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CHAPTER 1

Introduction

The typical data scientist consistently has a series of extremely complicated problems on
their mind beyond considerations stemming from their system infrastructure. Still, it is
inevitable that infrastructure issues will present themselves. To oversimplify, we might
draw a distinction between the modeling problem and the engineering problem. The
data scientist is uniquely qualified to solve the former, but can often come up shortin
solving the latter.

Docker has been widely adopted by the system administrator and DevOps
community as a modern solution to the challenges presented in high availability and high
performance computing.! Docker is being used for the following: transitioning legacy
applications to a more modern microservice -based approach, facilitating continuous
integration and continuous deployment for the integration of new code, and optimizing
infrastructure usage.

In this book, I discuss Docker as a tool for the data scientist, in particular in
conjunction with the popular interactive programming platform Jupyter. Using Docker
and Jupyter, the data scientist can easily take ownership of their system configuration and
maintenance, prototype easily deployable and scalable data solutions, and trivially clone
entire systems with an eye toward replicability and communication. In short, | propose
that skill with Docker is just enough knowledge of systems operations to make the data
scientist dangerous. Having done this, | propose that Docker can add high performance
and availability tools to the data scientist s toolbelt and fundamentally change the way
that models are developed, prototyped, and scaled.

“Big Data”

A precise definition of big data will elude even the most seasoned data wizard. | favor
the idea that big data is the exact scope of data that is no longer manageable without
explicit consideration to its scope. This will no doubt vary from individual to individual
and from development team to development team. | believe that mastering the concepts
and techniques associated with Docker presented herein will drastically increase the size
and scope of what exactly big data is for any reader.

www . docker . com/use-cases
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Recommended Practice for Learning

In this first chapter, you jump will headlong into using Docker and Jupyter on a cloud
system. | hope that readers have a solid grasp of the Python numerical computing stack,
although I believe that nearly anyone should be able to work their way through this book
with enough curiosity and liberal Googling.

For the purposes of working through this book, | recommend using a sandbox
system. If you are able to install Docker in an isolated, non-mission critical setting, you
can work through this text without fear of breaking things. For this purpose, | here
describe the process of setting up a minimal cloud-based system for running Docker
using Amazon Web Services (AWS).

As of the writing of this book, AWS is the dominant cloud-based service provider.

I don t endorse the idea that its dominance is a reason a priori to use its services. Rather,

| present an AWS solution here as one that will be the easiest to adopt by the largest group
of people. Furthermore, | believe that this method will generalize to other cloud-based
offerings such as DigitalOcean? or Google Cloud Platform,® provided that the reader has
secure shell (ssh) access to these systems and that they are running a Linux variant.

| present instructions for configuring a system using Elastic Compute Cloud (EC2).
New users receive 750 hours of free usage on their T2_micro platform and | believe that
this should be more than enough for the typical reader s journey through this text.

Over the next few pages, | outline the process of configuring an AWS EC2 system for
the purposes of working through this text. This process consists of

1. Configuring a key pair

2. Creating a new security group
3. Creating a new EC2 instance
4

Configuring the new instance to use Docker

Set up a New AWS Account

To begin, set up an AWS account if you do not already have one.*

Note  This work can be done in any region, although it is recommended that readers
take note of which region they have selected for work (Figure 1-1). For reasons | have long
forgotten, | choose to work in us-west-2.

www .digitalocean.com
https://cloud.google.com

https://aws.amazon.com/
premiumsupport/knowledge-center/create-and-activate-aws-account/
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Figure 1-1. Readers should take note of the region in which they are working

Configure a Key Pair

In order to interface with your sandbox system running on AWS EC2, you will need an ssh
key pair. Amazon EC2 uses public-key cryptography to facilitate all connections to running
EC2 instances.® In your case, this means the creation of a secure connection between your
local system and a sandbox system you will configure on an EC2 instance. To do this, you
will create an ssh key pair locally and import the public component of the key pair into
AWS. When you create a new instance, you have AWS provision the new instance with the
public key, so that you can use your local private key to connect to the instance.

Note  Windows users are encouraged to make use of the excellent Git BASH tool
available as part of the Git for Windows package here: https://git-for-windows.github.io.
Git BASH will include all of the necessary command line tools that you will be using,
including ssh-keygen and ssh.

In Listing 1-1, you use the ssh-keygen tool to create a key pair on your local system.
For these purposes (that is, a disposable sandbox AWS system), you can leave all fields
blank, including a passphrase to use the ssh key. The location in which you save the key
will vary from system to system. The default location on my system is ~/.ssh/id_rsa
where ~ signifies the current user s home directory.® This process will create id_rsa and
id_rsa.pub, akey pair. You will place the id_rsa.pub key into systems you wish to access
and thus be able to ssh into these systems using the id_rsafile.

Listing 1-1. Create a New Key Pair

$ ssh-keygen -t rsa

Generating public/private rsa key pair.

Enter file in which to save the key (/home/ubuntu/.ssh/id_rsa):
Enter passphrase (empty for no passphrase):

Enter same passphrase again:

http://docs.aws.amazon.com/AWSEC2/ latest/UserGuide/ec2-key-pairs.html
www . gnu.org/software/bash/manual/html_node/Tilde-Expansion.html
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Your identification has been saved in /home/ubuntu/.ssh/id_rsa.
Your public key has been saved in /home/ubuntu/.ssh/id_rsa.pub.
The key fingerprint is:
SHA256:g51YNQMFLn1jW5p36Y91/gSPxnckhT665KtiB06xu2U ubuntu@ip-172-31-43-19
The key"s randomart image is:
+-—-[RSA 2048]----+

*
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I
I
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I
I
+

o
+
+
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In Listing 1-2, you verify that the contents of the key using the cat tool. You display a
public key that was created on a remote Ubuntu system, as can be seen at the end of the
key (ubuntu@ip-172-31-43-19). This should appear similar on any system.

Listing 1-2. Verify Newly Created ssh-key

$ cat ~/.ssh/id_rsa.pub

ssh-rsa
AAAAB3NzaClyc2EAAAADAQABAAABAQDANHPE 1 q1a40sDDY+g91uWQS8pCjBmR
64MmsrQ9MalaE5sh 1 cFB1Kg3pGwlpypiZjoSh9pS55S9LckNSBFn8FF42ALL j
R8y+WI1JKVk/0DvDXgGVcCcOt/uTvxVx0bRruYXLW167J389UnxnJuRZDLeY9D
0f1zSR5eghCWVqi0zB+0sLgR1W04Xz10St1D78U1Y5msW+EFg25Hg 1wepYMC
JG/Zr43By0YPGseUrbCqFBS1KIQnzfWRFEKHZbtEe6HbWwz1UDL2NrdFXxZAI
XYYoCVt14WXd/WjDwsS jbMmtF3BgenVKZcP2DQ9/W+ge 1 GGj vOTFUdsCHennY |
EUFEEP ubuntu@ip-172-31-43-19

Create a New Key Pair on AWS

Log in to your AWS control panel and navigate to the EC2 Dashboard, as shown in
Figure 1-2. First, access Services (Figure 1-2, #1) thenaccess EC2 (Figure 1-2, #2).
The Services link can be accessed from any page in the AWS website.
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Figure 1-2. Access the EC2 control panel

Once at the EC2 control panel, access the Key Pairs pane using either link (Figure 1-3).

EC2 Dashboard

Tags
Reports
Limits

= INSTANCES
Instances
Spot Reguests
Reserved Instances
Scheduled Instances
Dedicated Hosts

= IMAGES
AMis
Bundie Tasks

= ELASTIC BLOCK STORE
Velumes

Snapshots
= NETWORK & SECURITY
Security Groups
Elastic IPs
Placement Groups
Koy Pairs  f—

Network Interfaces

Resources

You are using the following Amazon EC2 resources in the US West {Oregon) region:
1 Elastic IPs
1 Snapshots
0 Load Balancers
9 Security Groups

Running Instances
Dedicated Hosts
Volumes

Key Pairs  jm—

Placement Groups

o W oo <

Create Instance

To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2 instance.

Launch Instance

Mote: Your instances will launch in the US West (Oregon) region

Service Health * Scheduled Events

Service Status:

@ US West {Oregon):
This service is operating normally

US West (Oregon):

No events

Availability Zone Status:
g us-west-2a:

Availability zone is operating nermally
g us-west-2b:

Availability zone is operating normally

Figure 1-3. Access key pairs in the EC2 Ddashboard
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From the Key Pairs pane, choose Import Key Pair. This will activate a modal that
you can use to create a new key pair associated with a region on your AWS account. Make
sure to give the key pair a computer-friendly name, like from-MacBook-2017. Paste the
contents of your public key (id_rsa.pub) into the public key contents. Prior to clicking
Import, your key should appear as in Figure 1-4. Click Import to create the new key.

Note  Many AWS assets are created uniquely by region. Key pairs created in one region
will not be available in another.

Import Key Pair X

Click Browse and navigate to your public key. You may change the name of your key if
necessary. Alternatively, you can copy and paste the contents of your public key into the dialog.

Load public key from file Choose File no file selected
Key pair name my_pc_2017

Public key contents
ssh-rsa
AAAAB3NzaC1yc2EAAAADAQABAAABAQDANHPEIQ1a40sDDY+g9luWQS8pCiBmRB4MmsrQ8
MalaE5shicFB1Kg3pGwJpypiZjoSh8pS55S89LckNsBin8Ff42ALLIRBy+WIJKVK/ODvDXgGVeCeOt
JuTvxVx0bRruYxLW167J89UnxnJuRZDLeYIfDOflzSRSeglhCWVqi0zB+0sLgR1WO04Xz105tID7
8UiIY5msW+EFg25Hg 1wepYMCJG/Zr43ByOYPGseUrbCqFBS1KIQnzWRfEKHZbtEe6HbWwz 1

UDLZNrdFXxZAIXYYoCVHAWXd/W]DwSjbMmtf3BgenVKZcP2DQY/W+gelGGjvOTfUdsCHennYI
EUfEEP ubuntu@ip-172-31-43-19

4

=Sl Import

Figure 1-4. Import a new key pair

You have created a key pair between AWS and your local system. When you create a
new instance, you will instruct AWS to provision the instance with this key pair and thus
you will be able to access the cloud-based system from your local system.

