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Four Pillars of Our Parthenon

� Business Application Source Code

� Build Environment

� Unit Test Framework

� Code Coverage Metrics
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Application

� The business functionality we intend to 
automate.

� Based on requirements.

� Typically described as use cases or user stories.

� Will spend most of its life in maintenance.

� Want to invest effort up front so that this long-
running phase requires minimal support.
—Standardized build

—Proactive unit testing

—Clear code coverage metrics
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Build Tool – Ant

� Widely used build tool for Java applications.

� Most Java-based tools include predefined Ant-tasks.

� JUnit, Cobertura, Tomcat, Eclipse, JBuilder, …

� Extremely versatile with many built-in tasks.

� java, javac, jar, war, FTP, telnet, email, CVS, …

� Open source, no issue with building commercial 
applications with it.

� Allows each developer to use preferred IDE while 
maintaining a standard tool for builds.

� ant.apache.org
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Unit Test Framework - JUnit

� Widely used framework.

� Simple yet powerful design.

� Reflection-based operation removes need for 
maintaining separate configurations for tests.

� Flexible reporting.

� Predefined Ant task for running tests.

� junit.org

"Never in the field of software development 
was so much owed by so many to 
so few lines of code" Martin Fowler
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Code Coverage Metrics - Cobertura

� Can be leveraged with any testing approach 
(well…don’t use it when performing load tests).

� Instruments the bytecode
—Passively monitors

� Supplies Ant tasks
� Setting up environment before tests are run.
� Reporting on results.

� Reports can be created in XML for proprietary 
(automated) usage or leverage the JavaDoc-style 
output for easy manual review.

� cobertura.sourceforge.net
"Cobertura is my new coverage tool of choice, and I hope to give

something back. I hope you'll get involved, too." Mike Clark, 
author of Pragmatic Project Automation
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Cobertura Installation

� Make sure you have Ant installed.

� Download the latest Cobertura zip or gzip tar 
file.

� Expand package in location of choice.

� Use the included example to run a quick test:

� /cobertura/examples/basic

� Run ant

� View resulting reports
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Cobertura Use with Ant

� You must place the necessary JARs on a classpath and 
use the <taskdef> element to add the Cobertura-
supplied tasks.

<property name="cobertura.dir 
value=“/path/to/cobertura/install" /> 

<path id="cobertura.classpath"> 
<fileset dir="${cobertura.dir}"> 

<include name="cobertura.jar" /> 
<include name="lib/**/*.jar" /> 

</fileset> 
</path> 
<taskdef classpathref="cobertura.classpath" 

resource="tasks.properties" /> 
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Why Standardize Your Ant Script

� Creates a repeatable process across application 
development teams.

� Speeds integration of new team members.

� Creates unified environment, particularly helpful 
during maintenance.

� Helps enforce development standards.

� Simplifies tool integration.
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A Standardized Build Script

� Has max-case set of targets.

� Clean up and create build-related directories

� Compile source code

� Run Unit Tests

� Generate Testing Reports

� Create JavaDoc

� Make JAR

� Make and Deploy WAR

� Project-specific properties defined separately.
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A Standardized Project Directory Structure
� Project Root

� src
— java
— content
— classpath_resources
— config

� gen
— src

—java
—content
—classpath_resources
—config

— test
—unit_test_results
—code_coverage_report

— instrumented
� addlclasses
� build
� dist
� thirdpartylib
� envlib
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Example Max-Case Build Script (1 of 10)
<project name="${projectName}" default="dist" basedir=".">
<!-- project properties are in build.properties -->
<property file="build.properties"/>

<!-- set calculated properties for this build -->
<property name="srcJavaDir" value="${srcDir}/Java"/>
<property name="instDir" value="${genDir}/Instrumented"/>

<!-- location of instrumented Jars for code coverage testing -->
<property name="testingDir" value="${genDir}/test"/>
<property name="testingJAR" value="${genDir}/bin/test-${jarName}.jar"/>
<property name="unitTestResultsDir" value="${genDir}/test/unit-test-results"/>
<property name="coberturaDataFile" value="${testingDir}/cobertura.ser"/>
<property name="codeCoverageReportDir" value="${testingDir}/code-coverage-report"/>

