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Chapter 1 - 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 - 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 now need to do next is to decide what form these unique identifiers should take.

© Copyright 2026
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Chapter 1 - 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 Oracle works
most efficiently if the primary key is as short as possible, so we’ll create new fields instead:

we’re looking at.

The primary key for each table is a number which
uniquely identifies which studio, film or director

MOVIES.FILM

—®|r | DirECTCR ID l— -
= AV |

|

|

—MOWESHRECTOR

FAMILY NAME
FULL_NAME
DATE_OF_BIRTH

» P l FILM_ID |

ORIGINAL_TITLE
RELEASE_DATE

DATE_OF_DEATH v

)]

P

MOVIES.STUDIO
STUDIO_ID

Each film contains fields specifying who directed
the film, and which studio made it.

UTES
DIRECTOR_ID]
STUDIO_ID

LANGUAGE ID
GENRE_ID
CERTIFICATE_ID
SOURCE_ID

BUDGET _DOLLARS
BOX_OFFICE_DOLLARS
OSCAR_NOMINATIONS
OSCAR_WINS

REVIEW

SEQUEL TO_FILM_ID
WIKIPEDIA_URL
POSTER_URL
WISE_OWL_SCORE
IMDB_SCORE
ROTTEN_TOMATOES_SCORE

Here’s what The Sound of Music would now look like:

f} FILM_ID |4 TITLE

|{ OSCAR_WINS |{} DIRECTOR_ID |{} STU

1 638 The Sound of Music 3

DIO_ID
o
Yy L 4

AN

Including the director’s unique number allows us to look up all

their other details:

us to look up its name:

it DIRECTOR_ID |aj} FULL_NAME

\{: DATE_OF_BIRTH |} GENDER |

89 Robert Wise 10-5EP-14 Male

Including the studio’s unique number allows

' 5TUDIO_ID |{} STUDIO

4 20th Century Studios

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
in Excel, you’re absolutely right!

© Copyright 2026
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Chapter 1 - 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, denoted by F). Each

MOVIES.FILM

|

ORIGINAL_TITLE |
RELEASE_DATE |
I

MOVIES.DIRECTOR

FAMILY NAME
FULL NAME

P * FILM_ID — —»P || DIRECTOR_ID
TITLE =

These are the
primary keys in
the relationship
(the field at the
parent end of the

director id, for example, UTES DATE_OF_BIRTH
can appear once and once |_|Fy, JDIRECTOR_ID >t - DATE_OF_DEATH v line, denoted by
: : F STUDID D >|_ :
only in the dlrgctor table, FCOUNTEY TS | P). Each director
but can and will be F LANGUAGE_ID | TR ST can make many
repeated many times in the T . '~ 3 oo T<«———1 | | films,and
Film table (once for each C CRIEEEM Lm_l- likewise each
film that a director has BUDGET DOLLARS SET?N%D?DUEE;O'NAME studio can
made)_ BOX_OFFICE_DOLLARS . STILL_ACTIVE release many
OSCAR_NOMINATIONS ol il
OSCAR_WINS v DATE_DEFUNCT v lims.
Database diagrams often involve hundreds of tables:
CONTINENT COUNTRY FILM ROLE Ll
P * CONTINENT_ID '4_' P * COUNTRY_ID .‘_l P * FILM_ID -— P " ROLE_ID l_ PP * ACTOR_ID
CONTINENT j COUNTRY TITLE ] ROLE | FIRST_NAME
—gF  conTINENT_ID ! ORIGINAL_TITLE | —jgF FLM_e FAMILY_NAME
fiae uiser un [ RELEASE_DATE F ACTOR_ID >|-I FULL_NAME
| RUN_TIME_MINUTES DATE_OF_BIRTH
LANGUAGE | F  DIRECTOR_ID - DATE_OF_DEATH
P * LANGUAGE_ID | | F  STUDIO_ID ! GENDER
LANGUAGE \ - —k&F  countRY_ID >‘F I
—————— [GF  LancuacE_ID ! ST
, — — —|&F  GENRE_ID v ==
| 1= IS CERTIFICATE_ID | P ?.':5?1,?:.\;?
GENRE ~k&F  source_ID -
T by BUDGET_DOLLARS ! LU LI
CENRE - - BOX_OFFICE_DOLLARS I STUDIO ;z';;—’;”smm
oy OSCAR_NOMINATIONS L —p * sTUDIO_ID DATE OF DEATH
I | OSCAR_WINS STUDIO ===
(I REVIEW ORIGINAL_STUDIO_NAM GENDER
| SEQUEL_TO_FILM_ID DATE_FOUNDED LTSI
CERTIFICATE ;! WIKIPEDIA_URL " STILL_ACTIVE oL I
P * CERTIFICATE_ID - — — — — — — — — ! POSTER_URL DATE_DEFUNCT
CERTIFICATE I WISE_OWL_SCORE HQ_ADDRESS
SHORT_DESCRIPTION | IMDB_SCORE HQ_POSTCODE PARENT_COMPANY
LONG_DESCRIPTION | ROTTEN_TOMATOES_SCORE HQ_COUNTRY ~ ~#P ° PARENT_COMPANY_ID
BBFC_URL | HQ_LATITUDE | PARENT_COMPANY
CERTIFICATE_IMAGE_URY HQ_LONGITUDE | DATE_FOUNDED
BACK_COLOUR SOURCE ! EMPLOYEES | HEAD_OFFICE_ADDRES]
]
. F  PARENT_COMPANY_ID [54{- HEAD_OFFICE_POSTCO
P * SOURCE_ID -! -
SOURCE * WEBSITE_URL EMPLOYEES
LOGO_URL LAST_REVENUE_DOLLA
k LAST_NET_INCOME_Dy|
Our Movies database contains just 12 tables, all of which are shown above, and hence is untypically simple.