Figure 1-5. Connect to AWS from your local machine using an SSH key
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Note  The terminology can be a bit confusing. AWS refers to an uploaded public key as a
“key pair.” To be clear, you are uploading the public component of a key pair you have created
on your system (e.g. id_rsa.pub). The private key will remain on your system (e.g. id_rsa).

Create a New Security Group
From the EC2 Dashboard, access the Security Group pane using either link (Figure 1-6).

EC2 Dashboard Resources
Events 1 . . . .
You are using the following Amazon EC2 resources in the US West (Oregon) region:
Tags
Reports 1 Running Instances 1 Elastic IPs
i 0 Dedicated Hosts 1 Snapshots
5 Volumes 0 Load Balancers
o 3 Key Pairs sl 9 Security Groups
Instances
0 Placement Groups
Spot Requests

R ed Inst
e Create Instance
Scheduled Instances

Dedicated Hosts To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2 instance
= IMAGES Launch Instance
AMIs
Bundle Tasks MNote: Your instances will launch in the LIS West (Oragon) region
=/ ELASTIC BLOCK STORE Service Health C* Scheduled Events
Volumes
Service Status: US West (Oregon):
Snapshots
@ US West (Oregon): No events

Security Groups ff——
Elastic IPs
Placement Groups

This service is operating normally
Availability Zone Status:
@ Us-west-2a:

Awailability zone is operating normal
Key Pairs MY e - o

Network Interfaces @ us-west-2b:
Availability zone is operating normally

Figure 1-6. Access security groups in the EC2 Dashboard

From the Security Group pane, click Create Security Group. Give the security
group a computer friendly group name like jupyter_docker. Give the security group a
description like “Open access to Jupyter and Docker default ports. Use the default
VPC. Access the Inbound tab and configure the following security rules:

SSH: Port Range: 22, Source: Anywhere

HTTP: Port Range: 80, Source: Anywhere

HTTPS: Port Range: 443, Source: Anywhere

Custom TCP Rule: Port Range: 2376, Source: Anywhere
Custom TCP Rule: Port Range: 8888, Source: Anywhere
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When you have added all of these rules, it should appear as in Figure 1-7. Table 1-1
shows a list of ports and the services that will be accessible over these ports.

Create Security Group x
Security group name [ | jupyter_docker
Description Open access to Jupyter and Docker default ports,
VPC (| vpc-4957cc2c (detault) ]

Security group rules:
Inbound Qutbound

Type (i Protocol i Port Range (i Source i

ssn B o Arymhere [ 0.00.000, 31 ]
HTTP B TcF B0 Anpwrare B 0.0.0.000, 20 [x]
HTTPS TCP 443 Anywnere B 0.0.0.0/0, 20 [x]
Custom TCP Rule B o 2376 Anywhere B 0.0.0.0/0, 20 [x]
Custom TCP Aule B TcP 8588 Anywhore [ 0.0.0.0/0, /0 [x]

Gancel

Figure 1-7. Inbound rules for new security group

Table 1-1. Ports and Usages

Port Service Available
22 SSH

80 HTTP

443 HTTPS

2376 Docker Hub
8888 Jupyter
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Create a New EC2 Instance

To create a new instance, start from the EC2 Dashboard and click the Launch Instance
button (Figure 1-8).

ane < 5 Us-west-Z.console ams Bmazon com g o

EC2 Dashboard Resources C  Account Attributes -
'."" You are using the following Amazon EC2 resources in the LIS West (Orogan) region: Supported Platforms.
Tags >
B 2 Running Instances 1 Elastic IPs i
s 0 Dedicated Hosts 1 Snagshats

6 Volumes 0 Load Balancers

Ky Pairs 3 urity Groups

Instances S Ky P Socurity Grou Fescurce 10 length management

0 Placement Groups

Spot Requests

Feserved Instances

Additional Information
Create Instance
Schodulod INSaNGes Guige
Dedicated Hosts To start Lsing Amizon EC2 you wil want to kunch a virtual server, known as an Amason EC2 instance.

Launch Instance [l

Bundie Tasks e e e Pricing

AMis

Figure 1-8. Launch a new instance

The launching of a new instance is a multi-step process that walks the user through
all configurations necessary. The firsttab is Choose AMI. An AMI is an Amazon
Machine Image’ and contains the software you will need to run your sandbox machine.

I recommend choosing the latest stable Ubuntu Server release that is free-tier eligible. At
the time of writing, this was ami-efd0428f, Ubuntu Server 16.04 LTS (HVM), SSD Volume
Type (Figure 1-9).

ene < i 4 Utowest-Teonsole sws amazon.cam g o ¢ ? B

1. Chasse AMI 2 Che
Step 1: Choose an Amazon Machine Image (AMI) o

@ Ubuntu Server 16.04 LTS (HVM], SSD Volurme Type - armi-sd04201 ___.* m

Uty Sarvar 16,04 LTS (HYMLEBS Gonoral Purpose (S50) Voluma Typo, Suppon availibie from Canonical
Froe s cliptie [JUTEMRRIETLTEL STy

Ruct davicn ype: sfs Virualration hge: hvm

Figure 1-9. Choose the latest stable Ubuntu Server release as AMI

The second tabis Choose Instance Type. In usage, | have found that the free tier,
t2.micro (Figure 1-10), is sufficient for many applications, especially the sort of sandbox-
type work that might be done in working through this text. This is to say that while working
through the text, you may not be doing extended work on datasets, but rather learning
about how to configure different systems. As such, your memory needs may be diminished.
The ultimate goal is for the reader to be able to create and destroy machines at will. At this
level of mastery, the reader can choose the minimum requirements for any application.

http://docs.aws.amazon.com/AWSEC2/ latest/UserGuide/AMIs. html
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sne < i waewest-2canscle.ans. caazer.com % o t

Services ~  Resource Groups

LChoste AME  2.ChosselwtsncoType 3. Configuminetance 4 Ao Storage 8, Acd Tige 6 Costigee Securty Group. 7. Baview
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1Pl
Famiy - Wpe - voPUs (I} - Memery(giE] - e 09 - - "® - Suppert -
i Mallable | L)
General pupose 2o 1 05 EBS only 5 Low bo Moderate Yas
2. micro
o General pupose 1 1 EBS L Low to Moderate Yes
[Fotarsico ] el

Figure 1-10. Use the t2.micro type

The third tab, Configure Instance, can be safely ignored.

The fourth tab is Add Storage. This option is also specific to intended usage.
It should be noted that Jupyter Docker images can take up more than 5GB of disk
space in the local image cache. For this reason, it is recommended to raise the value from
the default 8GB to somewhere in the neighborhood of 20GB.

The fifth tab, Add Tags, can be safely ignored.

The sixth tab, Configure Security Group, is critical for the proper functioning of
your systems. Previously, you configured a new security group to be used by your system.
You will need to assign the security group that you just created, jupyter_docker, to
the instance you are configuring. Choose Select an existing security group, and then
select the security group you just created. Verify that ports 22, 80, 443, 2376, and 8888 are
available in the Inbound Rules at the bottom of the tab (Figure 1-11).

Note  Most readers will receive a warning from AWS at this final phase that says
something to the effect of “Improve your instances' security. Your security group,
jupyter_docker, is open to the world.” It is the opinion of this author that this warning can
be safely ignored. The warning is letting us know that the instance we are preparing to
launch can be accessed on the open web. This is intentional and by design. In this first and
last conversation about system security, we will wave our hands at the concern and quickly
move to the business of developing short-lifespan scalable systems.

10
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one < i usowests 2 ortsole. s AmATon Com g e, ¢ ? B

LCroosadM  2.Choossinstance Typs  3.Condgueinstance 4 AddStomge  S.AcdTags 6, Configure SecurityGroup 7 Fleview

Step 6: Configure Security Group

A gecurty group is a st of firewall rules that control the tra*fiz for your instance. On this page, you can add rules to allow epacific ratfic to reach your nstance. For aample, f you want to getup a
webs server and allow Internel tralfic 1o reach your instance, add nukes that allow urvesticted scoess to the HTTP and HTTPS perts. You can create & new seculily Group o select rom an existing o
balow, Leam more about Amazon FG2 security groups.

