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Chapter 1. A Tutorial on Data Modelling for Young People
1.1 Introduction
In this Tutorial, we follow two young visitors to Windsor Castle in England.

1.2 Topics
In this Chapter, we cover the basic Concepts of Data Modelling :-

« Primary and Foreign Keys
« One-to-Many and Many-to-Many Relationships
o Hierarchies and Inheritance

o« Reference Data

1.3 Background
We will follow two young Tourists as they visit Windsor and create a Data Model.

Our Tourists are Dimple, a 10-year old girl, who likes sightseeing and ice cream
and Toby, Dimple's 12-year-old brother, who likes sightseeing and databases.

1.4 Getting Started

p ,__,‘[Dimple] : Toby, we have seen Buckingham Palace, where the Queen of England
lives, and now I'd like to visit Windsor Castle, because it's one of the most
“WMpopular tourist attractions in England, and it's just a short trip from London.
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[Toby] : OK. Let's go ...

We are starting from Buckingham Palace, where the Queen of England lives ...

Toby and Dimple leave London and arrive in Windsor ...

2) WINDSOR CASTLE
[Dimple] Wow, Toby, Windsor has a beautiful Castle and a Royal Park.
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[Toby] Yes, Dimple, and when we look around there are so many Banks, Cafes, Pubs,
Restaurants, Shops, Wine Bars and Hospitals !!!

The other thing that we see when we look around is people - lots of people.

So we can start thinking about our Data Model.

3) STARTING OUR DATA MODEL :
[Dimple] : How do we get started ?
[Toby] : Well, we know that we have People and Places.

The simplest start is to call all these Places Establishments.
Then we simply have different kinds of Establishments.

And we have People - local people, Tourists, students, people passing through, people
working here, people here on business and so on.

[Dimple] : Hmmm - so how do we translate what we know to help us get started with our
Data Model?

[Toby] : Let’s start a diagram with People and Establishments.

This simple diagram is going to grow into a Data Model.
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4) IDENTIFIERS AND PRIMARY KEYS :

[Dimple] : Toby, I am one of these People so how I am I going to identify myself from
everybody else.

[Toby] : We will give everybody a Unique Identifier and every Establishment its own unique
Identifier.

When we use these we call them Primary Keys, and show them in the diagram with a PK
on the left-hand side.

[Dimple] : That sounds good, Toby, but I don't know what it means.

[Toby] : Well, Dimple, let's look at how we use these Identifiers ...

People |( Establishments

| PK person_id| LPK establishment_idj
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Lots of People visit Establishments like Starbucks in Windsor ;-0)

STARBUCKS COFFEE

5) RELATIONSHIPS AND FOREIGN KEYS :

[Toby] : Dimple, now we can add some interesting details because we know that one person
can visit many Establishments.

We also know that one Establishment is visited by many Tourists.

Then we call this a Many-to-Many Relationship between People and Establishments.

To make it easier for you to understand I have expanded the Many-to-Many Relationship
into two different things, which are called One-to-Many Relationships.

[Dimple] : So Toby, is that like saying that One Person can make Many Visits to many
Establishments ?

[Toby] : Yes, Dimple - that's great - and we can also say that One Establishments can have
Visits from many People.

At this point, we can show how all these boxes are related, and that is a very big step,
because it takes us to the idea of 'Relationships’.

And now we can see how useful our Identifiers can be because we can include the Person
and Establishment Identifiers in our Visits table.
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Then the Person_ID field becomes a link to a record for a Person in the Person Table.
This link is what is called a Foreign Key and we can see it's shown with 'FK' on the left-
hand side.

f People W (‘I.ﬁsits_to_Establisrrnents] ( Establishments

PK person_id & { PK visit_id PK establishment_id

FK gender_mifu FK person_id FK establishment_type code
FK people_type cods FK establishment_id

6) PRODUCTS AND PRODUCT TYPES :

[Dimple] : Toby, when we go into a shop we want to buy something.
And there are thousands and thousands of possibilities.

How do we deal with all that in our little Data Model ?

[Toby] : Well Dimple, it's really quite easy. It's like all our Modelling where we look for
simple patterns that cover many situations.

[Dimple] : Hmm - I don't know what that means. Maybe if you showed me I might
understand it.

[Toby] : OK.
Everything that we buy is called a Product, and all we have to do is simply define the type of
each Product - such as a Coffee, Muffin or a Newspaper.

Then we draw a little box called Products and say that every Product has a Type.
In other words, there is a Relationship between the Products and Product_Types boxes.

