE. par

On Windows:;

pronpt > cd WMWS_HOVE% pi ckup
pronpt > del greenpages-sol ution-2.1.0. RELEASE. par

Also, to prevent conflicts with the server configured in Eclipse, stop a currently-running Web
Server by typing Cont r ol - Cin the console window from which you started the server.

To run GreenPages from within Eclipse:

1. Right click on the Web Server instance in the Servers view and select the Add and Remove...
menu item.
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80060 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
% ar -app-salutio,
o PP Add >
'-f& ar «db-solutio
'33 greenpages.jpa-solutio
% greenpages web-soluti
( Add All >> )
7
<< Remove Al
[ — — )
[ 1f server is started, publish changes immediately
" - ( canca ) € mnish )
(‘_?J < Back ( Cancel ) Finish
- . T/

23

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

3. To start Web Server from within Eclipse right-click on the Web Server node in the Servers
window and choose Start. The Servers view should now show the server and the added

project:

4k servers E4

09 WE -0

EL Virgo Web Server at localhost [Started, Synchronized]
H-a greenpages-solution [Synchronized

4. Verify that GreenPages is started correctly by checking for <DEOOOS5I > St arted par
in the Console window.

' greenpages' version '2.0.1".

E Console &2 [3_ Markers}@l Progresq [3_ Problemq

| B BH|E|E| =t B- 5~

o F ¥ =
L] L] E

Virge Web Server at localhost [Virgo Web Server] /System/Library/Frameworks /JavaVM.framework /Versions/1.6/Home /bin/java (Jun 15, 2010 8:21:46 AM)

[2010-06-15 Q8:26:32.015] start-signalling-4
[2019-86-15 98:26:32.285] Thread-3

[2010-06-15 @8:26:32.209] start-signalling-3
[2010-06-15 @8:26:32.213] start-signalling-3

<DE@BASI=
<WEDBA1I=
<DEABASI=>
<DE@BASI=

Started bundle 'greenpages-2.@.l-greenpages.jpa’ versi
Started web bundle 'greenpages-Z2.8.l-greenpages.web'
Started bundle 'greenpages-2.8.1-greenpages.web’' versim

Started par 'greenpoges' wersion '2.8.1".

'
v

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

Onceinstalled and started GreenPages is again available from a web browser at the address

http://local host:8080/greenpages.
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4. The Web Module

4.1 Introduction

In common with most Enterprise Java applications GreenPages uses a web-based interface for
user interactions. The following steps show how the controller for the application is constructed,
using a service from the OSGi Service Registry.

It is assumed that the instructions in Chapter 2, Installation have been followed already and that
the GreenPages zip file has been downloaded and unzipped as described in Chapter 3, Installing
and exploring GreenPages.

4.2 GreenPages set up

Before beginning, configure the devel opment environment to work with the application. In the
case of GreenPages this means Maven and Eclipse.

Setting up Eclipse (STS)

The following sections are most easily followed in the Java perspective (not, for example, the
Java EE perspective). If not already in the Java perspective, switch to the Java perspectivein
SpringSource Tool Suite using the Open Perspective menu:

~fjava EE
o bz % Debug
&) Java
[ Resource
¥ Web

2is ng

Other...

In this step create areference to the Web Server instance that the GreenPages application
integrates with (this may already be created).

In STS open Preferences — Server — Runtime Environments. Select Add... to create a new Web

Server runtime environment. In the dialog that opens, select the Virgo Web Server (runtime) v2.1
and check the box to Create a new local server. When complete, press Next.
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800

New Server Runtime Environment

Creating GreenPages

New Server Runtime Environment

Define a new server runtime environment

E

Download additional server adapters

Select the type of runtime environment:

g type filter text

¥ [ EclipseRT
.::_’% Virgo Web Server (Runtime) v2.1

SruntimeVirgoDescription

ECreate a new local server

< Back

(" Next> ) [ Ccancel ) ( Finish )

y

In the next dialog, set the Virgo Web Server installation directory field to the value of
$VWE_HOVE and check that the JRE: option is set to Java 1.6 or above. This may not be the

wor kbench default. When compl ete, press Finish.
eno

New Server Runtime Environment

Virge Web Server

Configure a new Virgo Web Server instance.

&

Name:

Virgo Web Server (Runtime) v2.1

Server installation directory:

fUsers/glynnormington/virgo-web-server-2.1.0.BUILD-20100607091506

JRE:

| Browse... ]
e

| VM 1.6

Ta
-

] [ Installed JREs... |

[ <Back

( cancel ) ( Finish )

A

After returning to the Preferences window, press OK to return to Eclipse. The Serversview has

opened and now shows an instance of Virgo Web Server init.

[3_‘ Problems (@ Javadoc (@) Declaration ('5% Servers % E Consolew

Elg Virgo Web Server at localhost [Stopped)

Thereis also a Servers project, in which the server is listed.

4.3 The controller

26
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The Spring’'s @MV C style of web application development is used in which the central typeis
theControl | er class.

Import the web project

The GreenPages application is divided into OSGi bundles that are represented as Eclipse
projects. In this step import the gr eenpages. web project.

Starting with no projects, import the web project by right-clicking in the Package Explorer view
and selecting the Import... menu item. In the dialog that opens, choose General — EXxisting
Projectsinto Workspace and select Next. In the following dialog set the root directory to the
value of $GREENPAGES HOVE/ st art / gr eenpages. web and press Finish.

(Initialy this project may have compiler errors; thisisto be expected particularly if the Maven
repository hasn't yet been created.)
i 8,00 Import

Import Projects

)
Select a directory to search for existing Eclipse projects. { y
-

8 Select root directory: | /Users/spowell/myopt/greenpages-2.0.1.RELEASE/start/greenpages.web Ir Browse.. ‘\

fa) ive fi Browse.
() Select archive file

Projects:

E greenpages.web (/Users/spowell/myopt/greenpages-2.0.1. RELEASE/start/greenpages.web) Select All )

Deselect All

Refresh

':' Copy projects into workspace

Working sets
:‘ Add project to werking sets

Working sets: s Select...

.:"?":, < Back Next > ( Cancel ) ([ Finish

When this project isimported go to the next step.

The controller class

Inthesr ¢/ mai n/ j ava source folder of the gr eenpages. web project the package

gr eenpages. web should contain the controller class named G eenPagesControl | er.
Create this by right-clicking on the gr eenpages. web packageinthesr c/ mai n/ j ava
source folder and selecting New — Class. (If Classis not offered on the New menu the Java
perspective may not be being used, in which case look for the Class option under Other ... in the
Java section.)

Name the new class G eenPagesCont r ol | er and press Finish.
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Java Class

Create a new Java class.

Source folder: greenpages.web/src/main/java | Browse... |

Package: greenpages.web | Browse... |

':' Enclasing type: Browse...

Name: [CreenPagesControlled

Modifiers: B public O default ] private : protected

["1abstract [ ] final

Superclass: java.lang.Object | Browse... |

Interfaces: (TI
| ——

Which method stubs would you like to create?

':' public static void main(String[] args)

["1 Constructors from superclass

E Inherited abstract methods

Do you want to add comments? (Configure termplates and default value here)

[T Generate comments

@

The code should be edited to ook like this:

@ontroll er
public class G eenPagesController {

@zeqh"est Mappi ng( "/ hone. ht ni")
public void home() {

[r Cancel \I E Finish 3

The annotations Cont r ol | er and Request Mappi ng are from Spring Framework and are

imported by adding the lines:

import org.springframework. stereotype. Controller;

inport org.springframewor k. web. bi nd. annot at i on. Request Mappi ng;

STSwill offer (asaQuick Fix) to insert imports for these Spring Framework annotations the first
time they are used. (Java 1.6 supports annotations, and the Spring Framework libraries are
accessible by linking to the correct Web Server runtime environment or generating the correct

dependencies for the Maven plug-in.)
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Enabling component scanning

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

Open the VEB- | NF/ gr eenpages- ser vl et. xnl fileinthesr c/ mai n/ webapp folder
and ensure the following lines are present:

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

Experiment by adding and removing this line, saving the file after each change. (Easily done by
commenting it—use the Toggle Comment shortcut in STS.) Look in the Spring Explorer view for
abean named gr eenPagesCont r ol | er dynamically created by the conponent - scan

tag.

4.4 Deploying a bundle

During development time, it can be helpful to run an application inside of the deployment
container. In the case of GreenPages, this means deploying the gr eenpages. web bundle to
the Virgo Web Server.

Deploying the gr eenpages. web bundle and starting the Web
Server

The Web Server can be used while working in Eclipse. In this step the gr eenpages. web
bundle is deployed and the Web Server instance is started.

Drag the gr eenpages. web project from the Package Explorer and drop it on the Web Server
instance in the Serversview. Because gr eenpages. web isaweb bundle the server will start
automatically, and a browser window may open. Expand the Web Server instance and the bundle
gr eenpages. web will belisted asachild.

[Zl Problems fﬁl Javadoc ﬂ_b Declaration f&?&- Servers 53 0. B chsulﬂ e =0

:;. Virgo Web Server at localhost [Started, Synchronized,

% greenpages.web [Synchronized)

(Eclipse may open itsinternal web browser asthisisaweb project. Y ou can choose to use this or
just close it and use another browser later.)

If deployment has gone successfully the console will contain the message <DEO0OO5! >
Started bundl e ' greenpages. web' version '2.0.0".

L eave the server instance running and go to the next step.
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Creating web module metadata

The Web Server has special knowledge of web application bundles. In this step web bundle
metadata is added to the bundle and aweb browser is used to navigate to it.