Aseign a security group:  Creats 3 now security group

—* OSelect an existing security group

Socurity Group 1D Name Deneription Actions
3g-LA095365d defaull dafault VPC security group Cooy o new
sg-Bataft dsi_sama sec group for dsi Cogy o new

@ 5908038471 fupyter_docker Open Access 1o Jupyter and Doger dafsull pors. Cogy 1o new
wg-SlcTdded launchewizard. 1 Kaunchawizand: 1 crsated 2017.04-28T20:52:18 308.07:00 Cogy o new
B-ad1c200S launch-wizaed-2 lunch-wizar-2 crealed 2017-02-08T16:18:28.193-08:00 oy 1o now

HTTP TR 80 a.0.0.00
HTTP TCR 80 ]
Custom TCP Ruie o 888 0.00.00

Figure 1-11. Configure the security group for all traffic

Finally, click Review and Launch. Here, you see the specific configuration of the
EC2 instance you will be creating. Verify that you are creating a t2.micro running the
latest free tier-eligible version of Ubuntu Server and that it is available to all traffic, and
then click the Launch button (Figure 1-12).

e PR Fo——— . e 6o

Bl  Services »  Resource Groups v

1.Chooso M Z.Chooseinstance Type  .Condgure instance 4 Add Stoge  8.Acd Tags 6. Confgure Secunty Geowp 7, Aleviow

Step 7: Review Instance Launch

= AMI Details Edit AMI
—= (3)  Ubuntu Server 16.04 LTS [HVM), 55D Volume Type - ami-sld04281
Ubarau Servar 16.04 LT ALE Py Voo Tyoe. avaitabio from Cs

Roct Dovice Typa: shs  Viraization fya: bm

- Instance Type Edit instance type
Instance Type ECUs vCPUs Memary (GIB) Instance Storage (GB) EBS-Optimized Avaitable Network Performance
—p 2.micrn Variable 1 1 EBS only - Low to Moderate
* Security Groups Edit seourity groups
Socurity Group ID Name Duscription
sg0a038d7t Iwoyier_cockor -P‘— Opon 060088 10 Jupyter end Dockor dolouk: ports.

All solected security groups inbound rules

e i Protocol (i Port Range (| Source |

i HTTP TCR L 00000

P Toems e Use

Figure 1-12. Launch the new EC2 instance
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In a final confirmation step, you will see a modal titled Select an existing key pair

or create a new key pair. Select the key pair you previously created. Check the box
acknowledging access to that key pair and launch the instance (Figure 1-13).

Select an existing key pair or create a new key pair

A key pair consists of a public key that AWS stores, and a private key file that you store. Together,
they allow you to connect to your instance securely. For Windows AMis, the private key file is required
to obtain the password used to log into your instance. For Linux AMIs, the private key file allows you to
securely SSH into your instance.

Mote: The selected key pair will be added to the set of keys authorized for this instance. Leam more
about removing existing key pairs from a public AMI.

Choose an existing key pair B
Select a key pair
—+  from-MacBook-2017 B

—+ @ acknowledge that | have access to the selected private key file (from-MacBook-2017 pem),
and that without this file, | won't be able to log into my instance.

Cancel EETIELSEDL TN 4—

Figure 1-13. Select the key pair previously imported

You should see a notification that the instance is now running. Click the View

Instances tab in the lower right corner to be taken to the EC2 Dashboard Instances pane,

where you should see your new instance running.
Make note of the IP address of the new instance (Figure 1-14).

St - - o
Tags Q, Fiter by taga and by kenywoed @ K ¢ twodola
Reports
Limita Hame: - Instance 1D - InstanceTyps - Avaliabity Zone - Instance State - Status Checks. ~  Alarm Status
) INSTANCES ] e 2 miore west- 20 @ nraing & 2 chocks passod Nena. -
| instances — e — 12 i uswestin @ nening © 2 checks passed Nona ]
Spot Recuests L. ErEE— g2 Zxage uswest-Za @ stopped Nana b
Reserved Instances
Scheduled Instances
Dedicated Hosis
= IMAGES
AMis
Bundle Tasks
S/ ELASTIC BLOCK STORE RS- e DR OB AR ITATS, = _R_R=!
Seshos Duscription | Status Checis | Monfioring | Tags
= NCTWORK & SCCURTY
Socuity Groups RGO D . L ] I ——
Elastic Ps stance stale  running Ped Public P S4.244100.170 dim—
Placement Groups Instance type  E2amicre PGP -
oy Parn Eastic Ps Private DNS
Network Interfaces Lo =
Aymiabiity 2one  us-west-2a Privale Py

Figure 1-14. Note the IP address of a running instance
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Configure the New EC2 Instance for Using Docker

Having set up an EC2 instance, you ssh into the instance using the IP you just obtained in
order to provision the new instance with Docker (Listing 1-3).

Listing 1-3. SSH into EC2 Instance

$ ssh ubuntu@54.244.109.176
Welcome to Ubuntu 16.04.2 LTS (GNU/Linux 4.4.0-64-generic x86_64)

Note  The first time you access your EC2 instance, you should see the following
message: The authenticity of host "54.244.109.176 (54.244.109.176)" can"t be
established ... Are you sure you want to continue connecting (yes/no)? This is
expected. You should hit <ENTER> to accept or type yes and hit <ENTER>.

Next (Listing 1-4), you install and configure Docker using a convenient install script
provided by the Docker team. The script is obtained from get.docker .com and passed via
pipe (]) to ashell (sh).

Listing 1-4. Install Docker Via a Shell Script

$ curl -sSL https://get.docker.com/ | sh
apparmor is enabled in the kernel and apparmor utils were already installed
+ sudo -E sh -c sleep 3; apt-get update

+ sudo -E sh -c docker version

Client:

Version: 17.04.0-ce

APl version: 1.28

Go version: gol.7.5

Git commit:  4845c56

Built: Mon Apr 3 18:07:42 2017
0S/Arch: linux/amd64
Server:

Version: 17.04.0-ce

APl version: 1.28 (minimum version 1.12)
Go version: gol.7.5

Git commit:  4845c56

Built: Mon Apr 3 18:07:42 2017
0S/Arch: linux/amd64
Experimental : false

13
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In Listing 1-5, you add the ubuntu user to the docker group. By default, the command
line docker client will require sudo access in order to issue commands to the docker
daemon. You can add the ubuntu user to the docker group in order to allow the ubuntu
user to issue commands to docker without sudo.

Listing 1-5. Add the Ubuntu User to the Docker Group

$ sudo usermod -aG docker ubuntu

Finally, in order to force the changes to take effect, you reboot the system (Listing 1-6).
As an alternative to rebooting the system, users can simply disconnect and reconnect to
their remote system.

Listing 1-6. Restart the Docker Daemon

$ sudo reboot

The reboot will have the effect of closing the secure shell to your EC2 instance. After
waiting a few moments, reconnect to the system. At this point, your system will be ready for
use. sudo should no longer be required to issue commands to the docker client. You can
verify this by connecting to your remote system and checking the dock version (Listing 1-7).

Listing 1-7. Log into the Remote System and Check the Docker Version

$ ssh ubuntu@54.244.109.176
$ docker -v
Docker version 17.04.0-ce, build 4845c56

Infrastructure Limitations on Data

Before commencing with the nuts and bolts of using Docker and Jupyter to build scalable
systems for computational programming, let s conduct a simple series of experiments
with this new AWS instance. You Il begin with a series of simple questions:

What size dataset is too large for a t2.micro to load into memory?

What size dataset is so large that, on a t2.micro, it will prevent Jupyter
from fitting different kinds of simple machine learning classification
models® (e.g. a K Nearest Neighbor model)? A Decision Tree model? A
Logistic Regression? A Support Vector Classifier?

To answer these questions, you will proceed in the following fashion:

1. Runthe jupyter/scipy-notebook image using Docker on
your AWS instance.

2. Monitor memory usage at runtime and as you load each
dataset using docker stats.

http://scikit-learn.org/stable/tutorial/machine_learning_map/
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3. Usethe sklearn.datasets.make_classification function to
create datasets of arbitrary sizes using a Jupyter Notebook and
perform afit.

4. Restart the Python kernel after each model is fit.

5. Take note of the dataset size that yields a memory exception.

Pull the jupyter/scipy-notebook image

Since you are working on a freshly provisioned AWS instance, you must begin by pulling
the Docker image with which you wish to work, the jupyter/scipy-notebook. This can
be done using the docker pull command, as shown in Listing 1-8. The image is pulled

from Project Jupyter s public Docker Hub account.’

Listing 1-8. Pull the jupyter/scipy-notebook image.

ubuntu@ip-172-31-6-246:~$ docker pull jupyter/scipy-notebook
Using default tag: latest

latest: Pulling from jupyter/scipy-notebook

693502eb7dfb: Pull complete

a3782c2efb4l: Pull complete

9ch32b776a40: Pull complete

e539f5722cd5: Pull complete

b4690d4047c6: Pull complete

121dc465f5c6: Pull complete

¢352772bbcfd: Pull complete

eedalddlc421: Pull complete

0057b9e76c8a: Pull complete

€63bd87d75dd: Pull complete

055904fbc069: Pull complete

d336770b8a83: Pull complete

d61dbef85c7d: Pull complete

€1559927bbf2: Pull complete

eebb638d15a3: Pull complete

dc937a93laca: Pull complete

4327c0faf37c: Pull complete

b37332c24e8c: Pull complete

b230bdb41817: Pull complete

765fech84d9c: Pull complete

97efad24ddfa: Pull complete

ccfth7ed42913: Pull complete

2fb2abb673ce: Pull complete

Digest: sha256:04ad7bdf5b9ob7e88c3d0f71h91fd5F71fh45277FF7729dbe7ae20160c7a56dF
Status: Downloaded newer image for jupyter/scipy-notebook:latest

http://hub.docker.com/u/jupyter/
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Once you have pulled the image, it is now present in your docker images cache.
Anytime you wish to run a new Jupyter container, Docker will load the container from the
image in your cache.

Run the jupyter/scipy-notebook Image

In Listing 1-9, you run a Jupyter Notebook server using the minimum viable docker

run command. Here, the -p flag serves to link port 8888 on the host machine, your EC2
instance, to the port 8888 on which the Jupyter Notebook server is running in the Docker
container.

Listing 1-9. Run Jupyter Notebook Server

$ docker run -p 8888:8888 jupyter/scipy-notebook

[1 22:10:01.236 NotebookApp] Writing notebook server cookie secret to /home/
Jjovyan/ . local/share/jupyter/runtime/notebook_cookie_secret

[W 22:10:01.326 NotebookApp] WARNING: The notebook server is listening on
all IP addresses and not using encryption. This is not recommended.

