




OpenStack® Cloud 
Application Development

Scott Adkins
John Belamaric
Vincent Giersch
Denys Makogon
Jason Robinson



OpenStack® Cloud Application Development 

Published by 
John Wiley & Sons, Inc. 
10475 Crosspoint Boulevard 
Indianapolis, IN 46256 
www.wiley.com

Copyright © 2016 by John Wiley & Sons, Inc., Indianapolis, Indiana

Published simultaneously in Canada

ISBN: 978-1-119-19431-6

ISBN: 978-1-119-23964-2 (ebk)

ISBN: 978-1-119-19434-7 (ebk)

Manufactured in the United States of America

10 9 8 7 6 5 4 3 2 1

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, 
electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 
of the 1976 United States Copyright Act, without either the prior written permission of the Publisher, or authorization 
through payment of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, 
MA 01923, (978) 750-8400, fax (978) 646-8600. Requests to the Publisher for permission should be addressed to the 
Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201)  
748-6008, or online at http://www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with 
respect to the accuracy or completeness of the contents of this work and specifically disclaim all warranties, including 
without limitation warranties of fitness for a particular purpose. No warranty may be created or extended by sales or 
promotional materials. The advice and strategies contained herein may not be suitable for every situation. This work 
is sold with the understanding that the publisher is not engaged in rendering legal, accounting, or other professional 
services. If professional assistance is required, the services of a competent professional person should be sought. Neither 
the publisher nor the author shall be liable for damages arising herefrom. The fact that an organization or Web site is 
referred to in this work as a citation and/or a potential source of further information does not mean that the author or the 
publisher endorses the information the organization or Web site may provide or recommendations it may make. Further, 
readers should be aware that Internet Web sites listed in this work may have changed or disappeared between when this 
work was written and when it is read.

For general information on our other products and services please contact our Customer Care Department within the 
United States at (877) 762-2974, outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with 
standard print versions of this book may not be included in e-books or in print-on-demand. If this book refers to media 
such as a CD or DVD that is not included in the version you purchased, you may download this material at  
http://booksupport.wiley.com. For more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2015953113

Trademarks: Wiley, the Wiley logo, Wrox, the Wrox logo, Programmer to Programmer, and related trade dress are trade-
marks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates, in the United States and other countries, 
and may not be used without written permission. OpenStack is a registered trademark of OpenStack Foundation. All 
other trademarks are the property of their respective owners. John Wiley & Sons, Inc., is not associated with any product 
or vendor mentioned in this book.

http://www.wiley.com
http://www.wiley.com/go/permissions
http://booksupport.wiley.com
http://www.wiley.com


AbOut the AuthOrS

SCOtt ADkinS is a technical lead for the Cloud Operations team at Comcast. He 
helps the team deploy new internal OpenStack environments, as well as helping 
onboard other teams into the cloud. In particular, Scott helps newcomers to the cloud 
understand the pet versus cattle model and how their applications can be adjusted to 
run more effectively in the OpenStack cloud environment. Scott has been a UNIX 

and Linux Systems Administrator for more than 30 years. Prior to his work at Comcast, he was a 
technical lead at Savvis Communications for the UNIX team. Scott lives in Leesburg, Virginia with 
his wife and four children.

JOhn belAmAriC is a software and systems architect with nearly 20 years of soft-
ware design and development experience. His current focus is on cloud network 
automation. He is a key architect of the Infoblox Cloud products, concentrating on 
OpenStack integration and development. He brings to this his experience as the lead 
architect for the Infoblox Network Automation product line, along with a wealth of 

networking, network management, software, and product design knowledge. He is a contributor to 
both the OpenStack Neutron and Designate projects. He lives in Bethesda, Maryland with his wife 
Robin and two children, Owen and Audrey.

VinCent GierSCh is the co‐founder and CTO of Flat.io, where he mainly works 
on the automation of deployment and scaling of the SaaS application. Prior to 
that, at the University of Kent and in partnership with JANET, he designed and 
implemented the support of the IETF ABFAB (Application Bridging for Federated 
Access Beyond Web) in OpenStack Keystone to provide a non‐web federated 

authentication. Recently he worked as an R&D Platform Engineer at OVH.com, developing a 
Docker hosting platform based on OpenStack. He is from Nantes, France.

