
Testing Enterprise 
Applications
Ryan Cuprak



About
Twitter: @ctjava
Email: rcuprak@gmail.com / r5k@3ds.com
Blog: cuprak.info
Linkedin: www.linkedin.com/in/rcuprak



Testing EE Challenges
• Container Control
• Test Configuration/Deployment
• Infrastructure (JMS / Databases)
• Mocking / Simulation
• JavaScript Library / User Interface Testing
• Web Services / Microservices



Development Environment
• Maven or Gradle Build
• Docker
• Java EE 7+
• Java 8
• Node.js (npm)



Components of EE Testing
• Arquillian + Extensions
• Arquillian Cube
• Gradle Docker Plugins
• Gradle npm integration



Testing Types
Unit Tests

• Fine-grained
• Building Blocks
• Test methods

Integration Tests
• Course-grained
• Functional Units
• Test external APIs
• Full-stack
• Container Based



Introducing Arquillian
• Testing framework leveraging JUnit or TestNG to test a 

code running a Java container 
• Framework is composed of three parts:

• Test Runners (JUnit or TestNG)
• Containers
• Test Enrichers

• Leverages ShrinkWrap – utility for defining deployments. 

http://arquillian.org



What can Arquillian Test?
• CDI / EJB3
• JPA
• JAX-RS / JAX-WS / WebSockets
• JSF / JSPs / Servlets
• Security

Full Stack – Running in Application Container



Arquillian Extensions
Drone

• Testing of web based interfaces
• Leverages WebDriver

Graphene
• Extensions for Selenium WebDriver
• Integrates with Arquillian Drone

Warp
• Enables server-side tests to be executed on an HTTP invocation

Persistence
• Database seeding and database comparison

Performance
• Performance regression testing



Container Types
Container interaction styles:
• Remote – container resides in a separate JVM
• Managed – container is remove but start/stop controlled
• Embedded – resides inside same JVM
Container capabilities:
• Java EE application server (JBoss, Wildfly, Payara, etc.)
• Servlet container (Tomcat/Jetty)
• Standalone bean container (OpenEJB, Weld SE)
• OSGi container



Supported Containers
Container Support

GlassFish / Payara Embedded, Managed, Remote
WildFly, JBoss Embedded, Managed, Remote
TomEE Embedded, Managed, Remote
WebSphere, Liberty Embedded, Managed, Remote
WebLogic Managed, Remote



Run Modes
In-container

• Test application internals
• Default mode

Client
• Test how application is used by clients
• Test web services, remote EJBs, etc.



Test Enrichment
• Injection

• @Resource – reference to any JNDI entry
• @EJB – Injects EJB, Local/Remote
• @Inject – CDI Beans
• @PersistenceContext – JPA persistence context

• Contexts
• Request and conversation – test method
• Session – test class
• Application – test class

• Interceptors and decorators



Adding Arquillian



Adding Arquillian & Container



Dependency Summary
• Arquillian BOM
• JUnit and Arquillian JUnit Container
• Testing Profile for GlassFish



Simple Example
Use Arquillian Test Runner

Inject an EJB

Package Application

Test Application



Persistence Example
Arquillian Persistence Extension



Persistence Example



ShrinkWrap



ShrinkWrap
• API for programmatically building artifacts
• JBoss project, leveraged from Arquillian
• Used internally by the JBoss application container
• Supported archives types:

• JAR
• WAR
• EAR
• RAR



ShrinkWrap Terminology
• Archive – virtual file system.
• File – Entry in an archive – content or folder.
• Path – Location within an archive  where a node lives.
• Asset – Byte based content with a node.



ShrinkWrap API
• ShrinkWrap class is the main entry point
• Call ShrinkWrap.create() with one of the following:

• GenericArchive – simplest archive type
• JavaArchive – allows for addition of class/package, and manfiest

entries
• EnterpriseArchive - Java EAR type
• WebArchive - Java WAR type
• ResourceAdapterArchive – Java RAR type
WebArchive myArchive = ShrinkWrap.create(WebArchive.class,”app.jar");



ShrinkWrap – Adding Content
• ArchiveAsset – Nested archive content
• ByteArrayAsset – byte[] or InputStream content
• ClassAsset – Java class content
• ClassloaderAsset – Resource that can be loaded by 

optionally-specified Classloader
• FileAsset – File content
• StringAsset – String content
• UrlAsset – content located at a given URL
• EmptyAsset – empty content



ShrinkWrap Example

Debugging:



ShrinkWrap Example 2



Configuration



Configuration
• Container selected based on classpath

• Add container via Maven/Gradle
• arquillian.xml

• Optional Arquillian configuration file
• Located in root of the classpath
• Configures how to locate and communicate with the container

• Port container is running on
• Hostname (if remote)



Containers
Container determined by classpath:
<dependency>

<groupId>fish.payara.arquillian</groupId>
<artifactId>arquillian-payara-server-4-embedded</artifactId>
<version>1.0.Beta2</version>
<scope>test</scope>

</dependency>
<dependency>

<groupId>fish.payara.extras</groupId>
<artifactId>payara-embedded-all</artifactId>
<version>4.1.2.173</version>
<scope>test</scope>

</dependency>
arquillian-payara-server-4-managed
arquillian-payara-server-4-
remote



Arquillian XML

Container specific settings



Scenario
• Embedded testing using GlassFish
• Application uses JPA and a JTA data source
• Test database is developer specific



Test Configuration

Test configurations added via ShrinkWrap



GlassFish Server Configuration
glassfish-resources.xml

Substituted by build – pulled from 
environment.