Open aweb browser and navigate to http://localhost:8080/greenpages. If the link is not currently
served by any bundle iq_thg_yy_e_b_Server there may be an error displayed:

ene " Apache Tomcat/6.0-snapshot - Error report
[ « | » ] [+ |ﬂht[p‘,fjIoca\host:&OSO;greenpages G] Iva Google ‘\

HTTP Status 404 - /greenpages

T Status report
[T /areenpages
The requested resource (/greenpages) is not available.

or elsethereis ablank page displayed. No pages are served.

Tofix thisissue the gr eenpages. web bundle must be declared to be aweb bundle and a
context path defined.

Openthet enpl at e. nf file (at thetop level under the gr eenpages. web project) and add
(and save) the following entry (using the template.mf pane of the editor):

Web- Cont ext Pat h: gr eenpages
Be careful not to insert any blank lines or trailing spacesin thisfile.

Once added, right-click on the gr eenpages. web project and select Spring Tools — Run
generation of MANIFEST.MF file. Thiswill use atool called Bundlor (included in STS) to
update the OSGi metadatain the MANI FEST. MF file. Once Bundlor has finished running, open
the META- | NF/ MANI FEST. MF fileinthesr ¢/ mai n/ webapp folder.

It should look something like the following:

Mani f est-Version: 1.0

Bundl e- Nane: G eenPages Wb

I nport-Library: org.springfranework. spring;version="[3.0, 3.1)"

I nport-Bundl e: com springsource. org. apache. t agl i bs. st andar d; ver si on="[
1.1.2,1.3)"

Web- Cont ext Pat h: gr eenpages

I nport - Package: org. eclipse.virgo.server.web.dmversion="[2.0.0, 3.0.0)
", freemarker. cache; version="[2.3.15,2.3.15]",javax.servlet.jsp.jstl.c
ore;version="[1.1.2,1.2.0)",]avax. sqgl, org. apache. cormons. dbcp, org. spr
i ngf ramewor k. core. i 0, org. spri ngfranmewor k. st er eot ype, or g. spri ngf ranewo
rk. web. bi nd. annot ati on, or g. spri ngf ramewor k. web. cont ext, org. spri ngfram
ewor k. web. servl et

Bundl e- Mani f est Versi on: 2

Bundl e- Synbol i cNane: greenpages. web

Tool : Bundlor 1.0.0. M

Bundl e- Version: 2.0

although the order of the entries may be different.
The server (if itisstill running) will track these changes and automatically refresh (or restart) the

gr eenpages. web bundle as required. Observe the context path for the web bundle being
announced (it should now be' / gr eenpages’ whereas previously it would have been a
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default context path derived from the bundle name: ' / gr eenpages. web' ).

By default, Bundlor generates| nport - Package entries with no version range specified. In
the absence of aversion range, the OSGi default (which denotes any version) is used. While this
isvery flexibleit is generally agood ideato restrict an import by specifying a narrower range.
This can be achieved by providing Bundlor with some additional information in the manifest
template, as in the next step.

Add (and save) the following entry to thet enpl at e. nf file:

I nport-Tenpl at e
org. springframework. *; version="[3.0.0, 3.1.0)"

(Again, be careful not to leave trailing spaces on lines or insert blank linesin thisfile, except that
there must be one trailing space after the colon to indicate that the header continues on the next
line.)

Re-run the MANIFEST.MF generation as described earlier. Inthe MANI FEST. MF file the
| mpor t - Package entry should now have version ranges on each of thespr i ngf r amewor k
packages:

| nport - Package: org. eclipse. virgo server.web. dmversion="[2.0.0, 3.0.0)

, freemarker. cache; version="[2.3.15,2.3.15]", j avax. servlet.jsp.jstl.c
ore version="[1.1.2,1.2.0)" ]avax sql org apache commons. dbcp, org. spr
|ngfranemork core. io; versi on= [3 0, 1.0)", org. springfranmework. ste

reotype; verS|on "[3.0.0, 3.1.0)" org sprlngfranemnrk web. bi nd. annot at
ion;version="[3.0.0, 3.1.0)" ,org.sprlngfranemork.meb.context,ver5|on—
"[3.0.0, 3.1.0)", org. springfranmework. web. servl et;version="[3.0.0, 3.1
.0)"

Behind the scenes the Web Server Tools have refreshed the deployed bundle as changes were
made. Once again navigate to http://local host:8080/greenpages. This page now displays an entry
field.

N.Yelo D GreenPages
i l -« ‘ > ] [+ |ﬁ http:/ /localhost:8080/greenpages /app/home.htm C] (Q' Google \) |

GreenPages Mm\n Console  Virgo

|
|
|
I Virgo Web Server - Greenpages sample

P rrm——
Submit )

i mu/q T Way

to Bun ;nm': -1",“4

A
Put any characters into the entry field and press Submit. This should display a*“404” error page
with the description:
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description The requested resource () is not avail able.

Thisis because there is no search page (sear ch. ht n) to process this request yet. The next
section will addressthis.

4.5 Creating a PAR

At the end of the previous step, the Web Server instance was started and the

gr eenpages. web bundle deployed. This bundle shows a static home page but a search value
causes an error. The error appears because the URL for that search is not serviced by the
controller. The application logic behind the search request isnot in the gr eenpages. web
project but in another project called gr eenpages. app. This section creates the

gr eenpages. app project and then combines the two projectsinto a PAR so asto deploy them
together as a single unit.

While executing these instructions it is not necessary to remove bundles from the Web Server
instance, nor to stop the instance. As changes are made the bundle will be refreshed (or
redeployed) and the server instance may report errorsif the changes are incomplete. These may
safely be ignored. Alternatively, the gr eenpages. web bundle can be removed from the Web
Server instance, or the server can be stopped while these changes are made.

Importing the gr eenpages. app project

In this step, the gr eenpages. app project isimported which contains the business interfaces
(and stub implementations of these interfaces).

In the same way that the starting gr eenpages. web project was imported (see Section 4.3,
“The controller”) import the $GREENPACGES_HOVE/ st art / gr eenpages. app project.
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.00 Import
Import Projects e
Select a directory to search for existing Eclipse projects. f
-
@ Select root directory: BUILD-20100614153153start/greenpages.appl ([ Browse.. )
: S

(_) Select archive file:

Projects:

E greenpages.app (/Users/glynnormington/getting-started/greenpages-2.2.0.BUILD-201006141531) (" select All )

£ = 1 = an )
| Deselect All )
~

(" Refresh )
~

€ ) 4k

: Copy projects into workspace

Working sets
: Add project to working sets

Working sets

@ (" <Back ) ( cancel ) C Finish )

When Eclipse finishes importing the project, go to the next step.

Adding the controller implementation

The controller implementation will depend onthe Di r ect ory and Li st i ng interfaces found
inthegr eenpages. app project. In this step, the implementation is added.

Openthe G eenPagesCont r ol | er class. Add the following field and methods to the class:
@\ut owi r ed

private Directory directory;

@Request Mappi ng( "/ sear ch. ht ni)

public List<Listing> search(@requestParanm("query") String query) {
return this.directory. search(query);

@Request Mappi ng("/entry. htni)
public Listing entry(@RequestParan("id") int id) {
return this.directory.findListing(id);

Add the (Quick Fix) suggested imports for the annotations Aut owi r ed and Request Par am
and choose the import for Li st < >fromj ava. util.Li st.

Eclipse will not be able to suggest import statements for theLi sti ng and Di r ect or y types.
Thisis becausethe gr eenpages. web and gr eenpages. app projects are not linked
together and therefore cannot see each other’ s types.

Proceed to the next step.
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Creating a PAR project

In Web Server, applications consisting of multiple bundles can be packaged as part of a PAR. In

this step a PAR project containing the gr eenpages. web and gr eenpages. app bundlesis
created and deployed to the server.

Right-click in the Package Explorer and select New — Project.... In the dialog that opens select
Virgo Web Server » PAR Project and press Next:

8.0 New Project

Select a wizard

—

Create a new SpringScurce PAR project

Wizards:

[ type filter text

W (= Plug-in Development

P [=-Spring

¥ = SpringSource dm Server
%Bundle Project

P = SpringSource Tool Suite

P =Web

P (= Examples

@j < Back ( Next > , ( Cancel ) Finish

A4

In the New PAR Project dialog, ensure the Use default location option is unchecked, name the
project gr eenpages, set the location to $GREENPAGES _HOVE/ st art / gr eenpages and

press Next.

eNO New PAR Project

Create a PAR project "
Enter a name and location for the PAR project.

Project name: greenpages

"] Use default lecation

Location: jUsers,fspowelIfmvnptfgreenpages—zo,l.RELEASE.n’starl.n’greenpage;l] ( Browse... \

Choose file system: | default ’+l

Working sets
E Add project to weorking sets

Working sets: Select...

@:’ ( <Back w( Next > ) ( Cancel \ Finish

s

In the next dialog, some of the PAR properties are pre-populated. Change the Application Name

to G eenpages PARandtheVersonto 2. 0. 0, then ensure that the Target Runtime is set to
Virgo Web Server (Runtime) v2.1 and press Next.
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BOO New PAR Project

| PAR Content
Enter the data required to generate the PAR.

PAR Properties

Application Symbolic Name greenpages

Application Name Creenpages PAR

Application Version Ao.o

Application Description

Target runtime

| Virgo Web Server (Runtime) v2.1

® ( <Back ) [ Next> ) [ Cancel ) ( Finish )

A

35

In the next dialog, select the gr eenpages. app and gr eenpages. web bundles so that they
are contained in the PAR and press Finish.

The project gr eenpages. web still shows errors; these are soon to be fixed.

BHO06 New PAR Project

| Bundle References
Add bundles to PAR project.

Referenced projects:

]
E L= greenpages.app
E Epd greenpages.webh

@ < Back | Next >

(" cancel ) ( Finish )

4

The package explorer view will now show the following:
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[£ Package Explorer &3 =1 ¥ =0

¥ =2 greenpages
¥ [= META-INF
3 MANIFEST.MF
b =Y greenpages.app
»> E]-_‘/J‘ greenpages.web
b = Servers

PAR project creation is complete, go to the next section.