DenyS mAkOGOn is a developer and software architect of cloud platforms, 
mainly focused on developing and designing platform and Software‐as‐a‐Service 
applications for OpenStack. He is a lead software developer for Gigaspaces, 
concentrating on Cloudify product development along with bringing well‐
designed and production‐ready integration with VMware cloud platforms, 

including vCloud Air. He is a contributor to the OpenStack DBaaS platform and OpenStack 
CloudValidation open source framework. He lives in Kharkiv, Ukraine.



iv

AbOut the AuthOrS

JASOn rObinSOn is a senior platform developer at GoDaddy. He helps teams transi-
tion traditional applications to their internal OpenStack cloud with a focus on orches-
tration and resiliency. Prior to his work with OpenStack, he was an architect on 
GoDaddy’s cloud storage product and a principal developer of their webmail offering. 
Jason has been working as a professional web developer for 18 years, and in addi-

tion to serving as a lead engineer for tech‐centered companies like GoDaddy, Verizon, and GTE, he 
has done extensive work in the fields of e‐commerce, telemedicine, and streaming media. When not 
pursuing the perfectly scalable application, Jason is an avid runner, maker, amateur philosopher, 
and most recently a father.



AbOut the teChniCAl eDitOrS

ChriS Dent, Senior Software Engineer at Red Hat, primarily focuses on improving, integrating, 
and testing OpenStack. Prior to Red Hat he worked as a freelance consultant designing and develop-
ing HTTP APIs for collaborative document systems.

lArS butler is a core engineer for ZeroVM and led the project’s mini design summit at OpenStack 
Summit Atlanta. His previous F/OSS work includes OpenQuake Engine, a scalable distributed cal-
culation engine for computing global earthquake hazard and risk, developed in collaboration with 
the Swiss Seismological Service.

JOe tAleriCO, Performance Engineer at Red Hat, is a seasoned Senior Computer Engineer experi-
enced in integrating leading edge technologies into existing infrastructures. He has developed solu-
tions and automation frameworks around technologies ranging from Cloud, Virtualization, Storage, 
End User Computing, Unified Communications, Datacenter, IPTV, and Android.



PrOJeCt eDitOr
Charlotte Kughen

teChniCAl eDitOrS
Chris Dent, Lars Butler, Joe Talerico

PrODuCtiOn eDitOr
Christine O’Connor

COPyeDitOr
Christina Rudloff

mAnAGer Of COntent DeVelOPment  
& ASSembly
Mary Beth Wakefield

PrODuCtiOn mAnAGer
Kathleen Wisor

mArketinG DireCtOr
David Mayhew

PrOfeSSiOnAl teChnOlOGy &  
StrAteGy DireCtOr
Barry Pruett

buSineSS mAnAGer
Amy Knies

ASSOCiAte PubliSher
Jim Minatel

PrOJeCt COOrDinAtOr, COVer
Brent Savage

PrOOfreADer
Christina Rudloff

inDexer
Robert Swanson

COVer DeSiGner
Wiley

COVer imAGe
Alexandra Lande/Shutterstock

CreDitS



ACknOwleDGmentS

I would like to thank my wife and children for their patience and support while I worked on this 
project. I would like to also thank the OpenStack community for everything they do to build upon 
and support the open source cloud. Without the OpenStack community, we would not have the 
cloud platform we have today!

—Scott Adkins

I would like to thank my wife and children for their support and encouragement throughout this 
project.

—John Belamaric

I would like to thank the entire team, who helped me to complete this project and gave the appropri-
ate level of support, and my family, who helped me to stay focused on this book.

—Denys Makogon

I would like to thank my wife Tara who took care of all of us while I was working on this book, my 
brother for giving me my first computer and, of course, my parents, who supported me even when I 
decided to pursue a philosophy degree (every parent’s worst nightmare).

