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Preface

The Java programming language was created over 20 years ago. It
continues to be the most popular and widely used programming
language after all these years. The design patterns and antipatterns
of Java deployment are well known. The usual steps to deploy a Java
application involve using a script that downloads and installs the
operating system package such as JDK on a machine—whether
physical or virtual. Operating system threads and memory need to
be configured, the network needs to be set up, the correct database
identified, and several other such requirements need to be config‐
ured for the application to work. These applications are typically
deployed on a virtual machine (VM). Starting up these VMs is an
expensive operation and can take quite a few minutes in most cases.
The number of VMs that can run on a host is also limited because
the entire operating system needs to be started, and thus there are
stringent requirements on CPU and memory of the host.

Containers provide several benefits over traditional VM-based
deployments. Faster startup and deployments, security and network
sandboxing, higher density, and portability across different environ‐
ments are some of the commonly known advantages. They also
improve portability across machines and reduce the impedance mis‐
match between dev, test, and prod environments.

There are efforts like the Open Container Initiative (OCI) that aim
to create an industry standard around container formats and run‐
time. Docker is the first container implementation based on OCI
specifications, and is unarguably the most popular container format.
Docker nicely complements the Java programming model by allow‐
ing you to package your application including libraries, dependen‐
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cies, and configuration as a single artifact. The unit of deployment
becomes a Docker image as opposed to a .war or .jar file. Different
components of an application such as an application server, data‐
base, or web server can be started as separate containers. All of these
containers can then be connected to each other using orchestration
frameworks. The entire setup can then be deployed in a variety of
operating systems and run as containers.

This book is targeted toward developers who are interested in learn‐
ing the basic concepts of Docker and commonly used orchestration
frameworks around them. The first chapter introduces the basic
concepts and terminology of Docker. The second chapter explains,
using code samples, how to build and run your first Docker con‐
tainer using Java. The third chapter explains how support for
Docker is available in popular developer toolchains. The fourth
chapter is a quick summary. The examples in this book use the Java
programming language, but the concepts are applicable for anybody
interested in getting started with Docker.
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CHAPTER 1

Introduction to Docker

This chapter introduces the basic concepts and terminology of
Docker. You’ll also learn about different scheduler frameworks.

The main benefit of the Java programming language is Write Once
Run Anywhere, or WORA, as shown in Figure 1-1. This allows Java
source code to be compiled to byte code and run on any operating
system where a Java virtual machine is available.

Figure 1-1. Write Once Run Anywhere using Java

Java provides a common API, runtime, and tooling that works
across multiple hosts.

Your Java application typically requires an infrastructure such as a
specific version of operating system, an application server, JDK, and
a database server. It may need binding to specific ports and requires
a certain amount of memory. It may need to tune the configuration
files and include multiple other dependencies. The application, its
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dependencies, and infrastructure together may be referred to as the
application operating system.

Typically, building, deploying, and running an application requires a
script that will download, install, and configure these dependencies.
Docker simplifies this process by allowing you to create an image
that contains your application and infrastructure together, managed
as one component. These images are then used to create Docker
containers that run on the container virtualization platform, which is
provided by Docker.

Docker simplifies software delivery by making it easy to build, ship,
and run distributed applications. It provides a common runtime
API, image format, and toolset for building, shipping, and running
containers on Linux. At the time of writing, there is no native sup‐
port for Docker on Windows and OS X.

Similar to WORA in Java, Docker provides Package Once Deploy
Anywhere, or PODA, as shown in Figure 1-2. This allows a Docker
image to be created once and deployed on a variety of operating sys‐
tems where Docker virtualization is available.

Figure 1-2. Package Once Deploy Anywhere using Docker

PODA is not the same as WORA. A container
created using Unix cannot run on Windows and
vice versa as the base operating system specified
in the Docker image relies on the underlying
kernel. However, you can always run a Linux
virtual machine (VM) on Windows or a Win‐
dows VM on Linux and run your containers that
way.
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Docker Concepts
Docker simplifies software delivery of distributed applications in
three ways:

Build
Provides tools you can use to create containerized applications.
Developers package the application, its dependencies and infra‐
structure, as read-only templates. These are called the Docker
image.

Ship
Allows you to share these applications in a secure and collabo‐
rative manner. Docker images are stored, shared, and managed
in a Docker registry.

Docker Hub is a publicly available registry. This is the default
registry for all images.

Run
The ability to deploy, manage, and scale these applications.
Docker container is a runtime representation of an image. Con‐
tainers can be run, started, scaled, stopped, moved, and deleted.

A typical developer workflow involves running Docker Engine on a
host machine as shown in Figure 1-3. It does the heavy lifting of
building images, and runs, distributes, and scales Docker containers.
The client is a Docker binary that accepts commands from the user
and communicates back and forth with the Docker Engine.

Figure 1-3. Docker architecture

Docker Concepts | 3

http://hub.docker.com


These steps are now explained in detail:

Docker host
A machine, either physical or virtual, is identified to run the
Docker Engine.

Configure Docker client
The Docker client binary is downloaded on a machine and con‐
figured to talk to this Docker Engine. For development pur‐
poses, the client and Docker Engine typically are located on the
same machine. The Docker Engine could be on a different host
in the network as well.

Client downloads or builds an image
The client can pull a prebuilt image from the preconfigured reg‐
istry using the pull command, create a new image using the
build command, or run a container using the run command.

Docker host downloads the image from the registry
The Docker Engine checks to see if the image already exists on
the host. If not, then it downloads the image from the registry.
Multiple images can be downloaded from the registry and
installed on the host. Each image would represent a different
software component. For example, WildFly and Couchbase are
downloaded in this case.

Client runs the container
The new container can be created using the run command,
which runs the container using the image definition. Multiple
containers, either of the same image or different images, run on
the Docker host.

Docker Images and Containers
Docker images are read-only templates from which Docker contain‐
ers are launched. Each image consists of a series of layers. Docker
makes use of a union filesystem to combine these layers into a single
image. Union filesystems allow files and directories of separate file‐
systems, known as branches, to be transparently overlaid, forming a
single coherent filesystem.

One of the reasons Docker is so lightweight is because of these lay‐
ers. When you change a Docker image—for example, update an
application to a new version—a new layer gets built. Thus, rather
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than replacing the whole image or entirely rebuilding, as you may
do with a VM, only that layer is added or updated. Now you don’t
need to distribute a whole new image, just the update, making dis‐
tributing Docker images faster and simpler.

Docker images are built on Docker Engine, distributed using the
registry, and run as containers.

Multiple versions of an image may be stored in the registry using the
format image-name:tag. image-name is the name of the image and
tag is a version assigned to the image by the user. By default, the tag
value is latest and typically refers to the latest release of the image.
For example, jboss/wildfly:latest is the image name for the
WildFly’s latest release of the application server. A previous version
of the WildFly Docker container can be started with the image
jboss/wildfly:9.0.0.Final.

Once the image is downloaded from the registry, multiple instances
of the container can be started easily using the run command.

Docker Toolbox
Docker Toolbox is the fastest way to get up and running with
Docker in development. It provides different tools required to get
started with Docker.