<!-- Build the Classpath -->
<path id="project.class.path">
<fileset dir="${thirdPartyLibsDir}">

<include name="**/*.jar"/>
</fileset>
<fileset dir="${envLibsDir}">

<include name="**/*.jar"/>
</fileset>

</path>
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Example Max-Case Build Script (2 of 10)
<!-- Setup for Cobertura - code coverage evaluation t ool -->
<path id="cobertura.classpath">
<fileset dir="${cobertura.dir}">
<include name="cobertura.jar"/>
<include name="lib/**/*.jar"/>

</fileset>
</path>
<taskdef classpathref="cobertura.classpath" resource="tasks.properties"/>

<!-- clean out previously built project files -->
<target name="clean">
<!-- Delete the ${buildDir}, ${distDir} and ${javadocDir} directory trees -->
<delete dir="${buildDir}"/>
<delete dir="${distDir}"/>
<delete dir="${genDir}"/>
<delete dir="${javadocDir}"/>

</target>
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Example Max-Case Build Script (3 of 10)
<!-- setup steps required before compilation -->
<target name="init">
<!-- Create the time stamp -->
<tstamp/>
<!-- Create the build directory structure used by compile -->
<mkdir dir="${buildDir}"/>
<mkdir dir="${distDir}"/>
<mkdir dir="${genDir}/bin"/>

</target>

<!-- compilation -->
<target name="compile" depends="init">
<!-- Compile the java code from ${srcJavaDir} into ${buildDir} -->
<javac srcdir="${srcJavaDir}" destdir="${buildDir}" debug="Yes" source="${sourceVersion}">
<classpath refid="project.class.path"/>

</javac>
</target>

<!-- make project deployment file(s) -->
<target name="dist" depends="distjar, distwar"/>
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Example Max-Case Build Script (4 of 10)
<!-- ################ -->
<!-- BEGIN: Java Client Application Steps (Remove if not applicable) -->
<!-- make project JAR file -->
<target name="distjar" depends="compile">
<jar jarfile="${distDir}/${jarName}.jar" manifest="${srcDir}/${manifestForJAR}">
<fileset dir="${buildDir}">
<include name="**/*.class"/>
<exclude name="**/*Test.class"/>
<exclude name="**/test/*"/>

</fileset>
</jar>

</target>
<!-- build test-jar file -->
<target name="test-jar" depends="compile">
<jar destfile="${testingJAR}">
<fileset dir="${buildDir}">
<include name="**/*.class"/>

</fileset>
</jar>

</target>
<!-- run the Application -->
<target name="run" depends="distjar">
<java classname="${runClass}" fork="true">
<classpath>
<pathelement path="${buildDir}"/>
<path refid="project.class.path"/>

</classpath>
</java>

</target>
<!-- END: Java Client Application Steps (Remove if not applicable) -->
<!-- ################ -->



© Blue Slate Solutions 2006

��

Example Max-Case Build Script (5 of 10)

<!-- ################ -->
<!-- BEGIN: Java Web Application Steps (Remove if not applicable) -->

<!-- Make Project WAR File -->
<target name="distwar" depends="buildwar"/>

<!-- build the WAR -->
<target name="buildwar" depends="compile">
<war warfile="${distDir}/${warName}.war" webxml="${sr cDir}/web.xml" 
manifest="${srcDir}/${manifestForWAR}">
<fileset dir="${srcDir}/Content"/>
<lib dir="${thirdPartyLibsDir}"/>
<classes dir="${buildDir}">
<include name="**/*.class" />
<exclude name="**/*Test.class" />
<exclude name="**/test/*"/>

</classes>
<classes dir="${addlClassesDir}"/>

</war>
</target>
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Example Max-Case Build Script (6 of 10)
<!-- install app into container -->
<target name="install" description="Install application to servlet container" depends="distwar">
<install url="${container.manager.url}" username="${container.manager.username}" 
password="${container.manager.password}" path="/${deploymentContextName}" 
war="file://${basedir}/${distDir}/${warName}.war"/>

