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Preface

Welcome to the world of PostgreSQL! Whether you are a novice exploring the
realm of databases or a seasoned professional looking to expand your knowledge,
this book is designed to be your comprehensive guide to everything PostgreSQL
offers. We have carefully crafted this book to cover a wide range of topics, from the
history and installation of PostgreSQL to its intricate internals, advanced tuning
techniques, and securing your environment. We also delve into data replication,
backup and restore operations, and the process of contributing to the vibrant
PostgreSQL community.

In the first section of this book, we embark on a journey through time to explore
the rich history of the PostgreSQL project. From its humble beginnings as a
research project at the University of California, Berkeley, to becoming one of the
most powerful and popular open-source databases, you will gain insight into the
evolution and key milestones that have shaped PostgreSQL into what it is today.
Understanding its roots will help you appreciate the philosophy and ethos behind
this remarkable database system.

The subsequent chapters focus on the practical aspects of PostgreSQL, starting with
the installation process on modern operating systems. We will guide you through
each step, providing clear instructions and best practices to ensure a smooth setup.
Additionally, we delve into alternative deployment options, such as Docker and
Cloud, offering flexibility in how you harness the power of PostgreSQL in your
own environment.

Once you have PostgreSQL up and running, we dive deep into its internals.
Understanding how PostgreSQL processes, stores, and retrieves data is crucial for
effective performance tuning and troubleshooting. We unravel the inner workings
of the query optimizer, storage engine, and transaction management system,
equipping you with the knowledge and tools to optimize your database for
optimal performance. Whether dealing with a sluggish query or facing scalability
challenges, this section will be your indispensable resource.

We also explore the essential backup and restore operations practices, enabling
you to protect your data against unforeseen disasters. Later, we shed light on
implementing data replication, which not only ensures high availability but
also opens doors to advanced use cases like distributed architectures and load
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balancing. Moreover, we delve into securing the access and integrity of your data,
covering topics such as authentication and authorization.

Finally, this book wouldn’t be complete without acknowledging the vibrant and
collaborative PostgreSQL community. We will learn about some of the most used
open-source projects, in the form of extensions and compatible tools that can
enhance the native PostgreSQL capabilities. We share valuable insights on how
you can contribute to this remarkable community through code contributions,
documentation, or engaging in user forums. By becoming an active member, you
not only enhance your knowledge and skills but also play a role in shaping the
future of PostgreSQL.

Now, fasten your seatbelt and get ready for an exhilarating journey into the world
of PostgreSQL. This book is your trusty companion, empowering you to master
every facet of this powerful database system. Let’s dive in and unlock the true
potential of PostgreSQL together!

Chapter 1: Introduction to Opensource Database - PostgreSQL - introduces the
open-source paradigm and covers the main general aspects of PostgreSQL like
PostgreSQL history, what kind of applications work with PostgreSQL database
and much more.Furthermore, the chapter also gives the reader an overview of
the PostgreSQL, a brief history of PostgreSQL, PostgreSQL release cycle and the
current impact of PostgreSQL in the market.

Chapter 2: Getting PostgreSQL to work - presents a detailed overview two ways
of installing PostgreSQL - Source Code Installation and Binary Installation.

Chapter 3: Modern Options to get PostgreSQL - covers some other options to get
PostgreSQL such as DBaaS/Cloud vendors and containers/Kubernetes.

Chapter 4: Global Objects in PostgreSQL - allows the reader to learn fundamental
concepts of the global objects in a PostgreSQL cluster. These are handled per
instance rather than per database. It describes Roles/Users/Groups, Tablespaces
and Databases with examples.

Chapter 5: Architecture of PostgreSQL - gives special attention to the main
components with respect to Memory Architecture, Background Processes and
Physical Architecture.