[1 22:10:01.351 NotebookApp] JupyterLab alpha preview extension loaded from
/opt/conda/lib/python3.5/site-packages/jupyterlab

[1 22:10:01.358 NotebookApp] Serving notebooks from local directory: /home/
jovyan/work

[1 22:10:01.358 NotebookApp] O active kernels

[1 22:10:01.358 NotebookApp] The Jupyter Notebook is running at: http://[all
ip addresses on your system]:8888/?token=7b02e3aadb29c42ff066a7290d81dd48e4
4ce62bd7f2bd0a

[1 22:10:01.359 NotebookApp] Use Control-C to stop this server and shut down
all kernels (twice to skip confirmation).

[C 22:10:01.359 NotebookApp]

Copy/paste this URL into your browser when you connect for the first
time, to login with a token: http://localhost:8888/?token=7b02e3aadbh29c4
2f1066a7290d81dd48e44ce62bd7T2bd0a.

The output from the running Jupyter Notebook server provides you with an
authentication token (token=7b02e3aadb29c42ff066a7290d81dd48e44ce62bd7f2bd0a)
you can use to access the Notebook server through a browser. You can do this using the
URL provided with the exception that you will need to replace localhost with the IP
address of your EC2 instance (Listing 1-10).

Listing 1-10. The URL of a Jupyter Instance Running on AWS with an Access Token
Passed as a Query Parameter

http://54.244.109.176:8888/7token=1c32913725d84a76e7b3f04c45b91el17b77F
3c3574779101.
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Monitor Memory Usage

In Listing 1-11, you have a look at your running container using the docker ps command.
You will see a single container running with the jupyter/scipy-notebook image.

Listing 1-11. Monitor Running Docker Containers

$ docker ps
CNID IMAGE COMMAND CREATED STATUS PORTS NAMES
cfef jupyter/

scipy... "tini..."” 10 min ago Up 10 min 0.0.0.0:8888-> friendly_

8888/tcp curie

Next, you use docker stats to monitor the active memory usage of your running
containers (Listing 1-12). docker stats is an active process you will use to watch
memory usage throughout.

Listing 1-12. Monitor Docker Memory Usage.

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM % NET 1/0 BLOCK 1/0 PIDS

cfef9714blc5 0.00% 49.73MiB / 990.7MiB 5.02% 60.3kB / 10.4MB / OB 2
1.36MB

You can see several things here germane to the questions above. The server is
currently using none of the allotted CPU.X° You can see that the Docker container has
nearly 1GB of memory available to it, and of this, it is using 5%, or about 50MB. The 1GB
matches your expectation of the amount of memory available to a t2._micro.

What Size Data Set Will Cause a Memory Exception?

You are going to be using Jupyter Notebook to run the tests. First, you will create a new
notebook using the Python 3 kernel (Figure 1-15).

soe < E4.21246.83 v 9 | ¢ ' B

~ Jupyter Logert

Flss  Funcing  Clstess

Saloct e 4o pertorm actions on them. uping [Hew=| =
== -

Python 2

Notebook Bat emoty Pythen3 *—-—

T il
Faider

Toreinal

Figure 1-15. Create a new notebook

t2.micro
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In Listing 1-13, you examine your memory usage once more. (After launching a new
notebook, the current memory usage increases to about 9% of the 1GB.)

Listing 1-13. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM % NET 1/0  BLOCK 1/0 PIDS

cfef9714blc5 0.01% 87.18MiB /7 990.7MiB 8.80% 64.2kB / 12.6MB / 13
1.48MB 217kB

If you close and halt (Figure 1-16) your running notebook, you can see memory
usage return to the baseline of about 5% of the 1GB (Listing 1-14).

ane < E4.212.4653 v [+]
- free .
— JUPYET  Untitled wLest Creckpsint 5 minutes ago isviossved) & ogos
Fila Edit Vierw root Cedl Kaomel Widget {op Trusted Wihon 3 O
Now Motobock LIE B HEC Codo ) =
Cpen.
Make & Copy.
Renarne,

Save and Creckpoint
Rervert o Checkpoint +

Print Proter

Cownicad 23 *

Trusted! Notebook

Ciona arct Mt ff—

Figure 1-16. Close and halt a running notebook

Listing 1-14. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE /7 LIMIT MEM % NET 1/0  BLOCK 1/0 PIDS

cfef9714b1lc5 0.00% 55.3IMiB /7 990.7MiB 5.58% 109kB / 12.4MB / 4
1.56MB 397kB

The Python machine learning library scikit-learn! has a module dedicated
to loading canonical datasets and generating synthetic datasets: sklearn.datasets.
Relaunch your notebook and load the make_classification function from this module
(Listing 1-15, Figure 1-17), using the standard Python syntax for importing a function
from a module. Examine memory usage once more (Listing 1-16).

Listing 1-15. Importmake_classification

In [1]: from sklearn.datasets import make_classification

http://scikit-learn.org/
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from shisarn.detasets import make classificetion

Figure 1-17. Importmake_classification

Listing 1-16. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM %  NET 1/0 BLOCK 1/0

cfef9714blc5 0.04% 148.3MiB / 990.7MiB 14.97% 242kB / 49.3MB /
4_.03MB  340kB

PIDS
13

Next (Listing 1-17, Figure 1-18), you create a new classification dataset using the
default values. You then use the %whos IPython magic command? to display the size of

the dataset in memory. After this, you examine memory usage (Listing 1-18).

Listing 1-17. Create a New Classification Dataset Using Default Values

In [2]: X, y = make_classification()
In [3]: %whos

Variable Type Data/Info
X ndarray 100x20: 2000 elems, type "float64", 16000
bytes
make_classification function <function make_classification at Ox7febl9
2669d8>
y ndarray 100: 100 elems, type "int64", 800 bytes

In [1]: from sklearn.datasets import make classification

In [2]: X, y = make classification()

In [3]: ‘whos

Variable Type Data/Info

x ndarray 100x20: 2000 elems, type ~floaté4™, 16000 bytes
make classificaticn  functicn <function make classificatlon at 0x7f4e3lé65das0=
¥ ndarray 100: 100 elems, type ~int64°, BOO0 bytes

Figure 1-18. Import make_classification

Listing 1-18. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM %  NET 1/0 BLOCK 1/0

cfef9714blc5 0.01% 152MiB 7/ 990.7MiB 15.35% 268kB / 54.1MB /
4.1MB 926kB

https://ipython.org/ipython-doc/3/interactive/magics.html#magic-whos

PIDS
13
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So far you are minimally taxing your system. Take note of the size of the dataset, size
in Python memory, and Docker system usage associated with this default classification

dataset and then restart the Python kernel (Figure 1-19).

— Jupyter Untitled Last chockpoint: 7 hours ago iutssaves)
Ecit View rsent Keenal Widgets Help
B + x & B 4+ 4+ N B benp =
Reatart
Festart & Giear Output
In [1]: from sklearn.datase Rostart & Run A Sfication

Foconnect
In [2]: X, ¥ = make_classif ghacown

in [3]): Wwhos Change kermel »
Variable Type Data/Infe
% ndarcay 100x20: 2000 elems, type "floatfd”, 16000 bytes
make_classification i i make_classification at Ox7f£delléSdaso>
¥ ndarray 100: 100 elems, type “inté4", B00 bytes

Figure 1-19. Restart the Python kernel

Next, you rerun the same experiment, increasing the size of your feature set by a

factor of 10 (Listing 1-19, Figure 1-20). In Listing 1-20, you examine Docker system usage.

Listing 1-19. Create a New Classification Dataset

In [2]: X, y = make_classification(n_samples=1000, n_features=20)

In [3]: %whos

Variable Type Data/Info
X ndarray 100x20: 2000 elems, type “float64", 160000
bytes
make_classification function <function make_classification at 0x7febl9
2669d8>
y ndarray 100: 100 elems, type “int64~, 8000 bytes
In [1): from sklearn.datasets import make_classification
In [2): X, y = make_classification(n_samples=1000, n_features=20
Vvariable Type Data/Info
J-c "“"“m"“m";;;;r;;“"-;;E;;;a:-zoooo eleas, type “floatfd™, 160000 bytes (156.25 kb)
make_classification function <function make classification at Ox7fdSd3idéfaef>
¥ ndarray 1000: 1000 elema, type “int64~, BO000 bytes
Figure 1-20. Import make_classification
Listing 1-20. Monitor Docker Memory Usage
$ docker stats
CONTAINER CPU % MEM USAGE / LIMIT MEM %  NET 1/0  BLOCK 1/0  PIDS
cfef9714blc5 0.01% 149.7MiB / 990.7MiB 15.11% 286kB / 54.5MB / 13

4.13vB
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Repeat the experiment several more times, capturing the results in Table 1-2. Each
time, restart the kernel, create a new dataset that is 10 times larger than the previous, and
then examine the result in terms of memory usage using the IPython magic command
%whos and the docker stats tool.

Table 1-2. Classification Dataset Memory Footprint on t2.micro

Shape of Feature Set Size in Python Memory Docker System Usage
100 20 .016MB 152MB

1000 20 .16MB 149.7MB

1000 200 1.525MB 152.8MB

10000 200 15.25MB 162.6MB

10000 2000 152.6MB 279.7MB

100000 2000 Memory Exception N/A

Restart the Python kernel after each dataset is created. Take note of the dataset size
that causes a memory exception.

When you attempt to create a classification dataset of size 100000 by 2000, you will
hit aMemoryError, as seen in Listing 1-21 and Figure 1-21.