</target>
<!-- remove app from container -->
<target name="remove" description="Remove application on servlet container">
<remove url="${container.manager.url}" username="${container.manager.username}" 
password="${container.manager.password}" path="/${deploymentContextName}"/>

</target>
<!-- list all apps deployed in servlet container -->
<target name="list" description="List installed applications on servlet container">
<list url="${container.manager.url}" username="${container.manager.username}" 
password="${container.manager.password}"/>

</target>
<!-- Redeploy - convenience for distWAR, remove, install -->
<target name="redeploy" depends="distwar">
<antcall target="remove"/>
<antcall target="install"/>

</target>
<!-- END: Java Web Application Steps (Remove if not applicable) -->
<!-- ################ -->
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Example Max-Case Build Script (7 of 10)
<!-- Setup cobertura instrumented test classes -->
<target name="code-coverage-setup" depends="compile">
<delete file="${coberturaDataFile}"/>
<delete dir="${instDir}"/>
<mkdir dir="${testingDir}"/>
<!-- build instrumented class files for code coverage  testing -->
<cobertura-instrument todir="${instDir}" datafile="${c oberturaDataFile}">
<!-- <ignore regex="org.apache.log4j.*" /> -->
<fileset dir="${buildDir}">
<include name="**/*.class"/>
<exclude name="**/*Test.class"/>
<exclude name="**/test/*"/>

</fileset>
</cobertura-instrument>

</target>
<!-- Generate code coverage report -->
<target name="code-coverage-report">
<delete dir="${codeCoverageReportDir}"/>
<cobertura-report format="html" datafile="${coberturaDataFile}" 
destdir="${codeCoverageReportDir}">
<fileset dir="${srcJavaDir}">
<include name="**/*.java"/>

</fileset>
</cobertura-report>

</target>
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Example Max-Case Build Script (8 of 10)
<!-- Run to setup instrumented class files, run unit tests and generate coverage reports -->
<target name="test" depends="unittest, code-coverage- report"/>
<!-- unit testing -->
<target name="unittest" depends="code-coverage-setup" >
<!-- clean the test-results folder -->
<delete dir="${unitTestResultsDir}"/>
<!-- create the test-results folder -->
<mkdir dir="${unitTestResultsDir}"/>
<!-- invoke junit -->
<junit printSummary="on" fork="true" haltonfailure="no" failureproperty="tests.failed">
<!--
Specify the name of the coverage data file to use.
The value specified below is the default.

-->
<sysproperty key="net.sourceforge.cobertura.datafile" file="${coberturaDataFile}"/>
<!--
Note the classpath order: instrumented classes are before the
original (uninstrumented) classes.  This is important.

-->
<classpath location="${instDir}"/>
<classpath location="${buildDir}"/>
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Example Max-Case Build Script (9 of 10)
<!--

The instrumented classes reference classes used by the Cobertura runtime, so Cobertura and 
its dependencies

must be on your classpath.
-->
<classpath refid="cobertura.classpath"/>
<!-- set log4j.configuration system property -->
<jvmarg value="-Dlog4j.configuration=file:${testLoggingProperties}"/>
<!-- define the classpath -->
<classpath refid="project.class.path"/>
<!-- define the formatter -->
<formatter type="plain"/>
<!-- setup for batch-testing -->
<batchtest fork="yes" todir="${unitTestResultsDir}">
<fileset dir="${buildDir}">
<include name="**/*Test.class"/>

</fileset>
</batchtest>

</junit>
<fail if="tests.failed">
tests.failed=${tests.failed}
***********************************************************
****  One or more tests failed!  Check the output ...  ****
***********************************************************