The above diagrams were created using Data Modeler within SQL Developer (a later
chapter in this courseware shows how to create diagrams like this).

© Copyright 2026
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Chapter 1 - Designing Databases

1.2 Many-to-Many Relationships

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

5"

[ ] [ )
w Tom Cruise

has appeared

Spider-Man Sam Neill in lots of films,
Jurassic Park but equally
Laura Dern Mission:
Superman Returns Jeff Goldblum Impossible
op Gun Jon Voight has IOth ‘?f
Rain Man Vanessa Redgrave actors in it.
Titanic Kirsten Dunst
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:

Here’s what the database would look like:

re

Spider-Man Sam Neill

Jurassic Park

Laura Dern
Superman Returns Jeff Goldblum

Top Gun on Voight

Rain Man anessa Redgrave
Titanic Kirsten Dunst
Waterworld Naomi Watts
Film Actor

T

Role

FILM The Role table links the Film
P " FILM_ID - and Actor tables. Each film
TITLE ! ——— can contain many roles
ORIGINAL_TITLE | r —®P " ACTOR_ID . . Yy
RELEASE_DATE | | FIRST_NAME (otherwise a film could only
RUN_TIME_MINUTES | | FAMILY_NAME [ haVe a Single aCtOr), but
§ et ! ' iyt ] likewise each actor can have
F  STUDIO_ID . ROLE | M .
F COUNTRY_ID l LTI | [ DATE_OF_DEATH many roles (otherwise they
: :;v:‘c;!:A;E_m : ROLE 4— | | :ﬁ:g:gm AL would never work again after
F CERTIFICATE_ID - J<f  FLM_ID I IMAGE_URL completing their first film).
F  SOURCE_ID SRS QINRD e
BUDGET_DOLLARS
BOX AFFICE DOII ARS
Here are 3 rows from the Role table: T ROLED|] ROLE 7 FIMD | ACTOR_ID
1 l1Ray Ferrier 33 1
2 2Dr. Alan Grant 1 2
Film number 1 appears twice in this Y 3Dr. Ellie Sattler 1 3
list, as does actor number 1. 4 202 Nathan Algren 41 1
Here are the films and
actors who are
represented by these rows {t ROLE_ID |{} ROLE it FILM_ID |{} ACTOR_ID |{} TITLE {} FULL_NAME
of data (the duplicate film 1 1Ray Ferrier 33 1War of the Worlds Tom Cruise
name qu Jurassic Park, A 2Dr. Alan Grant 1 2 Jurassic Park Sam Neill
and dUpllcated ath_)r turns 3 3Dr. Ellie Sattler 1 3 Jurassic Park Laura Dern
out to be Tom Cruise). A . ; . i .
4 202 Nathan Algren 41 1 The Last Samurai Tom Cruise
© Copyright 2026 Page 11
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Chapter 2 - Setting up Oracle

CHAPTER 2 - SETTING UP ORACLE

2.1 Installing Oracle Server

You are unlikely to need this (an Oracle database will surely already have been set up on your
network by your IT people), but just in case:

a) Go to the Oracle website https://www.oracle.com/database/free/ and click to download Oracle for Windows.

/

. K
orade AI Da abase Fl'ee é %(MJ oracle-ai-database-free-26ai-23.26. 2 windows.x64.zip
for Windo

Develop with Oraclg Al Database 26ai for SHA256 bdc860145a443230bd4f94553ce2eB8dale?3239
Windows x64. Dofnload from the link below.