The lines are called Relationships and they are very important in Data Modelling.
We are now creating an Entity-Relationship Diagram or "ERD".

This diagram shows only a line for the Relationship :-

The symbol at the Products end is called ‘crows-feet’ and it shows the ‘Many’ end.

[:Prc-duct_Tyrpes _

The short straight line at the Product_Types end shows the ‘One’ end.
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In other words, this line shows a ‘One-to-Many’ Relationship.

f Product_Types )

Products |
L@ product_type_code

@ product_id
@ product type cods

The Menu board at Starbucks shows lots of Products.

We know that they are organised in groups, like Food and Drink, then each of these has
more groups and so on, right down to the particular Product, like Caramel Macciato or a
Panini.

This top-down organisations is called a ‘Hierarchy’ and appears all over the place.

Luckily we can show this very easily and neatly in our Data Model.
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7) PRODUCTS, TYPES AND PRODUCT HIERARCHIES:
[Dimple] : Toby, when we look closely at the Menu Board to try to decide what to order we
can see lots of possibilities

But after a while we can see a pattern that helps us decide.
How do we deal with all that in our little Data Model ?

[Toby] : Well Dimple, it's really quite easy.

We define something called a Hierarchy.

Hierarchies are very common and simply mean any situation where there are Parents,
Children, Grand-children and so on.

If we look at the Starbucks Menu Board on the right-hand side we can see a simple example
of 'Espresso' and under it a number of different drinks.

My favourite is Caramel Macchiatto.

So in this case, the top-level of our hierarchy is a Product Category called Espresso, and the
next level down is a Product called Caramel Macchiatto.

[Dimple] : OK. That sounds OK.

[Toby] : Finally, we show this Herarchy by a dotted line that in the top-right hand corner in
the Entity called 'Ref_Types_of_Products'.

This is formally called a ‘Recursive’ or 'Reflexive' relationship and is informally called
'Rabbits-Ears'

]
|

i Ref_Types_of_Products 1 |

PK product_type code |

FK parent_product lype code
product_type description }9—'
&g Hot Drinks, Coffee
&g Hot Food, Panini
&g Cold Food, Muffin

T
A

Products

PK product_id

FK product_type code
product_name
product_description
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8) TYPES OF PEOPLE :

[Dimple] : Toby, that looks OK.

I guess we can deal with Types of People the same way, can we ?
[Toby] : Yes, Dimple, and Types of Establishments as well.

[Dimple] : OK, that sounds sensible. And do they use these Identifiers in a Database ?

[Toby] : Yes, and what is even better is that the Database will automatically generate a new
unique Identifier for you and your Visits and Purchases if you want to get a refund later.

f Types_of_People ]

PK people_type_code
people_type_description
&g Local People, Touriet

1

|
]

oy

( People

PK person_id
FK people_type code
perzon_detailz

I

9) TYPES OF PEOPLE AND ESTABLISHMENTS:
[Dimple] : Toby, that looks OK.
I guess we can deal with Types of Establishments the same way, can we ?

[Toby] : Yes, Dimple.
[Dimple] : OK, that sounds sensible. And do they use these Identifiers in a Database ?

[Toby] : Yes, and we can use our new unique Identifier for you and your Visits and
Purchases in case we want to keep track of things.

Like maybe you want to get a refund later so we need to get your details from the
Database.

[Toby] : Before we move on, let's talk about Establishments.
One special thing about Windsor is that it has a Castle where the Queen lives and a very
large Royal Park, where she keeps Deer.
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But when we think about these things, we find that we can simply fit them into our
definition of Establishments.

f Types_of_People 1 ( Types_of_Establishments
PK people_type_code PK establishment_type_code
people_type_description

: eztablishment_type_description
eg Local People, Tourist eq Cafe, Palace, Shop, Wind=zor Park

I T
|
S R
A
| A

| People

I

Establishments

PK per=zon_id

FK gender_mifu

FK people_lype code
other_detailz

PK establishment_id

FK esztablishment_type_code
opening_hours
=taff_count
other_detailz
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10) VISITS AND PURCHASES :
Here we can see many visitors to Windsor’s Royal Arcade.
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[Dimple] : Toby, with so many People, Establishments and Purchases how do they keep
track of everything ?

[Toby] : Well, Dimple, by this time, everything has its own Identifier that is used wherever
they need to keep track.

[Dimple] : OK, that sounds sensible. And do they use these Identifiers in a Database ?

[Toby] : Yes, Dimple, and in this diagram, we can see that we can use the unique Identifiers

which are shown as ‘PK’, for Primary Keys.
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We can see that we have a PK for every Entity or Table so we can be pretty sure we can get
from any Table to any other Table.