</fail>
</target>
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Example Max-Case Build Script (10 of 10)
<!-- javadoc creation -->
<target name="javadoc">
<!-- build javadoc for project -->
<!-- Create the javadoc dir -->
<mkdir dir="${javadocDir}"/>
<!-- Create the javadoc -->
<javadoc source="${sourceVersion}" sourcepath="${srcJavaDir}" 
packagenames="${javadocClasses}" destdir="${javadocDir}" 
Windowtitle="${javadocTitle}" Header="&lt;a 
href=&quot;http://www.blueslate.net/&quot; 
target=&quot;_top&quot;&gt;Blue Slate Solutions&lt;/a&gt;" Footer="&lt;a 
href=&quot;http://www.blueslate.net/&quot;&gt;Blue Slate 
Solutions&lt;/a&gt;" Private="yes">
<classpath refid="project.class.path"/>

</javadoc>
</target>

<!-- Project-specific targets go below this point -->
</project>
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Example build.properties (1 of 3)
#######################################################################
# You will typically need to change the following values for your project
#######################################################################

# Overall Ant project name
projectName=RecordMaintenance

# Source version compatibility
sourceVersion=1.4

####################
#### BEGIN: Java Client Application Settings (remove if not applicable)

# JAR file name (without the ".jar" suffix)
jarName=RecordMaintenance

# Main class to run application
runClass=net.blueslate.training.gui.RecordMaintenance

#### END: Java Client Application Settings
####################
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Example build.properties (2 of 3)
####################
#### BEGIN: Java Web Application Settings (remove if not applicable)

# WAR file name (without the ".war" suffix)
warName=RecordMaintenance

# WAR deployment context name
deploymentContextName=recordmaintenance

#### END: Java Web Application Settings
####################

# Classes for javadoc to process
javadocClasses=net.blueslate.training.*

# Title for Javadoc pages
javadocTitle=BSS Java Training Application
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Example build.properties (3 of 3)
###############################################################################
# You should not need to change the standard values below this point.
# If you need to alter these values, please check with Dave or Paul to confirm.
###############################################################################
# App. source code root folder (Java/Content/...)
srcDir=src
# Location to place JAVAC output
buildDir=build
# Location to place the generated JAR and WAR files
distDir=dist
# Location for generated output (code generation and testing)
genDir=gen
# Location for JavaDoc
javadocDir=javadoc
# JARs required at compile-time only - not to be included in WAR
envLibsDir=envlib
# JARs required for compiling and runtime
thirdPartyLibsDir=thirdpartylib
# Literal files to be included in class hierarchy
addlClassesDir=addlclasses
# Test logging configuration
testLoggingProperties="test.logging.properties"
# Code coverage tool installation
cobertura.dir=/DevelopmentTools/cobertura
# Java client application manifest
manifestForJAR=ManifestJAR.txt
# Java web application manifest
manifestForWAR=ManifestWAR.txt
# container "manager" connect info...
container.manager.url=http://localhost:8080/manager
container.manager.username=admin
container.manager.password=insecure
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Roles

� JUnit

� Continues to be the framework for all unit tests.

� Your approach to leveraging JUnit is unaffected.
—TestCases, Suites, …

� Unit test reporting remains the same.

� Cobertura

� Uses a proprietary data file to store application source 
structure and execution information. <cobertura-instrument>

� Monitors code execution through instrumented bytecode.

� Creates reports from the resulting data. <cobertura-report>

� Can optionally be used to force a build failure if code 
coverage below user-defined minimums. <cobertura-check>
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JUnit Ant Task

� Need to make a few changes to how we use the 
<junit> Ant task.

� Create instrumented classes before running 
tests.

� Assure the instrumented bytecode is found in the 
classpath before the non-instrumented version.
—Why do we need both instrumented and non-

instrumented classes on the classpath?

