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Introduction

“Optimization” is a broad enough term to encompass performance tuning, personal 

improvement, and marketing via social engine and invariably evinces high hopes and 

expectations from readers. As such, we find it prudent to begin this book not with 

an introduction to what is covered, but rather, why this book exists and what will not 

be covered, to avoid disappointing any readers who approach it with inappropriate 

expectations. Then, we proceed with what this book is about, the target audience, what is 

covered, and how to get the most use out of it.

 Why We Wrote This Book
Like many authors, we wrote this book because we felt we could not not write it. We 

are both educators and practitioners; hence, we see both how and what computer 

science students are taught in class and what knowledge they lack when they enter the 

workforce. We do not like what we see and hope this book will help bridge this gap.

When learning about data management, most students never see a real production 

database, and even more alarming, many of their professors never see one, either. While 

lack of exposure to real-life systems affects all computer science students, the education 

of future database developers and database administrators (DBAs) suffers the most. 

Using a small training database, one can learn how to write syntactically correct SQL 

and even write a SELECT statement that properly asks for the desired result. However, 

learning to write performant queries requires a production-sized dataset. Moreover, it 

might not be evident that performance might present a problem if a student is operating 

on a dataset that can easily fit into the computer’s main memory and return a result in 

milliseconds regardless of the complexity of the query.

In addition to lacking exposure to realistic datasets, students often don’t use DBMSs 

that are widely used in industry. While the preceding statement is true in relation 

to many DBMSs, in the case of PostgreSQL, it is even more frustrating. PostgreSQL 
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originated in an academic environment and is maintained as an open source project, 

making it an ideal database for teaching relational theory and demonstrating database 

internals. However, so far, few academic institutions have adopted PostgreSQL for their 

educational needs.

While PostgreSQL is rapidly developing and becoming a more powerful tool, 

more and more businesses favor it over proprietary DBMSs in an attempt to reduce 

costs. More and more IT managers are looking for employees who are familiar with 

PostgreSQL. More and more potential candidates learn to use PostgreSQL on their own 

and miss opportunities to get the most out of it.

We hope that this book will help all interested parties: candidates, hiring managers, 

database developers, and organizations that are switching to PostgreSQL for their data 

needs.

 What Won’t Be Covered
Many people believe that optimization is a sort of magic possessed by an elite circle of 

wizards. They believe that they can be admitted into this circle if they receive tokens of 

sacred knowledge from their elders. And as soon as they have the keys, their abilities will 

have no limits.

Since we are aware of these misconceptions, we want to be transparent from the 

very beginning. The following is the list of topics that are often discussed in books about 

optimization that will not be covered in this book:

• Server optimization – Because it is not expected on a daily basis

• Most system parameters – Because database developers are not likely 

to have privileges to alter them

• Distributed systems – Because we do not have enough industrial 

experience with them

• Transactions – Because their impact on performance is very limited

• New and cool features – Because they change with every new release 

and our goal is to cover the fundamentals

• Black magic (spells, rituals, etc.) – Because we are not proficient  

in them

InTroduCTIon
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There are plenty of books available that cover all of the topics listed in the preceding 

list, except probably black magic, but this book is not one of them. Instead, we focus on 

everyday challenges database developers face: when that one application page keeps 

timing out, when a customer is kicked out of the application just before the “Contract 

Signed” page, when the CEO dashboard is showing an hourglass instead of yesterday’s 

product KPI, and when procuring more hardware is not an option.

Everything we present in this book has been tested and implemented in an industrial 

environment, and though it may look like black magic, we will explain any query 

performance improvement or lack thereof.

 Target Audience
Most of the time, a book about optimization is viewed as a book for DBAs. Since our goal 

is to prove that optimization is more than just building indexes, we hope that this book 

will be beneficial for a broader audience.

This book is for IT professionals working in PostgreSQL who want to develop 

performant and scalable applications. It is for anyone whose job title contains the 

words “database developer” or “database administrator” or who is a backend developer 

charged with programming database calls. It is also useful to system architects involved 

in the overall design of application systems running against a PostgreSQL database.

What about report writers and business intelligence specialists? Unfortunately, large 

analytical reports are most often thought of as being slow by definition. However, if a 

report is written without considering how it will perform, the execution time might end 

up being not just minutes or hours, but years! For most analytical reports, execution time 

can be significantly reduced by using simple techniques covered in this book.