The complete set of installation instructions are available from the
Docker website as well.
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Here is a list of the tools included in the Docker Toolbox:

1. Docker Engine or the docker binary
2. Docker Machine or the docker-machine binary
3. Docker Compose or the docker-compose binary
4. Kitematic, the desktop GUI for Docker
5. A preconfigured shell for invoking Docker commands
6. Oracle VirtualBox
7. Boot2docker ISO

Docker Engine, Docker Machine, and Docker Compose are
explained in detail in the following sections. Kitematic is a simple
application for managing Docker containers on Mac, Linux, and
Windows. Oracle VirtualBox is a free and open source hypervisor
for x86 systems. This is used by Docker Machine to create a Virtual‐
Box VM and to create, use, and manage a Docker host inside it. A
default Docker Machine is created as part of the Docker Toolbox
installation. The preconfigured shell is just a terminal where the
environment is configured to the default Docker Machine.
Boot2Docker ISO is a lightweight Linux distribution based on Tiny
Core Linux. It is used by VirtualBox to provision the VM.

Get a more native experience with the preview version of Docker for
Mac or Windows.

Let’s look at some tools from Docker Toolbox in detail now.

Docker Engine
Docker Engine is the central piece of Docker. It is a lightweight run‐
time that builds and runs your Docker containers. The runtime con‐
sists of a daemon that communicates with the Docker client and
execute commands to build, ship, and run containers.

Docker Engine uses Linux kernel features like cgroups, kernel
namespaces, and a union-capable filesystem. These features allow
the containers to share a kernel and run in isolation with their own
process ID space, filesystem structure, and network interfaces.

Docker Engine is supported on Linux, Windows, and OS X.
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On Linux, it can typically be installed using the native package man‐
ager. For example, yum install docker-engine will install Docker
Engine on CentOS.

On Windows and Mac, it is installed using Docker Machine. This is
explained in the section “Docker Machine” on page 7. Alternatively,
Docker for Mac or Windows provides a native experience on these
platforms, available in beta at time of this writing.

Docker Machine
Docker Machine allows you to create Docker hosts on your com‐
puter, on cloud providers, and inside your own data center. It creates
servers, installs Docker on them, and then configures the Docker
client to talk to them. The docker-machine CLI comes with Docker
Toolbox and allows you to create and manage machines.

Once your Docker host has been created, it then has a number of
commands for managing containers:

• Start, stop, restart container
• Upgrade Docker
• Configure the Docker client to talk to a host

Commonly used commands for Docker Machine are listed in
Table 1-1.

Table 1-1. Common commands for Docker Machine

Command Purpose

create Create a machine

ls List machines

env Display the commands to set up the environment for the Docker client

stop Stop a machine

rm Remove a machine

ip Get the IP address of the machine

The complete set of commands for the docker-machine binary can
be found using the command docker-machine --help.

Docker Machine uses a driver to provision the Docker host on a
local network or on a cloud. By default, at the time of writing,
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Docker Machine created on a local machine uses boot2docker as
the operating system. Docker Machine created on a remote cloud
provider uses "Ubuntu LTS" as the operating system.

Installing Docker Toolbox creates a Docker Machine called default.

Docker Machine can be easily created on a local machine as shown
here:

docker-machine create -d virtualbox my-machine

The machine created using this command uses the VirtualBox
driver and my-machine as the machine’s name.

The Docker client can be configured to give commands to the
Docker host running on this machine as shown in Example 1-1.

Example 1-1. Configure Docker client for Docker Machine

eval $(docker-machine env my-machine)

Any commands from the docker CLI will now run on this Docker
Machine.

Docker Compose
Docker Compose is a tool that allows you to define and run applica‐
tions with one or more Docker containers. Typically, an application
would consist of multiple containers such as one for the web server,
another for the application server, and another one for the database.
With Compose, a multi-container application can be easily defined
in a single file. All the containers required for the application can be
then started and managed with a single command.

With Docker Compose, there is no need to write scripts or use any
additional tools to start your containers. All the containers are
defined in a configuration file using services, and then docker-
compose script is used to start, stop, restart, and scale the application
and all the services in that application, and all the containers within
that service.

Commonly used commands for Docker Compose are listed in
Table 1-2.
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Table 1-2. Common commands for Docker Compose

Command Purpose

up Create and start containers

restart Restart services

build Build or rebuild services

scale Set number of containers for a service

stop Stop services

kill Kill containers

logs View output from containers

ps List containers

The complete set of commands for the docker-compose binary can
be found using the command docker-compose --help.

The Docker Compose file is typically called docker-compose.yml. If
you decide to use a different filename, it can be specified using the -
f option to docker-compose script.

All the services in the Docker Compose file can be started as shown
here:

docker-compose up -d

This starts all the containers in the service in a background, or
detached mode.

Docker Swarm
An application typically consists of multiple containers. Running all
containers on a single Docker host makes that host a single point of
failure (SPOF). This is undesirable in any system because the entire
system will stop working, and thus your application will not be
accessible.

Docker Swarm allows you to run a multi-container application on
multiple hosts. It allows you to create and access a pool of Docker
hosts using the full suite of Docker tools. Because Docker Swarm
serves the standard Docker API, any tool that already communicates
with a Docker daemon can use Swarm to transparently scale to mul‐
tiple hosts. This means an application that consists of multiple con‐
tainers can now be seamlessly deployed to multiple hosts.

Figure 1-4 shows the main concepts of Docker Swarm.
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Figure 1-4. Docker Swarm Architecture

Let’s learn about the key components of Docker Swarm and how
they avoid SPOF:

Swarm manager
Docker Swarm has a manager that is a predefined Docker host
in the cluster and manages the resources in the cluster. It
orchestrates and schedules containers in the entire cluster.

The Swarm manager can be configured with a primary instance
and multiple secondary instances for high availability.

Discovery service
The Swarm manager talks to a hosted discovery service. This
service maintains a list of IPs in the Swarm cluster. Docker Hub
hosts a discovery service that can be used during development.
In production, this is replaced by other services such as etcd,
consul, or zookeeper. You can even use a static file. This is par‐
ticularly useful if there is no Internet access or you are running
in a closed network.

Swarm worker
The containers are deployed on nodes that are additional
Docker hosts. Each node must be accessible by the manager.
Each node runs a Docker Swarm agent that registers the refer‐
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enced Docker daemon, monitors it, and updates the discovery
services with the node’s status.

Scheduler strategy
Different scheduler strategies (spread (default), binpack, and
random) can be applied to pick the best node to run your con‐
tainer. The default strategy optimizes the node for the least
number of running containers. There are multiple kinds of fil‐
ters, such as constraints and affinity. A combination of different
filters allow for creating your own scheduling algorithm.

Standard Docker API
Docker Swarm serves the standard Docker API and thus any
tool that talks to a single Docker host will seamlessly scale to
multiple hosts. This means that a multi-container application
can now be easily deployed on multiple hosts configured
through Docker Swarm cluster.

Docker Machine and Docker Compose are integrated with Docker
Swarm. Docker Machine can participate in the Docker Swarm clus‐
ter using --swarm, --swarm-master, --swarm-strategy, --swarm-
host, and other similar options. This allows you to easily create a
Docker Swarm sandbox on your local machine using VirtualBox.

An application created using Docker Compose can be targeted to a
Docker Swarm cluster. This allows multiple containers in the appli‐
cation to be distributed across multiple hosts, thus avoiding SPOF.

Multiple containers talk to each other using an overlay network.
This type of network is created by Docker and supports multihost
networking natively out-of-the-box. It allows containers to talk
across hosts.

If the containers are targeted to a single host then a bridge network
is created, which only allows the containers on that host to talk to
each other.

Kubernetes
Kubernetes is an open source orchestration system for managing
containerized applications. These can be deployed across multiple
hosts. Kubernetes provides basic mechanisms for deployment,
maintenance, and scaling of applications. An application’s desired
state, such as “3 instances of WildFly” or “2 instances of Couchbase,”
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can be specified declaratively. And Kubernetes ensures that the state
is maintained.