—Not everything is instrumented (interfaces, test 
classes)

� Place cobertura data file path in the 
environment.
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Creating the Instrumented Classes
<!-- Setup cobertura instrumented test classes -->

<target name="code-coverage-setup" depends="compile">
<delete file="${coberturaDataFile}"/>
<delete dir="${instDir}"/>
<mkdir dir="${testingDir}"/>
<!-- build instrumented class files for code coverage testing -->
<cobertura-instrument todir="${instDir}“

datafile="${coberturaDataFile}">
<fileset dir="${buildDir}">

<include name="**/*.class"/>
<exclude name="**/*Test.class"/>
<exclude name="**/test/*"/>

</fileset>
</cobertura-instrument>

</target>
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Instrumented Bytecode and Data File Location
<!-- unit testing -->
<target name="unittest" depends="code-coverage-setup">

<!-- clean the test-results folder -->
<delete dir="${unitTestResultsDir}"/>
<!-- create the test-results folder -->
<mkdir dir="${unitTestResultsDir}"/>
<!-- invoke junit -->
<junit printSummary="on" fork="true" haltonfailure="no" failureproperty="tests.failed">

<!-- Specify the name of the coverage data file to use. -->
<sysproperty key="net.sourceforge.cobertura.datafil e" 

file="${coberturaDataFile}"/>
<!--

Note the classpath order: instrumented classes are before the
original (uninstrumented) classes.  This is important.

-->
<classpath location="${instDir}"/>
<classpath location="${buildDir}"/>

<!--
The instrumented classes reference classes used by the Cobertura runtime, so
Cobertura and its dependencies must be on your classpath.

-->
<classpath refid="cobertura.classpath"/>
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Define The Reporting Target
<!-- Generate code coverage report -->
<target name="code-coverage-report">
<delete dir="${codeCoverageReportDir}"/>
<cobertura-report format="html" datafile="${cobertu raDataFile}" 

destdir="${codeCoverageReportDir}">
<fileset dir="${srcJavaDir}">
<include name="**/*.java"/>
<exclude name="**/*Test.java"/>
<exclude name="**/test/*"/>

</fileset>
</cobertura-report>

</target>

<!-- Run to setup instrumented class files, run unit tests and generate 
coverage reports -->

<target name="test" depends="unittest, code-coverage-report"/>
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Run the Tests
$ ant test
Buildfile: build.xml

init:
compile:

code-coverage-setup:
[mkdir] Created dir: C:\Java\BlueSlate\BSSJavaTrainingApp\generated\test

[cobertura-instrument] Cobertura 1.7 - GNU GPL License (NO WARRANTY) - See COPYRIGHT file
[cobertura-instrument] Instrumenting 20 classes to 

C:\Java\BlueSlate\BSSJavaTrainingApp\generated\Instrumented
[cobertura-instrument] Cobertura: Saved information on 18 classes.
[cobertura-instrument] Instrument time: 329ms

unittest:
[mkdir] Created dir: C:\Java\BlueSlate\BSSJavaTrainingApp\generated\test\unit-test-results
[junit] Running net.blueslate.training.beans.test.ContactDataTest
[junit] Tests run: 30, Failures: 0, Errors: 0, Time elapsed: 0.266 sec
[junit] Cobertura: Saved information on 18 classes.
[junit] Running net.blueslate.training.test.UtilitiesTest
[junit] Tests run: 6, Failures: 0, Errors: 0, Time elapsed: 3.984 sec
[junit] Cobertura: Saved information on 18 classes.

code-coverage-report:
[cobertura-report] Cobertura 1.7 - GNU GPL License (NO WARRANTY) - See COPYRIGHT file
[cobertura-report] Cobertura: Loaded information on 18 classes.
[cobertura-report] Report time: 1032ms

BUILD SUCCESSFUL
Total time: 14 seconds



© Blue Slate Solutions 2006

��

HTML Output: High-Level (Packages)
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HTML Output: Class
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XML Output (snippet)
<?xml version="1.0"?>
<!DOCTYPE coverage SYSTEM "http://cobertura.sourceforge.net/xml/coverage-02.dtd">

<coverage line-rate="0.06974637681159421" branch-rate="0.03007518796992481" version="1.7" 
timestamp="1141663058953">

