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Chapter 1 - 100 - Designing Databases

CHAPTER 1 - DESIGNING DATABASES

The world runs on relational databases. If you understand the principles upon which these are bui
you'll find it much easier to write SQL to get information out of them!

It,

This manual gives an overview only of database design principles. If you want to
delve deeper, try Googling phrases like Third Normal Form, Database
Normalisation or Entity Diagram. If nothing else, this will give you an impressive
search history in your browser!

1.1 The Four Stages of Database Design

There are four stages to designing a relational database, shown below (using the example of creating

a simple database to hold films; or movies, if you must).

Stage 1 — Deciding what to Include

A good way to do this is to create a spreadsheet of the data you want to include for each film:

The aim of designing a relational database is to ensure that you don’t hold information twice:

Title Oscars Director Date of birth Studio
Armageddon 0 Michael Bay  17/02/1965 Touchstone Pictures
Bad Boys 0 Michael Bay  17/02/1965 Jerry Bruckheimer Films
Bad Boys II 0 Michael Bay  17/02/1965 Jerry Bruckheimer Films
Dead Poets Society 1 Peter Weir 21/08/1944 Touchstone Pictures
Master and Commander ... 2 Peter Weir 21/08/1944 20th Century Fox
Pearl Harbor 1 Michael Bay  17/02/1965 Touchstone Pictures
The Rock 0 Michael Bay  17/02/1965 Hollywood Pictures
The Truman Show 0 PeterWeir 21/08/1944 Scott Rudin Productions
\
We want to assign each film to a director, but we don’t want to have to type each director’'s name in
over and over again!

Title Oscars  Director Not only is holding duplicate information inefficient,
Dead Poets Society 1 Peter Weir but it also means that spelling mistakes will creep in.
. Here listing out films directed by Peter Weir would
Master and Commander .. 2 Peter Wier 4 miss out the last two films, as his name has been
The Truman Show 0 Peter Weird misspelt.
© Copyright 2026 Page 7
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Chapter 1 - 100 - Designing Databases

Stage 2 - Dividing Data into Tables

Having decided what data you want to include, the next stage of database design is to decide which

table each bit of information belongs to:

Title

Armageddon

Bad Boys

Bad Boys |1

Dead Poets Society

Master and Commander ...

Pearl Harbor
The Rock
The Truman Show

Oscars
0

o O = N = O O

Director Date of birth
Michael Bay  17/02/1965
Michael Bay  17/02/1965
Michael Bay  17/02/1965
Peter Weir 21/08/1944
Peter Weir 21/08/1944
Michael Bay  17/02/1965
Michael Bay  17/02/1965
Peter Weir 21/08/1944

Studio

Touchstone Pictures
Jerry Bruckheimer Films
Jerry Bruckheimer Films
Touchstone Pictures
20th Century Fox
Touchstone Pictures
Hollywood Pictures
Scott Rudin Productions

?

?

?

These are all details to do with the
film itself.

These are to do with the
director (name / birthday).

These are details to do
with the studio.

There’s no magic wand to make this easier, other than bitter experience of getting it
wrong and having to start again! A good gquideline is that if you find yourself typing
in something twice, it probably belonged in a different table.

For our example above, there are clearly 3 separate entities: films, the directors who made them and
the studios which produced them. Here are the fields that each table could contain:

Table Fields

Film Title and Oscars Won, plus something to identify which director and which studio made it
Director Director name and Date of birth, plus some unique identifier for the director

Studio Studio name, plus some unique identifier for the studio

What you need to do next is to decide what form these unique identifiers should take.

© Copyright 2026
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Chapter 1 - 100 - Designing Databases

Stage 3 — Choosing a Primary Key for each Table

The primary key for a table is a field which tells you exactly which record you’re considering (for
example, if you know a film’s director_id you can look up all of the director’s other details).

From the above definition, it follows that two records in a table can’t have the same
value for the primary key field — the field is unique.