—Jason Robinson





Contents

IntroductIon xi

Part I: oPenstaCk overvIew

ChaPter 1: IntroduCIng oPenstaCk 3

What Is Cloud Computing? 3
Why Should I Care? 6
Understanding the Architecture 13
Summary 18

ChaPter 2:  understandIng the oPenstaCk eCosystem:  
Core ProjeCts 19

Identity 20
Compute 24
Storage 28
Imaging 34
Dashboard 37
Networking 38
Bringing It All Together 45
Summary 48

ChaPter 3:  understandIng the oPenstaCk eCosystem: 
addItIonal ProjeCts 49

OpenStack Heat 50
OpenStack Database as a Service: Trove 54
Designate: DNS as a Service 62
Magnum 67
Murano: Application as a Service 70
Ceilometer: Telemetry as a Service 75
Summary 76



x

CONTeNTS

Part II:  develoPIng and dePloyIng aPPlICatIons wIth 
oPenstaCk

ChaPter 4: aPPlICatIon develoPment 79

Converting a Legacy App to an OpenStack App 79
Building Apps from Scratch 83
OpenStack App Description and Deployment Strategies 87
Summary 92

ChaPter 5: ImProvIng on the aPPlICatIon 93

Failure Scenarios 94
Hostname and IP Addressing 99
Scaling 103
Improving Our Application 111
Summary 119

ChaPter 6: dePloyIng the aPPlICatIon 121

Bare Metal, Virtual Machines, and Containers 122
Orchestration and Configuration Management 127
Monitoring and Metering 136
elasticity 137
Updating and Patching 147
Summary 149
Book Wrap Up 149

Index 151



IntroductIon

openStack IS a Set of Software packageS that manage  virtualized resources, including 
computing, networking, and storage. It enables you to create and destroy virtual machines, connect 
them together with private networks, provide network‐based storage, and make them available to 
the rest of your network and the world. OpenStack provides consistent, uniform API services for all 
of this, hiding hypervisor and vendor specific details from the applications that are using the APIs. 
It also provides a user interface, built on top of the same APIs, that allows users to see and manage 
their virtual resources.

who thIS Book IS for

This book is for application developers that are interested in learning more about OpenStack and 
how it will transform the application design and development process. It is for someone who is new 
to the cloud environment, who wants a broad understanding of that environment, as well as a deep 
enough knowledge to make practical use of OpenStack.

what thIS Book coverS

This book will provide a broad understanding of cloud concepts and how they fit into the life of 
an application developer. It will drill in deeply to the OpenStack services that are most important 
to an application developer, and show you how these services will change not only how you deploy 
applications, but also how you design them. It will provide detailed information on each service, and 
provide examples of how each service may be used by an application developer.

how thIS Book IS Structured

This book was written in two parts. Part 1 provides an overview of OpenStack. The purpose of 
this part is to lay the groundwork, covering all of the OpenStack technologies and what is most 
important.

Part 2 takes the reader through developing and deploying applications with OpenStack. In this part 
you will build an example on top of OpenStack that drills down much deeper on the technologies, 
provides tips, and helps you learn about OpenStack through the lens of these same technologies.

Here is a list of the chapters:

 ➤ Part I: OpenStack Overview

 ➤ Chapter 1: Introduction to OpenStack

 ➤ Chapter 2: Understanding the OpenStack Ecosystem: Core Projects

 ➤ Chapter 3: Understanding the OpenStack Ecosystem: Additional Projects
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 ➤    Part II: Developing and Deploying Applications with OpenStack 

 ➤    Chapter   4  : Application Development 

 ➤    Chapter   5  : Improving on the Application 

 ➤    Chapter   6  : Deploying the Application       

 what You need to uSe thIS Book 

 You should understand the basics of application development ‐ how applications are composed of 
multiple servers like web servers, application servers, and database servers. You do not need any 
cloud‐specifi c knowledge, though you should be aware of what virtualization and virtual machines 
are, and have a basic understanding of networks.   

 conventIonS 

 To help you get the most from the text and keep track of what’s happening, we’ve used a number of 
conventions throughout the book. 

 Examples that you can download and try out for yourself generally appear in a box like this:       

    exampLe tItLe      

 This section gives a brief overview of the example.   

 Source 
 This section includes the source code.    