This is called ‘navigating’ around the Data Model and is a good test for a well-designed Data
Model.

| People f Establishments ]

PR person_id PK establishment_id
perzon_detailz eztablizhment_detailz

1

[‘I.ﬁsits_tﬂ_Establiﬁhmentﬁ| ( Product_Types ]

PK visit_id. PK product_type_code

FK person_id _ product_type_description

FI establizhment_id eg Coffee, Souvenir
date_of wisit

T +

| i

-
Purchases |r Products |

PK purchase_id PK product_id

Fi visit_id =20 —— | —{ FK product type_code

FK product id product_name
purchase_amount product_description
other_detailz
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11) PEOPLE AND INHERITANCE:
[Toby] : Dimple, let's take a closer look at the different types of people we can find in
Windsor.

[Dimple] : OK,Toby. I hope I don't have to think too much because I might get a headache?

[Toby] : No, Dimple, I will do the thinking and talking and all you have to do is nod your
head when you understand.

[Dimple] : OK, Toby. I promise to do that.

[Toby] : We already said that we have Local People and Tourists.
There are always lots and lots of People visiting Windsor Castle.

When we look at this picture, we can see Ceremonial Guards in ceremonial red uniforms,
and a big crowd, with mainly tourists but also staff in shops responsible for controlling the
crowd, Tourists, local people and so on.

Some of these Local People are shoppers and some of them will be working in the shops.
We will call the workers 'Staff' and we know different thing about them than we do about
the Tourists.

For example, we will probably know the Gender of everybody just by looking at them.
For Staff, we will usually also know their Data of Birth and their Home Address.
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In Data Modelling we have a very powerful approach that we call Inheritance that we can
use here.

If we want to describe this in English, we would say that Staff inherit the People_Type_Code
and Gender from the parent Entity of People, and in addition, they have a Date of Birth and
Home Address.

For Tourists, we don’t know much, except for the Date of their Visit, and maybe, if they buy
something in a shop using a Credit Card, then the shop would know the Credit Card details.

For the Ceremonial Guards in red uniforms, we can tell their Rank by looking at their
Uniform and maybe it would also tell us which Unit of the Army they belong to.

Does that make sense, Dimple ?

[Dimple] : I think so, Toby.

Is it like saying that we inherit having two arms and two legs from our Parents because they
have two arms and two legs, but that we have also have things that are just us ?

[Toby] : Yes, Dimple - that's great - let's take a break and do some shopping !!!

[Dimple] : I like the sound of that, Toby. Can I have an ice cream ?
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[Toby] : Yes, of course, Dimple - this diagram shows we are doing well.

It show Inheritance between People and the three different types of People :-

f Ref_Types_of_People W |( People ]
PK people_type_code PK person_id
people_type_description FK gender_mfu
eg Touriztz and Staff FK pegple_type code
eg Ceremonial Guard in Red Uniforms other_detailz
Ceremonial_ﬁuards] ( Staff 1 (- Tourists -]
PF guard_id PF staff_id PF tourist_id
rank FK establishment_id date_of_visit
unit date_of_birth credit_card_details

home_address

12) STAFF, ESTABLISHMENTS AND DERIVED FIELDS :
[Dimple] : Toby, how do we specify that Staff must work in some Establishment ?

[Toby] : Dimple, that's a very good question.

Fortunately, the answer is very easy.

We add a One-to-Many Relationship between the Staff and Establishment Entities

In English, we would say that every member of Staff must work in one Establishment and
every Establishment can employ many members of Staff.

In the diagram, we show this with a Foreign Key by the establishment_id field in the Staff
Entity.

So if we look closely at the Staff Entity, we will see "FK' by the establishment_.id field.

[Dimple] : OK, that sounds good, and I can see how the Identifiers are very important.

[Toby] : I am glad to hear it, Dimple.
There is one more thing I have to say.
We are learning Data Modelling and one important thing about Data Modelling is that it has

to follow a set of Rules.
These Rules help us to produce good Data Models and so they are very important.
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One of the Rules is that we cannot include any bits of data that can be derived from any
other bits of data.

For example, we usually want to know how many people work in a Shop or Cafe.
Therefore we include a Staff Count field with the Establishment.

But when to comes to finding the value that goes in here, we will count the records in the
Staff Table for each Establishment.

Therefore, it's a derived Field and we call it a name that starts with 'derived_' to make
things clear.

This is because, according to the rules, we should not include derived fields in our Data
Model at this early stage.

Does that sound sensible, Dimple ?