For our example, we could use the director and studio names as our primary keys, but PostgreSQL

works most efficiently if the primary key is as short as possible, so we’ll create new fields instead:

The primary key for each table is a number which @ public G publie
uniquely identifies which studio, film or director \ P i
we’re looking at. L
first_name 1 tithe
family_name 1 original_title
A full_name 1 release_date
. . . . i date_of_birth run_time_minutes
Each film contains fields specifying who directed N e | cirector s
the film, and which studio made it. g % Y.
M wikipedia_ur /v 1 country_id
\M | language_id
1 genné_id
certificate_id
8> public 1 sounce_id
studio budget_dallars
studio_id E 1 box_office_dollars
studio ] oscar_nominations
M ariminsl tielin fsrus
Here’s what The Sound of Music would now look like:
film_id ; title . oscar_wins _, director_id , studio_id
[PK] integer character varying (255) smallint integer integer
638 The Sound of Music 5/, 89 4

Including the director’s unique number allows us to look up all
their other details:

Including the studio’s unique number allows
us to look up its name:

director_id , full_name . date_of_birth , gender
[PK] integer 7 text date character vary
89 Robert Wise 1914-09-10 Male

studio_id
[PK] integer

. studio P
character varying (255)

4

20th Century Studios

in Excel, you’re absolutely right!

If you’re beginning to think that relational databases are just like a lot of spreadsheets
joined together with a more efficient version of a VLOOKUP or XLOOKUP formula

© Copyright 2026
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Chapter 1 - 100 - Designing Databases

Stage 4 — Creating Relationships and a Database Diagram

The last step in designing a database is to decide for each relationship that you create whether it is
one-to-many or many-to-one (parent-child or child-parent):

These are the foreign keys
in each relationship (the
fields at the child end of the
line). Each director id, for
example, can appear once
and once only in the
director table, but can and
will be repeated many times
in the Film table (once for
each film that a director has
made).

.

i public
fibm
fibem_id

0 title

ariginal_tithe

N meloase_date

mun time_minutes

i director_id

# studio_id

M country_id

language_id

M aenré_id
certificate_id

| seurce_id
budget_dollars

Il bex_office_dollars

] sscar_nominations

A

£ public

-

= direcior

N

direcior_id

1 full_name

1 date_of_death
[l gender

[l wikipedia_url

1 firsi_name

] family_name

] date_of_binh

] imaga_url

*> public

These are
the primary
keys in the
relationship
(the field at
the parent
end of the
line). Each
director can
make many
films, and
likewise
each studio
can release
many films.

H siudio

Sludio_id

—
| SO0

i,

Database diagrams often involve hundreds of tables:

(& public < public % public G puiblic & pablic
continant country film role actar
continent_id country._id _'j_ film_id role_id actor_id

[] continent [] country [ title ] role f] first_name

£ continent_id H original_title £ fikm_id | tamily_name
] Mag.image_un £ release_date i actorid | fullname

< public nan_time._minutes date_of_birth
language A director_id T date_of_death
langusge.id —‘J 4 sudie.ie gender

[ lenguage e 0 eounaryid [ wikipedia_isl

) & public
= public —u{ £ language. id f imsge i
o studio
genre = 7 ganre_id
studio_id
qgenre_id 4 conificatn_id
] [] studio
0 genre e B source_id S publc
: | original_studio_name
fi budget dollars directoe

% pubd 1 date_founded

" P fi bow_office_dollars L 7 directoeid

= cenificat i still_active
cenificate £ oscar_nominations f festname

I —— f date defunct
S o X fi oscar_wins f tamily_name
= [ ha_address
cariificaty f review fullnama

F | ha_posteode
TG . fi sequel_to_film_id fi date_of binh

F or % public 1 hgcountry
lang_descrigtion ] wikipedia_url [ date_of death

Source 1 hq_latitude

3 o 4 . F
(T B poster_uf gender

source._id ] halongttude

[ if i 1
Sl wise_owl_score [ wikipedia_url

E £ source i employees
back_calour AT e . f image_us

i parent_cameany_id Za—

FOoThen_tomaloes s

core

f wabsite_url

] logo_url

<& public
parEn_COMmpany
parend_company_ki

] panend_company

] date_founded

f hesd_affice_sddress

] hesd_olfice_postcode

| employees

| last_revenun_dollars

] last_net_income_dollars

] website_url

A togoun

P\

Our Movies database contains just 12 tables, all of which are shown above, and hence is untypically simple.

The above diagrams were created using the ERD Entity-Relationship Diagram
facility in PG Admin (read on for how to install this).