In [2): X, ¥ = make_classification(n_samples=l00000, n_features=2000)

Traceback (most recent call last)
n-input-2-df42eleeddds> in §]
%, ¥ = make_classification|n_samples= . n_features=

sklearn/
reated, n

—-> 181 % = np.zeros((n_samples, n_features))
182 ¥ = np.zeros(n_samples, dtype-np.int)
183

Figure 1-21. MemoryError when attempting to create a classification dataset

Listing 1-21. MemoryError When Attempting to Create a Classification Dataset

In [2]: X, y = make_classification(n_samples=100000, n_features=2000)
MemoryError Traceback (most recent call last)
<ipython-input-2-df42c0ced9d5> in <module>()

-—--->1 X, y = make_classification(n_samples=100000, n_features=2000)

/opt/conda/ lib/python3.5/site-packages/sklearn/datasets/samples_generator.
py in make_classification(n_samples, n_features, n_informative, n_redundant,
n_repeated, n_classes, n_clusters_per_class, weights, flip_y, class_sep,
hypercube, shift, scale, shuffle, random state)

21



CHAPTER 1  INTRODUCTION

179
180 # Initialize X and y

--> 181 X = np.zeros((n_samples, n_features))
182 y = np.zeros(n_samples, dtype=np.int)
183

MemoryError:

And with that, you have hit the memory ceiling for your current system. It is not a
particularly large dataset: 100,000 rows and 2000 columns. But then again, you are not
working with a particularly large system either: a single CPU and 1GB of RAM. Certainly, you
can imagine situations in which you will want to work with larger datasets on larger systems.

What Size Dataset Is Too Large to Be Used to Fit Different
Kinds of Simple Models?

Next, let s answer the second question. Let s do this by starting with a fresh Docker
container. First, in Listing 1-22, you again use docker ps to display running containers.

Listing 1-22. Monitor Running Docker Containers

$ docker ps

CNID IMAGE COMMAND  CREATED STATUS PORTS NAMES

cfef jupyter/ ™"tini..." 53 min ago Up 53 min 0.0.0.0:8888-> friendly_
scipy... 8888/tcp curie

In Listing 1-23, you stop and then remove this container.

Listing 1-23. Stop and Remove a Running Container

$ docker stop friendly_curie

friendly_curie

ubuntu@ip-172-31-1-64:~$ docker rm friendly_curie
friendly_curie

Next, in Listing 1-24, you launch a brand new jupyter/scipy-notebook container.

Listing 1-24. Run Jupyter Notebook Server

$ docker run -p 8888:8888 jupyter/scipy-notebook
[1 20:05:42.246 NotebookApp] Writing notebook server cookie secret to /home/
jovyan/.local/share/jupyter/runtime/notebook _cookie_secret

Copy/paste this URL into your browser when you connect for the first time,

to login with a token:
http://localhost:8888/?token=7a65c3c7dc6ea294a38397a48cclffellleal3
8aef6d42c4
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Make sure to take note of the new security token (7a65c3c7dc6ea294a38397a48
cclffellOeal3Baef6d42c4) and again use the AWS instance s IP address in lieu of
localhost (Listing 1-25).

Listing 1-25. The URL of the New Jupyter Instance Running on AWS with an Access
Token Passed as a Query Parameter

http://54.244.109.176:8888/?token=7a65c3c7dc6ea294a38397a48cclffellOeal38ae
f6d42c4

Before you start, measure the baseline usage for this current container via docker
stats (Listing 1-26).

Listing 1-26. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM %  NET 1/0 BLOCK 1/0 PIDS

22efbha43b763 0.00% 43.29MiB / 990.7MiB 4.37% 7688 / 0B / OB 2
486B

You again create a new Python 3 Notebook and set out to answer this second
question. In Listing 1-27, you examine the memory usage of your Docker machine with a
brand new notebook running.

Listing 1-27. Monitor Docker Memory Usage

$ docker stats

CONTAINER CPU % MEM USAGE / LIMIT MEM %  NET 1/0 BLOCK 1/0  PIDS

22efba43b763 0.04% 90.69MiB / 990.7MiB 9.15% 58.8kB / OB / 217kB 13
1.3MB

The approach to solving this problem will be slightly different and will make heavier use
of docker stats. The %whos IPython magic command cannot be used to display memory
usage of a fit model and, in fact, a trivial method for measuring memory usage does not
exist.® You will take advantage of your knowledge of the space in memory occupied by the
data created by make_classification and this baseline performance you just measured.

You will use the code pattern in Listing 1-28 to perform this analysis.

Listing 1-28. Create a New Classification Dataset and Perform Na ve Model Fit

from sklearn.datasets import make_classification
from sklearn.<model_module> import <model>

X, y = make_classification(<shape>)

model = <model>()

model . fit(X, y)

model .score(X, V)

https://stackoverflow.com/questions/449560/how-do-i-determine-the-size-of-an-
object-in-python
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For example, use the following code to fit the smallest KNeighborsClassifier
(Listing 1-29), DecisionTreeClassifier (Listing 1-30), LogisticRegression (1-31), and
SVC (Listing 1-32). You will then modify the scope of the data for each subsequent test.

Listing 1-29. Fitthe smallest KNeighborsClassifier

from sklearn.datasets import make_classification
from sklearn.neighbors import KNeighborsClassifier
X, y = make_classification(1000, 20)

model = KNeighborsClassifier()

model . fit(X, y)

model .score(X, y)

Listing 1-30. Fitthe smallestDecisionTreeClassifier

from sklearn.datasets import make_classification
from sklearn.tree import DecisionTreeClassifier
X, y = make_classification(1000, 20)

model = DecisionTreeClassifier()

model . fit(X, y)

model .score(X, y)

Listing 1-31. Fitthe smallest LogisticRegression

from sklearn.datasets import make_classification
from sklearn.linear_model import LogisticRegression
X, y = make_classification(1000, 20)

model = LogisticRegression()

model . Fit(X, y)

model .score(X, y)

Listing 1-32. Fit the smallest SVC

from sklearn.datasets import make_classification
from sklearn.neighbors import SVC

X, y = make_classification(1000, 20)

model = SVC()

model . fit(X, y)

model .score(X, V)

You then use docker stats to examine the Docker system usage. In between each
test, you use docker restart (Listing 1-33) followed by the container id 22efba43b763
to reset the memory usage on the container. After restart the container, you will typically
have to confirm restarting the Jupyter kernel as well (Figure 1-22).

Listing 1-33. Restart Your Docker Container

$ docker restart 22efba43b763
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Dead kernel

The kernel has died, and the automatic restart has failed. It is possible the kernel cannot be restarted. If you are not
able to restart the kernel, you will still be able to save the notebook, but running code will no longer work until the
notebook is reopened.

Don't Restart Try Restarting Now

y

Figure 1-22. Confirm a restart of the Jupyter kernel

The results of this experiment are captured in Table 1-3 and Figure 1-23.

Table 1-3. Classification of Dataset and Model Memory Footprint on t2.micro

Shape of

Feature Set

Model Type

Baseline (No N/A
Notebook
running)

Baseline

(Notebook

running)
100 20
100 20
100 20
100 20

1000
1000
1000
1000
1000
1000
1000
1000

10000 200
10000 200

20
20
20
20
200
200
200
200

N/A

KNeighborsClassifier
DecisionTreeClassifier
LogisticRegression

SVC
KNeighborsClassifier
DecisionTreeClassifier
LogisticRegression

SVC
KNeighborsClassifier
DecisionTreeClassifier
LogisticRegression

SVC
KNeighborsClassifier
DecisionTreeClassifier

Dataset System Dataset and Difference
Usage (MB) Fit Peak System (MB)
Usage (MB)

N/A N/A 40.98
N/A N/A 76.14
99.9 100.0 0.1
103.2 103.3 0.1
102.5 102.6 0.1
101.2 101.4 0.2
100.3 100.4 0.1
103.7 103.8 0.1
104.9 105.1 0.2
104.9 105.5 0.6
106.3 106.9 0.6
104.8 105.7 0.9
102.0 102.3 0.3
104.6 106.0 1.4
1155 117.8 2.3
119.8 127.8 8.0

(continued)
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Table 1-3. (continued)

Shape of Model Type Dataset System Dataset and Difference

Feature Set Usage (MB) Fit Peak System (MB)
Usage (MB)

10000 200 LogisticRegression 121.3 122.6 13

10000 200 SVC 121.1 286.7 165.6

10000 2000 KNeighborsClassifier 256.4 275.1 18.7

10000 2000 DecisionTreeClassifier 257.1 333.6 76.5

10000 2000 LogisticRegression 258.6 564.9 306.3

10000 2000 SVC 256.3 491.9 235.6

—— Decision Tree

==- K Nearest Neighbor :
-+ Logistic Regression v )

==+ Support Vector Classifier Va e

10*

Peak Usage

10°

10

Figure 1-23. Dataset vs. Peak Usage by model

Measuring Scope of Data Capable of Fitting on T2.Micro

In the previous test, a 10000 row x 2000 column dataset was the largest that you were
able to successfully load into memory. In this test, you were able to successfully fit a

na ve implementation of four different machine learning models against each of the
datasets that you were able to load into memory. That said, you can see that neither the
LogisticRegression nor the SVC (Support Vector Classifier) are capable of handling
much more.
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Summary

In this chapter, | introduced the core subjects of this text, Docker and Jupyter, and
discussed a recommended practice for working through this text, which is using a
disposable Linux instance on Amazon Web Services. | provided detailed instructions for
configuring, launching, and provisioning such an instance. Having launched an instance,
you used Docker and Jupyter to explore a toy big data example, diagnosing memory
performance as you loaded and fit models using a synthetic classification dataset
generated by scikit-learn.