JavaScript + EE Testing



JavaScript Testing Challenges
• JavaScript is a separate ecosystem

• Code usually “transpiled” (ECMAScript 6/7 -> 5)
• Code implemented in TypeScript ”compiled” to ECMAScript 5
• npm package management
• JavaScript module loading
• Complex frameworks – Angular 2+, React
• State libraries: Redux

• JavaScript code depends on EE services



Build System

Compile Java 
Code Java Unit Tests Transpile

JavaScript Code

JavaScript Unit 
Tests

Container 
Integration Tests

Browser 
Integration Tests

And the pipeline grows…



JavaScript + EE Example
• Overview

• JavaScript dependencies managed via npm
• Webpack module system
• Angular 4 + TypeScript
• npm invokes webpack via scripts

• Implementation
• Gradle Plug-in to invoke npm -> webpack
• Output is resources/webapp
• Gradle WAR plug-in only sees final JS output



JavaScript + EE Example

Raw ECMAScript / 
TypeScript files



JavaScript + EE Example
• Unit Tests: Gradle + npm

• Transpiles JavaScript code and run webpack
• Runs JavaScript unit tests (using Karma / Jasmine)

• Integration Tests: Arquillian + 
• Arquillian Drone – enables access to Selenium
• Arquillian Graphene – enables AJAX testing



Selenium
• Automates web browsers
• Support multiple web browsers: Chrome, FireFox, etc.
• FireFox IDE for recording operations

Generates Java code 



Selenium Supported Browsers
• Google Chrome
• Internet Explorer 7, 8, 9, 10, and 11 on appropriate 

combinations of Vista, Windows 7, Windows 8, and Windows 
8.1, Windows 10

• Firefox: latest ESR, previous ESR, current release, one 
previous release

• Safari
• Opera
• phantomjs
• Android (with Selendroid or appium)
• iOS (with ios-driver or appium)



Testing with Arquillian & Selenium



Construct WAR 



JavaScript Unit Test

Invokes server (Arquillian GlassFish) 
container.



Simple Selenium Test



Arquillian Drone
• Manages Life-cycle of the browser
• Easy to test multiple browsers in single test
• Integration with mobile browsers
• Integration with QUnit
• Compatible with WebDriver (Selenium 2) and Selenium 

Grids



Arquillian Graphene
• Simple API for developing reusable tests
• Forces development of AJAX enabled tests
• Improved waiting API
• Abstracts: Page Objects and Page Fragments
• JQuery selectors as a location strategy



Arquillian Drone



Arquillian Drone



Docker



Docker Overview
Docker Gradle Plug-ins

• Creating Docker images
• Starting/stopping Docker containers during testing

Arquillian Cube
• Enables management of containers hosted in Docker
• Reads Docker compile file and starts containers in correct order
• Executes tests in the running environment



Docker Gradle Plugins
• Build Docker images from project output:

• Transmode/gradle-docker - http://tinyurl.com/k7o7nab
• Build/publish docker files from build script – not Dockerfile

• bmuschko/gradle-docker-plugin - http://tinyurl.com/hg4q6jr
• docker-remote-api – interacts with Docker via remote API
• docker-java-application – creates/pushes docker images for java 

applications
• Run Docker containers during build

• palantir/gradle-docker - http://tinyurl.com/hpw853h
• docker – building and pushing docker images
• docker-compose - populating placeholders in a docker-compose 

template
• docker-run – starting/stopping/status on named images



Gradle: Building Docker Images



Gradle: Running Docker Images

Available Tasks:
• dockerRun
• dockerStop
• dockerRunStatus
• dockerRemoveContainer



Gradle: Docker & Testing Example
• Challenge:

• Testing persistence code reliably is hard
• Need a database in a “known state”
• Minimize environment setup/configuration

• Solution:
• Use Gradle Docker plugin to start/stop 

Start 
PostgreSQL

(Docker image)

Run Integration 
Tests

Shutdown 
Docker



Gradle: Docker & Testing Example



Gradle: Docker & Testing Example

Starts Docker with initial 
username/password



Arquillian Cube
• Arquillian Cube better integrates Docker for testing
• Docker settings configured in arquillian.xml
• Configuration settings for Cube setup:

serverUri Docker-registry username
Docker-containers Docker-containersFile Docker-containersFiles
certPath Machine-name password
tlsVerify



Arquillian Cube Dependency
<dependency>

<groupId>org.arquillian.cube</groupId>
<artifactId>arquillian-cube-docker</artifactId>
<version>${project.version}</version>
<scope>test</scope>

</dependency>

<dependency>
<groupId>org.jboss.arquillian.container</groupId>
<artifactId>arquillian-glassfish-remote-3.1</artifactId>
<version>1.0.0.CR4</version>
<scope>test</scope>

</dependency>

Arquillian Cube

Remote Container



Arquillian Cube
arquillian.xml



Arquillian Cube
docker-compose.yaml



Arquillian Cube



Challenges
• Logging – where’s the failure

• Error messages often VERY misleading 
• Code structure and complexity
• Cannot mix different containers in same runtime

• Can’t test GlassFish and WildFly embedded



Summary

Java EE can be Tested!



Resources
• Books:

• https://www.manning.com/books/testing-java-microservices
• https://www.amazon.com/Arquillian-Testing-Guide-John-

Ament/dp/1782160701
• https://www.manning.com/books/ejb-3-in-action-second-edition

• Guides:
• http://arquillian.org/guides/
• https://github.com/arquillian/arquillian-examples
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