4.6 Referencing an OSGi Service

In an OSGi-based application, the business logic behind a controller istypically accessed
through the OSGi Service Registry.

Exporting Packages

By default, Bundlor detects and exports al packagesin abundle. In this step Bundlor istold
what to export from the gr eenpages. app bundle and which types from those packages to use
inthegr eenpages. web bundle.

Add and save the following entry to thet enpl at e. nf fileinthegr eenpages. app project
and then run the MANI FEST. MF generation on the project as explained in the section called
“Creating web module metadata’ .

Excl uded- Exports:
gr eenpages. i nt er nal

(As before, be careful not to leave trailing spaces on the ends of lines, except for the one space
after the colon, and not to add any blank lines to the file. The second line of this entry has a
leading space—do not omit it.)

Check that the package is no longer exported in the gr eenpages. app MANI FEST. MF file
which should ook something like this:

Mani f est-Version: 1.0

Bundl e- Nane: G eenPages Service

Bundl e- Mani f est Ver si on: 2

Bundl e- Synbol i cNane: greenpages

Tool : Bundlor 1.0.0. M

Export - Package: greenpages; version="2.0"
Bundl e- Versi on: 2.0

Go to the next step.

Referencing Projects and Packages

Now that the gr eenpages. app bundle exports the package that the Di r ect ory and
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Li sti ng interfacesresidein, the gr eenpages. web bundle must import it. In this step you
will update the Maven pom xni fileto depend on the gr eenpages. app bundle and import
the package.

Openthepom xm fileinthegr eenpages. web project. (Edit the source directly by using
thepom xm tab in the editor.) In thisfile add the following entry (between the
<dependenci es> tags):
<dependency>

<groupl d>com spri ngsour ce. dser ver </ gr oupl d>

<artifactl| d>greenpages. app</artifactld>

<versi on>${ proj ect . versi on} </ ver si on>
</ dependency>

Open the G- eenPagesCont r ol | er classandimport theLi sti ng andDi r ect ory types.
(Eclipse should now offer these as a Quick Fix. It it does not, set gr eenpages. app asa
project dependency of gr eenpages. web in the Build Path of the web project.) The class
should now compile cleanly.

The following imports should now have been added to the G eenPagesCont r ol | er class:
import greenpages.Directory

import greenpages. Listing

inmport java.util.List;

import org.springfranmework. beans. factory. annot ati on. Aut owi r ed

i nport org.springframeworKk. stereotype. Control | er

i mport org.springframewor k. web. bi nd. annot at i on. Request Mappi ng
import org.springfranmework. web. bi nd. annot ati on. Request Par am

Add the following package clauseto thel npor t - Tenpl at e entry inthet enpl at e. nf file
inthegr eenpages. web project. When added run the MANIFEST.MF generation on the
project as described in the section called “ Creating web module metadata’.

greenpages. *; version="[2.0, 2.1)"

Be careful to includethe®. *” in the package pattern.

Once Bundlor has finished, go to the next step.

Deploying a PAR

Currently the Web Server instance has a single web module bundle deployed. In this step, the
gr eenpages. web bundleisundeployed and gr eenpages PAR is deployed.

Right-click on the Web Server in the Servers view, and select Add and Remove.... In the dialog
that opens, remove the gr eenpages. web bundle and add the gr eenpages PAR to the
server. When the configuration is complete, press Finish.
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800 ) Add a-nd R-emm.re...

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.app > %gr&enpages
5 greenpages.web
Add >
Remove
(" Add All>> )
. <<= Remove All )

E{ If server is started, publish changes immediately

/‘5“] < Back Next > ( Cancel \} f Finish }
A

Eclipse automatically undeploys the gr eenpages. web bundle and deploysthe gr eenpages
PAR. When this happens, the deployment may fail with an error. If it does not, open the browser
again at http://localhost:8080/greenpages and observe the failure which should have aroot cause
similar to:

org. springfranmewor k. beans. fact ory. NoSuchBeanDef i ni ti onExcepti on:
No mat chi ng bean of type [greenpages.Directory] found for dependency:
expected at |least 1 bean which qualifies as autow re candidate for this dependency.
Dependency annotations: {@rg.springfranework. beans. factory. annot ati on. Aut owi red(required=true)}

Thiserror is caused by there being no instance of Di r ect or y to inject into the controller. The
next section will supply one.

Referencing an OSGi Service

Thereisno instance of Di r ect or y to be injected into the controller. In the GreenPages
application, it isintended that thisimplementation is used through an interface in the OSGi
Service Registry. Using a service in the Service Registry enables another bundle to provide an
implementation without revealing the implementation or the provider to all clients of the service.
Web Server supports the use of the Spring DM namespace for referencing elementsin the OSGi
Service Registry. This step adds an OSGi Service Reference to an implementation of the

Di rect ory interface.

Inthewebapp/ VEB- | NF/ appl i cati onCont ext . xm fileinthegr eenpages. web
projects add areferenceto agr eenpages. Di r ect or y instance in the OSGi service registry
using the<osgi : r ef er ence/ > tag asfollows:

<osgi:reference id="directory" interface="greenpages.Directory"/>
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The tools will automatically redeploy the gr eenpages. web bundle when the change to the
bean definition has been saved. The web bundle will not completely start.

Thisis because thereis no provider of agr eenpages. Di r ect or y in the Service Registry.
The next step will addressthis.

The error isre-issued as the Web Server instance waits for the service to be supplied. After about
five minutes the server will “time-out” and the deploy will be abandoned. This same error (and
time-out) will occur each time the PAR is redeployed as each change is made.

Stop the server instance by right-clicking on the server in the Servers view and selecting Stop.
Thiswill avoid unnecessary delays as changes are made.

4.7 Publishing an OSGi Service

At the end of the previous step, a dependency was created on an OSGi Service Registry exposed
instance of gr eenpages. Di r ect ory. The application would not start because no other
bundle was contributing an instance of this service to the Service Registry.

Stop the server instance before proceeding.

Add Implementation

In this step Spring’ s context scanning is added which will create an instance of the
Di rectoryl npl class.

Openthegr eenpages. i nternal . Directoryl npl classinthegr eenpages. app
project. Add the @onponent annotation to the class:

@conponent ("directory")
public class Directorylnpl inplenents Directory {

generating imports with Eclipse’ s help if necessary.

Openthe META- | NF/ spri ng/ nodul e- cont ext . xnl inthegr eenpages. app project.
Add component scanning to thisfile:

<cont ext: conponent - scan base- package="greenpages.internal "/ >

When compl ete, go to the next step.

Publish OSGi Service

Inthisstepthe Di r ect or yl npl instance is published to the OSGi Service Registry.

Openthe META- | NF/ spri ng/ osgi - cont ext . xnl file. Add the<osgi : servi ce/ >
tag to publishthedi r ect or y bean with an interface of gr eenpages. Di rect ory.
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<osgi:service ref="directory" interface="greenpages.Di rectory"/>

A Working Web Application

Start (or restart) the Web Server instance from the Ser ver s view. If the GreenPages PAR was
not removed before, it will be automatically deployed, otherwise deploy it as before. There
should be no errors reported. When GreenPages is deployed successfully, open aweb browser
and navigate to http://local host:8080/greenpages. On the home page typewi | ki nson into the
search field and press Submit. Unlike the previous attempt, this should return alist (of size 1) of
search results. From here, select view to get the “detailed” listing.

800 Andy Wilkinson

a4 | > + | http:/ /localhost: 8080 /greenpages/app/entry.htm?id=4 ¢ Bl Qr Google

\ \ \ \

SpringSou ;dm Server™ - Gl:aenl'ages ‘ Sprlng

S oOuUrce
\ AL VLR )

Andy Wilkinson

andy.wilkinson@springsource.com

& Copynght 2008 SpringSource. All Rights Reserved.

e
This uses a stub implementation of the Di r ect or y interface which only knows about “ Andy
Wilkinson™.

The web interface is complete enough. Go to the next chapter to see the middie tier
implementation.
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5. The Middle Tier

5.1 Introduction

GreenPages middle-tier provides implementations of the Di r ect ory and Li st i ng interfaces
that can be used by the Web bundle. The implementation will use EclipseLink JPA to access a
database viaa Dat aSour ce published in the OSGi service registry.

The database

The GreenPages application uses a very simple database that contains a single table. The table,
named LI STI NG, consists of four columns:

LISTING_NUMBER FIRST_NAME LAST_NAME EMAIL_ADDRESS

Scripts are provided with the sample source code (in $GREENPAGES _HOVE/ db) to start,
create, and populate the database. These will be used during the creation of the middietier.

Using JPA

The middle tier will provide JPA-based implementations of theDi r ect ory and Li sti ng
interfaces with the four attributesof aLi st i ng (first name, last name, email address, and id)
being mapped to the corresponding columnsin the LI STI NG JPA will be used to implement the
gueries that search the database and return Li st i ngs.

Structure

The middletier consists of two bundles, gr eenpages. j pa that publishesaDi r ect ory
implementation for consumption by the Web bundle, and gr eenpages. db to configure and
publish the Dat aSour ce used to access the database.
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D5GI Service Registry

Publish Publish

Consume \
‘ GreenPages GreenPages
‘ JPA ‘ DataSource ‘

5.2 Creating the DataSource project
This section describes how to use the bundle project creation wizard to create anew Bundl| e

Pr oj ect . The project’s Spring bean definition files will also be created using the Spring bean
configuration file creation wizard.