1.385,487,312 bytes

* Oracle Al Database Free Installation Guide

Download for Windows « Oracle Al Database Client Installation Guide

« Installation and Getting Started Video

t FREEInstall.rsp

" Oracle Al Database 26ai Free.msi

" This password will be used for SYS, SYSTEM and PDBADMIN accounts.
setup.e{:c}

Enter Database Password
- SEtUp-‘n‘ N Confirm Database Password
b) After extracting the installation T

files, click on the setup c) Be sure to r_nake a note of the password you set, as
executable to install Oracle. you'll need it to set up users and databases.

Be warned that the installation takes about half an hour even on a fast laptop! When you've finished,
check that your Oracle services are running:

=/ Run

Hold down the Windows key and press @ to show this dialog box, then go to

services.msc and check your Oracle services are running automatically:
= Type the name of a program, fold

. T ¥ F = 4
resource, and Windows will open |~ ) OraclelobSchedulerFREE Disabled NT SERVICE..
&} OracleOraDB23Home1TNSListener Running  Automatic NT SERVICE..
A &
Qpen: services.mscl & OracleServiceFREE Running Automatic NT SERVICE...
& OracleVssWriterFREE Running  Automatic NT SERVICE..
Run in separate memory spac| - -

| OK Ca

If you’re logged on using one of your organisation’s domain accounts you’ll need to
be either in your office or connected using a VPN to get through an early security
check. You'll also need to be a member of the Administrators group on your laptop.

© Copyright 2026
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Chapter 2 - Setting up Oracle

2.2 Installing Oracle SQL Developer

Most people use Oracle’s SQL Developer to get at data in their databases. You don’t actually install

this software, but instead copy it onto your computer and run it:

a) Go to the Oracle download site for SQL developer — at the time of writing:
https://www.oracle.com/database/sqgldeveloper/technologies/download/

Downloads

Product Versions Related Resources

|i| sqldeveloper-26.2.0186.2220.x64.7ip

o MD5: bf5227c72daBa7983d10]
® SHA1: 6albcabed756b821c11ey
o Release Date: 0714.2026

* This archive includes JDK 17.

¢ The Windows EXE requir

ORACLE
' SQL DEVELOPER

Loading...

Version 26.2.0

b) Extract the files to a
directory, then right-click
on sqldeveloper.exe to
run it or pin it to your
desktop or taskbar.

1

JaK

Pin to t&bar

Copy as pa

jlib
jviews . .
Unlock with File Locksmith

a
modules & Share
[ ]

netbeans Rename with PowerRename

rdbms Restore previous versions
sleepycat Send to
sqldeveloj Cut
sql Copy
svnkit Create shortcut
4 icon.png "y Delete
ucenser 7 Rename
NOTICES.- Properties
© sqldeveloper.exe 2i

n

B sqldeveloper.sh

c) Once SQL Developer has
loaded you can use it to
create and interrogate
databases, as explained in
the rest of this chapter.

If you’re used to using Visual Studio for Code (VSC), you may prefer to install the
Oracle SQL Developer for VSCode extension and create queries in VSC instead.

© Copyright 2026
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Chapter 2 - Setting up Oracle

2.3 Creating a First Connection

When you start with Oracle there are some things which will have been created for you, and other
things you'll need to add in order to eventually set up the Movies and Music schemas.

If you come from a SQL Server background you should know that a SQL Server
database is called a schema in Oracle, and typically all the schemas that you create
will belong to a single PDB (Pluggable Database).

What you Start With

When you install Oracle, you get the following:

Oracle installation

FREE is the container database (CDB) created. All schemas that you create will

E’ Training

L FREE belong to pluggable databases (PDBs), and these in turn will belong to the container
L FREEPDB1 database.

— movTE hema

| | Fo FREEPDBH is a pluggable database created for you. There is no point creating any

| F— pirecTor additional pluggable database as the Movies and Music schemas that we will create

| L acTor >\ can both live in the default FREEPDB1 pluggable database.

L MUSIC schema
b— ARTIST
— ALBUM The Movies and Music schemas don't exist initially — it's up to you to create these,
L e which we’ll do later in this chapter.

© Copyright 2026 A | WiseOwl Page 14



Chapter 2 - Setting up Oracle

Creating a Connection to the System User

By default you already have a SYS user with access to the top-level CDB, but you should only use
this if you’re a database admin. Instead, create another connection for your FREEPDB1 PDB:

a) Click on the green French pharmacy sign to add a connection to the
FREEPDB1 database that you've been given.

B8 Oracle sQL Developer
File Edit View Navigate Run Tear

Godae 9@ 0~-Q

Name |FREEPDB1-5YSTEM -y ‘

o

Color

Database Type ‘Orade "

User Info Proxy User

Authentication Type ‘Default -

Username ‘SYSTEM

EBSSWOrd ‘ununuu '\

Connection Type |Basic "
Details Advanced

Hostname _Iocalhost ‘

Port 1521 ‘

DS xe o~
|

#) Service name [FREEPDB1

Connect Cancel

i Connections

RYHD

New Database*Connection...
New Cloud Connection...

b) It doesn’t matter what you
call your connection, but
including the name of the
database and the name of
the user seems sensible.