Chapter 6: PostgreSQL Internals - explains Internals of the PostgreSQL from the
perspective of ACID,MVCC, Transaction Isolation levels, Query Processing, and
Vacuum.
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Chapter 7: Backup and Restore in PostgreSQL - explains the importance of a
backup strategy for a PostgreSQL solution, and teaches the different ways to
get them. Then it shows how to restore these backups into a working service.
Finally, it presents some of the most widely used tools for backup and restore such
pgBackRest, WAL-G and so on

Chapter 8: Replicating Data - is dedicated to high availability architecture. It
covers the main current replication techniques. It explains their differences, how
to configure them, and their advantages and limitations.

Chapter 9: Security and Access Control - explains the importance of access control
and security, and how PostgreSQL handles the authentication and authorization.
The pg_hba and the GRANT/REVOKE are explored here.

Chapter 10: Most used Extensions/Tools - focus on some of the important
extensions used which helps in extending the default behaviour of Postgresql in
most frequent utilities. It cover the extensions like pg_stat_statements & pg_repack.

Chapter 11: Basic Database Objects - touches the concepts of database schemas,
DDL command, DML Queries and DCL commands that are important from
PostgreSQL Developer perspective. The main topics covered are Schema
management, Data Definition Language command, Data Manipulation Language
commands, control statements and constraints.

Chapter 12: Advance Database Objects - covers the advanced PL/PgSQL concepts
like procedures, triggers and rules. It also covers details on custom data types in
PostgreSQL.

Chapter 13: Performance Tuning - focuses on index creations along with best
practices to be followed in configuration files. Once data size increases, there
comes need to tune the database queries using Index and Explain Plan.

Chapter 14: Troubleshooting - gives insights on analyzing log files using database
commands as well as OS commands. A DBA should also be aware on basics
command of Operating System which are also covered from the DBA perspective.

Chapter 15: Contributing to PostgreSQL Community - discusses how to be part
of PostgreSQL Community and build online presence.
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CHAPTER 1

Introduction to
Opensource Database

- PostgreSQL

Introduction

PostgreSQL, also known as “Postgres,” is a popular open-source database
management system. It is known for its strong support for reliability, data integrity,
and concurrency. Postgres has a large and active development community and is
widely used in businesses, government agencies, and other organizations around
the world.

Its path in the industry as open-source software is the result of the initiative and
efforts of many people through the years.

Structure

This chapter introduces the open-source concept and covers the main general aspects
of PostgreSQL like its history, how it was developed and released and how much it
has impacted the current industry scene.
Topics to be covered:

* OpenSource Introduction

e A Brief History of PostgreSQL
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* PostgreSQL Release Cycle
e Current impact of PostgreSQL in the market

Objectives

You will learn about the establishment of the open-source software concept and how
it became what it is nowadays. We will review the history of PostgreSQL from its
initial conception and the way it evolved to “The World’s Most Advanced Open
Source Relational Database.”

Then you will learn how the release cycle of PostgreSQL works to deliver new
features, fixes, and improvements with every minor and major release. Finally, we
will look at the current panorama of PostgreSQL and the main advantages you could
get when choosing PostgreSQL.

Open-source introduction

Open source refers to a type of software whose source code is available to the
public, meaning that anyone can view, modify, and distribute the code. Open-source
software is typically developed by a community of volunteers, who work together
to improve the software and share their modifications with others.

The origin of free software

Free software, also known as “libre software,” is software that is distributed with the
freedom to use, study, modify, and distribute the software and its source code. The
concept of free software has its roots in the early days of computer programming,
when programmers would freely share their code and ideas with each other.

By the mid-1970s, companies created the software with rigorous licenses to protect
it and ensure all the profit for its usage goes to the creator; this is what we know as
proprietary software or closed software.