 Source code 
 Source code 
 Source code      

 Output 
 This section lists the output:    

 Example output 
 Example output 
 Example output     

   note   Notes indicates notes, tips, hints, tricks, or and asides to the current 
discussion. 
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As for styles in the text:

 ➤ We highlight new terms and important words when we introduce them.

 ➤ We show code within the text like so: persistence.properties.

Source code

As you work through the examples in this book, you may choose either to type in all the code man-
ually, or to use the source code files that accompany the book. All the source code used in this book 
is available for download at www.wrox.com. Specifically for this book, the code download is on the 
Download Code tab at:

www.wrox.com/go/openstackcloud appdev 

 and at:

https://github.com/johnbelamaric/openstack‐appdev‐book

You can also search for the book at www.wrox.com by ISBN (the ISBN for this book is 
978-1-119-19431-6) to find the code. And a complete list of code downloads for all current Wrox 
books is available at www.wrox.com/dynamic/books/download.aspx.

note  Because many books have similar titles, you may find it easiest to search 
by ISBN; this book’s ISBN is 978‐1‐119‐19431‐6.

Once you download the code, just decompress it with your favorite compression tool. Alternately, 
you can go to the main Wrox code download page at www.wrox.com/dynamic/books/download
.aspx to see the code available for this book and all other Wrox books.

errata

We make every effort to ensure that there are no errors in the text or in the code. However, no one 
is perfect, and mistakes do occur. If you find an error in one of our books, like a spelling mistake 
or faulty piece of code, we would be very grateful for your feedback. By sending in errata, you may 
save another reader hours of frustration, and at the same time, you will be helping us provide even 
higher quality information.

To find the errata page for this book, go to

www.wrox.com/go/openstackcloudappdev 

And click the Errata link. On this page you can view all errata that has been submitted for this book 
and posted by Wrox editors.

http://www.wrox.com
http://www.wrox.com/go/openstackcloud
https://github.com/johnbelamaric/openstack%E2%80%90appdev%E2%80%90book
http://www.wrox.com
http://www.wrox.com/dynamic/books/download.aspx
http://www.wrox.com/dynamic/books/download.aspx
http://www.wrox.com/go/openstackcloudappdev
http://www.wrox.com/dynamic/books/download.aspx
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If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/
techsupport.shtml and complete the form there to send us the error you have found. We’ll check 
the information and, if appropriate, post a message to the book’s errata page and fix the problem in 
subsequent editions of the book.

p2p.wrox.com

For author and peer discussion, join the P2P forums at http://p2p.wrox.com. The forums are a 
Web‐based system for you to post messages relating to Wrox books and related technologies and 
interact with other readers and technology users. The forums offer a subscription feature to e‐mail 
you topics of interest of your choosing when new posts are made to the forums. Wrox authors, edi-
tors, other industry experts, and your fellow readers are present on these forums.

At http://p2p.wrox.com, you will find a number of different forums that will help you, not only as 
you read this book, but also as you develop your own applications. To join the forums, just follow 
these steps:

 1. Go to http://p2p.wrox.com and click the Register link.

 2. Read the terms of use and click Agree.

 3. Complete the required information to join, as well as any optional information you wish to 
provide, and click Submit.

 4. You will receive an e‐mail with information describing how to verify your account and com-
plete the joining process.

Once you join, you can post new messages and respond to messages other users post. You can read 
messages at any time on the Web. If you would like to have new messages from a particular forum 
e‐mailed to you, click the Subscribe to this Forum icon by the forum name in the forum listing.

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to 
questions about how the forum software works, as well as many common questions specific to P2P 
and Wrox books. To read the FAQs, click the FAQ link on any P2P page.

note  You can read messages in the forums without joining P2P, but in order to 
post your own messages, you must join.

http://www.wrox.com/contact/techsupport.shtml
http://p2p.wrox.com
http://p2p.wrox.com
http://p2p.wrox.com
http://www.wrox.com/contact/techsupport.shtml


Part I
OpenStack Overview

 ▸ Chapter 1: Introducing OpenStack

 ▸ Chapter 2:  Understanding the OpenStack Ecosystem: Core 
Projects

 ▸ Chapter 3:  Understanding the OpenStack Ecosystem: Additional 
Projects