I did not intended for this chapter to have been the moment when you thoroughly
grasped using Docker and Jupyter to build systems for performing data science. Rather,

I hope that it has served as a substantive introduction to the topic. Rather than simply
stating what Docker and Jupyter are, | wanted you to see what these two technologies are
by using them.

In the chapters ahead, you will explore many aspects of the Docker and Jupyter
ecosystems. Later, you will learn about the open source data stores Redis, MongoDB, and
PostgreSQL, and how to integrate them into your Docker-based applications. Finally, you
will learn about the Docker Compose tool and how to tie all of these pieces together in a
single docker-compose.yml file.
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Docker

Docker is a way to isolate a process from the system on which it is running. It allows us
to isolate the code written to define an application and the resources required to run
that application from the hardware on which it runs. We add a layer of complexity to
our software, but in doing so gain the advantage of ensuring that our local development
environment will be identical to any possible environment into which we would deploy the
application. If a system can run Docker, a system can run our process. With the addition of
a thin layer of abstraction we become hardware independent. On its face, this would seem
to be an impossible task. As of 2014, there were 285 actively maintained Linux distributions
and multiple major versions of both OS X and Windows. How could we possibly write a
system to allow for all possible development, testing, and production environments?
Docker solves this problem via containerization. We will never be able to guarantee
that our remote environments will be running the same OS as we are locally. We often
know for a fact that it never will (1 develop using Mac OS X and usually deploy to systems
running Ubuntu). That said, as visualized in Figure 2-1, we can guarantee that both our
development and deployment environments will be able to run the Docker engine. We
write our application to be run as a container by the Docker engine  we containerize our
application and thus ensure compatibility across platforms. We are not concerned about
the underlying operating system or hardware, only that it is running the Docker engine.

Figure 2-1. Deploying across heterogenous infrastructure. Note that the technology stack
might be completely different across systems, but we deploy an identical container.

© Joshua Cook 2017 29
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Using the suite of Docker tools we build our applications to run as a Docker
container. Once built, we verify our images by running them on our local system. Having
confirmed this, it is trivial to deploy our containerized application to a remote machine
that is running the Docker engine. We run the system in exactly the same way regardless
of operating system or hardware. Docker lets developers be OS agnostic.

Docker Is Not a Virtual Machine

Docker is not a Virtual Machine (VM) technology.* That said, it is useful to briefly look

at what VM technology is. Many will be familiar with VM technology, especially as a VM
being run using a tool such as VirtualBox. Using one of these tools, a single computer,

the host runs many VM instances, guests. Each guest uses a large file on disk to define its
isolated operating and file system. Each guest runs as a single, resource-intensive process
on the host CPU.

For the purposes of most users, the guest behaves as a stand-alone computer, very
similar in practical use to the host machine on which it runs. In other words, a VM feels
like virtualized hardware. Downsides to VM technology include the consumption of
large swaths of hard drive space to store a bulky operating system and the consumption of
considerable CPU resources in maintaining all of the processes required of a full OS.

Containerization

Containerization is a virtualization method, but containers are not VMs in the way that
most think of them. The confusion is understandable. Like containers, it is even possible
to define VMs using the software Vagrant. But to be clear, a VM is using one kind of
virtualization. Containerization is a different type of virtualization altogether.

The Linux Containers (LXC) project is a vendor-neutral project designed to provide
a native set of tools and libraries for the containment of processes from the broader Linux
system on which they are being run. LXC runs in the same operating system as its host.
The stated goal of LXC is to create an environment as close as possible to a standard
Linux installation but without the need for a separate kernel. Put another way, LXC
allows processes to be containerized.

Containerization seeks to virtualize processes. Thus, a containerized process is
running in an environment optimized for its purposes, but is being run using the system
resources of the host computer. The LXC library has been carefully designed to allow a
containerized process to run as a virtualized process (see Figure 2-2) on its host system
without the need to run a full operating system. LXCs have low overheads and better
performance compared to VMs.

https://blog.docker.com/2016/03/containers-are-not-vms/
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Figure 2-2. Avirtualized process

In June of 2015, Docker helped to launch the Open Container Project. Docker
donated its library runc to serve as an iteration upon LXC. While Docker is no longer
running LXC at its core, the principle remains: Docker is not a virtual machine. Docker is
leveraging virtualization technology to achieve the isolation of processes or services from
the host systems.

Throughout this text, you will be consistently faced with two problems in running
your processes via Docker: networking (connecting to your processes) and maintaining
the persistence of data. With these latest innovations in managing containers, Docker
is now moving toward stronger tools for managing both issues. With Docker managing
networking and persistence, once these processes have been abstracted or containerized
they can be run at will on any system.
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A Containerized Application

On top of providing a method for running a containerized application, Docker also
provides a set of tools for building applications as microservices. Docker s build system
provides a system for packaging an application with all of its dependencies. Those who
are comfortable with working with Ruby s bundler and Gemfi le system or Python s conda
and environment.yml system will be right at home in using a Dockerfile to define the
requirements of their system using a minimal text file. Using this Dockerfi le, stateless
and immutable applications are defined to run as compiled processes on a host system
running the Docker engine. In doing so, Docker attempts to liberate the software engineer
from dependency on the hardware on which their code will run.

The Docker Container Ecosystem

You begin looking at Docker by focusing on the ecosystem of the container. Later, you will
leverage Docker s tools for composing larger systems with the containers you have built.
In the immediate ecosystem (see Figure 2-3) of the Docker container, it is important to
keep track of the following concepts:

The Docker CLI client

The host

The Docker engine or daemon

The Docker image

The Docker container

The Docker registry, typically Docker Hub

Docker Compose
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Figure 2-3. The Docker ecosystem

Note  You will eschew completely the use of the GUI tool Kitematic in favor of a wholly
command line-oriented approach to managing Docker.

The Docker Client

The Docker client is a command line interface used to give instructions to the Docker
engine regardless of the details of the engine s implementation on your system. This

is similar to the client-server architecture of the Web, in which a client system uses an
interface (typically a web browser, but possibly a RESTful API) to interact with a remote
server. In the case of Docker, the Docker client talks to the Docker engine that performs
the work of containers and containerization.

While you work through this text, you will be using the Docker command line
interface as your client and the engine will be running on your local system or ona t2.
micro as recommended in Chapter 1. Using the Docker client, you tell the Docker daemon
to pull an image from a registry. You can then tell the Docker daemon to run that image.
Having done so, you might ask the engine which ps or containers are currently running.?

To list commands available to the Docker client, either run docker with no
parameters or execute docker help. Depending on your Docker system configuration,
you may be required to preface each docker command with sudo. To avoid having to
use sudo with the docker command, your system administrator can create a Unix group
called docker and add users to it.

bash ps bash
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The Host

The host is a machine on which you will run the Docker daemon/engine. Locally,

the host will depend upon your Docker configuration. If you are running Docker for
Linux, Docker for Mac, or Docker for Windows, the host will be your system itself. If

you are running Docker Toolbox, the host will be a virtual machine running on Oracle s
VirtualBox software. The Docker Toolbox provides tools to assist in the proper creation
of this virtual machine. You might also set up a remote machine to serve as your host.
The important thing is that while you will always need a host, the details of this host are
irrelevant. The host might be a virtual machine on your Mac, a c4.8xlarge EC2 instance
on Amazon Web Services, or a bare metal server in your university basement. Regardless,
your application will behave the same.

In certain situations, it may be necessary to identify the IP address of the host. This is
typically not necessary with Docker for Linux, Docker for Mac, or Docker for Windows, in
which Docker is running either natively (Linux) or native-like (Mac, Windows). In other
cases, the IP address of the host can be identified using the docker-machine command
line tool, specifically, docker-machine Is (see Listing 2-1).

Listing 2-1. Display Docker Hosts Associated with the Running Attached Docker Engine

$ docker-machine Is
NAME ACTIVE  DRIVER STATE URL SWARM  DOCKER ERRORS
default - virtualbox Running tcp://192.168.99.100:2376 v1.13.0

The Docker Engine

The Docker engine is a persistent process that manages containers. It is running as a
background service or daemon on the host. In fact, the engine is occasionally referred
to as the Docker daemon. The Docker engine does the core work of Docker: building,
running, and distributing your Docker containers. In this text, you will interact with the
engine directly but will do so through the Docker client. The power of Docker lies in
your ability to work with the engine via the Docker client. You will hand the managing of
your processes over to the Docker engine. If you can do so on one system, you can count
on any work you do to behave the same when on any other machine that is capable of
running the Docker engine.

The Docker Image and the Docker Container

Docker images are read-only. This is not to say that we can t make changes to an image,
but that once we have made changes, what we have is a new kind of image. | like to think
about languages with immutable data structures such as tuples in Python. Once you
define a tuple, you can t modify it, although you can define a new tuple that takes the
original and modifies it in some way.
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The Docker engine has several methods for building our own images. These include
the Docker client and via a domain-specific language (DSL) known as the Dockerfile.
We can also download images that other people have created.

Docker containers are instances of Docker images. They are stand-alone, containing
everything a single instance of an application needs to run (OS, dependencies, source,
metadata), and can be run, started, stopped, moved, and deleted. They are also isolated
and secure.

It is helpful to think of Docker images and containers in terms of object-oriented
programming. An image is a defined class of container that we might create. A container
isthenan instance or object of that class. The Docker engine will manage multiple
containers running on the host. When the engine runs a container from an image, it adds
aread-write layer on top of the image in which our application can run.