After years, other people found this way of creating and distributing software
tedious and frustrating. Some thought they could improve the existing software, but
their ideas were not viable since the vendors spread the software without its source
code, and multiple laws did not allow modifications. The following are some of the
main events in the free software history.

e In the early 1980s Richard M. Stallman announced GNU (from GNU is
Not Unix), the first genuine free software initiative. He aimed to release an
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operating system everyone could get, use, and distribute. He also started the
ideology of free software. In his own words, all the software should be free
and “accessible to everyone as freely as possible.” (Reference: Free Software
Foundation)

e A couple of years later, in the mid-1980s, the Free Software Foundation
(FSF) was established, whit Richard as its president.

e In the late 1980s, the Free Software Foundation published the GNU General
Public License (GPL). This license’s essence is to clarify that all the software
created under it will be free, so everyone can run the software, study it
(get the source code), distribute it, make changes, and share it. This license
introduced significant changes to how the software was created and opened
the door to various new free software projects.

The ideology of free software had some caveats. It got a philosophical-political solid
sense. The concept was beyond that everyone should be able to access the software
without paying; it represented the idea that the software is a human right, which
should be taken and accepted by other elemental organisms such as the governments.

Also, the “label” free software usually requires to be distinguished between the
concept of free (no charge) and free (as in freedom), which caused some confusion
in general.

The open source concept

The open-source concept is based on the idea that the source code for a piece of
software should be freely available to anyone, and that anyone should be able to use,
modify, and distribute the software without restriction. This allows for collaboration
and transparency in the development process, as anyone can contribute to the
software and see how it works.

Open-sourcesoftwareis typically developed using a decentralized, distributed model,
with contributions coming from a wide range of individuals and organizations. This
can make it more resilient to changes in leadership or funding, as there is no single
entity in control of the software.

By the late 1990s, the people supporting the free software initiatives considered
introducing some adjustments to the free software concept. Two important events
heavily impulsed their interest in collaborative and shared software development:
1) the release of the Netscape browser source code and 2) the impact of the Linux
kernel.
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These happenings led to think the label “free” was not precisely adequate to describe
the actual situation of these and any other project created with this development
ideology. Then a new code word came into the scene: the open-source software.

We can look at some details from the two main projects that impulse this change.

Netscape browser:

The Netscape browser was widely used, they used to release their software
as any other proprietary software. But motivated by the idea of having the
help of many developers around the world, the company decided to make
their code open source.

Making the browser code open source their vast existing community actively
participate in the development process, making the bug identification and
fix creation and release a more quick and efficient process.

Undoubtedly, many other companies and organizations consider open
source a viable option.

The Linux Kernel:

The creator of the Linux kernel is the Finnish software engineer Linus
Torvalds.

He started his work just trying to adapt the “home” version of UNiplexed
Information Computing System (UNIX) called MINIX (from Mini UNIX) to
use on his Personal Computer (PC).

As the project started with the idea of free software, some GNU tools where
used, so multiple people related to the existing GNU projects got interested.
The number of users and collaborators of the Linux project multiplied very
quickly.

People from many different places integrated into the community with
diverse backgrounds and interests.

This apparently “non-organized” way of work proved solid and highly
effective.

All the stages required in the development process, such as tests, bug
identification, fixes, releases, and so on., got executed highly faster than the
usual time.

The speed of the community growth, the quality of the products, and all the
popularity these projects gained set them in a notorious place in the industry and a
big part of this success was the usage of the open-source methodology.
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These two relevant events made adopting the open-source concept more accessible
and transparent. Undoubtedly, the initial efforts from the Free Software Foundation
(FSF) put things rolling in the direction of getting software differently from the
privative model. However, its orientation to have a political-looking side and the way
their members built the projects, mainly by small groups or even single dedicated
persons, was overpassed by the collaborative communities” notorious engagement.
The open-source label got a meaning that many people felt identified with.

The open-source software will keep its path regarding making the software available
for everyone. It also promotes a collaborative and distributed way of development.
It is not making the idea that software is a human right its primary purpose, but
that anyone can participate and share efforts to build it. Please find the high-level
overview of Open-source timeline in the Figure 1.1:

Richard M. osl
Stal Iman The Open Source Initiative was
formed. The "Open Source" was

Announced GNU. Couple of years X created.
w after FSF is established. Mid-1990s

H Early 1980s H Late 1990s
Bill Gates Linus Torvalds
Decided to start a new business to Started its Linux kernel project. As

provide decent software for PCs. an open-source style project, it

Closed-softy gain p rapidly grew and gained popularity.