© Copyright 2026
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Chapter 1 - 100 - Designing Databases

1.2 Many-to-Many Relationships

There’s no such thing as a many-to-many relationship in PostgreSQL, but they do exist in real life:

i o O o O
w Tom Cruise w |I

has appeared
Spider-Man Sam Neill in lots of films, Spider-Man Sam Neill

Jurassic Park but equally Jurassic Park
Mission Impossible] Laura Dern Mission: Mission Impossible] Laura Dern

Superman Returns Jeff Goldblum Impossible Superman Returns Jeff Goldblum

op Gun Jon Voight has IOth O,f Top Gun on Voight
Rain Man Vanessa Redgrave actors in it Rain Man anessa Redgrave
Titanic Kirsten Dunst Titanic Kirsten Dunst
Waterworld Naomi Watts Waterworld Naomi Watts

The solution to this problem is to create a table that
is a child to both of the two parent tables, as here: Film Actor
\ Role
Here’s what the database would look like:
& public @ public The Role table links the

Film and Actor tables.
Each film can contain many

= film actor

hic
g (i ®:: et roles (otherwise a film
title | T could only have a single
A ariginal_title okl | family_name | actor), but likewise each
i release_date B role 7 Full_name actor can have many roles

(otherwise they would

1 run_time_minutes P film_id | date_of_birth .
. Tt never work again after
director_id * - | date_of_death . i .
: completing their first film).
1 studio id [ gender
Here are 3 rows from the Role table: roleid . role film_id , actorid
[PK] integer character varying ( integer integer
1 Ray Ferrier 33 1
. . 2 Dr. Alan Grant 1 2
Film number 1 appears twice /v
in this list, as does actor 3 Dr. Ellie Sattler 1 3
number 1. 202 Nathan Algren 4 1
Here are the films
and actors who are roleid o role fimid o actorid o title g fullname
represented by these integer character varying ( integer integer character varying (255) text
rows of data (the . .
duplicate film name \4 1 Ray Ferrier 33 1  War of the Worlds Tom Cruise
was Jurgssm Park, 2 Dr. Alan Grant 1 2 Jurassic Park Sam Neill
and duplicated actor
turns out to be Tom 3 Dr. Ellie Sattler 1 3 Jurassic Park Laura Dern
Cruise). 202  Nathan Algren 11 1 The Last Samurai Tom Cruise
© Copyright 2026 A | WiseOwl Page 11
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Chapter 2 - Getting Started with PostgreSQL

CHAPTER 2 - GETTING STARTED WITH POSTGRESQL

21 Getting Started with PostgreSQL

Postgres was created in 1986 as the successor to the older INGRES database system (hence the
name Postgres, although it's also often called PostgreSQL). Postgres usually comes in two parts.

The Command Line Interface

You first need to install the core PostgreSQL database from https://www.postgresql.org/download/ :

C:\Program Files\PostgreSQL\18\bin>psql -U postgres -d movies_02
Password for user postgres:

Downloads &

PostgreSQL Downloads psql (18.1)
WARNING: Console code page (850) differs from Windows code page (1252)

8-bit characters might not work correctly. See psql reference
page "Notes for Windows users" for details.
Type "help" for help.

PostgreSQL is available for download as ready-to-use packages or installers for various platforms, a|

Packages and Installers
movies_@2=# SELECT * FROM public.film;

Select your operating system family: Film id |
. | original_title
Liriux mac0s Windows tes | director_id | studio_id | country_id | language_id | genre_id | d
a 1| office_dollars | oscar_nominations | oscar_wins |
£ g

review

| sequel_to_film_id |

Installing PostgreSQL from

the official website is simple An example of using the command line interface to run PostgreSQL commands.
—and free! There is no reason the author can think why you would ever want to do this!