Truthfully, however, this analogy of the image-container relationship as object-
oriented programming is a weak analogy. A stronger analogy is the analogy of Docker as
a compiled language. In this analog, we might think of a Dockerfile as source code, an
image as a compiled binary, and a running container as a running process. It is clearly an
intended analog considering that we use the command docker ps to display currently
running containers. This analogy is helpful in a few ways. For one, it brings the build
process to the forefront of our understanding of working with Docker. For another, it
helps to reinforce the idea that containers are ephemeral, just like running processes.
When they end their lifecycle, their state is effectively lost.

The Docker Registry

Docker registries hold images. These are public or private stores from which you upload
or download images. For the purposes of this book, you will use the public Docker
registry at Docker Hub.® Docker Hub is the source of the official images of the major
open source technologies you will be using including Jupyter, PostgreSQL, Redis, and
MongoDB.

Docker Compose

Docker Compose is a tool for assembling microservices and applications consisting of
multiple containers. These microservices and applications are designed using a single
YAML file and can be built, run, and scaled, each via a single command. Docker Compose
is particularly useful for the data scientist in building standalone computational systems
comprised of Jupyter and one or more data stores (e.g. Redis).

https://hub.docker.com
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Get Docker

As of the writing of this text there are four core ways to install Docker across the major
operating systems:

Docker for Linux
Docker for Mac
Docker for Windows
Docker Toolbox

It is recommended that systems be configured to use at least 2GB of RAM. | have
not encountered significant issues in allowing the Docker engine to use all available
resources, like CPUs and RAM.

Note | once more recommend that the reader use a sandbox system on a t2.micro
as outlined in Chapter 1. Chapter 1 contains instructions for configuring an AWS instance
running Ubuntu.

Docker for Linux

Docker for Linux runs natively on most major Linux operating systems. It is driven from the
command line using bash or similar shell. It is useful to note that running Docker for Linux
is the most common configuration used on remote servers. It is a worthwhile exercise for
Mac and Windows developers to familiarize themselves with this configuration. That said,
the experience is very similar across platforms. Detailed instructions for a list of available
operating systems are available at https://docs.docker.com/engine/installation/. Here,

I focus on installation instructions for an Ubuntu system. For installation on other Linux
distributions, readers should refer to the link for specific instructions.

Installing Docker on an Ubuntu System

Installing Docker from the command line provides the highest degree of flexibility. On an
Ubuntu system (here, | use Ubuntu 16.04.2), this can be done via the apt tool.

Note  These instructions are for installing Docker on Ubuntu. Users wishing to install
Docker on another Linux variant should refer to the specific instructions for their system at
https://docs.docker.com/engine/instal lation/.

In Listing 2-2, you use apt search to examine the packages associated with Docker
that are available for installation via apt. You run apt update first to ensure that you have
the latest list of available packages.
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Listing 2-2. Display Docker Packages Available for Installation

$ apt update

$ apt search docker
Sorting... Done

Full Text Search... Done

docker/xenial 1.5-1 amd64
System tray for KDE3/GNOME2 docklet applications

docker-compose/xenial 1.5.2-1 all
Punctual, lightweight development environments using Docker

docker-doc/xenial-updates 1.12.6-Oubuntul~16.04.1 all
Linux container runtime -- documentation

docker-registry/xenial 2.3.0~dsl-1 amd64
Docker toolset to pack, ship, store, and deliver content

docker.io/xenial-updates 1.12.6-Oubuntul~16.04.1 amd64
Linux container runtime

DOCKER

The package in which you have the most interest is the docker . 1o package. This
package contains both the Docker daemon, also known as the Docker container runtime,
and the Docker command line interface (CLI) executable. In Listing 2-3, you use apt
policy to display meta-information available for the docker . io package. As of the writing

of this text, the docker . io package available via apt is version 1.12.6.

Listing 2-3. Display Meta-Information for docker . io Package

$ apt policy docker.io
docker.io:
Installed: (none)
Candidate: 1.12.6-Oubuntul~16.04.1
Version table:
1.12.6-0ubuntul~16.04.1 500

500 http://us-west-2.ec2.archive.ubuntu.com/ubuntu xenial-updates/

universe amdé4 Packages
1.10.3-0ubuntué 500

500 http://us-west-2.ec2.archive.ubuntu.com/ubuntu xenial/universe

amd64 Packages

Note The 500 preceding each policy statement is a priority number and signifies that

the package is “installable” on the system.
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You begin your installation by ensuring that you have no older versions of docker
installed (Listing 2-4). If you receive the message Package docker is not installed, so not
removed, this means docker is not installed and you can proceed.

Listing 2-4. Remove Previous Installations of docker

$ sudo apt remove docker

Reading package lists... Done

Building dependency tree

Reading state information... Done

Package "docker® is not installed, so not removed

0 upgraded, 0 newly installed, O to remove and 43 not upgraded.

Configure Docker Repository

To install Docker, you will use the Docker recommended best practice of installing from
the Docker repository. In order to do this, you will first need to set up the repository. You
will be doing so for Docker CE. First, in Listing 2-5, you will allow apt to use a repository
over HTTPS.

Listing 2-5. Allow apt to Use a Repository Over HTTPS

$ sudo apt-get install \
> apt-transport-https \

> ca-certificates \
> curl \
> software-properties-common

Reading package lists... Done

Building dependency tree

Reading state information... Done

ca-certificates is already the newest version (20160104ubuntul).
apt-transport-https is already the newest version (1.2.19).

curl is already the newest version (7.47.0-1lubuntu2.2).
software-properties-common is already the newest version (0.96.20.5).
0 upgraded, 0 newly installed, 0 to remove and 43 not upgraded.

Then, in Listing 2-6, you will add Docker s official GPG key.

Listing 2-6. Add Docker s Official GPG Key
$ curl -fsSL https://download.docker.com/linux/ubuntu/gpg | sudo apt-key add

0K
$ sudo apt-key fingerprint OEBFCD88
pub  4096R/0EBFCD88 2017-02-22
Key fingerprint = 9DC8 5822 9FC7 DD38 854A E2D8 8D81 803C OEBF CD88
uid Docker Release (CE deb) <docker@docker.com>
sub  4096R/F273FCD8 2017-02-22
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Finally, in Listing 2-7, you add the appropriate Docker repository for your system
architecture.
Listing 2-7. Add Your System s Specific Docker Repository

$ sudo add-apt-repository \

> "deb [arch=$(dpkg --print-architecture)] https://download.docker.com/
linux/ubuntu \

> $(Isb_release -cs) \

> stable”

Install from Docker Repository

Having configured the Docker repository, you can install using the canonical apt update
(Listing 2-8) and apt install (Listing 2-9).

Listing 2-8. Update the apt Registry

$ sudo apt update

Get:6 https://download.docker.com/linux/ubuntu xenial/stable amd64 Packages
[1,479 B]

43 packages can be upgraded. Run "apt list --upgradable® to see them.

Listing 2-9. Install docker.

$ sudo apt install -y docker-ce
Reading package lists... Done

Preparing to unpack .../docker-ce_17.03.1~ce-0~ubuntu-xenial_amd64.deb ...
Unpacking docker-ce (17.03.1~ce-O~ubuntu-xenial) ...

Processing triggers for ureadahead (0.100.0-19) ...

Manage Docker as a Non-Root User

On Linux systems, the Docker engine binds to a Unix port rather than a TCP port. This port
is typically owned by root and must be accessed via sudo in order to receive commands
from the Docker client. A common pattern for Docker users on Linux systems is to create a
docker group and add users to the group, as demonstrated in Listing 2-10. When the Docker
daemon is restarted, it makes the port bound to the Docker engine read/writeable by the
docker group. The outcome is that users are able to issue commands to the engine without
prepending sudo to their commands. Note that this is not, strictly speaking, necessary.

Listing 2-10. Create a docker Group on Linux Systems

$ sudo groupadd docker $ sudo usermod -aG docker $USER

39



CHAPTER 2  DOCKER

Log out and back in to see the changes take effect. At this point, users will be able to
issues commands to the engine via docker without issuing sudo.

Docker for Mac

Docker for Mac runs Docker using the HyperKit* VM. It is driven from the command line
using bash or similar shell. Detailed instructions as well as specific system requirements
are available at https://docs.docker.com/docker-for-mac/. The stable channel for
installation is recommended.

Scripts for bash completion come prepackaged with the Docker for Mac application.
To activate bash completion, simply symlink these files to your bash_completion.d/
directory (see Listing 2-11).

Listing 2-11. Symlink Bash Completion Files on Mac OS X

$ In -s /Applications/Docker.app/Contents/Resources/etc/docker .bash-
completion /usr/local/etc/bash_completion.d/docker

$ In -s /Applications/Docker.app/Contents/Resources/etc/docker-machine.bash-
completion /usr/local/etc/bash_completion.d/docker-machine

$ In -s /Applications/Docker.app/Contents/Resources/etc/docker-compose.bash-
completion /usr/local/etc/bash_completion.d/docker-compose

Docker for Windows

Docker for Windows runs using Microsoft Hyper-V. It is driven from the command line
using PowerShell. Detailed instructions as well as specific system requirements are
available at https://docs.docker.com/docker-for-windows/. Installing Docker for
Windows can be somewhat challenging. It should be noted that Docker for Windows can
only be used on Windows 10 Pro or Enterprise 64-bit operating systems and requires

64-bit processor with Second Level Address Translation (SLAT)
4GB system RAM at minimum
BIOS-level hardware virtualization support

The following notes have been helpful during past installations:

Make sure to press OK if prompted to enable Hyper-V during the
Docker install.

Select Shared Drives from the Docker settings and make sure to
share the C: drive. This can be done via Docker settings (Figure 2-4).

https://github.com/docker/HyperKit/
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Click the system

w o
W 10

Figure 2-4. Access Docker settings

If necessary, disable the firewall or create an exception.

Make sure to use Windows PowerShell to access the issue
commands to the engine.