Creating a new Bundle Project

Create a new project by right-clicking in the Package Explorer view and selecting New —
Project.... In the resulting dialog select Virgo Web Server — Bundle Pr_oject and press Next:

8.0.0 New Project
Select a wizard —
Create a new O5Gi bundle project
Wizards:
type filter text
P (= Plug-in Development
# (= Spring
¥ [=-SpringSource dm Server
£%.Bundle Project
45 PAR Project
b = SpringSource Tool Suite
b [=-Web s
b (= Examples v
() -~ Bac
w‘?jl < Back E—N!xtv—j ( Cancel ) Finish

4

In the New Bundle Project dialog, name the project gr eenpages. db. Choose the create the
project from an existing source location and specify alocation that will place the new

gr eenpages. db alongside the project skeletons that were imported into the workspace
earlier. If thest ar t directory of the GreenPages sample is being used thiswill be
$GREENPAGES HOWE/ st ar t / gr eenpages. db. Click Next.
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[ 600 New Bundle Project

Create a Bundle project \
Create a Bundle project in the workspace or in an external location. @

Project name: | greenpages.db
Contents
O Create new project in workspace

8 Create project from existing source

Directory: _ICITIgreenpages.fstartfgreenpages.db | Browse...

JRE
(0) Use default JRE (Currently IVM 1.6.0°) Configure JREs...
(®) Use a project specific JRE: [ M 1.6.0

ik ar
(-

O Use an execution environment |RE: JavaSE-1.6

Project layout

() Use project folder as root for sources and class files

®) Create separate folders for sources and class files Configure default...
@) { < Back | ( Next = ) ( Cancel ) Finish
WS " 4 » 4 i

4

In this page of the wizard, many of the Bundle Properties are already populated. The

Bundl e- Synbol i cNane isthe name of the project. The Bundl e- Nane isderived from the
Bundl e- Synbol i cNanme. The Bundl e- Ver si on is set, and thereisno

Bundl e- Descri pti on.

Change the Bundl e- Nane to “Gr eenPages Dat aSour ce” to more accurately describe the
bundl€e’ s purpose. An option to select a‘Bundle Classpath Container’ is aready selected. It
should be de-selected, as a Maven Classpath container will be configured later. Lastly, check the
target runtime JVM version is appropriately configured; it should specify aJVM version of 1.6
or later. Click Finish.
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a0 New Bundle Project

Bundle Content .
Enter the data required to generate the bundle. ®

Bundle Properties

Bundle Symbolic Name greenpages.db

Bundle Name GreenPages DataSource|

Bundle Version 2.0.0

Bundle Description

Additional Properties

Module Type | None T 'l

Classpath Management

"] Enable Bundle Classpath Container

Target runtime

[JvM 1.6.0 5] (New..)

\:'_?:I f < Back \ f Next > ﬁ ( cancel ) ( Finish -j
4

Thegr eenpages. db project appears in the Package Explorer view.

Configuring the project’s classpath container

Before a Maven Classpath Container can be added to the project, apom xm file must be
created. Create anew filein the root of the gr eenpages. db project named pom xni and add
the following contentsto it:

<?xm version="1.0" encodi ng="UTF-8"?>
<pr oj ect
xm ns="http://maven. apache. or g/ POM 4. 0. 0"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://maven. apache. org/ POM 4. 0.0 http:// maven. apache. or g/ maven-v4_0_0. xsd" >

<par ent >
<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifactl|d>greenpages. parent</artifactl|d>
<versi on>2. 1. 0. RELEASE</ ver si on>
<rel ativePath> ./parent</relativePath>

</ par ent >

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

<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifactl|d>greenpages. db</artifactld>
<nane>gr eenpages. db</ nane>
<packagi ng>J ar </ packagi ng>

<dependenci es>
</ dependenci es>

</ proj ect >

Savethefile.

A Maven Classpath Container can now be added to the project. Right-click the

gr eenpages. db project in the Package Explorer and select Maven 2 - Enable dependency
management. Eclipse will perform some workspace building, and the gr eenpages. db project
will now be marked as a Maven project. (If theerror Cannot find artifact for
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par ent POMoccurs check that the version is correct. It may differ from the one given here.)

Configuring the source folders

The last part of the setup of the project isto configure its source folders. Return to the Properties
dialog of the gr eenpages. db project (from the Package Explorer view). Select Java Build
Path on the |eft-hand side and the Source tab on the right-hand side. Remove any pre-configured
source folders by selecting them and clicking Remove.

Now click Add folder and then Create new folder .... Specify sr ¢/ mai n/ r esour ces asthe
folder name and click Finish, then OK and OK again.

The final change to be made isto drag the META- | NF folder from sr ¢ to
src/ mai n/ r esour ces. Once these changes have been made the project will appear similar
to the following in the Package Explorer view:
"I;_—,E'QI'EEHDEI.QES.db
¥ 2 src/main/resources
¥ (= META-INF
2 MANIFEST MF
b =i JRE Systemn Library [IVM 1.6.0]
=i, Referenced Libraries
F = settings
B = 5rc
¥| .classpath
¥| .project

Configuring the DataSource

The DataSource bundle’ smain réle is to configure and create a Dat aSour ce object and to
publish this to the OSGi service registry. Thiswill be done by creating a handful of Spring
beans.

By default, Spring DM looks for application context filesin abundle s META- | NF/ spri ng
directory. Create anew folder named spr i ng inthegr eenpages. db project’'s META- | NF
folder. Having created the new folder, right-click it in the Package Explorer and select New —
Spring Bean Configuration File. Thiswill open the wizard for creating Spring bean configuration
files.

Inthewizard enter aFi | e nane of nodul e- cont ext . xnl and click Next:
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New Spring Bean Definition file
Select the location and give a name for the Spring Bean Definition file < >

Enter or select the parent folder:

greenpages.db/src/main/resources/META-INF/spring

lz'p‘]greenpages.app —~
Y'bsgreenpages.db
= .settings
P (= bin
¥ [=src
¥ = main
¥ = resources
¥ (= META-INF
=~ spring

4r(

File name: Imodule—context.xml

E Add Spring project nature if required

@ (" <Back ( Next > )[ Cancel ) f—ﬂmh—)

4

Add the p - http://mwww.springframework.or g/schema/p namespace declaration to the pre-sel ected
beans declaration and then click Finish.

New Spring Bean Definition file i
Select XSD namespaces to use with the new Spring Bean Definition < >

Select desired XSD namespace declarations:

=l @ beans - http:/ /www.springframework.orgschema/beans -~
0 |a] context - http:/ fwww.springframework.org/schema/context

0 % faces - http:/ /www.springframework.org/schema/faces

0 % flow - http:/ fwww.springframework.org/schema /webflow-config

0 [E'debc - http:/ fwww.springframework.org/schema/jdbc

0 féjee - http:/ jwww_springframework.org/schema/jee

0 ijs - http:/ jwww.springframework.org/schema/jms

@ lang - http:/ /www.springframewerk.org/schema/lang

%o;gi - http:/ fwww.springframework.org/schema/osgi

%o;gi—compendium - http:/ fwww.springframework.org/schema/osgi-compendium
[ @&, oxm - http:/ /www.springframework.org/schema/oxm

E (F) p - http:/ fwww.springframework.org/schemajp

mmiwli

aivi

Select desired XSD (if none is selected the default will be used):

@ ( < Back )( Next > ) ( Cancel ) E—ﬁﬂ:h—a

4

Update the newly-created file (which is opened by Eclipse) to declare a bean that defines the
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Dat aSour ce object that will be used to access the GreenPages database. Do this by adding the
following bean declaration:

<bean id="dataSource" class="org. apache. commons. dbcp. Basi cDat aSour ce"

p: driverCl assNane="org. h2. Driver" p:url="jdbc: h2: ~/ greenpages- db/ gr eenpages"

p: user nane="gr eenpages" p: passwor d="pass"
init-nmethod="createDat aSource" destroy-nethod="cl ose" />

The new bean has introduced a dependency on Commons DBCP, which will cause an error to be
reported by Eclipse.

This dependency must be recorded in the project’s pom file. Open the pom file for
gr eenpages. db and add the following dependency between the <dependenci es> tags.
<dependency>
<groupl d>or g. apache. comons</ gr oupl d>

<artifactld>com springsource. org. apache. cormons. dbcp</artifactl|d>
</ dependency>

Save the updated pom and then switch back to the editor for nodul e- cont ext . xm . Save the
updated file and observe that the previously reported problem is now resolved as Commons
DBCP is available on the classpath.

Now that the Dat aSour ce bean isavailable, it can be published into the OSGi service registry.

Right-click the spr i ng folder and select New - Spring Bean Configuration File again. This

time specify aname of osgi - cont ext . xml , click Next, and add the osgi namespace
declaration. Click Finish and then add the following to the new file to publish the Dat aSour ce
asaservice:

<!"export the dataSource bean to the OSG service registry under the
Dat aSour ce interface

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

Configuring Bundlor’'s manifest template

Bundlor uses a manifest template to control the contents of the generated manifest. Create a new
filenamedt enpl at e. nf intheroot of thegr eenpages. db project. Open the existing
MANI FEST. MF and switch to the MANI FEST. MF tab to view its source. Copy the contents.
Switch to the editor for t enpl at e. nf, switchtothet enpl at e. nf tab and paste the
contents from MANI FEST. MF. These entries will tell Bundlor what the resulting manifest’s
bundle symbolic name, bundle version, etc. should be. Save the updated template.

Still inthet enpl at e. nf editor switch to the Overview tab and click Update MANIFEST.MF
which is under the “Bundle Actions” section.

At this point Bundlor will scan the project to determine its dependencies. It will scan both
nodul e- cont ext . xm andosgi - cont ext . xm looking for references to classes. For
each classto which it finds areference, an import for the class's package will be added to the
resulting manifest.