Kubernetes is a container-agnostic system and Docker is one of the
container formats supported.

The main application concepts in Kubernetes are explained below:

Pod
The smallest deployable units that can be created, scheduled,
and managed. It’s a logical collection of containers that belong
to an application. An application would typically consist of mul‐
tiple pods.

Each resource in Kubernetes is defined using a configuration
file. For example, a Couchbase pod can be defined as shown
here:

apiVersion: v1
kind: Pod
# labels attached to this pod
metadata:
labels:
  name: couchbase-pod
spec:
  containers:
  - name: couchbase
    # Docker image that will run in this pod
    image: couchbase
    ports:
    - containerPort: 8091

Each pod is assigned a unique IP address in the cluster. The
image attribute defines the Docker image that will be included
in this pod.

Labels
A label is a key/value pair that is attached to objects, such as
pods. Multiple labels can be attached to a resource. Labels can
be used to organize and to select subsets of objects. Labels
defined identifying for the object and is only meaningful and
relevant to the user.

In the previous example, metadata.labels define the labels
attached to the pod.
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Replication controller
A replication controller ensures that a specified number of pod
replicas are running on worker nodes at all times. It allows both
up- and down-scaling of the number of replicas. Pods inside a
replication controller are re-created when the worker node
reboots or otherwise fails.

A replication controller creates two instances of a Couchbase
pod can be defined as shown here:

apiVersion: v1
kind: ReplicationController
metadata:
  name: couchbase-controller
spec:
  # Two replicas of the pod to be created
  replicas: 2
  # Identifies the label key and value on the Pod
  # that this replication controller is responsible
  # for managing
  selector:
    app: couchbase-rc-pod
  # "cookie cutter" used for creating new pods when
  # necessary
  template:
    metadata:
      labels:
        # label key and value on the pod.
        # These must match the selector above.
        app: couchbase-rc-pod
    spec:
      containers:
      - name: couchbase
        image: couchbase
        ports:
        - containerPort: 8091

Service
Each pod is assigned a unique IP address. If the pod is inside a
replication controller, then it is re-created but may be given a
different IP address. This makes it difficult for an application
server such as WildFly to access a database such as Couchbase
using its IP address.

A service defines a logical set of pods and a policy by which to
access them. The IP address assigned to a service does not
change over time, and thus can be relied upon by other pods.
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Typically the pods belonging to a service are defined by a label
selector.

For example, a Couchbase service might be defined as shown
here:

apiVersion: v1
kind: Service
metadata:
  name: couchbase-service
  labels:
    app: couchbase-service-pod
spec:
  ports:
    - port: 8091
  # label keys and values of the pod started elsewhere
  selector:
    app: couchbase-rc-pod

Note that the labels used in selector must match the metadata
used for the pods created by the replication controller.

So far, we have learned the application concepts of Kubernetes. Let’s
look at some of the system concepts of Kubernetes, as shown in
Figure 1-5.

Figure 1-5. Kubernetes architecture

Let’s break down the pieces of Kubernetes architecture:
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Cluster
A Kubernetes cluster is a set of physical or virtual machines and
other infrastructure resources that are used to run your applica‐
tions. The machines that manage the cluster are called masters
and the machines that run the containers are called workers.

Node
A node is a physical or virtual machine. It has the necessary
services to run application containers.

A master node is the central control point that provides a uni‐
fied view of the cluster. Multiple masters can be set up to create
a high-availability cluster.

A worker node runs tasks as delegated by the master; it can run
one or more pods.

Kubelet
This is a service running on each node that allows you to run
containers and be managed from the master. This service reads
container manifests as YAML or JSON files that describe the
application. A typical way to provide this manifest is using the
configuration file.

A Kubernetes cluster can be started easily on a local machine for
development purposes. It can also be started on hosted solutions,
turn-key cloud solutions, or custom solutions.

Kubernetes can be easily started on Google Cloud using the follow‐
ing command:

curl -sS https://get.k8s.io | bash

The same command can be used to start Kubernetes on Amazon
Web Services, Azure, and other cloud providers; the only difference
is that the environment variable KUBERNETES_PROVIDER needs to be
set to aws.

The Kubernetes Getting Started Guides provide more details on
setup.

Other Platforms
Docker Swarm allows multiple containers to run on multiple hosts.
Kubernetes provides an alternative to running multi-container
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applications on multiple hosts. This section lists some other plat‐
forms allow you to run multiple containers on multiple hosts.

Apache Mesos
Apache Mesos provides high-level building blocks by abstracting
CPU, memory, storage, and other resources from machines (physi‐
cal or virtual). Multiple applications that use these blocks to provide
resource isolation and sharing across distributed applications can
run on Mesos.

Marathon is one such framework that provides container orchestra‐
tion. Docker containers can be easily managed in Marathon. Kuber‐
netes can also be started as a framework on Mesos.

Amazon EC2 Container Service
Amazon EC2 Container Service (ECS) is a highly scalable and high-
performance container management service that supports Docker
containers. It allows you to easily run applications on a managed
cluster of Amazon EC2 instances.

Amazon ECS lets you launch and stop container-enabled applica‐
tions with simple API calls, allows you to get the state of your cluster
from a centralized service, and gives you access to many familiar
Amazon EC2 features such as security groups, elastic load balanc‐
ing, and EBS volumes.

Docker containers run on AMIs hosted on EC2. This eliminates the
need to operate your own cluster management systems or worry
about scaling your management infrastructure.

More details about ECS are available from Amazon’s ECS site.

Rancher Labs
Rancher Labs develops software that makes it easy to deploy and
manage containers in production. They have two main offerings—
Rancher and RancherOS.

Rancher is a container management platform that natively supports
and manages your Docker Swarm and Kubernetes clusters. Rancher
takes a Linux host, either a physical machine or virtual machine, and
makes its CPU, memory, local disk storage, and network connectiv‐
ity available on the platform. Users can now choose between Kuber‐
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netes and Swarm when they deploy environments. Rancher
automatically stands up the cluster, enforces access control policies,
and provides a complete UI for managing the cluster.

RancherOS is a barebones operating system built for running con‐
tainers. Everything else is pulled dynamically through Docker.

Joyent Triton
Triton by Joyent virtualizes the entire data center as a single, elastic
Docker host. The Triton data center is built using Solaris Zones but
offers an endpoint that serves the Docker remote API. This allows
Docker CLI and other tools that can talk to this API to run contain‐
ers easily.

Triton can be used as a service from Joyent or installed as on-
premise from Joyent. You can also download the open source ver‐
sion and run it yourself.

Red Hat OpenShift
OpenShift is Red Hat’s open source PaaS platform. OpenShift 3 uses
Docker and Kubernetes for container orchestration. It provides a
holistic and simplistic experience of provisioning, building, and
deploying your applications in a self-service fashion.

It provides automated workflows, such as source-to-image (S2I),
that takes the source code from version control systems and con‐
verts them into ready-to-run, Docker-formatted images. It also inte‐
grates with continuous integration and delivery tools, making it an
ideal solution for any development team.
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CHAPTER 2

Docker and Your First Application

This chapter explains how to build and run your first Docker con‐
tainer using Java.

You’ll learn the syntax needed to create Docker images using Dock‐
erfiles and run them as a containers. Sharing these images using
Docker Hub is explained. Deploying a sample Java EE application
using prebuilt Docker images is then covered. This application will
consist of an application server and a database container on a single
host. The application will be deployed using Docker Compose and
Docker Swarm. The same application will also be deployed using
Kubernetes.