<sources>
<source>C:/Java/BlueSlate/BSSJavaTrainingApp/Source/Java</source>

</sources>
<packages>
<package name="net.blueslate.training" line-rate="0.10175438596491228" branch-
rate="0.11428571428571428" complexity="2.814814814814815">
<classes>
<class name="net.blueslate.training.Utilities" filename="net/blueslate/training/Utilities.java" line-

rate="0.7631578947368421" branch-rate="1.0" complexity="1.8333333333333333">
<methods>
<method name="class$" signature="(Ljava/lang/String;)L java/lang/Class;" 

line-rate="1.0" branch-rate="1.0">
<lines></lines>

<method name="&lt;clinit&gt;" signature="()V" line-rate="1.0" branch-rate="1.0">
<lines>
<line number="35" hits="2" branch="false"/>

</lines>
</method>
<method name="&lt;init&gt;" signature="()V" line-rate="0.0" branch-rate="1.0">
<lines>
<line number="40" hits="0" branch="false"/>
<line number="41" hits="0" branch="false"/>

</lines>
</method>

…
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Failure to Initialize Data File Correctly

� Only showing classes/methods that were encountered during 
testing, hence 100%

� Check the <cobertura-instrument> task’s datafile attribute value.
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Failure to Define Data File Correctly for Test
� Check that the system property, net.sourceforge.cobertura.datafile

is set to the proper datafile path.
� Check that the instrumented classes come first in the classpath.
� Maybe you really didn’t run any tests against your code?
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Test Classes in Coverage Report

� Check that you are filtering out **/test and/or *Test.class
in the <fileset> for setting up instrumented classes 
<cobertura-instrument> .
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Why Isn’t the Code Coverage Counted?
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Merging Separate Cobertura Data Files

� What if you have two (or more) sets of code that work 
together and you want to unify your coverage reporting?

� Web Service

� Client Tier

� Can use <cobertura-merge> to create a single datafile 
from a set of datafiles.

<cobertura-merge datafile=“unifiedtest.ser”>

<fileset dir=“${testDir}”>

<include name=“**/cobertura.ser”/>

</fileset>

</cobertura-merge>
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Demonstration Using JUnit Tests

� Run the Target that Executes JUnit task

� Create Reports

� Find uncovered source

� Add tests to cover; or

� Document why it can’t be covered, but is needed; or

� Remove the code.

� Repeat
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Demonstration Using Manual Testing

� Process is Similar

� Run Instrumented Application

� Manually 

� Automatically
— LoadRunner

— java.awt.Robot

— Grinder

— …

� Need a new Ant target to support these.

� Find uncovered source
� Add tests to cover; or

� Document why it can’t be covered, but is needed; or

� Remove the code.

� Repeat
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Ant Target for Running Instrumented Version
<!-- run the Instrumented Application -->
<target name="runInst" depends="code-coverage-setup">

<java classname="${runClass}" fork="true">
<!-- Specify the name of the coverage data file to use. -->
<sysproperty key="net.sourceforge.cobertura.datafile" file="${coberturaDataFile}"/>

<!--
Note the classpath order: instrumented classes are before the
original (uninstrumented) classes.  This is important.

-->
<classpath location="${instDir}"/>
<classpath location="${buildDir}"/>

<!--
The instrumented classes reference classes used by the Cobertura runtime, so 

Cobertura 
and its dependencies must be on your classpath.

-->
<classpath refid="cobertura.classpath"/>

<classpath>
<path refid="project.class.path"/>

</classpath>
</java>

<antcall target="code-coverage-report"/>
</target>
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Wrap-up

� Unit testing is a valuable tool in the developer’s toolkit.

� It is easy to convince oneself that the unit tests are 
doing a good job of exercising most of the codebase.

� Leveraging a code coverage tool is a low-effort approach 
to actually determining what code remains untested.

� Instrumenting other test phases (security, integration, 
QA, UAT) exposes issues with test approaches or 
application design.

� If the code was never reached – is it possible to reach it 
through the front-end?  Or is the use case missing from 
the QA test scripts? Or do user’s really never carry out 
those operations? And so on…
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Thank You

� I hope you gained some insight into the operation and 
value of leveraging Cobertura as part of your 
application development lifecycle.

� Q&A

� My Email: David.Read@blueslate.net

� URLs:

� ant.apache.org

� junit.org

� cobertura.sourceforge.net