The GUI User Interface

There are a few graphical interfaces available for using Postgres, but by far the most common (and
hence the best choice) is PG Admin:

pgAdmin 4 PG Admin is also simple to
pgAdmin 4 is a complete rewrite of pgAdmin, built using Python, Reactls, and Javascript. A desktop runtime written in Electron allows it to install. and also free! It giVeS
run standalone for individual users, or the web application code may be deployed directly on a web server for use by one or more users LT . ’ A
through their web browser. The software has the look and feel of a desktop application whatever the runtime environment is, and vastly VOU this icon if VOU add it to your
improves on pgAdmin 11l with updated user interface elements, multi-user/web deployment options, dashboards, and a more modern deSktOp:
design.
(03
: o L |
==, ) & 1]
4 [ L g < .
Container macQs Python APT RPM Source Code Windows

~

Should you ever want to get at the PostgreSQL command line interface from
within PG Admin, you can. Just click on this tool on the Object Explorer toolbar:

dow Help

TsS®Ew QAR |

PSQL Tool

- J

© Copyright 2026 A | WiseOwl Page 12
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Chapter 2 - Getting Started with PostgreSQL

2.2

Object Explorer

You will spend nearly all your time in PostgreSQL using Object Explorer:

clicking on this icon.

Should you ever accidentally leave Object Explorer, you can return to it by

ngAdminéi
File Object Tools Edit View Window Help

‘[: Object Explorer Y & B F
v = Servers (1)
Theoretically you could use Object Explorer to navigate between different ﬁ/v > B PostgresaL 18
installed instances or versions of PostgreSQL, but in practice you'll only o)
ever have one instance.
'_l‘q
Listing Databases
You can expand the PostgreSQL server to see the databases created:  pbject Explorer Y s

The Library and Postgres databases are system ones, which you should ignore.
The other two databases are as follows:

Database What it contains

movies_02 The films, directors, studios, actors and roles in the Wise Owl
movies database, referenced throughout this courseware.

music_01 The artists, albums, songs and tours referenced by the exercises
used in the Wise Owl SQL courses.

~ = Servers (1)
« BJ PostgresqL 18
v = Databases (4)

Library

movies_02

music_01

(R (g

N A N4

- postgres
> &b, Login/Group Roles
> Tablespaces (2)

Listing Schemas

Expanding a database further will give you a list of the schemas it

contains:

e It lets you group tables into different sets; and

e It allows you to apply different security rules to different sets of tables
(for example, people in HR might be able to see the hr schema tables

but not the accounts ones).

This database contains two schemas, although only one (public) is used.
Creating different schemas serves two purposes:

v E

S

Servers (1)
+ B} PostgresQL 18
+~ = Databases (4)
» = Library
v = movies_02
> [ Casts
> % Catalogs
> [ Event Triggers
> T Extensions
> = Foreign Data Wrappers
> Languages
> " Publications
v @ Schemas (2
> <> pointless
» <> public

When you create a new table it will (by default) join the public schema. Usually the

best thing to do it to accept this default, as it means that you can find all of your

tables in the same place.

© Copyright 2026
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Chapter 2 - Getting Started with PostgreSQL

Listing Tables

If you keep expanding the Object Explorer nodes
for long enough, you will eventually get to the
tables in a database:

The first few tables in this database. You can expand
any table further to see the columns that it contains.
Here for example are the columns in the actor table:

v [ Tables (13)
~ [ actor
+ [{ Columns (9)
f actor_idinteger
f first_name character varyi
f family_name character var
f full_name text
f date_of_birthdate
[ date_of_deathdate
[N f gender character varying(2
f wikipedia_url text
B image_urltext
> k4 Constraints
> 3 Indexes
> (5 RLS Policies
> Rules

> 3+ Triggers

» [ certificate

Object Explorer YSH=®=QR

v £ Servers
+ @} PostgresQL 18
v = Databases (4)
> = Library
v = movies_02
Casts
9 Catalogs
[T} Event Triggers
5) Extensions
=’ Foreign Data Wrappers
Languages
" Publications
v % Schemas (2)
> <& pointless
~ <& public
> Aggregates
> ’év Collations

A . . .

s 1% Domains
> [3 FTS Configurations
> [[d FTS Dictionaries

» Aa FTS Parsers

> FTS Templates

> |F Foreign Tables

~ {{Z} Functions

> Materialized Views
> ©h Operators

> {{"} Procedures
> 1.3 Sequences
~ |7 Tables (13)
» 5 actor

> [ certificate

» [ continent

© Copyright 2026
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Chapter 2 - Getting Started with PostgreSQL

2.3 Setting Preferences

Everybody will have their own preferred way of working, but the author will always change 3
preferences in PG Admin before doing anything else.