Dockerfile
Docker builds images by reading instructions from a text document,
usually called a Dockerfile. This file contains all the commands a
user can usually call on the command line to assemble an image.
The docker build command uses this file and executes all the
instructions in this file to create an image.

The build command is also passed a context that is used during
image creation. This context can be a path on your local filesystem
or a URL to a Git repository. The context is processed recursively,
which means any subdirectories on the local filesystem path and any
submodules of the repository are included.
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It’s recommended to start with an empty directory in order to keep
the build process simple. Any directories or files that need to be
included in the image can be added to the context.

A file named .dockerignore may be included in the root directory
of the context. This file has a newline-separated list of patterns for
the files and directories to be excluded from the context.

Docker CLI will send the context to Docker Engine to build the
image.

Take a look at the complete list of commands that can be specified in
the Dockerfile. The common commands are listed in Table 2-1.

Table 2-1. Common commands for Dockerfiles

Command Purpose Example

FROM First noncomment instruction in the Dockerfile FROM ubuntu

COPY Copies multiple source files from the context to the
filesystem of the container at the specified path

COPY .bash_profile /
home

ENV Sets the environment variable ENV HOSTNAME=test

RUN Executes a command RUN apt-get update

CMD Default for an executing container CMD ["/bin/echo", 
"hello world"]

EXPOSE Informs the network ports that the container will
listen on

EXPOSE 8093

Any line starting with # in the Dockerfile is treated as a comment
and not processed.

Build Your First Docker Image
Any valid Dockerfile must have FROM as the first non-comment
instruction. The argument to FROM defines the base image upon
which subsequent instructions in the Dockerfile are executed, such
as add packages or install JDK. This base image could be for an
operating system such as ubuntu for the Ubuntu operating system,
or centos for the CentOS operating system. There are base images
available for different operating systems at the Docker website.
Additional packages and software can then be installed on these
images.

20 | Chapter 2: Docker and Your First Application

https://docs.docker.com/reference/builder/
https://docs.docker.com/reference/builder/
http://hub.docker.com


Other images can use this new image in the FROM command. It
allows you to create a chain where multipurpose base images are
used and additional software is installed—for example, the Docker‐
file for WildFly. The complete chain for this image is shown here:

jboss/wildfly -> jboss/base-jdk:7 -> jboss/base-jdk ->
jboss/base -> centos

Often the base image for your application will be a base image that
already has some software included in it—for example, the base
image for Java. So your application’s Dockerfile will have an instruc‐
tion as shown here:

FROM java

Each image has a tag associated with it that defines multiple versions
of the image. For example, java:8 is the JDK that has OpenJDK 8
already included in it. Similarly, the java:9-jre image has the
OpenJDK 9 Java runtime environment (JRE) included in it.

The Dockerfile can also contain CMD instruction. CMD provides
defaults for executing the container. If multiple CMD instructions are
listed then only the last CMD will take effect. This ensures that the
Docker container can run one command, and only one.

Our First Dockerfile
Let’s create our first Dockerfile:

1. Create a new directory.
This directory will contain the Dockerfile and any other arti‐
facts that need to be included in the image.

2. In this directory, create a new text file and name it Dockerfile. In
this file, enter the following code:

FROM java

CMD ["java", "-version"]

Here’s a breakdown of the image definition:

• This Dockerfile uses java as the base image. This is a prebuilt
image on Docker Hub and can generally be used as the base
image for all images that need Java runtime.

• This java image is built on the Debian Jessie release and uses
OpenJDK. By default, the OpenJDK 8 release is used. For
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example, the OpenJDK 8 JRE may be specified using 8-jre as
the base image.

• The CMD instruction defines the command that needs to run.
The command in this case is simply printing the version of
Java interpreter.
Any other dependencies or libraries, such as JAR files, can be
included in this image using the COPY instruction. Then a Java
command using that JAR file can be invoked by setting the
appropriate classpath.

Build Your First Docker Image
Build the image as shown in Example 2-1.

Example 2-1. Build your first Docker image

docker build -t hello-java . 
Sending build context to Docker daemon 2.048 kB
Step 1 : FROM java 
latest: Pulling from library/java
fdd5d7827f33: Pull complete
a3ed95caeb02: Pull complete
0f35d0fe50cc: Pull complete
627b6479c8f7: Pull complete
14d29245dd71: Pull complete
11cf859bb16c: Pull complete
8edb70946005: Pull complete
a3da659e0c5a: Pull complete
3d9bebe7e5d6: Pull complete
Digest: sha256:95fb9831614813371265eb43da7c7f10fa33e46db006d68 \
fb5acb13fd4ddb1e7
Status: Downloaded newer image for java:latest
 ---> f298aed75633
Step 2 : CMD java -version 
 ---> Running in 60b49b2e20a5
 ---> aae0104e1169
Removing intermediate container 60b49b2e20a5
Successfully built aae0104e1169

The output shows:

The docker build command builds the image. -t provides a
name for the image. hello-java is the name of the image. . is
the context for the command. This context is used as the base
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directory for copying any files to the image. No files are copied
in this case.

The java image is downloaded from Docker Hub. It also down‐
loads the complete chain of base images.

The CMD instruction added as a new layer to the image.

List the Docker Image
List the images available using the docker images command as
shown in Example 2-2.

Example 2-2. List of Docker images

REPOSITORY    TAG       IMAGE ID        CREATED          SIZE
hello-java    latest    2547fe6782bd    3 minutes ago    642.9 MB
java          latest    97d87da6866e    9 days ago       642.9 MB

Our image hello-java and the base image java are both shown in
this list.

Each image can optionally be tagged using the name:tag format.
This allows multiple versions of the image to be created. By default,
an image is assigned the latest tag. The total size of the image is
shown in the last column.

Run Your First Docker Container
You can run a Docker container using the docker run command
and specify the image name. Let’s run our image as shown here:

docker run hello-java

This shows the following output:

openjdk version "1.8.0_72-internal"
OpenJDK Runtime Environment (build 1.8.0_72-internal-b15)
OpenJDK 64-Bit Server VM (build 25.72-b15, mixed mode)

The docker run command has multiple options that can be speci‐
fied to customize the container. Multiple options can be combined
together. Some of the common options are listed in Table 2-2.
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Table 2-2. Common options for the docker run command

Option Purpose

-i Keep STDIN open even if not attached

-t Allocate a pseudo-TTY

-d Run container in background and print container ID

--name Assign a name to the container

--rm Automatically remove the container when it exits

-e Set environment variable

-P Publish all exposed ports to random ports on the host

-p Publish a container’s port(s) to the specified host port

-m Limit the memory

The following command runs the container in the background,
gives it a name, and automatically removes it when it exits:

docker run --name hello -d --rm hello-java

Push Image to Docker hub
Docker Hub is a software-as-a-service (SaaS) registry service. You
can search, manage, push, and pull images to this registry. The
images can be manually pushed to the registry using the docker
push command. Alternatively, they can be built when changes are
pushed to a GitHub or Bitbucket repository. User and team collabo‐
ration can be facilitated by creating public and private registries.

Table 2-3 lists some of the common Docker CLI commands used to
interact with Docker Hub.

Table 2-3. Common Docker Hub commands

Command Purpose

login Register or log in to a Docker registry

search Search the Docker Hub for images

pull Pull an image or a repository from a registry

push Push an image or a repository to a registry

logout Log out from a Docker registry

tag Tag an image into a repository
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The search and pull commands can be invoked without having an
account on Docker Hub. However, the push command requires you
to have an account on Docker Hub, which can be created using the
docker login command or at the Docker Hub website.

