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Introduction

Apache CouchDB is an exciting database management system that is growing in popularity each day.
This book introduces you to CouchDB, guiding you through its relatively short history and what makes it
different from the other database systems out there. It offers simple, unassuming steps on getting
CouchDB up and running on your computer that’s running Linux or Mac OS X. It guides you through the
process of creating a database and working with data; covers more complex topics such as views and
map/reduce; and explores advanced database concepts such as replication, compaction, and
deployment. It also shows you how to develop applications that are housed entirely in the database
itself, in addition to using Python, Django, and Ruby to interact with CouchDB from a traditional server-
side application.

Who This Book Is For

This book is written for anyone with an interest in CouchDB, document-oriented databases, or database
development in general. It does not assume any knowledge in relation to CouchDB, although some
experience with UNIX commands and basic JavaScript skills are beneficial.

What You Need

To follow the examples in this book, you will need access to a computer running the Linux operating
system or Mac OS X. You will need administrative access to this computer in order to install CouchDB. If
you are using a Windows PC, see the “CouchDB Resources” section for a link to an unofficial Windows
binary installer for CouchDB that you may be able to use. Alternatively, you can get a hosted version of
CouchDB from http://couch.io.

CouchDB Resources

This book is written as a guide to help you get started with CouchDB. For further information about
CouchDB, consult the following resources:

http://couchdb.apache.org/
http://couchdb.apache.org/community/lists.html
#couchdb on irc.freenode.net

http://wiki .apache.org/couchdb/
http://planet.couchdb.org/

XiX
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http://hosting.couch.io/

http://damienkatz.net/

http://jan.prima.de/plok/
http://wiki.apache.org/couchdb/Windows_binary_installer
http://www.ibm_com/developerworks/opensource/library/os-couchdb/index.html

http://twitter.com/CouchDB

Contacting the Author

If you have any questions, comments, or feedback, you can contact the author by e-mail at
joe@joelennon.ie or on Twitter @joelennon.
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PART 1

Getting Started

In this part, you will learn all about the CouchDB database and how it differs from
traditional relational database management systems. You will learn how to install
CouchDB on Linux and Mac OS X operating systems, and you will see just how easy it is

to create a new CouchDB database.

Download at WoweBook.Com



Download at WoweBook.Com



CHAPTER 1

Introduction to CouchDB

CouchDB is a relatively new database management system, designed from the ground up to suit modern
software applications that tend to be web-based, document-oriented, and distributed in nature. For
several decades now, relational database management systems have reigned supreme in application and
database development, with the likes of Oracle, SQL Server, and MySQL being used in every type of
software application imaginable.

When object-oriented development started to gain traction in the early 1990s, many believed that
object-oriented database systems would closely follow suit. Since then, however, there has been a large
shift in focus in software development. The breakthrough of dynamic web applications and mobile
technology has led to developers looking for lightweight, inexpensive, and well-documented solutions.
Many of these developers were prolific at SQL, and open source relational databases such as MySQL
simply made the most sense. Today, MySQL is used on millions of web sites across the world.

The relational model that these databases are built on, however, was designed many years ago,
when the World Wide Web and Internet were unheard of. Although the strict schema-based structure
these databases adhere to is required in some web applications, such as transaction systems, it is not a
good fit for many modern web projects, such as blogs, wikis, and discussion forums, which by their
nature are a better fit to a document-oriented database.

What Is CouchDB?

CouchDB is a document-oriented database management system, released under the open source
Apache License. In contrast to most database systems, it stores data in a schema-free manner. This
means that, unlike traditional SQL-based databases, there are no tables and columns, primary and
foreign keys, joins, and relationships. Instead, CouchDB stores data in a series of documents and offers a
JavaScript-based view model for aggregating and reporting on the data.

If you are wondering where the name CouchDB came from, you may be surprised to hear thatitisin
fact an acronym. According to the CouchDB wiki, Couch stands for “Cluster Of Unreliable Commodity
Hardware,” indicating that CouchDB is intended to run distributed across a cluster of cheap servers.
Anyone who has dealt with replication in databases before will know that it is rarely a simple task, but
the exact opposite applies when it comes to CouchDB. Add to this the fact that CouchDB is developed in
Erlang OTP, a fault-tolerant programming language that offers excellent concurrency features, and you
know that your CouchDB database will scale well without a loss of reliability and availability.