W pgAdmin 4 a) Choose this Preferences X C) Crucially,
File Object Tools Edit Vie Preferences X ) remember
option from the %\ to click on
PG Admin File @owser - the save
Preferences y
menu. EEEy huto expand ° button to
sole children If a tree
Reset Layout Keyboard shortcuts cinale o save your
Nodes g Changesl
. well. :
Object Breadcrumbs
/ Processes Confirm .
P rti befare 3
b) Choose the preference category on the left T;(;p:e‘l;sgs Close/Resel fho”f'rm
that you want to work with, then change one « Dashboards mobject P
or more properties within it. Display zi’;’;zf‘es

Change 1: Setting the Default Font Size

This owl finds that SQL in PG Admin is much more readable at 20% bigger than the default size!

Preferences X a) Type font into the
: ot I search box to find
S JEEoN ) [Qfont < J properties to do with
v Editor . fonts.
. Font family Source Code Pro
Options

Specify the font family to be used for all SQL editors.
The specified font should already be installed on
your system. If the font is not found, the editor will
fall back to the default font, Source Code Pro.

Font
ligatures? b) Change the font size to
a multiple of 1 (here

we’ve gone for 1.2, or

120% of the default

Font size 1.2 M size) to get much more
The font size to use for the SQL text boxes an ] readable SQL!

editors. The value specified is in "em” units, in which

If set to true, ligatures will be enabled in SQL text
boxes and editors provided the configured font
family supports them.

. . . Quer’ uery Histor
1 is the default relative font size. For example, to y_ Query Y

increase the font size by 20 percent use a value of
1.2, or to reduce by 20 percent, use a value of 0.8.
Minimum 0.1, maximum 10.

1
2 —-— much more readable!
2 SELECT = FROM film

Training
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Chapter 2 - Getting Started with PostgreSQL

Change 2: Changing the New Query Short-Cut

You will create many new queries in PG Admin. The default short-cut key is + [Alt] + [@] which
is hard to remember — this owl changes this to +[NJ:

v Browser
Display
Keyboard shortcuts
Nodes
Object Breadcrumbs
Processes
Properties
Tab settings
v Dashboards
Display
Refresh rates
~ Debugger
Keyboard shortcuts
v ERD tool
Keyboard shortcuts
Options
v Editor
Keyboard shortcuts
Options
SQL formatting
v Graphs

Choose the Keyboard
shortcuts category within the
Browser tab.

b)

Add grid row -

panel

Create object Ctrl n
debugging

Edit object crl e
properties

Explorer

Open query shift Alt n

tool V\

Quick Search + Shift

Refresh object Shift

explorer

!

v Ctrl Alt f

Ctrl Alt F5

Tick the combination

of [shift] , and [Ait] keys
which you want to have to
press to create a new query
and type in the letter to
accompany them (here [n] ).

Change 3: Enabling Intellisense Automatically

For some strange reason
the automatic completion of
commands shown on the
appear
default in PG Admin.

right doesn’t

by

Normally you have to
press + to
get this list of possible
columns to appear.

Here’s how to change this:

o - O

Query Query History

1
2
4
5

§ box_office_dollars
. f budget_dollars
fi fcer“tiﬁ'.cate_id
f country_id
f‘ director_id

In preferences select

Preferences X §§ movies_02/postgr.. X S movies_02/postgr.. X

b) Turn this feature

the Auto completion R Q on. You'll thank
tab in the Query Tool yourself (and us)!
category. > Browser Autocomplete ./
> Dashboards on key press i
> Debugger set to True, autocomplety
ERD 100l along with CTRL/CMD + Sp
Editor ‘aulocomp\ele is only activ
raphs is pressed.
iscellaneous Keywords in .
uppercase If set to True, keywords wil
~ Quexy Tool for autocomplete.
Auto completion
CSV/TXT Output
Display
Explain
© Copyright 2026 4 [ WiseOwl Page 16
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What we do!

ETS Advanced Systems /

training training consultancy

Microsoft Excel ?
VBA macros ?
Office Scripts ?

m

Microsoft Access

Power BI and DAX

| ]
i
g

Power Apps E“

Power B, etc

g
]

Power Automate (both)

SQL ? E_‘{ &_J
a;) Reporting Services j E g
g Report Builder j E ¥
- I — I
g Integration Services &_“ g &_A

Analysis Services ?

Visual C#

VB programming

MySQL

Python
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