The list of Docker images already downloaded on your Docker host
is shown in Example 2-2.

The image hello-java does not have a Docker Hub username asso‐
ciated with it, which is needed to push the image to Docker Hub.

The IMAGE ID column in the following code block shows a unique
identifier assigned to this image. A Docker Hub username can be
associated with this image using the docker tag and the image ID
as shown here:

docker tag aae0104e1169 arungupta/hello-java:latest

The Docker Hub username here is arungupta. Make sure to change
this to your Docker Hub username. By default, the latest tag is
assigned to the image. In this case, an explicit latest tag is assigned.

Listing the images using the docker images command shows the
updated output as shown in Example 2-3.

Example 2-3. List of Docker images with tags

REPOSITORY           TAG     IMAGE ID      CREATED        SIZE
arungupta/hello-java latest  2547fe6782bd  4 minutes ago  642.9 MB
hello-java           latest  2547fe6782bd  4 minutes ago  642.9 MB
java                 latest  97d87da6866e  9 days ago     642.9 MB

The newly tagged image now shows up correctly.

Now push this image to Docker Hub:

docker push arungupta/hello-java:latest

It shows the output as:

The push refers to a repository [docker.io/arungupta/hello-java]
6d9adc4dcda7: Pushed
d099a5b1211c: Pushed
5f70bf18a086: Pushed
3f647195edaf: Pushed
4e69899d6e22: Pushed
bb966b50623d: Pushed
fb49515ec5d8: Pushed
bd750002938c: Pushed
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917c0fc99b35: Pushed
latest: digest: sha256:3155410e3950ebec18ecf5fcda3e1caf7c68fd \
29ab4a34bc19fb56841a630924 size: 9334

Anyone can download this image using the docker pull command.
Alternatively, a container using this image can be started using the
docker run command. This command downloads the image as
well, if it does not already exist on your Docker Host.

Multi-Container and Multi-Host Application
A typical application consists of multiple components, such as an
application server, a web server, and a database server. A Docker
container does one thing only, and does it well. Each component
from the application thus would be a Docker container. And your
application would consist of multiple Docker containers.

These containers need to communicate with each other. For exam‐
ple, the application deployed on the application server will need to
know the host address and port on which the database server is run‐
ning. This can be achieved by using a framework that allows Docker
containers to be scheduled. These containers need to be distributed
over multiple hosts to avoid SPOF.

The following sections explain how to deploy a simple Java EE appli‐
cation on an application server and access a NoSQL database. Wild‐
Fly is used as the application server and Couchbase is used as the
NoSQL database. The Java EE application will use Java API for
RESTful services (JAX-RS) to publish REST endpoints. You’ll learn
how the application can be deployed using the following orchestra‐
tion frameworks:

• Docker Compose and Docker Swarm
• Kubernetes

Deploying Application Using Docker Compose
and Swarm
To deploy an application we need to define the application using a
Compose file, set up the Docker Swarm cluster, and then run our
application on the Swarm cluster. Let’s look at these steps in more
detail.
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Defining the Application Using the Compose File
The section on Docker Compose (“Docker Compose” on page 8)
explained how an application consisting of multiple containers can
be defined using a Compose file. The Compose file definition for
our Java EE application is defined here:

version: '2'
services:
  db: 
    container_name: "db" 
    image: arungupta/oreilly-couchbase  
    ports: 
      - 8091:8091
      - 8092:8092
      - 8093:8093
      - 11210:11210
  web: 
    image: arungupta/oreilly-wildfly  
    depends_on: 
      - db
    environment: 
      - COUCHBASE_URI=db
    ports: 
      - 8080:8080

This file is available on GitHub. This Compose file has:

Two services named db and web.

An image name for each service defined using the image
attribute.

Port forwarding from host to container defined using the ports
attribute.

The arungupta/oreilly-couchbase image, which starts the
Couchbase server and configures it using Couchbase REST API.
The image is built using this Dockerfile.

The arungupta/oreilly-wildfly image, which starts the Wild‐
Fly application server and deploys the WAR file built from Git‐
Hub. The image is built using this Dockerfile.

This Java EE application uses JAX-RS to publish REST end‐
points over JSON documents stored in the Couchbase server.
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The Couchbase container is given the name db using con
tainer_name attribute.

depends_on requires the web service to start before the db ser‐
vice. This will create a dependency between the containers but
the application-level health check is still up to the user. For
example, the Couchbase database may not be completely ready
before the application is deployed in WildFly. In this case, the
web service needs to be restarted as docker-compose restart
web.

COUCHBASE_URI environment variable identifies the database
container to be used by this web container. This environment
variable is then used in the application to connect to the Couch‐
base server using the Couchbase Java SDK API.

Set Up the Docker Swarm Cluster
This application can be targeted to a single host. But as mentioned
earlier, this will be a SPOF. Let’s set up a Docker Swarm cluster to
avoid that.

Setting up a Docker Swarm cluster using Docker Machine and run‐
ning an application on it typically involves the following steps:

1. Define discovery service.
All nodes in Docker Swarm cluster need to register with a dis‐
covery service. By default, Docker Hub has a hosted service that
returns a token. This token can be used to register a Docker
Machine as part of the cluster.
Optionally, a new Docker Machine may be created. This
machine can run a discovery service, e.g., using Consul. This
machine does not need to be part of the Docker Swarm cluster.

2. Create Swarm manager and Worker nodes.
Create at least one Docker Swarm manager node and one
Docker Swarm worker node. Make sure to use --swarm-
discovery to point to the discovery service. All machines need
to use --swarm and other related options to ensure they are part
of the cluster. Swarm manager node is identified by the --
swarm-master option.
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3. Configure Docker CLI. Docker CLI is configured to talk to the
Docker Swarm cluster using the code shown here:

eval $(docker-machine env --swarm <SWARM-MASTER-NAME>)

<SWARM-MASTER-NAME> is the name of the Docker Machine,
which was identified to be the Swarm master. Use docker info
to check the number of nodes in the cluster.

4. Run application.
Use the Docker Compose file to start the multi-container appli‐
cation on the Docker Swarm cluster.

A sample script to create a three-node Docker Swarm cluster is in
Example 2-5.

Example 2-5. Three-node Swarm cluster

echo "Creating Docker Machine for Consul ..."
docker-machine \
   create \
   -d virtualbox \
   consul-machine

echo "Starting Consul ..."
docker $(docker-machine config consul-machine) run -d \
         --restart=always \
         -p "8500:8500" \
         -h "consul" \
         progrium/consul -server -bootstrap

echo "Creating Docker Swarm master ..."
docker-machine \
  create \
  -d virtualbox \
  --swarm \
  --swarm-master \
  --swarm-discovery="consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-store=consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-advertise=eth1:2376" \
  swarm-master

echo "Creating Docker Swarm worker node 1 ..."
docker-machine \
  create \
  -d virtualbox \
  --swarm \
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  --swarm-discovery="consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-store=consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-advertise=eth1:2376" \
  swarm-node-01

echo "Creating Docker Swarm worker node 2 ..."
docker-machine \
  create \
  -d virtualbox \
  --virtualbox-disk-size "5000" \
  --swarm \
  --swarm-discovery="consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-store=consul://$(docker-machine ip \
  consul-machine):8500" \
  --engine-opt="cluster-advertise=eth1:2376" \
  swarm-node-02

echo "Configure to use Docker Swarm cluster ..."
eval "$(docker-machine env --swarm swarm-master)"

This script is available on GitHub.