¢) You are connecting as the
built-in SYSTEM user. You
did remember the password
you set when you installed
Oracle, didn’t you?

Save hﬂ\gear Test

d) Click on Service name and type in
the FREEPDB1 database to which
you want to connect.

e) Click on the button to
check your connection, then

click on to save it.

You should now have a new
connection listed:

5 Orade Connections
&[5 FREEPDB1_SYS
i[5} FREEPDB1 - SYSTEM

If none of this makes much sense, just accept that you should avoid using the built-
in SYS account for things to do with your top-level FREEPDB1 database, so you're
creating the ability to connect as SYSTEM instead.
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Chapter 2 - Setting up Oracle

2.4 Creating a Connection

To connect to the Movies database referenced throughout this courseware you now need to create
a user and a schema (and repeat the steps for the Music database used for the course exercises).

Creating the User (and Schema)

The first thing to do is to create your new user, and give them sufficient access rights to do things:

Connections

P-RTHED

a)

Right-click and choose to connect to the top-level database
FREEPDB1 as the all-powerful SYSTEM user.

i Orade Connections
-3 FREEPDB1_SYS

-8

|» Database Schema Serv m

E
ki

b) Create a new user with the given name and

password.

Give this user the right to create objects.

d) Make sure that you won't get space
overflow messages when you try to create

or populate tables for your user.

FREEPDB - SYSTEM

>PEHE-BRARR BN

Workst{Run Seript (F3) pider

CREATE USER movies
/IDENTIFIED BY OwlOscar;

SESSION,
TABLE,
VIEW,
SEQUENCE,
PROCEDURE

= GRANT CREATE
CREATE
CREATE
CREATE
CREATE
TO movies;

ALTER USER movies
QUOTA UNLIMITED ON users;

When you’ve finished typing this in press to run the 3 statements that you’ve created.

When you create a user, you also automatically create a schema that the user owns
(so the above example would create a schema called movies too).
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Chapter 2 - Setting up Oracle

Creating a Connection for the User

You now need to create a connection for
your movies user:

You can then fill in the details for this connection:

Start by clicking on the Connections
green cross to create anew | wop ~ ) T 48
connection. 8 o Coanmactians

® =
M S BFREEPDE1 - SYSTEM

- Database Schema Service Col

Neme |Movies & | o a) Give this connection a name (this is what
Database Type [Orade | ] will appear in the list of connections).
User Info = Proxy User
Authentication Type. [Default =) b) The user name (as this shows)_ isn’t case
y = ——— I v | sensitive. The password for this example
=semane o7 4 N e — will be OwlOscar, since that's what you
Bassnord feeseree | ue Passuord set when you created the user.
Connection Type |Basic -
TEETE] S c) It's definitely worth ticking this box, so
Hostname localhost you don’t keep having to type in a
Port 1521 password when you connect to your
() sID e database.
(3) Service name FREEPDB! @—_
d) Choose to type in a service name, and
| store this connection within the main (and
only) FREEPDB1 pluggable database.
Save Clear Test Connect Cancel
© Copyright 2026 A | WiseOwl Page 17
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Chapter 2 - Setting up Oracle

2.5 Installing and Using the Database

Your courseware should include two files with names like these:

Database | File name
Movies Create Oracle movies_02 database.sq|l
Music Create Oracle music_01 database.sql

Here’s how to install the movies database, for example:

a) Start by right-clicking on the & Hoves
Movies connection and FPEB-BR BRR E8eER
choosing to connect to it. wor Query Buider

Connections

F-RTHD

SET DEFINE OFF

c) Click on this icon or press [F5] to run SET SOLELANKLINES ON

all of the statements in your SQL.

CREATE TABLE actor(
+ 4 NTMERD 410

b) Paste in the SQL
contained in the
file shown above.

CRNPDATET BY DEFAMIT A& TD)

After a few minutes the SQL should finish running (make sure you check

down looking for errors). You should now have a set of tables:

If all goes well you should have a list of tables when you expand the Movies database.
Even though internally the tables were in lower case, Oracle will always display them

B3 Oradle Connections
--[5) FREEPDB1_SYS

[} FREEPDB1 - SYSTEM
-5,

[ Tables (Filtered)
A acTor
{5 CERTIFICATE
- [EE CONTINENT
[ counry
&-{EH DIRECTOR
- FILM
[ GENRE
- LANGUAGE
{51 PARENT_COMPANY

in upper case (this is why you should use underscores and not CamelCase to separate gl

the parts of a table name: so parent_company rather than ParentCompany, for [ stunio

example). e
[7=1. 9
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