Figure 1.1: Open Source timeline

The open source nowadays

The Open Source has grown in adoption and usage. Multiple big projects are created
under its ideology and support the concept that everyone can use and improve the
software. The communities of the open-source projects usually are very active, and
the results of their collaborative efforts are remarkable.

The way these communities work lets them provide early access releases and make
the beta, or even delta, versions available, unlike the closed software (A.K.A privative
software). Which usually only releases “complete” final versions of their products
and fixes the bugs through their internal process. The open-source model leverages
the capacity of the community of users, often collaborators, to find and fix the bugs
and issues from the early access releases. So, following the release cycle, these will be
addressed and solved by the time the alpha or stable release is made public.
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All these characteristics have made open source reliable and sufficient for large
enterprise solutions. Modern software takes the best from the collaborative model
and the dynamism of the user’s communities and software engineers to build
compelling, secure, and resilient solutions. We can get coverage for all our system
layers, backend, middleware, frontend, security, high availability, and so on., from
the current open-source options.

And you know what? Our loved PostgreSQL is one of these open-source options.
Now that you know what Open Source is, let’s dive into PostgreSQL.

A brief history of PostgreSQL

PostgreSQL, also known as “Postgres,” is a powerful and feature-rich open-source
database management system. It was first developed at the University of California,
Berkeley in the mid-1980s as a research project by a team led by computer science
professor Michael Stonebraker.

The POSTGRES project

The POSTGRES project was a research project at the University of California,
Berkeley that developed the first version of the PostgreSQL database management
system. The project was led by computer science professor Michael Stonebraker
and a team of researchers, and it was funded by the Defense Advanced Research
Projects Agency (DARPA) and the National Science Foundation (NSF).

The goal of the POSTGRES project was to develop a database management system
that could handle complex data types and support user-defined types and functions.

By 1993, the number of users from the external community was twice. The participation
of these users and their findings to improve the product made project maintenance
more difficult. Some members of the original project thought the time they were
using to address the code issues and support could be used for development and
research. So finally, they decided to terminate the Berkeley POSTGRES project that
year; the final release was version 4.2.

The original POSTGRES project found application in several different projects. The
financial market, the aerospace industry, medical, and several geographic projects
used the software for their purposes. It was commercialized by Illustra, merged into
Informix, and finally bought by IBM.



Introduction to Opensource Database - PostgreSQL 7

Postgres95

The next part is the beginning of the history of our current PostgreSQL as an open-
source database.

By the mid-1990s, after the termination of the initial POSTGRES projects. Andrew Yu
and Jolly Chen, two Ph.D. students from Stonebraker’s laboratory, took the original
code and made many changes and improvements, the more relevant one was the
addition of an SQL interpreter, and then they released it to the web. This new project,
inspired by the POSTGRES project and continuing its legacy, started its history as an
open-source database.

PostgreSQL

After a couple of years, the new name would not stand the pass of time. So it was
re-launched in 1996 as PostgreSQL version 6.0. The name was chosen to keep the
relationship with the original POSTGRES project and added the SQL suffix to make
clear the support of the SQL language; the original project used a query language
called PostQUEL. Also, the version number was set to keep continuity from the
releases of the previous project. Even now, the nickname Postgres is still used for
easy pronunciation and keeps remembering its origins.

This just released system rapidly got the attention of multiple hackers and experts
from the databases world around the globe. All they got compromised to the
improvement and development of new features. The contributions of this community
added to PostgreSQL a great code consistency, fixed an innumerable number of
bugs, created a mail list to report bugs and usability issues, tested the quality of the
software extensively, and filled the documentation gaps for both developers and
users.