Run Application on Docker Swarm Cluster
After you’ve configured the Docker CLI for the Docker Swarm clus‐
ter, start the services using the Compose file from Example 2-4 and
using the command docker-compose up -d.

Check the services using docker-compose ps. Alternatively, the
containers can be seen using docker ps. This shows the worker
node on which WildFly and Couchbase containers are running. The
relevant output is shown in Example 2-6.

Example 2-6. WildFly and Couchbase containers on Docker Swarm
nodes

IMAGE                              NAMES
arungupta/oreilly-wildfly:latest   swarm-node-02/hellojavaee_web_1
arungupta/oreilly-couchbase:latest swarm-node-01/db

The output shows that WildFly is running on swarm-node-02 and
Couchbase is running on swarm-node-01.

Check the logs using docker-compose logs. You may have to restart
the web service as previously explained.

30 | Chapter 2: Docker and Your First Application

http://bit.ly/1XglaJZ


The application expects a JSON document that represents a book
entity as input, which can be added as shown in Example 2-7.

Example 2-7. Add new entity using REST

curl -v \
-H "Content-Type: application/json" \
-X POST -d '{
  "isbn": "978-1-4919-1889-0",
  "name": "Minecraft Modding with Forge",
  "cost": 29.99
}' \
http://$(docker-machine ip swarm-node-02):
8080/books/resources/book

Make sure to change the node to where WildFly is running, which is
swarm-node-02 in this case.

This will display the output in Example 2-8.

Example 2-8. Result from creating a new entity using REST

{"name":"Minecraft Modding with Forge","cost":29.99,"id":"1",
"isbn":"978-1-4919-1889-0"}

The complete list of entities can be queried, as shown in
Example 2-9.

Example 2-9. Query entities using REST

curl http://$(docker-machine ip swarm-node-02):
8080/books/resources/book

If the Docker Compose application is started on a Docker Swarm
cluster then a default, application-specific overlay network is cre‐
ated. A user-defined overlay network can be created as shown in the
following code and assigned to the application using the networks
attribute in the Docker Compose file:

docker network create --driver overlay my-network

More details about using Docker Compose with Docker Swarm are
available on the Docker website.
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Deploying an Application Using Kubernetes
To deploy an application using Kubernetes, we need to define the
application using a Kubernetes configuration as explained in
“Kubernetes” on page 11 and then run our application on the
Kubernetes cluster. Let’s look at these steps in more detail.

Defining an Application Using a Kubernetes
Configuration File
“Kubernetes” on page 11 explained how an application can be
defined using a configuration file. This section will use the Java EE
application used in the previous section and deploy it using Kuber‐
netes.

Kubernetes configuration for the application is defined in
Example 2-10.

Example 2-10. Kubernetes configuration for the application

apiVersion: v1
kind: Service 
metadata:
  name: couchbase-service
  labels:
    name: couchbase-service-pod
    context: oreilly-docker-book
spec:
  ports:
    - name: admin
      port: 8091
    - name: api
      port: 8092
    - name: query
      port: 8093
    - name: bucket
      port: 11210
  # label keys and values that must match in order to
  # receive traffic for this service
  selector: 
    name: couchbase-rc-pod
    context: oreilly-docker-book
----
apiVersion: v1
kind: ReplicationController 
metadata:
  name: couchbase-rc
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  labels:
    name: couchbase-rc
    context: oreilly-docker-book
spec:
  replicas: 1
  template:
    metadata:
      name: couchbase-rc-pod
      labels: 
        name: couchbase-rc-pod
        context: oreilly-docker-book
    spec:
      containers:
      - name: couchbase-rc-pod
        image: arungupta/oreilly-couchbase:latest  
        ports:
        - containerPort: 8091
        - containerPort: 8092
        - containerPort: 8093
        - containerPort: 11210
----
apiVersion: v1
kind: ReplicationController 
metadata:
  name: wildfly-rc
  labels:
    name: wildfly-rc
    context: oreilly-docker-book
spec:
  replicas: 1
  template:
    metadata:
      labels:
        name: wildfly
        context: oreilly-docker-book
    spec:
      containers:
      - name: wildfly-rc-pod
        image: arungupta/oreilly-wildfly:latest  
        ports:
        - containerPort: 8080

This configuration file has:

One service and two replication controllers. The service is for
Couchbase and the replication controllers are for WildFly and
Couchbase. A service is required for Couchbase only as this
provides a reliable IP address on which the application deployed
in WildFly can rely.
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The service, which uses the metadata name: couchbase-rc-pod
and context: oreilly-docker-book in the selector attribute.
This matches the metadata for the pod specified in the spec.tem
plate.metadata.labels attribute of the Couchbase replication
controller.

The image specified using the image attribute in the spec.tem
plate.spec.containers.image attribute.

The arungupta/oreilly-couchbase:latest image, which
starts the Couchbase server and configures it using the Couch‐
base REST API. The image is built using this Dockerfile.

The arungupta/oreilly-wildfly:latest image, which starts
the WildFly application server and deploys the WAR file built
from Java EE NoSQL sample. The image is built using this
Dockerfile.

This Java EE application deployed in WildFly uses JAX-RS to
publish REST endpoints over the JSON documents stored in the
Couchbase server.

Kubernetes provides two primary means of service discovery.

The Java EE application uses Kubernetes Service-style environment
variables to talk to the database. This environment variable is then
used in the application to connect to the Couchbase server using the
Couchbase Java SDK API. Using environment variables for service
discovery also means that any service a pod wants to access must be
created before the pod itself, or the environment variables will not
be populated.

An alternative, and strongly recommended, way to discover a ser‐
vice is by using DNS server. There is no ordering restriction
between a service and a pod when using the DNS server. The DNS
server watches the Kubernetes API for new services and creates a set
of DNS records for each.

The Couchbase database may not be completely ready before the
application is deployed in WildFly. In this case, the WildFly pod
needs to be removed, and another one will automatically be created.
This ensures the database has started before the application is
deployed.
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Run the Application on Kubernetes Cluster
This application can be started as shown here:

kubectl create -f app.yml

The list of created replication controllers can be seen using the com‐
mand kubectl get rc, which gives the output shown here:

NAME           DESIRED   CURRENT   AGE
couchbase-rc   1         1         6m
wildfly-rc     1         1         6m

The list of services can be seen using the command kubectl get
svc, which gives this output:

NAME                CLUSTER-IP    EXTERNAL-IP   PORT(S)     AGE
couchbase-service   10.0.54.170   <none>       8091/TCP,... 6m
kubernetes          10.0.0.1      <none>        443/TCP     2h

The list of ports is truncated here, but the command will show a
complete output. Similarly, the list of pods can be seen using the
command kubectl get po.

Replication controllers, pods, and services are accessible within the
Kubernetes cluster. The WildFly replication controller needs to be
exposed as an external service outside the Kubernetes cluster as
shown in the following code. This allows us to perform the CRUD
operation on the application deployed in WildFly:

kubectl expose rc wildfly-rc --target-port=8080 --port=8080
--type=LoadBalancer

The complete service description can now be seen using the com‐
mand kubectl describe svc wildfly-rc, which produces this
output:

Name:     wildfly-rc
Namespace:    default
Labels:     context=oreilly-docker-book,name=wildfly-rc
Selector:   context=oreilly-docker-book,name=wildfly
Type:     LoadBalancer
IP:     10.0.242.62
LoadBalancer Ingress: aca5ae155f86011e5aa71025a2ab0be1-658723113
.us-west-2.elb.amazonaws.com
Port:     <unset> 8080/TCP
NodePort:   <unset> 30591/TCP
Endpoints:    10.244.2.3:8080
Session Affinity: None
Events:
  FirstSeen LastSeen  Count From      SubobjectPath Type...
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  --------- --------  ----- ----      ------------- ----...
  1m    1m    1 {service-controller }     Normal    Crea...
  1m    1m    1 {service-controller }     Normal    Crea...