In this case, Bundlor will generate imports for bothj avax. sql and

or g. apache. commons. dbcp. These imports may not be resolved. The gr eenpages. db
project needs to be associated with a Web Server instance which has the Commons DBCP
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bundle in its repository to resolve them. In any event the next step addsthe gr eenpages. db
project to the GreenPages PAR and will result in it inheriting the PAR project’ s targetted runtime
configuration.

Double-click the MANI FEST. MF filein the gr eenpages project in the Package Explorer
view. Switch to the Dependenci es tab and click Add.... Select gr eenpages. db and click
OK. Save the updated file. A problem concerning theor g. apache. conmons. dbcp
dependency should now be resolved (along with any other resolution errors) and (if the server is
running) the GreenPages application will be redeployed due to the addition of the

gr eenpages. db module. Start the server if it isnot aready running and observe that this
deployment fails.

The deployment will fail becausetheor g. h2. Dri ver classthat isreferenced in the
Dat aSour ce bean’sdefinition in nodul e- cont ext . xm isnot available to the bundle.
(Check for the exception
or g. spri ngfranmewor k. beans. f act ory. BeanCr eat i onExcept i on with text
something like:
Error creating bean with nane 'dataSource'

defined in URL [bundl eentry://68.fwk504117357/ META-| NF/ spring/ nodul e-context.xm]:

I nvocation of init nethod failed;
nested exception is org.apache. commons. dbcp. SQLNest edExcepti on: Cannot | oad JDBC driver class 'org. h2.Driver'

though the numbers might be different.)

There are afew cases where Bundlor will not identify a dependency on a class and, at the
moment, thisis one of them, although thisis an area of Bundlor that is being improved all the
time. Thankfully, it is easy to add the required import by making a simple update to the template.

Open the editor for thet enpl at e. nf fileinthegr eenpages. db project and add the
following | mpor t - Package header and save the updated manifest:

I nport - Package: org.h2;version="[1.0.71,1.0.71]"

Saving the manifest will trigger a redeployment (or click on Update MANIFEST.MF as before)
which will fail if the H2 database is not available. (Refer to the section the section called
“Starting and configuring the database” in Chapter 3, Installing and exploring GreenPages to run
and configure the database.)

If the database is running the GreenPages application should correctly deploy. Although the
application web front-end will run, the database contentsis not visible, of course, because we are
still running with the stub version of the sear ch method on the controller. The implementation
of theDi r ect or y service needsto be changed to exploit the database.

5.3 Building the JPA module

In this section the JPA module in GreenPages is created, building upon an existing skeleton. JPA
and its metadata are configured, and a JPA-based Directory service implementation is published
which is then consumed by the application’s Web bundle.
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Completing the JPA-based Directory implementation

Thegr eenpages. | pa starter project provides the beginnings of a JPA-based implementation
of Di rect ory named JpaDi r ect or y. Import thegr eenpages. j pa project from the
$GREENPAGES HOWE/ st art directory.

OpentheJpaDi rect ory. j ava sourcefileinthe gr eenpages. j pa package of
gr eenpages. j pa project (under sr c/ mai n/ j ava).

The source file contains a Java Persistence Query Language (JPQL) search query that will be
used to retrieve listings from the database, and empty implementations of the sear ch and
fi ndLi sti ng methods.

Firstadd an Ent i t yManager to it. Before the new field can be added, Ent i t yManager
must be available on the classpath. Open the pom for gr eenpages. j pa and add the following
dependency:
<dependency>
<groupl d>j avax. per si st ence</ gr oupl d>

<artifactld>com springsource.javax. persistence</artifactld>
</ dependency>

Now returnto JpaDi r ect or y and add the following field to the class along with an import for
j avax. persi stence. Enti t yManager (which should be suggested by Eclipse):

private EntityManager em

ThisEnt i t yManager can now be used to implement thesear ch andf i ndLi sti ng
methods. Update the implementations of these two methods to match the following
implementations and then save the updated class:

public Listing findListing(int id) {
return em find(JpaListing.class, id);

@uppr essWar ni ngs("unchecked")
public List<Listing> search(String term {
return em creat eQuery( SEARCH QUERY). set Paraneter ("terni',
"% + termtoUpperCase() + "% ).getResultList()
}

(Warnings from Eclipse should now be absent.)

The application context now needs to be updated to create JpaDi r ect or y and to create an
Ent it yManager that can beinjected into JpaDi rect ory.

Open nodul e- cont ext . xm inthe META- | NF/ spr i ng folder of the
gr eenpages. j pa. Add the following beans that will create JpaDi r ect ory and an
Ent i t yManager , enable load-time weaving that is required by JPA, and enable
annotation-based configuration that will allow the Ent i t yManager to beinjected into
JpaDirectory:
< "Activates a load-time weaver for the context. Any bean within the
context that inplenments LoadTi ne\Weaver Aware (such as
Local Cont ai ner Enti t yManager Fact oryBean) will receive a reference to

the autodetected | oad-tinme weaver.
50D
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<context:|oad-tinme-weaver aspectj-weaving="on" />

<!-- JPA EntityManager Factory -->
<bean id="entityManager Fact ory"
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 nanme="j paVendor Adapt er">
<bean id="j paVendor Adapt er"
cl ass="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 stence. pl atf orm dat abase. HSQLPI at f or ni'
p: showsql ="true" />
</ property>
</ bean>
<l--
Activates various annotations to be detected in bean classes: Spring' s
@Required and @\utowired, as well as JSR 250's @Post Construct
@r eDestroy and @Resource (if available) and JPA' s @Persi st enceCont ext
and @rersistenceUnit (if available)
-->
<cont ext:annotation-config />

<bean id="directory" class="greenpages.jpa.JpaDirectory" />

The addition of the new beans to the context has introduced a new dependency upon Spring’s
ORM support and upon EclipseLink and its JPA implementation. Add the following
dependencies to the pom file for gr eenpages. j pa and saveit:

<dependency>
<groupl d>or g. spri ngf ramewor k</ gr oupl d>
<artifactld>org.springframework.spring-library</artifactld>
<type>libd</type>
</ dependency>
<dependency>
<groupl d>or g. ecl i pse. persi st ence</ groupl d>
<artifactl|d>com springsource. org. eclipse. persistence</artifactld>
</ dependency>
<dependency>
<groupl d>or g. ecl i pse. persi stence</ groupl d>
<artifactld>com springsource.org. eclipse. persistence.jpa</artifactld>
</ dependency>

Now switch back to modul e- cont ext . xm for gr eenpages. j pa and observe that the
errors relating to Spring’s ORM types have now been resolved. Save nodul e- cont ext . xmi .

The application context now contains afactory that will create an Ent i t yManager andis
configured for annotation-based configuration. The last step in completing JpaDi rect ory is
to annotate the Ent i t yManager field so that Spring will inject the Ent i t yManager created
by the factory into the field.

OpenJpaDbi rect ory. j ava again and add an annotation @er si st enceCont ext tothe
EntityManager field.
@er si st enceCont ext

private EntityManager em

Eclipse will suggest animport for j avax. per si st ence. Per si st enceCont ext ; accept
this and save thefile.

Providing the JPA metadata

JPA uses afilenamed META- | NF/ per si st ence. xmnl to describe persistence units.

persi st ence. xm refersto asecond file, typically named META- | NF/ or m xml , to define
entity mappings. In the case of GreenPagesthe per si st ence. xmnl file specifiesasingle
persistence unit that pointsto the gr eenpages. JpalLi st i ng class. The specified mapping
file (META- | NF/ or m xml ) tells the JPA implementation how to map JpalLi st i ng to the
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L1 STI NG database table described above. (For more information on JPA consult the
Documentation section in the appendix.)

Create anew file named per si st ence. xm inthe META- | NF folder of the
gr eenpages. j pa project. Add the following contents to the new file and then saveit:

<?xm version="1.0" encodi ng="UTF-8" ?>
<persistence xm ns="http://java. sun. conl xm / ns/ persi st ence"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://]ava. sun. com xm / ns/ per si st ence
http://java. sun. coml xm / ns/ per si st ence/ persi stence_1_0. xsd"
version="1.0">

<persi stence-unit name="G eenPages" transaction-type="RESOURCE LOCAL" >
<cl ass>gr eenpages. j pa. JpaLi sti ng</cl ass>
</ persi stence-unit>

</ persi st ence>

Now create anew file named or m xm alsointhe META- | NF folder asper si st ence. xm .
Add the following contents to the new file and then saveit:

<?xm version="1.0" encodi ng="UTF-8" ?>
<entity-mappi ngs xm ns="http://java. sun. conl xm / ns/ persi st ence/ or n
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://]ava. sun. com xm / ns/ per si st ence/ orm
http://java. sun. conl xm / ns/ persi stence/ orm 1_0. xsd"
version="1.0">
<package>gr eenpages. j pa</ package>
<entity class="greenpages.jpa.Jpalisting" name="Listing">
<tabl e name="LI STING' />
<attributes>
<id nanme="1listingNunber">
<col umm nane="LI STI NG_NUMBER' />
<gener at ed- val ue strategy="TABLE" />
</id>
<basi ¢ name="first Nane">
<col um nane="Fl RST_NAME" />
</ basi c>
<basi ¢ name="1| ast Nane" >
<col utm nane="LAST_NAME" />
</ basi c>
<basi ¢ nane="enui | Addr ess" >
<col utm nane="EMAI L_ADDRESS" />
</ basi c>
</attributes>
</entity>
</ entity-mappi ngs>

Consuming the DataSource from the service registry

Theent it yManager Fact or y bean that was added earlier depends upon a bean named
dat aSour ce which it will useto connect the Ent i t yManager to the GreenPages database.
Thegr eenpages. db module already publishes a Dat aSour ce to the service registry.

gr eenpages. j pa must now be updated to consume thisdat aSour ce.