The PostgreSQL community behind all this work is known as The PostgreSQL Global
Development Group. The code comes from contributions from proprietary vendors,
support companies, and open-source programmers. Its presence on the web at the
www.postgresql.org site started on October 22, 1996, and since then, this portal has
gained an essential place in the open-source world.

PostgreSQL versions are released under the Free and Open-source Software (FOSS)
license. This means anyone can get, execute, study, change and distribute the software
(the free part). Also, the source code is openly shared, and people are encouraged to
participate voluntarily in improving the software (the open-source part).
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PostgreSQL versions key features

PostgreSQL has undergone many versions and updates since its inception, and
each version has introduced new features and improvements. Here are some key
features that have been introduced in various versions of PostgreSQL.(Reference:
About PostgreSQL)

Versions 6.0 - 8.0

* Multiversion Concurrency Control (MVCC). Table-level locking was
replaced with a sophisticated multiversion concurrency control system,
which allows readers to continue reading consistent data during writer
activity and enables online (hot) backups while the database is running.

e Important SQL features. Many SQL enhancements were made, including
subselects, defaults, constraints, primary keys, foreign keys, quoted
identifiers, literal string type coercion, type casting, and binary and
hexadecimal integer input.

e Improved built-in types. New native types were added.

* Speed. Major speed and performance increases of 20-40% were made,
and backend startup time was decreased by 80%. (Reference: PostgreSQL
Community History)

e Write-Ahead Log (WAL) is an efficient mechanism to log all the data changes
into files that can be used to reply on top of data files after a checkpoint. This
brings the possibility of performing recovery after a system crash and Point-
In-Time Recovery (PITR).

* SQL schemas. Logical containers to organize the tables and other relational
objects in a database.

e TOAST. Additional data files to handle those records can surpass the size of
the data pages, usually 8KB.

AUTOVACUUM. An automated background process to trigger the VACUUM
operations over the database tables.

Versions 8.1 - 9.6:

e Window functions: Powerful SQL functions to perform calculations over
a set of rows related to the current one. Used mainly for analytics and
specialized reports.

¢ Background Checkpointer: Background process in charge of triggering the
checkpoint in a database. This will throttle the write of data changes from
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memory (cache) to the physical data files (disk). So the IO impact on the
system is lower as possible.

Parallel query: A feature that enabled the capacity to create a coordinator
process and some workers to split the reads operation over large tables,
speeding up the query performance.

Unlogged tables: A special table type that does not log its data changes to
the WAL. This is especially useful to boost the performance in certain write
workloads that can be temporary or recreated and don’t need crash recovery
protection.

Foreign table inheritance: A table relation technique that enables the
possibility of creating a “master” or template table so that others can inherit
from it. This also made possible the first table partitioning solution.

Streaming Replication: A versatile and robust data replication mechanism.
Built on top of the WAL recovery feature, this replication mode lets a standby
get the data changes from the primary WAL directly without needing to copy
the physical file.

Hot Standby. When a replica or standby is configured with this option,
the instance becomes available for reading operations. This permits design
clusters to scale out the reads without impact in the primary instance.

Extension Installation. This enabled the possibility of extending the core
features of PostgreSQL by adding extensions, which are pieces of code that
the PostgreSQL database can execute once installed.

Versions 10 - 14:

B-tree deduplication. A new enhancement for the general-purpose index
structure B-tree avoids adding duplicated values, for example, when creating
an index in a column that allows NULL values.

REINDEX CONCURRENTLY. An addition that allows rebuilding indexes
in stages, avoiding a prolonged lock in the table so other operations can
continue working.

Declarative table partitioning. When this was added, PostgreSQL could
create partitioned tables with native syntaxis, an improvement from the
previous inherit approach.

Logical replication. Even when the support for logical decoding was added
in the 9.4 version, the native syntaxis was added until version 10. Now is
possible the establish the replication technique without needing external
extensions.