The output is truncated, but executing the command will show the
complete output. Wait about three minutes for the load balancer to
settle. The value of attribute LoadBalancer Ingress shows the
externally accessible address of the service. The application is now
fully deployed and ready to be accessed.

The application expects a JSON document as input that defines a
book entity, which can be added as shown in Example 2-7. Make
sure to change the IP address obtained from the previous step. Exe‐
cuting this command will display the exactly output shown in
Example 2-8.

The complete list of entities can be queried as shown in
Example 2-9. Make sure to change the IP address obtained in the
previous step. Executing the command will display the output
shown in Example 2-9.

For more information, check out the Kubernetes documentation.
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CHAPTER 3

Docker and Java Tooling

A typical toolchain of Java developers consists of an integrated
development environment (IDE) such as NetBeans, Eclipse, or Intel‐
liJ IDEA. These IDEs assist in easily writing and debugging the Java
application. They also provide features like syntax highlighting and
code completion, making the developer more effective.

These applications are packaged as an archive using a build system
such as Maven, Gradle, or Ant. All required dependencies of the
project are specified in these scripts. Typically one command can
create an archive that can then be used for deployment.

This chapter explains how Docker images and containers can be
easily managed in NetBeans, Eclipse, and IntelliJ IDEA. It will then
show how a Docker image can be created and a container can be
started using a Maven plug-in.

All the IDEs can configure a Docker host, pull an image, run a con‐
tainer, and build an image. These features are provided so that they
integrate with rest of the workflow within the IDE.

NetBeans
NetBeans is adding integrated support for Docker in their next
release. At the time of writing, this feature is currently available in
the nightly build, which can be downloaded from the NetBeans
website.
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A new Docker node is added in the Services tab as shown in
Figure 3-1.

Figure 3-1. Docker node in NetBeans

Configure a Docker Machine
A new Docker host can be configured by specifying the remote API
URL of the Docker host as shown in Figure 3-2.

Figure 3-2. Configure Docker Host in NetBeans

Pull an Image
A new image can be downloaded by right-clicking the newly created
connection and selecting “Pull…” as shown in Figure 3-3.
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Figure 3-3. Pull or build an image using NetBeans

The exact image name can then be specified, and this image is
downloaded from the Docker Hub or the specified registry.

The logs from executing the command are displayed in the Output
window.

Build an Image
A new image can be created by selecting “Build…” as shown in
Figure 3-3 and specifying the directory name that contains Docker‐
file. This directory serves as the build context for creating the image.

The Dockerfile editor provides syntax coloring to highlight instruc‐
tions from comments.

This image can then be pushed to a registry (e.g., Docker Hub).

Run a Container
Once an image is downloaded, a container can be started by right-
clicking on the image and selecting “Run…” as shown in Figure 3-4.

Figure 3-4. Run Docker Container in NetBeans
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A new tag can be attached to this image by using the “Tag…” menu.

More details about NetBeans and Docker are available on the Net‐
Beans website.

Eclipse
Docker support in Eclipse is available by installing a plug-in.

Eclipse introduces a new perspective as shown in Figure 3-5. It con‐
tains Docker Explorer, which allows you to manage images and con‐
tainers.

Figure 3-5. Docker perspective in Eclipse

This perspective offers the following views:

Docker Explorer
A tree view showing Docker connections plus their images and
containers.

Docker Images
A table view of all downloaded images for a selected connec‐
tion.

Docker Containers
A table view of all containers for a selected connection (filter
enabled).

Console
Display logs of stdout/stderr output from containers and in
some instances allow input to stdin.
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Properties
Detailed information about connections, images, and contain‐
ers.

Configure Docker Machine
A new Docker host can be configured by specifying either the Unix
socket or the remote API URL of the Docker host as shown in
Figure 3-6.

Figure 3-6. Configure Docker Host in Eclipse

Click the Test Connection button to ensure the credentials are valid.

Pull an Image
A new image can be downloaded by right-clicking on the newly cre‐
ated connection and selecting “Pull…” as shown in Figure 3-7.
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Figure 3-7. Pull an image using Eclipse

The exact image name can then be specified. This image is downloa‐
ded from the Docker Hub or the specified registry.

Build an Image
A new image can be created by clicking the Build Image wizard as
shown in Figure 3-8.

Figure 3-8. Build image in Eclipse

You need to specify the image name. A directory where Dockerfile
exists or will be generated also needs to be specified. This directory
serves as the build context for creating the image.

This image can then be pushed to a registry (e.g., Docker Hub).
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Run a Container
Once an image is downloaded, a container can be started by right-
clicking on the image and selecting “Run…” as shown in Figure 3-9.

Figure 3-9. Run Docker Container in Eclipse

A new tag can be attached to this image by using the “Add Tag”
menu.

Learn more about using Docker and Eclipse from the user guide.

IntelliJ IDEA
Docker support in IntelliJ IDEA is available by installing a plug-in
from the plug-in repository. Install the plug-in as shown in
Figure 3-10.
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Figure 3-10. Install Docker plug-in in IntelliJ

Docker support needs to be configured per project.

Configure Docker Machine
A new Docker host can be configured by specifying the remote API
URL of the Docker host (see Figure 3-11):

1. Select “Import credentials from Docker Machine” to show the
list of currently running Docker machines. This also allows you
to configure them with a single click.

2. Navigate to View→Tool Windows→Docker to bring up the
Docker Tooling window.

3. Connect to the selected remote server.

Figure 3-11. Configure Docker Host in IntelliJ

Pull an Image
A new image can be downloaded by right-clicking on the newly cre‐
ated connection and selecting “Pull image” as shown in Figure 3-12.
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Figure 3-12. Pull an image using IntelliJ

The exact image name can then be specified. By default, Docker
Hub is the registry. A different registry can be specified by clicking
“New…” as shown in Figure 3-13.

Figure 3-13. Registry name in IntelliJ

This image is downloaded from the Docker Hub or the specified
registry.

Build an Image
Creating a new image requires us to create a new directory, typically
called docker-dir. This directory will contain Dockerfile, the applica‐
tion archive such as the .war file, and a file that has settings for run‐
ning the container. This directory serves as the build context for
creating the image.

The application needs to be configured so the archive is generated in
this directory. A new Docker deployment configuration can be cre‐
ated so this archive is built before the image as shown in
Figure 3-14.
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Figure 3-14. Build Image in IntelliJ

You need to specify the image name. A directory where Dockerfile
exists or will be generated also needs to be specified.

This image can then be pushed to a registry (e.g., Docker Hub).

Run a Container
Once an image is downloaded, a container can be started by right-
clicking on the image and selecting “Create container”, as shown in
Figure 3-15.

Figure 3-15. Run Docker Container in IntelliJ

More details about the container are available in the output console.
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More details about Docker and IntelliJ are available from the IntelliJ
IDEA Docker help page.

Maven
Maven is a build tool for Java applications that makes the build pro‐
cess easy by providing a uniform build system. Maven projects are
built using a project object model (POM) defined in a file in the
main directory of the project. This file, typically called pom.xml,
contains a set of plug-ins that builds the project.