Openosgi - cont ext . xm inthe META- | NF/ spri ng folder of thegr eenpages. j pa
project and add the following:

<!-- inmport the DataSource fromO0SG -->
<osgi:reference id="dataSource" interface="javax.sql.DataSource" />

Thiswill result in a bean being created in the application context that is named dat aSour ce.
The bean will be of typej avax. sqgl . Dat aSour ce and will be backed by a service found in
the OSGi serviceregistry that implementsthej avax. sql . Dat aSour ce interface. (Some
warnings concerning the dat aSour ce bean will now disappear.)
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Publishing the Directory implementation to the service registry

To make the JPA-based Di r ect or y implementation available to GreenPages Web module it
must be “published” to the OSGi service registry.

Openosgi - cont ext . xm inthe META- | NF/ spri ng folder of thegr eenpages. j pa
project, add the following and then save the updated file:

<l-- export the directory bean to OSG under the Directory interface -->
<osgi:service ref="directory" interface="greenpages.Directory" />

Generating greenpages.jpa’s manifest using Bundlor

Openthet enpl at e. nf fileintheroot of thegr eenpages. j pa project and switch to the
t enpl at e. nf tab. Add the following entries to the template and save it.
I nport-Bundl e: com springsource. org. eclipse. per5|stence ver si on= [1.0.0,1.0.m
com springsource. org. ecli pse. persistence.  pa; version="[1.0.0,1.0.0]"
| nport - Package: org. springfranework. cont ext . meaV|ng verglg; '[3.0,3.1)"

org. springfranework.transacti on. aspectj;version="[3.0
Excl uded- Exports: greenpages.jpa

The Excl uded- Expor t s header tells Bundlor that the gr eenpages. j pa should not be
exported from the gr eenpages. j pa bundle.

Thel mport - Package entriesfor or g. spri ngf r amewor k. cont ext . weavi ng and
org. springframewor k. transacti on. aspectj areneeded asBundlor cannot, yet,
detect that these packages are required based on the contents of the bundle’s application context.

Lastly, thel npor t - Bundl e entriesfor EclipseLink and its JPA implementation are needed as
Bundlor cannot, yet, detect that EclipseLink is the JPA implementation that is being used by
GreenPages.

Switch to the Overview tab and click Update MANIFEST.MF. Aswith gr eenpages. db
before, this update will result in some errors being reported in the manifest as the project is not
associated with atargetted runtime. Double-click the MANI FEST. MF fileinthe gr eenpages
project in the Package Explorer. Switch to the Dependencies tab and click Add.... Select

gr eenpages. j pa and click OK. Save the updated file. The problems in the manifest should
now be resolved and the GreenPages application should be redeployed due to the addition of the
gr eenpages. j pa module. This redeployment should succeed and it's now time to try the
application again.

5.4 Trying out the JPA middle tier

Open aWeb browser and navigate to http://|ocalhost:8080/greenpages. Click the Submit button.
Unfortunately the search will not return any results as the Web bundleis still using the stub

Di r ect or y implementation provided by the gr eenpages. app module, rather than the
JPA-based implementation that is provided by gr eenpages. j pa. Thiscan be confirmed by
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using the Web Server shell, or the web-based admin consol e to examine the services being used
by gr eenpages. web.

The service which is being used by the Web bundle can be changed at runtime without having to
restart the application or the Web Server. This can be achieved by changing gr eenpages. app
so that it no longer publishesitsDi r ect or y implementation. Asaresult of thisDi r ect ory
service no longer being available, the Web bundle will automatically switch to using the
JPA-based implementation.

Opentheosgi - cont ext . xm fileinthe META- | NF/ spri ng folder of the
gr eenpages. app project and comment out the publication of the directory service:

<l-- <osgi:service interface="greenpages.Di rectory" ref="directory"/> -->

Now save the updated file which will cause the application to be updated and refreshed on the
server. Switch back to the Web browser and click Submit again.

Thistime eight results should be returned. Clicking on any of the View links will display the
listing’ s details. The application is now working. All that remainsisto apply some best practices
to the middle tier.

5.5 Applying best practices to the middle tier

While the application middle tier now works as required, it does not observe afew Spring-related
best practices.

Using transactions

At the moment, the middle tier does not make any use of transactions. Thisisn’t a problem while
the database access methods are only running single queries, but could lead to problemsin the
future if the application is made more complex. Thankfully, adding the use of transactionsto the
middletier issimple.

Open nodul e- cont ext . xm inthe META- | NF/ spri ng folder of gr eenpages. | pa.
Add the following bean definition to create a transaction manager and associate it with the
context’'sEnt i t yManager :

< "Transaction manager for a single JPA EntityManagerFactory (alternative to JTA)

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

(Saveit, and the gr eenpages. j pa module will be refreshed.)

Next, Spring must be told to enable transaction management. In keeping with the use of
annotation-based configuration for the Ent i t yManager , annotation-based transaction
configuration will aso be used. Add the following to enable A spectJ-powered transaction
demarcation for appropriately annotated beans:

<l--
Instruct Spring to perform declarative transacti on nanagenent
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automatically on annotated classes.
>

<t x:annotation-driven node="aspectj" />

Save the updated file which will trigger (another) successful refresh of gr eenpages. j pa.

Lastly, JpaDi r ect or y needsto be annotated so that it isidentified as requiring Spring-based
transaction management. Open JpaDi rect ory. j avaingr eenpages. j pa. Annotate the
classwith @r ansact i onal and add an import for

org. springframework. transacti on. annot ati on. Transacti onal , which
Eclipse should suggest:

inmport org.springfranmework.transaction. annotation. Transactional ;

@r ansact i onal
final class JpaDirectory inplenments Directory {

Save the updated file triggering another successful refresh: JpaDi r ect or y isnow
transactional .

Enabling exception translation

When using JPA, the standard exceptions are somewhat out of keeping with Spring’s exception
model. Spring provides support for automatically translating these exceptions into Spring's
Dat aAccessExcept i on hierarchy.

Open nodul e- cont ext . xm for gr eenpages. j pa again and add the following bean
definition to add the exception tranglator to the application context:
<l--
Post - processor to perform exception translation on @Repository cl asses
(fromnative exceptions such as JPA PersistenceExceptions to
Spring& squo; s Dat aAccessException hierarchy).
>

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

Save the updated file. The tranglation will only occur on classes that are annotated with Spring’s
@Reposi t ory stereotype annotation. JpaDi r ect or y needs to have this annotation added to
it complete the enabling of the exception trans ation.

OpenJpabi rect ory. j ava agan, annotate the class with @Reposi t or y and add an import
foror g. spri ngfranmewor k. st er eot ype. Repository:

inport org.springfranework. stereotype. Repository;

@r ansact i onal
@Reposi tory
final class JpaDirectory inplements Directory {

Save the updated file.

At this point the redeploy of the GreenPages application may fail with an error similar to this:

<SPDE0100E> The class wi th nanme 'org. springfranmework. dao. annot ati on. Per si st enceExcepti onTransl| ati onPost Processor',
referenced by bean 'org. springfranmework. dao. annot ati on. Per si st enceExcepti onTransl ati1 onPost Processor #0' ,
could not be | oaded by class |oader 'ServerBundl eCl assLoader: [bundl e=greenpages-1-greenpages.jpa_2.0.0]":
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which indicates that there is some package (or g. spri ngf r amewor k. dao. annot at i on)
which is not available to the “Bundl eCl assLoader ” for bundle

gr eenpages- 1- gr eenpages. j pa_2. 0. 0. We should look in the MANI FEST. MF file for
this bundle, and see that this package is not imported (in the | npor t - Package header). Since
Bundlor generated thisfile (controlled by the template filet enpl at e. nf ) we should check
that the manifest was re-generated on our last change.

Opent enpl at e. nf ingr eenpages. j pa and, in the Overview pane, click on Update
MANIFEST.MF in the Bundle Actions section. The MANI FEST. MF fileis updated, and the
application is redeployed, this time successfully. It might be worthwhile checking the option
Automatically update MANIFEST.MF in the background on thet enpl at e. nf Overview pane
so that the MANI FEST. MF is kept up to date as the project is changed.

Versioning imports

By default, Bundlor generates| nport - Package entries with no version range specified. In
the absence of aversion range, the OSGi default of “any version” isused. Whilst thisis very
flexible it's generally agood ideato restrict an import by specifying a narrower range. This can
be achieved by providing Bundlor with some additional information in the manifest template.

Opent enpl at e. nf for gr eenpages. j pa and add the following | nport - Tenpl at e
header:

| nport - Tenpl at e: org. sprlngfranemnrk ;version="[3.0,3.1)"
greenpages; versi on="[2.0, 2
] avax. per si st ence; ver si on= [1.0.0,1.0.Q

This header tells Bundlor that al imports of or g. spri ngf r amewor k packages should bein
therange 3. 0 inclusiveto 3. 1 exclusive, that an import of the gr eenpages package should
beintherange 2. 0 inclusiveto 2. 1 exclusive, and that an import of | avax. per si st ence
should be at exactly version 1. 0. 0.

Bundlor has also generated an import for thej avax. sql package dueto the

gr eenpages. j pa module suseof j avax. sql . Dat aSour ce. Thisclassis provided by
the JRE and as such is generally considered to be unversioned, that isit has the default OSGi
version of zero. If version zero is precisely what is required then add the following to the

| mport - Tenpl at e header:

,javax.sqgl ;version="[0,0]"

but if “any” version is acceptable add the following instead:

, javax. sql ; versi on="0"

Either of these will successfully allow GreenPages to deploy and work correctly. The difference
isin thelevel of flexibility allowed with the external dependency, something which is probably
irrelevant in this case, but with other package sources might be important.

Congratulations!