Currently, CouchDB is available for most UNIX-based systems, including Linux and Mac OS X.
Binary installers are available for Ubuntu, Fedora, CentOS, FreeBSD, and Mac OS X systems through
each system’s individual package manager. Windows support is pretty sketchy currently, although an
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CHAPTER 1  INTRODUCTION TO COUCHDB

unofficial binary installer is in the works. Alternatively, CouchDB can be built from source on virtually
any POSIX system. | will discuss how to install CouchDB on Linux and Mac OS X in the next two
chapters. You will also get a look at an unofficial application for Mac OS X called CouchDBX, which
allows you to simply download and run a CouchDB server immediately, no installation or configuration
necessary.

CouchDB: The Story So Far

In April 2005, Damien Katz posted on his blog about a new database engine he was working on. Details
were sparse at this early stage, but what he did share was that it would be a “storage system for a large
scale object database” and that it would be called CouchDB. His objectives for the database were for it to
become the database of the Internet and that it would be designed from the ground up with web
applications in mind.

Katz began working on the database soon after his blog post, choosing C++ as the platform to build
it on. Right from the very beginning, CouchDB was designed to be schema-free and indexable, using a
combination of append-only storage and atomic updates. It was clear that Katz was heavily influenced
by Lotus Notes, the product he worked tirelessly on for many years. The choice of using append-only
storage meant that data in a CouchDB database would never be overwritten, but rather it would become
“outdated,” with the newer data taking precedence.

In November 2005, Katz announced that he was working on the Fabric formula language. Katz was
previously involved in the development of the Lotus Notes Formula language, which Fabric inherited
many features from. In December 2005, Katz published a blog post outlining his goals and ambitions for
CouchDB, stating that it was “Lotus Notes built from the ground up for the Web.” It was in this blog post
that many of the features that exist in CouchDB today were put forward, such as document orientation,
distributed architecture, bidirectional replication, and offline access. Further validating the notion that
CouchDB would be the “database for the Web” was Katz’s hope that CouchDB would be a great database
engine for applications such as e-mail, bug tracking, timesheet management, blogs, and RSS feeds,
amongst others.

A big milestone in CouchDB development was the announcement in February 2006 that its
underpinning codebase was being moved, in its entirety, from C++ to Erlang. This purpose-built
programming language was developed by Ericsson and is heavily used in the telecommunications
industry. It is highly centered on the ideas of concurrency control, fault tolerance, and distributed
applications, and as a result, Katz believed it was the perfect fit for CouchDB.

Another breakthrough came in April 2006 when it was announced that CouchDB would be solely
accessible via an HTTP-based RESTful API. What this means is that rather than connecting to the
database server using a client application, you would use any software capable of interacting with an
HTTP web server to make requests, which would in turn perform database actions, returning an
appropriate response when finished. This means you can manage the database by simply visiting URLs
in your web browser, using command-line tools such as curl or, more importantly, via any
programming language that supports HTTP requests.

The first publically available release of CouchDB, version 0.2, was made available for download in
August 2006. At the time, CouchDB would run only on Microsoft Windows. Not much was said about
CouchDB over the next 12 months, but in August 2007, Damien Katz announced that he had decided to
scrap XML in the favor of JavaScript Object Notation (JSON) and to get rid of the Fabric formula
language altogether, instead choosing to use JavaScript as a query engine. This decision is arguably the
most important one made to date in the CouchDB project, and it sparked a huge amount of interest in
the project.

In November 2007, version 0.7.0 was released, and it came with a host of new features. CouchDB
now featured a JavaScript view engine based on Mozilla Spidermonkey and an attractive web-based
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administration interface (which would later be named Futon). This version of CouchDB was the first
version that could actually be used as a proper database, and it quickly drew the attention of IBM, which
backed the project, allowing Damien Katz (who previously worked for IBM) to work full-time on
developing CouchDB. Soon after IBM got involved, CouchDB’s license was changed to use the Apache
License rather than the restrictive and cumbersome GNU General Public License (GPL).