 What Readers Will Learn
In this book, the readers will learn how to

• Identify optimization goals in OLTP (Online Transaction Processing) 

and OLAP (Online Analytical Processing) systems.

• Read and understand PostgreSQL execution plans.

• Identify indexes that will improve query performance.

InTroduCTIon
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• Optimize full table scans.

• Distinguish between long queries and short queries.

• Choose the right optimization technique for each query type.

• Avoid the pitfalls of ORM frameworks.

At the end of the book, we present the Ultimate Optimization Algorithm, which 

guides a database developer through the process of producing the most performant 

query.

 The Postgres Air Database
Throughout this book, examples are built on one of the databases of a virtual airline 

company called Postgres Air. This company connects over 600 virtual destinations 

worldwide, offers about 32,000 direct virtual flights weekly, and has over 100,000 virtual 

members in its frequent flyer program and many more passengers every week. The 

company fleet consists of virtual aircraft. As operations are entirely virtual, the company 

is not affected by the COVID-19 pandemic.

Please note that all data provided in this database is fictional and provided for 

illustrative purposes only. Although some data appears very realistic (especially 

descriptions of airports and aircraft), they cannot be used as sources of information 

about real airports or aircraft. All phone numbers, email addresses, and names are 

generated.

To install the training database on your local system, please access the shared 

directory postgres_air_dump using this link: https://drive.google.com/drive/

folders/13F7M80Kf_somnjb- mTYAnh1hW1Y_g4kJ?usp=sharing

You can also use a QR code as shown in Figure 1.
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This shared directory contains data dump of the postgres_air schema in three 

formats: directory format, default pg_dump format, and compressed SQL format.

The total size of each is about 1.2 GB. Use directory format if you prefer to download 

smaller files (the max file size is 419 MB). Use SQL format if you want to avoid warnings 

about object ownership.

For directory format and default format, use pg_restore (www.postgresql.org/

docs/12/app- pgrestore.html). For SQL format, unzip the file and use psql for restore.

In addition, after you restore the data, you will need to run the script in Listing 1 to 

create several indexes.

Listing 1. Initial set of indexes

SET search_path TO postgres_air;

CREATE INDEX flight_departure_airport ON

flight(departure_airport);

CREATE INDEX flight_scheduled_departure ON postgres_air.flight   

(scheduled_departure);

CREATE INDEX flight_update_ts ON postgres_air.flight  (update_ts);

CREATE INDEX booking_leg_booking_id ON postgres_air.booking_leg   

(booking_id);

CREATE INDEX booking_leg_update_ts ON postgres_air.booking_leg   

(update_ts);

CREATE INDEX account_last_name

  ON account (last_name);

Figure 1. QR code to access the database dump
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We will use this database schema to illustrate the concepts and methods that are 

covered in this book. You can also use this schema to practice optimization techniques.

This schema contains data that might be stored in an airline booking system. We 

assume that you have booked a flight online, at least once, so the data structure should 

be easily understood. Of course, the structure of this database is much simpler than the 

structure of any real database of this kind.

Anyone who books a flight needs to create an account, which stores login 

information, first and last names, and contact information. We also store data about 

frequent flyers, which might or might not be attached to an account. A person who 

makes a booking can book for several passengers, who might or might not have their 

accounts in the system. Each booking may include several flights (legs). Before the flight, 

each traveler is issued a boarding pass with a seat number.

The Entity-Relationship (ER) diagram for this database is presented in Figure 2.

• airport stores information about airports and contains the airport’s 

three-character (IATA) code, name, city, geographical location, and 

time zone.

• flight stores information about flights between airports. For each 

flight, the table stores a flight number, arrival and departure airports, 

scheduled and actual arrival and departure times, aircraft code, and 

flight status.

• account stores login credentials, the account holder’s first and 

last names, and possibly a reference to a frequent flyer program 

membership; each account may potentially have multiple phone 

numbers, which are stored in the phone table.

• frequent_flyer stores information about membership in the frequent 

flyer program.

• booking contains information about booked trips; each trip may have 

several booking legs and several passengers.

• booking_leg stores individual legs of bookings.

• passenger stores information about passengers, linked to each booking. 

Note that a passenger ID is unique to a single booking; for any other 

booking, the same person will have a different passenger ID.
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• aircraft provides the aircraft’s description, and the seat table stores 

seat maps for each of aircraft types.

• Finally, the boarding_pass table stores information about issued 

boarding passes.

Figure 2. ER diagram of the booking schema
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