The GreenPages middletier is now complete and observes some “best practice” development
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with Spring and OSGi.
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6. Testing GreenPages

6.1 Introduction

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 products 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 Web Server.

In our application integration testing means testing an application or portion of an application
with other code. Thiskind of testing does look abit different when developing for Web Server.
In most cases Web Server applications are made up of small bundles that consume services
through the OSGi registry. In the following steps a single bundle and the entire GreenPages
application will be integration tested outside the container.

6.2 Single bundle integration testing

One of the most common forms of integration testing is ensuring that the object relational
mapping in an application is working properly. Thiskind of testing typically uses a data access
object to retrieve data from alive database. In this step atest case for the JpaDi r ect or y class
is created.

Openthegr eenpages. j pa. JpabDi rect or ySpri ngCont ext Test s classinthe
src/test/java sourcefolder of thegr eenpages. j pa project. Thisclass containsa
method that uses JUnit to test that a search completes correctly. Rather than instantiate this class
directly in the test, the Spring Test Framework is used to instantiate and inject a

JpaDi r ect or y based onthe META- | NF/ spri ng/ nodul e- cont ext. xmi file.

Add Spring Test Framework declarations to the test class. These declarations run the test with
the Spri ngJuni t 4Cl assRunner and configure the test with the
cl asspat h: / META- | NF/ spri ng/ nodul e- cont ext . xm file:

@unW t h( Spri ngJUni t 4C assRunner . cl ass)

@Cont ext Confi guration(locations = "cl asspath:/META-1 NF/ spri ng/ nodul e-cont ext . xm ")

@est Execut i onLi st ener s(val ue = Dependencyl nj ecti onTest Execut i onLi st ener . cl ass)
public class JpaDirectorySpringContextTests {

Use Eclipse to suggest the necessary imports until there are no errors.
When this configuration is complete, click on the Run drop-down menu and select Run

Configurations.... In the the dialog that opens select JUnit — JpaDirectorySpringContextTests
and press Run.
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8.0 Run Configurations
Create, manage, and run configurations —
Create a configuration that will launch a JUnit test. I: | ;;
R A=k
Name: | |paDirectorySpringContextTests
[ jpd ) _
. Test )= Argumentﬂ T Classpatlﬂ EEJJRE\I 'E;y Sourcew E Environmenﬂ B Cor‘nmorﬂ
¥ JU JUnit
JU JpaDirectorySpringContextTests 8 Run a single test
Project: greenpages.jpa | Browse...
Test class: greenpages.jpaJpaDirectorySpringContextTests | Search...

O Run all tests in the selected project, package or source folder:

Search...
Test runner: | Junit 4 2|
’:‘ Keep JUnit running after a test run when debugging
Apply Revert
Filter matched 2 of 20 items
{i] { Close -\ ( Run )

P

Thistest run will fail because thereisno Dat aSour ce bean to beinjected; it istypicaly
sourced from the OSGi service registry at runtime:

Caused by: org. springfranmework. beans. factory. NoSuchBeanDefi ni ti onExcepti on:
No bean naned ' dataSource' is defined

The next step will correct this error.

6.3 Contributing OSGi sourced dependencies

In the previous step the JpaDi r ect or ySpr i ngCont ext Test s test failed because it did
not have aDat aSour ce to beinjected. In this step, you will instantiate an “in-process’
database for testing and populate it with data.

Openthet est - cont ext . xm fileinthesrc/test/resources META-I NF/ spri ng
folder. In thisfile, define two beans, aDat aSour ce and aTest Dat aPopul at or . Thesetwo
beans will provide atest Dat aSour ce complete with test data.

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

<bean cl ass="greenpages. j pa. Test Dat aPopul at or" i nit-nmet hod="popul ate">
<constructor-arg ref="dataSource" />
<constructor-arg value="file:../../db/db.sql" />

</ bean>
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OpentheJpaDbi r ect or ySpri ngCont ext Test s class and update the

Cont ext Confi gur at i on annotation to point a both the nodul e- cont ext . xm fileand
thet est - cont ext. xm file:

@oont ext Confi guration(locations = {

"cl asspat h: / META- | NF/ spri ng/ nodul e- cont ext. xm ",
"cl asspat h: / META-| NF/ spring/test-context.xm" })

Once again usethe JpaDi r ect or ySpr i ngCont ext Test s JUnit profile to run the test
class. Now that thereisaDat aSour ce being contributed, the test will pass.

Proceed to the next step.

6.4 Multi bundle integration testing

Earlier asingle bundle was integration tested by providing 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. In this step you will create atest case for the entire
GreenPages application starting with the G eenPagesCont r ol | er class and descending all
the way to a database. It would be sensible to create this in a separate test bundle but as one of
the bundles involved here is aweb bundle the tests will have to go in there.

Since this project will be testing the GreenPages application as a whole, it needs to depend on the
bundles that make up the application. Open thepom xm filefor thegr eenpages. web
project and add a dependency declaration for the gr eenpages. j pa bundle:

<dependency>
<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifact|d>greenpages.jpa</artifactld>
<versi on>${ pr oj ect . ver si on} </ ver si on>
<scope>t est </ scope>

</ dependency>

noting that the scopeist est .

Open the G eenPagesSpr i ngCont ext Test s class and add the Spring Test Framework
declarations. These declarations should run the test with the Spr i ngJuni t 4Cl assRunner
and configure the test with the

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

file:src/ mai n/ webapp/ VEEB- | NF/ gr eenpages- servl et. xm and

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

cl asspat h*: with respect to the nodul e- cont ext . xml path. Thiswill cause Spring to
look for files that match that path in al of the bundles on the classpath meaning that all the
application beans will be instantiated. Also, as we do not want the WEB- | NF folder on the
classpath we must reference the servlet context for GreenPages with afull file path:

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

It may be necessary to click on Update the MANI FEST. MF on the template overview pane and
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Update Dependencies from the Maven menu, before Eclipse will suggest appropriate imports
here.

When this configuration is complete, click on the Run drop-down and select Run

Configurations.... In the the dialog that opens select JUnit - GreenPagesSpringContextTests
and press Run;

B ) Run Configurations

Create, manage, and run configurations

Create a configuration that will launch a JUnit test. @

0 E 3@|E|;’=:=>'

MName: GreenPagesSpringContextTests

| *SpringContext*

; Test - (0= Arguments| “; Classpath | g, JRE| B/ Source| I Environment| = Common|
¥ Ju JUnit

I GreenPagesSpringCon) @ Run a single test

Ju JpaDirectorySpringCor

Project: greenpages.web Browse...
Test class: | greenpages.tests.CreenPagesSpringContextTests Search...

() Run all tests in the selected project, package or source folder:

Search...
Test runner: ( JUnit 4 .%!
["] Keep JUnit running after a test run when debugging
 ———— 14l Apply Revert
Filter matched 3 of 25 items
@j [: Close ) E—Rn-n—a

&

When thistest isrun, Spring creates an Appl i cat i onCont ext that is built from the
nmodul e- cont ext . xm configuration filesfrom al of the bundles. Because of thisall of the
internal dependencies are satisfied by the beans created directly by the bundles.

There are warnings output by thistest concerning | og4j :

1 0g4j : WARN No appenders coul d be found for |ogger
(org. springframework.test.context.junit4. SpringJUnit4C assRunner).
| 0g4j : WARN Pl ease initialize the | og4j system properly.

These warnings are benign, and do not influence the tests in any way.

The next chapter constructs an automated build system that might be used to build GreenPages
(and run its tests) outside of an interactive development environment.
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7. Automated Build

7.1 Introduction

One of the most important components in application development is the automated build. This
permits application artifacts to be created outside of the developer’s IDE. The application can be
created and tested in a variety of environments including continuous integration.

7.2 Setting up for Automated Build

Before building and deploying from the command line, it isimportant to clean up the artifacts
that Eclipse has deployed. In this section the GreenPages application will be undeployed within
Eclipse and all of the GreenPages bundles built from the command line.

Right-click on the gr eenpages application in the Ser ver s view and select Remove. Once
thisis complete close Eclipse: it is no longer needed.

[£/ Problems | @ Javadoc [[£, Declaration | =l Console | 4l Servers &3

¥ g SpringSource dm Server v2.0 at localhost

New "1
Redeploy

Open MANIFEST.MF

Run the following command from a command prompt with the SGREENPAGES HOVE/ st ar t
asthe current directory. Thiswill build the individual bundles that make up the GreenPages
application:

m/n clean install

Thefirst timethisisrun will cause Maven to download quite afew packages. It islikely aso that
this does not build successfully on the first try, due to warnings from Bundlor. These warnings
are due to the lack of information regarding some of the packages required by

gr eenpages. db and gr eenpages. web. For example warnings like the following may be
issued:

[ WARNI NG Bundl or War ni ngs:

[ WARNI NG <SB0001W,: The inport of package javax.sqgl does not specify a version.

[ WARNI NG <SB0001Ws: The inport of package org.apache. commons. dbcp does not specify a version.
[IINEQ =

[ ERROR] BU LD ERROR

[INFQ| cccccocccsscssssssssssssscsssssscsoosssscooooooooosssssssssssssanoooonos

[INFO Bundl e transformer returned warnings.
Pl ease fix manifest tenplate at '/opt/greenpages-2.1.0. RELEASE (? check this)/start/greenpages. db/tenplate. nf’
and try again.
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which indicate that thereis no information inthet enpl at e. nf fileinthegr eenpages. db
project to inform Bundlor what version of these packages to generate in the MANI FEST. MF for
that bundle.

To correct these problems add the following linesto thet enpl at e. nf filefor the
gr eenpages. db bundle:

I nport-Tenpl ate: javax.sql;version="0"
or g. apache. commons. dbcp; version="[1.2.2.0sgi, 1.2.2.0sgi]"

and, if further warnings areissued, inthet enpl at e. nf file of other bundles (for example,
gr eenpages. j pa).