In February 2008, it was announced that CouchDB would include support for Map/Reduce.
CouchDB views would be defined using a Map function and an optional Reduce function. The Map
function would take an input document and emit key/value pairs. The Reduce function then takes each
of these pairs and performs further calculation. CouchDB'’s implementation of Map/Reduce is designed
to allow views to be updated incrementally, meaning that it will only reindex any documents that have
been modified since the last time the index was updated. This allows large sets of partitioned data to be
queried extremely quickly, as the view has been generated over time.

In June 2008, version 0.8.0 was launched, and the following month, a usable version of CouchDBX, a
one-click packaged version of CouchDB for Mac OS X, was made available. This meant that potential
CouchDB developers could get their feet wet by sampling what CouchDB has to offer, without getting
their hands dirty with a full install. In November 2008 CouchDB became a top-level Apache project,
alongside the likes of the Apache HTTP Server, Tomcat, Ant, and Jakarta. If anything, this certified
CouchDB as a credible project to developers around the world and has definitely worked to the project’s
advantage.

In April 2009, version 0.9.0 was released, followed by the release of version 0.9.1 in late July 2009.
The first beta version of CouchDB, 0.10.0, was released in October 2009. At the time of writing, there is
no fixed release date for version 1.0, although many predict it will be sometime in the next 12 months.

Document-Oriented Databases

A key feature of CouchDB is that it is a document-oriented database management system. Basically, this
means that the data stored in a CouchDB database comprises a series of documents, each of which can
contain a series of fields and values. Each document is independent of one another, and there is no strict
schema that they must adhere to. Traditional databases that adhered to the relational model stored data
in a series of tables; they were made up of rows and columns of data. In a relational database, you must
predefine the schema that all data in each table will adhere to, and all the data contained in the table
must strictly conform to that schema.

If you are used to SQL-based databases like Oracle, SQL Server, and MySQL, you are probably quite
familiar with the concepts of relationships, primary keys, foreign keys, referential integrity, and so forth.
If you are not, don’t panic, because these concepts don’t exist in CouchDB. In fact, it may take some
time for a SQL developer to grasp the idea of a database without relationships and a row/column layout.
Instead of a primary key field, each document in a CouchDB database has a unique ID. This unique 1D
can be assigned by the user or application, or it can use a universally unique identifier (UUID)—a
random number generated by CouchDB that greatly reduces the chance of duplicate IDs being used. All
data relevant to the document in question is stored directly in that document itself.

The fact that CouchDB is a schema-free database management system is very important. When
developing a relational database, you must carefully think about how your database should be modeled
before you create it. Altering a SQL database can be a devastating experience for any database
administrator, because a series of dependency and integrity issues come into play. This is not the case
with a document-oriented database like CouchDB. Each document is self-contained, so you do not need
to store redundant null values, and you can define new fields for each document independently of one
another.

It may be easier to think of CouchDB as a collection of paper documents. On a paper document, it
doesn’t make any sense to list a field as null. For example, if a person does not have a middle name,
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would you write their name as “John NULL Smith”? Of course not. You would simply leave out the
middle name altogether. The same principle applies to a document-oriented database.

Naturally, a schema-free architecture has some disadvantages, such as a lack of defined structure
and unnecessary replication of data across documents. Of course, in cases where these criteria are of the
utmost importance, CouchDB is probably not the database for you. In fact, the developers openly state
that they do not intend for CouchDB to be a direct replacement for a relational SQL-based database.
Instead, they see it as an alternative in scenarios where a document-oriented architecture is a viable
solution. In applications such as wikis, document management systems, discussion forums, blogs,
support management systems, and so forth, documents are the way forward. For years now, web
developers have retrofitted their application model to fit around a relational database. Thanks to
CouchDB, this may no longer be necessary.

CouchDB Documents

Data in a CouchDB database is stored in a series of uniquely named documents, objects made up of
various named fields. The values stored in the document can be strings, numbers, dates, booleans, lists,
maps, or other data types. Each document in the database has a unique ID, and the documents are
stored in the database on a flat address space. There is no limit to the number of fields a document may
have or on the size of values stored in the document. In addition to data fields, each document includes
metadata that is maintained by the CouchDB server itself, such as a revision number and more.