Each Maven project has a well-defined location for source, tests,
resources, and other related files of the project. The process for
building and distributing a project is clearly defined. There are pre‐
defined phases that map to the lifecycle of a project. For example, the
compile phase will compile the code and the package phase will
take the compiled code and package it into a distributable format,
such as a JAR.

Each plug-in in pom.xml offers multiple goals and the plug-in asso‐
ciates a goal with one or more phases. For example, maven-
compiler-plugin is the plug-in that compiles your source. One of
the goals offered by this plug-in is compiler:compile, and it’s tied to
the compile phase. So the developer can invoke the mvn compile
command, which invokes the associated goal from the plug-in. Read
more about the Maven lifecycle at the Apache website.

There are a few Maven plug-ins that provide goals to manage
Docker images and containers:

• fabric8io/docker-maven-plugin
• spotify/docker-maven-plugin
• wouterd/docker-maven-plugin
• alexec/docker-maven-plugin

All plug-ins offer goals that allow Docker lifecycle commands to be
tied to a Maven phase. For example, the standard Maven package
phase packages the compiled code into a JAR or WAR archive. Asso‐
ciating a goal from the plug-in to this phase can take the created
archive and package it as a Docker image. Similarly, the standard
Maven install phase installs the archive in the local repository.
Attaching a plug-in’s goal to this phase can run the container as well.
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The plug-ins listed here offer similar functionality. In this book, we
use the fabric8io/docker-maven-plugin plug-in. It is recom‐
mended to look at the latest state of plug-ins and pick the one that
meets your requirements.

Maven allows profiles to be specified using <profile> element in
pom.xml. These profiles allow you to modify certain elements of the
POM. The profiles can be triggered in a variety of ways. It’s often
convenient to create a separate profile that includes one of the
Docker Maven plug-ins and its configuration elements. This allows
you to keep the usual build process and still trigger the Docker
image and container lifecycle elements by invoking the profile.

Each profile is given a unique name. One of the common ways to
invoke the profile is by using -P<profile-name> with the mvn CLI.

Example 3-1 shows a Maven profile that uses the fabric8io/
docker-maven-plugin plug-in to create Docker images and run
container.

Example 3-1. Docker Maven plug-in profile

<profiles>
  <profile>
    <id>docker</id> 
    <build>
      <plugins>
        <plugin>
          <groupId>io.fabric8</groupId>
          <artifactId>docker-maven-plugin</artifactId>
          <version>0.14.2</version>
          <configuration> 
            <images>
              <image>
                <name>hello-maven</name> 
                <build> 
                  <from>java</from> 
                  <assembly> 
                    <descriptorRef>artifact</descriptorRef>
                  </assembly>
                  <cmd>
                  java -cp maven/${project.name}-${project.
                  version}.jar com.oreilly.example.docker.
                  maven.App
                  </cmd> 
                </build>
                <run> 
                  <wait>
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                    <log>Hello</log>
                  </wait>
                </run>
              </image>
            </images>
          </configuration>
        </plugin>
      </plugins>
    </build>
  </profile>
</profiles>

This profile has the following elements:

The profile’s name given by the <id> element, appropriately
named "docker" in our case.

The plug-in configuration section defined by the <configura
tion> element. The plug-in configuration has a general part and
a list of image-specific configurations, one for each image. With
Docker Machine, the general configuration is not required if the
environment is configured as explained in Example 1-1.

This particular plug-in has an image-specific configuration for
one image only. The image-specific configuration has three
parts, described in items 3, 4, and 5.

A general part containing the image’s name and alias.

An optional <build> configuration defining how the images are
built.

<from>, which defines the base image for the generated image.

The <assembly> element is used to define what needs to be
bundled in the image using the standard assembly descriptor
format. Using artifact ensures that the generated artifact is
packaged in the image.

<cmd>, which specifies the command that will run when the
container is started.

An optional <run> configuration defining how the containers
should be created and started.
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The plug-in used here offers the goals listed in Table 3-1.

Table 3-1. Docker Maven plug-in goals

Goal Description

docker:start Create and start containers

docker:stop Stop and destroy containers

docker:build Build images

docker:watch Watch for doing rebuilds and restarts

docker:push Push images to a registry

docker:remove Remove images from local Docker host

docker:logs Show container logs

Building this project using mvn package docker:build -Pdocker
will now compile the source and create the JAR file, create a Docker‐
file using the specification from the <build> section, pull all the lay‐
ers needed to build the Docker image, and build the Docker image.
The generated image looks like this:

REPOSITORY    TAG     IMAGE ID       CREATED          SIZE
hello-maven   latest  3432332a5c80   32 seconds ago   642.9 MB

The command mvn install docker:start -Pdocker will not only
install the generated JAR file in the local Maven repository but will
also run the container, which generates this output:

[INFO] --- docker-maven-plugin:0.14.2:start (docker:start) @...
[INFO] DOCKER> [hello-maven] : Start container 6fd55878c304
[INFO] DOCKER> [hello-maven] : Waited on log out 'Hello' 505 ms
[INFO]
[INFO] --- docker-maven-plugin:0.14.2:logs (docker:start) @...
6fd558> Hello World!

The complete source code for this sample is available on GitHub.
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CHAPTER 4

Conclusion

Containers are changing the way Java applications are deployed.

The predominant and classical way to deploy an application is to
install a JDK, application server, web server, database, and other
required components in your data center, whether on-premises or
on the public cloud. The application archive (e.g., .war) is then
deployed to the application server. This application will then talk to
the database and be exposed using the web server. Typically each
component of the application can be scaled independently, which
allows for optimum resource utilization.

During installation, the exact version of the JAR, the number of
threads in the operating system, the correct parameters for Java run‐
time, and many other similar parameters must be configured. There
are a variety of tools available to get these right, and they’ve worked
well, but each tool come with its own APIs and workflows.

Docker provides a common runtime API, image format, and toolset
for building, shipping, and running containers on both Windows
and Linux. This allows you to package your application as Docker
containers in an easy and portable way, and to resolve dependencies
between them. These applications can run in your on-prem data
center or on public clouds. The applications can be packaged using
your usual Java toolchain such as NetBeans and Maven. There are
Docker images available for JDK, application servers, databases, web
servers, and other components.
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Big players like Google (Kubernetes, Container Engine), Microsoft
(Azure), Red Hat (OpenShift), and Amazon (Container Service)
have been continually evolving their container story. Companies
that have been doing Linux containers for quite some time such as
Mesosphere and Joyent are aligning with Docker. New frameworks
and platforms such as Rancher that provide support for both
Docker Swarm and Kubernetes are beginning to grow. The Open
Container Initiative is working on creating an open industry stand‐
ards around container formats and runtime.

Even though not a strict requirement, containers simplify microser‐
vices deployment. There are some common principles behind both:
single responsibility principle, isolation, explicitly published inter‐
face, and ability to scale.

There is a lot of excitement and an equal amount of work happen‐
ing. This is not just hype—Docker provides real and credible bene‐
fits of simplicity and portability.

By no means is the work done; this is only a start and the landscape
is evolving rapidly. Docker doesn’t just simplify packaging your Java
application; once you buy into the vision, the concepts and tools can
be applied to other languages and projects as well.

Getting Started with Java and Docker
Docker Labs is a self-paced hands-on introduction to packaging and
deploying your Java applications using Docker.

You can take the blue pill and continue to deploy applications in the
classical way. Or you can take the red pill and get ready to explore
the world of containers!
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