When the mvn command returns successfully, go to the next step.

7.3 Create POM

All of the projects except the PAR project have Maven POM filesfor building. In this step an
initial POM filefor the PAR is created.

Using atext editor create afile called
$GREENPAGES HOVE/ st art/ gr eenpages/ pom xmi . Open thisfile and add the
following skeleton to it:

<?xm version="1.0" encodi ng="UTF-8"?>
<pr oj ect
xm ns="http:// maven. apache. or g/ POM 4. 0. 0"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://maven. apache. org/ POM 4. 0. 0 http:// maven. apache. or g/ maven-v4_0_0. xsd" >

<par ent >
<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifact|d>greenpages. parent</artifact!d>
<version>2.1.0. RELEASE</ ver si on>
<rel ativePath>../parent</rel ativePat h>
</ par ent >
<npdel Ver si on>4. 0. 0</ nodel Ver si on>
<groupl d>com spri ngsour ce. dnser ver </ groupl d>
<artifactld>greenpages</artifactld>
<nanme>G eenPages PAR</ nane>
<packagi ng>par </ packagi ng>

<dependenci es>
</ dependenci es>

<bui | d>
<pl ugi ns>
</ pl ugi ns>
</ bui | d>
</ proj ect >

ensuring that the version numbers are consistent (for example, 2. 0. 0. RELEASE might be
2. 0. 1. SNAPSHOT depending on which version of gr eenpages being developed).

This skeleton defines a basic configuration with a parent POM. Notice that the packagi ng

typeispar . When you have created this file execute the following command from the
$GREENPAGES HOVE/ st ar t / gr eenpages directory.

m/n cl ean package

This command returns an error indicating that Maven does not know how to build a PAR:
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[INFQ] = - - - e e e eeo..
[ ERROR] BUI LD ERROR

[INEQ] - - ...
[INFQ The plugin 'org. apache. maven. pl ugi ns: maven- par - pl ugi n' does not exi st
[INFO or no valid version could be found

[INFG] =====ss=cccsscscccmssscccsssscccssssccsssssccsssosscsoosscccoososaooosss
The next step will correct this.

7.4 Adding the par plugin

Thorsten Maus contributed a Maven plugin to SpringSource (see Section A.2, “ Documentation™)
that builds aPAR file from alist of dependencies. In this step the Maven par plugin is added to
properly build a PAR artifact type.

In the <bui | d><pl ugi ns>..</ pl ugi ns></ bui | d> section, add a plugin declaration for
the par plugin.

<pl ugi n>
<groupl d>or g. apache. maven. pl ugi ns</ gr oupl d>
<artifact!|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>
<appl i cati onDescri pti on>G eenPages</ appl i cati onDescription>
</ configuration>
</ pl ugi n>

Declare the list of bundlesto be packaged in the PAR as dependencies of the PAR project.

<dependency>
<groupl d>com spri ngsour ce. dmser ver </ gr oupl d>
<artifactl| d>greenpages. app</artifactld>
<versi on>${ proj ect . ver si on} </ ver si on>

</ dependency>

<dependency>
<groupl d>com spri ngsour ce. dnmser ver </ gr oupl d>
<artifactl|d>greenpages.jpa</artifactld>
<versi on>${ proj ect . versi on} </ versi on>

</ dependency>

<dependency>
<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifactl| d>greenpages. db</artifactld>
<versi on>${ proj ect. versi on} </ versi on>

</ dependency>

<dependency>
<groupl d>com spri ngsour ce. dnser ver </ gr oupl d>
<artifact| d>greenpages. web</artifactld>
<versi on>${ proj ect. versi on} </ versi on>
<t ype>war </t ype>

</ dependency>

Now, run the following command.

m/n cl ean package

This command will now complete successfully and build aPAR intot ar get / :

INFQ Scanning for projects..

[ O I e
INFQ Buil di ng GreenPages PAR

I NFQ task-segnent: [cl ean, package]

|NFQ| ==c=c===ss-cccc=ss=cccsssscccossscccosssccmssssccosssscooossscooooosoooos

INFQ [clean:clean {execution: default-clean}]

FOQ [resources:resources {execution: default-resources}]

FQ [par:par {execution: default-par}]

FO Assenbling Artifacts for PAR ' ./[start/greenpages/target/greenpages-2.0.1. SNAPSHOT. par
FO Added ' greenpages. app. j ar

FOQ Added ' greenpages.j pa.j ar

FO Added ' greenpages. db.jar"'

I'NI
I'NI
I'NI
I'NI
I'NI
I'Ni
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- Added ' gr eenpages. web. war
FQ [com springsource. bundl or. :transform {execution: bundlor}]
FOQ 1gnored project with non-bundl e packagi ng: [par]

Proceed to the next step.

7.5 Adding the dependency plugin

Maven now successfully builds the PAR for your application, however the dependencies of the
PAR are not apparent. In this step the Maven dependency plugin is added to collect the
transitive dependency graph for the PAR.

In the <bui | d><pl ugi ns>..</ pl ugi ns></ bui | d> section (after the par plugin
declaration), add a plugin declaration for the dependency plugin:

<pl ugi n>
<gr oupl d>or g. apache. maven. pl ugi ns</ gr oupl d>
<artifact!|d>maven- dependency-plugi n</artifactld>
<executi ons>
<executi on>
<i d>copy- dependenci es</ i d>
<phase>package</ phase>
<goal s>
<goal >copy- dependenci es</ goal >
</ goal s>
<confi guration>
<out put Di rect or y>${ proj ect. bui | d. di rectory}/ par - provi ded</ out put Di r ect or y>
<over Witel f Newer >t rue</over Witel f Newer >
<excl udeG oupl ds>com spri ngsour ce. dnser ver, or g. apache. | 0g4j </ excl udeG oupl ds>
</ configuration>
</ executi on>
</ executi ons>
</ pl ugi n>

A dependency on Freemarker needs to be added to the other dependancies. Thisisrequired to
ensure the Web bundle has the correct set of dependancies as well as the other bundles. Normally
they would simply be resolved transitively from the bundle projects but the ‘war’ project does
not pass on its dependancies; it expects them to be contained inits ‘lib’ directory. For this reason
its dependancies must be given explicitly.

<!-- Required for the web bundl e as dependanci es are not propagated up fromwar build types -->

<dependezg¥;upld>org.freenﬁrker</groupld>

<artifactld>com springsource.freemarker</artifactld>

<scope>pr ovi ded</ scope>
</ dependency>

The next step isto stop the Web bundle including its dependanciesin alib directory as they will
be provided by the runtime enviroment. Add the following build section to the
gr eenpages. web POM file.

<bui | d>
<pl ugi ns>
<pl ugi n>
<artifactl|d>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>
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Run the following command.

m/n cl ean package

When the command has completed, it will have copied all of the PAR'’ s dependenciesinto the

t ar get / par - provi ded directory. The output from Maven should include lines like these

FO [ par: par]

FQ Assenbling Artifacts for PAR '/Users/chrisfrost/Repos/d T/greenpages/solutlon/
greenpages/target/greenpages sol ution-2.0. 0. SNAPSHOT. par*

FO Added ' greenpages. app- sol uti on. ]ar

FO Added ' greenpages. j pa-sol ution. jar

Added ' greenpages. db-sol ution.jar"'

I'N
I'N
I'N
I NI
I NFQ
INFq Added ' gr eenpages. web- sol uti on. war

[
[
[
[
[
[
f

If the dependencies are produced, proceed to the next step.

7.6 Automatically running the tests

Although the application is built, and dependencies produced for separate deployment, the tests
are not run as part of that build.

Add (or replace) the following plug-in entry inthe pom xmi filein the par ent directory under
start:

<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>
</incl udes>
<excl udes>
<excl ude>**/ Abstract *. j ava</ excl ude>
</ excl udes>
<junitArtifactName>org.junit:comspringsource.org.junit</junitArtifactName>
<argLi ne>-j avaagent: ${user. honme}/. n2/ reposi t ory/ or g/ spri ngf r amewor k/ or g. spri ngf ranewor k. i nstrunent/3.0. 0
</ configuration>
</ pl ugi n>

where the location of the user Maven repository is hard-coded.

Now runnmvn cl ean install fromthest art directory. Observe that the testswe
constructed before are now run.

7.7 Deploying the application

Maven can now build both the PAR application and the collection of dependencies required for
the application. In this step the PAR and dependencies are copied to the Web Server and the
PAR is started.

Copy the JARsinthet ar get / par - pr ovi ded directory into the
$VWS HOVE/ r eposi t ory/ bundl es/ usr/ directory.

Copy the PAR (gr eenpages- 2. 1. 0. RELEASE. par ) inthet ar get/ directory into the
$VWS HOVE/ pi ckup directory.
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Start the Web Server. Y ou should see output smilar to:

<DE0010l > Depl oynent of 'greenpages' version '2.1.0. RELEASE conpl eted.

Once deployment of the GreenPages application has completed, navigate to
http://local host:8080/greenpages.

The GreenPages application has been built from the command line, with a complete dependency
set generated for independent deployment.

The automated build and test procedureistorunnvn cl ean i nstal |l fromthe base

directory, generating the component bundles, and thento runnvn cl ean package from the
gr eenpages directory to generate the PAR and produce all its dependencies.
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Appendix A. Further Resources

A.1 Projects

a. SpringSource.org (http://www.springsource.org) — homepage for Virgo Web Server and
Spring Framework.

b. OSGi (http://www.o0sgi.org) — homepage for OSGi.

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

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

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

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

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

A.2 Documentation

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

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

c. Spring Framework 2.5 documentation
(http://stati c.springsource.ora/spring/docs/ 3.0.x/spring-framework-reference/html/).

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

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

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

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