The use of document revisions is important, because CouchDB itself does not impose a locking
mechanism on data. If two users are editing the same data at the same time, the first to commit their
update will succeed, while the other will receive a conflict error. When a conflict is detected, the user will
be presented with the latest revision of the document and offered the opportunity to make their changes
again. Also important to note is that CouchDB will never overwrite existing documents, but rather it will
append a new document to the database, with the latest revision gaining prominence and the other
being stored for archival purposes. This works in a similar way to the revision control of a document
management system, except that it is taken care of by the database itself.

Note Although CouchDB stores previous revisions of documents, it is not safe to assume that these revisions
will be available permanently. To keep the size of the database to a minimum, CouchDB provides a feature
allowing a database administrator to compact the database. This will delete any previous revisions of documents,
and hence the revision history will be lost. If you are developing an application that requires revision history, it is
highly recommended that you build an additional versioning layer rather than use CouchDB's internal layer.

The CouchDB layout and committing system adheres to the ACID properties (atomicity,
consistency, isolation, and durability), which guarantee the reliable execution of database transactions.
Atomicity basically means that database transactions should be all or nothing—either the entire
transaction completes successfully or none of it does. Consistency refers to the database being in the
same state before and after every database transaction. Isolation means that each transaction must be
isolated from others in that its new state should not be available until the transaction is complete.
Finally, durability means that when a transaction is complete and the user has been notified of the fact,
the transaction cannot be reversed, even by a complete system failure or shutdown.
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The JavaScript View Engine

Because CouchDB is schema-less by design, the data stored in the database is highly unstructured.
Although this means the data is flexible and the fields can be easily changed without disrupting database
integrity, it also means that the flat data can be difficult to report on. Although it might be suitable and
fast for general-purpose querying, it starts to become more cumbersome when you try to perform
aggregation and reporting.

Fortunately, CouchDB provides a Spidermonkey-based JavaScript view engine that allows you to
create ad hoc views that can perform aggregation and joins, allowing you to report on the documents in
the database. These views are not physically stored in the database, but rather they are generated when
required, and as a result, they do not impact the actual data being reported on. There is no limit to the
number of views you can use.

In CouchDB, views are defined inside design documents, and just like data documents, they can be
replicated across instances of the database. Inside these design documents are JavaScript functions that
run queries using CouchDB’s implementation of Map/Reduce. In addition to stored views, ad hoc
queries and reports can be run using a temporary view, although for performance reasons, this is not
recommended.

Each time a client makes a read request, CouchDB will make sure that the requested views are up-
to-date. If the requested view does not contain the most recent database changes, these edits are
incrementally inserted into the view. This alleviates the performance issues associated with generating a
view dynamically each and every time it is run, especially on databases that store millions of records of
data.

RESTful HTTP API

Traditional relational databases are typically accessible using a client software application or module,
and database transactions are committed using a language known as Structured Query Language (SQL).
CouchDB does things somewhat differently, depending on a RESTful HTTP API to provide users access
to the data. Before we continue, let’s deal with those acronyms.

Representational State Transfer (REST) in this sense refers to the fact that data access is available via
a series of simple web services that are implemented in Hypertext Transfer Protocol (HTTP) and adhere
to the principles of REST. JavaScript Object Notation (JSON) is a light, text-based data format for
representing data. An application programming interface (API) is the basic interface offered to
developers so they can build applications that interact with the database. Typically, programming
languages would each have a client library for interacting with a particular database. Although client
libraries exist for CouchDB (for the sole purpose of making it easier to interact with the database), any
platform that supports HTTP requests can interact with CouchDB without requiring any additional
client libraries to be installed.

To use the CouchDB API, you issue an HTTP request to the CouchDB server. What the server does
with your request depends on the URI you are issuing the request to, the request method you are using
(GET, POST, PUT, DELETE), and the data you send along with your request. When the server has
finished processing your request, it will return the data (or details of any error that may have been
encountered) or a suitable JSON response. You can then parse the JSON in your application and display
the results of the transaction accordingly.

Parsing JSON is quite simple, and using a JavaScript framework such as Prototype or jQuery makes
sending HTTP requests and parsing JSON responses very simple using Ajax methods. As JSON increases
in popularity, many languages are including support in their standard library. For languages that don’t
have built-in support, there is a wide selection of third-party extensions to almost all popular languages.
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