Docker Toolbox

Docker Toolbox is available for older Mac or Windows systems that do not meet the
requirements of the more natively implemented Docker for Mac or Docker for Windows.
Docker Toolbox includes several tools:

Docker Machine for running docker-machine commands
Docker Engine for running the docker commands

Docker Compose for running the docker-compose commands
Kitematic, the Docker GUI

A shell preconfigured for a Docker command-line environment
Oracle VirtualBox

Installation instructions are available here: https://docs.docker.com/toolbox/
overview/. Docker Toolbox users will need to use the Docker Quickstart Terminal
command line environment to issue commands to the Docker engine. Installation of
Docker Toolbox will create a local docker-machine using VirtualBox that serves as the host.
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Hello, Docker!

Minimally, using Docker to run your code consists of the following:

1. Pulla precompiled image or build an image from a
Dockerfile.

2. Runthe image as a new container.

If you have just installed Docker for this first time, you might try some minimal
commands as verification that the Docker client is correctly installed and available on
your path. Listings 2-12, 2-13, and 2-14 demonstrate three ways that this can be done:
docker version, docker help, orwhich docker work well as a minimal test.

Listing 2-12. Display the Docker Version

$ docker version

sudo docker version
Client:

Version: 17.03.1-ce
APl version: 1.27

Go version: gol.7.5
Git commit: c6d412e

Built: Mon Mar 27 17:14:09 2017
0S/Arch: linux/amd64

Server:

Version: 17.03.1-ce

APl version: 1.27 (minimum version 1.12)
Go version: gol.7.5

Git commit: c6d412e

Built: Mon Mar 27 17:14:09 2017
0S/Arch: linux/amdé4

Experimental: false

Note  Running this command gives information on the version of docker running on
both the Docker client and the server.

Listing 2-13. Display Docker Help
$ docker help

Usage: docker COMMAND

A self-sufficient runtime for containers
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Listing 2-14. Display the Location of the Docker Binary.

$ which docker
/usr/local/bin/docker

Having verified that the Docker client is properly installed, you can move on to the
canonical Hello, World! as demonstrated in Listing 2-15.

Listing 2-15. Run the hello-world Image

$ docker run hello-world

Unable to find image “"hello-world:latest" locally

latest: Pulling from library/hello-world

78445dd45222: Pull complete

Digest: sha256:c5515758d4c5e1e838e9cd307T6c6a0d620b5e07e6¥927b07d05f6d12alac8d7
Status: Downloaded newer image for hello-world:latest

Hello from Docker!
This message shows that your installation appears to be working correctly.
To generate this message, Docker took the following steps:
1. The Docker client contacted the Docker daemon.

2. The Docker daemon pulled the hel lo-world image from the
Docker Hub.

3. The Docker daemon created a new container from that image,
which runs the executable that produces the output you are
currently reading.

4. The Docker daemon streamed that output to the Docker
client, which sent it to your terminal.

To try something more ambitious, you can run an Ubuntu container with
$ docker run -it ubuntu bash

Share images, automate workflows, and more with a free Docker ID from https://
cloud.docker.com/.

For more examples and ideas, visit https://docs.docker.com/engine/userguide/.

And with that, you have verified that Docker is correctly installed and functioning.
When you execute this command, the Docker client sends the run hello-world
command to the Docker engine. The Docker engine then does the following:

1. Checks for the hello-world image in your local cache of
images.

2. Ifthe image does not exist locally, downloads the image from
Docker Hub.

3. Creates a new container using the image.
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4. Allocates a filesystem and adds a read-write layer to the top of
the image.

5. Setsup an IP address for the system.

6. Executes the shell command /hello as specified in the
image s Dockerfile.

7. Upon completion of this process, terminates the container
and shuts down.

Listing 2-16 demonstrates sort of an elemental Docker command: run the latest
Ubuntu image, (run ubuntu) and connectto it via a bash shell (-i -t /bin/bash). When
you execute this command, the Docker client sends the command to the Docker engine.
The Docker engine does the following:

1. Checks for the ubuntu image in your local cache of images.

2. Downloads the image from Docker Hub, unless the image
exists locally.

3. Creates a new container using the image.

4. Allocates a filesystem and adds a read-write layer to the top of
the image.

5. Setsup an IP address for the system.
6. Executes the process /bin/bash within the container.

7. Connects you via your current terminal to the running /bin/
bash process.

Listing 2-16. Run the Base ubuntu Image and Connect to It Via Shell

$ docker run -it ubuntu /bin/bash
root@eb5f4278d040: /#

You will be connected to the running ubuntu container until you shut down. You can
interact (see Listing 2-17) with this process as though it were your native Ubuntu system
to which you were connected via a bash shell.

Listing 2-17. Interact with Ubuntu Running as a Docker Container.

root@8h9461eld7dd:/# Is

bin dev home [1ib64 mnt proc run srv tmp var
boot etc lib media opt root sbin sys usr
root@h9461eld7dd:/# ps

PID TTY TIME CMD
12 00:00:00 bash
12 ? 00:00:00 ps

root@h9461eld7dd:/# ps aux
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USER PID %CPU %MEM VSZ RSS TTY STAT START  TIME COMMAND
root 1 0.0 0.1 18240 3212 ? S<s 04:00 0:00 /bin/bash
root 13 0.0 0.1 34424 2808 ? R<+ 04:01 0:00 ps aux

root@8h9461eld7dd:/# exit
joshuacook@LOCALHOST:~$

Here, you ended our session by typing Ctrl+D as if you were connected to a remote
system via ssh. In doing so, you have control returned to your local system, the host on
which Docker is running.

Itis useful to take note of the state while your Ubuntu image was running. It is not
unusual that Is would show a complete standard Linux filesystem. It is not unusual that
ps would return just a few items. It is highly unusual that ps aux would return two items.
ps aux shows (a) processes for all users, (u) showing the owner of the process, and (x)
including processes that are not attached to any terminal. In other words, in running
ps aux, you have effectively shown all of the processes currently running on the system.
Again, it is highly unusual that only processes running on the system are the shell through
which you have connected (PID 1 /bin/bash) and the ps aux you are using to display
running processes (PID 13 ps aux). Let that sink in. Essentially, your Docker container is
running one process. More on this later.

Basic Networking in Docker

The final introductory piece you will examine before proceeding is networking in Docker.
Many of the containers you will be working with will need to be accessed from the host
using a network protocol such as TCP or HTTP. Luckily, Docker handles networking for
us. In a minimal sense, you will manage networking via Docker by publishing ports.

In publishing a port, you explicitly bind a port or range of ports from a running
container to the host. This is done via the (lowercase p) —p flag. This command makes
explicit a connection between the host and the container. As such, it can only be defined
as an argument passed to the Docker engine.

The pattern used in publishing a portis—p host_port:container_port. Letssay, for
example, that | run a Flask® app, defined in a container called my_flask_app, on port 5000, via
the command docker run —p 7777:5000 my_flask_app. In this case, | am publishing the
port 5000 in the container on the port 7777 on the host. In other words, whatever is available
on the container at port 5000 will be available on the host at port 7777. The effect of this to me
as the local end user is that | can access the Flask app | have defined in my browser at http://
localhost: 7777 (or port 7777 on the host s IP if | am using Docker Toolbox).

The Python module SimpleHTTPServer can be used to run afile server to the
directory from which it is launched. In Listing 2-18, you use a single command to launch
afile server via a Docker container. The Docker daemon pulls the python image and uses
it to run the Python module using the command python -m SimpleHTTPServer. The
server runs on the default port of 8000 within the container. You link this to the port 5000
on your host and are able to access the file server through the browser (Figure 2-5) at
http://localhost:8000.

http://flask.pocoo.org
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Listing 2-18. Launch the File Server Via the Docker Container

$ docker run -v ~:/home -p 5000:8000 python:2.7 python -m SimpleHTTPServer
Unable to find image "python:2.7" locally

2.7: Pulling from library/python

6d827a3ef358: Already exists

2726297beafl: Pull complete

7d27bd3d7fec: Pull complete

44a2e682c18a3: Pull complete

824hd01a76a3: Pull complete

69702776c399: Pull complete

Tbede7612dd4: Pull complete

Digest: sha256:bda277274d53484e4026196379205760a424061933191816a6d66784c5e8
afdf

Status: Downloaded newer image for python:2.7

172.17.0.1 - - [16/Apr/2017 14:58:54] "GET / HTTP/1.1"™ 200 -

Note There are subtle nuances to running Docker on disparate systems.
In most cases, Docker Toolbox users will be able to access the simple file server at
http://192.168.99.100:5000. Docker for Linux/Mac/Windows users should use
http://localhost:5000

Directory listing for /

dockerenv

Figure 2-5. Local file servers available via browser
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Summary

In this chapter, | formally introduced Docker and its ecosystem. | defined
containerization and how it is useful to our work. | provided instructions for installing
Docker on a few popular operating systems. Finally, you ran the Docker hel lo-world
image and the Docker python image, using the latter to run a simple web server.

Having completed this chapter, | hope that you have an understanding of what
exactly Docker is and some understanding of why it exists. | hope that you are aware of
the various components of the Docker ecosystem. Readers should be able to run basic
commands via the Docker client such as docker help, docker ps, and docker run.

In the next chapter, | will formally introduce Jupyter. As with everything in this text,

I will be doing so using Docker. In subsequent chapters, you will explore in greater depth
individual components of the Docker ecosystem, such as the Docker engine (or daemon),
the Dockerfile, and Docker Hub.
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Interactive Programming )

Interactive computing is a dialog between people and machines.
Beki Grinter!

Jupyter is a web-based interactive application. Jupyter is a presentation environment.
Jupyter is a new paradigm in programming. Jupy