[Dimple] : I suppose so, Toby. But I've got a headache, can we go for an ice cream now ?

[ stam. ( Estabiishments |
PK person_id PK establishment_id
F¥ establishment id "8 — —— — —| FK establishment_type_code
date_of_birth opening_hours
home_address derived_staff_count
other_detailz

13) REFERENCE DATA :

[Toby] : Dimple, you can see that I am using a Gender Table and People Types Table.

I have given them both names that begin with 'Ref_' to make it clear that they are
Reference Data.

This means that the values don't change much and I can use them to define what the valid

values can be.
This is a technique that professional Data Modellers use but we don't need to worry about it

today.

[Dimple] : I'm glad to hear it, Toby !!!
Although it isn’t difficult to understand and it seems like a good idea.
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[Toby] : In our small example, we have only four kinds altogether - Gender, Types of

Establishment, People and Products.

rRef_Tyrpes_of_E stablishm ents\|

PK establishment_type_code
eztablizhment_type_deszcription

( Ref_Types_of_People ]

PK people_type_code
people_type_description

eg Bank, Cafe, Shop
eg Palace, Wind=or Park

eg Staff, Tourizt, Unkown

R

Ref_Genders W

PK gender_mfu
gender_mfu_description
&g Male, Female, Unknown

(R ef_Tyrpes_of_Pmducts_]

PR product_type_code
product_type_description
eg Coffee, Souvenir

14) BRINGING IT ALL TOGETHER :
[Toby] : Dimple, if we bring together everything we have talked about, we will see that we
have quite a good Data Model that any professional would be proud of.
[Dimple] : OK, Toby. Do you think I will understand it ?
[Toby] : Let me help you by making a list of the Business Rules for our Model :-
e People can be either Ceremonial Guards, Staff or Tourists.
e There are a number of Establishments of different Types.
e Tourists can make Visits to Establishments and make Purchases.

e Staff assist the Tourists when they make a Purchase.

e A Purchase involves one Product.

[Toby] : OK, Dimple - we have a very nice Data Model and now we can take the break I
promised you.

[Dimple] : That's great, Toby - can I have an ice cream ?

[Toby] : Sure, but before we do I should say something about PF, which appears in the
Staff Table.

It's unusual and it's called PF because it means a field which is a Primary Key in the Staff
Table and a Foreign Key to the People Table.
Page 17



Learning Data Modelling by Example - Free Chapter

[Dimple] : Hmmm, I've got a headache, Toby - can we please go an get an ice cream ?

[Toby] : OK, Dimple. You've been a very good girl and you deserve a break.
You can admire what we have created, which is this very professional-looking Data Model.

15) TOP-LEVEL MODEL WITH NAMES ONLY :
We can show our Data Model at the top-level, showing only the names of the ‘Things of
Interest’, which we call Entities or Tables if we are thinking about a Database.

This is suitable for explaining what we saw in Windsor to our family or friends.

If we wanted to describe it, we could simply say :-
e There are lots of People in Windsor, including Ceremonial Guards, Staff and Tourists
e There are also lots of Establishments, like Shops and the Castle !!!

e Tourists made Visits to Establishments where they made Purchases of products.

L

(I —

|___l

A
(rsits}>0— {Tourits)

[{3 eremonial_Gua rda)

ros) | — —— —o<
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16) TOP-LEVEL MODEL WITH KEY FIELDS :
This is what our Data Model looks like if we show Key fields only and leave out the

Reference Data Tables.

This level of display is suitable if we want to confirm to each other how the Tables (or
Entities) are related.

f People

PR person_id
FK gender_mifu
FK people_type code

| Establishments |

PK establishment_id
FK estsblishment_type_code

+ 4
B R

1

p _ - — :
Ceremonial_Guards Staff Visits + Tourists
PF guard_id PF staff_id PK visit_id : PF tourist_id
- i FK establishment_id FK establishment_id

_ FK tourist_id

( Purchases

Products
- g{ PK purchase_id

PK product_id :
FK product type code FK product_id
FK staff_id

FK visit_id
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17) TOP-LEVEL MODEL WITH ALL DETAILS

Finally, this is what our Data Model looks like if we show the Key fields, all the data items

only and the Reference Data Tables.

You can see that the amount of detail involved makes it more difficult to understand what’s

going on and to identify what is important.

This level of display is suitable if we want to talk about details and develop a Database from

our Data Model.

 Ret_Types_ot_Peopic |
PE people_type_code
people_type_description
&) Caremonal Guards
&7 52811 Tourisls

PH person_id
Fi pender_miy

—ae]

othier_tetais

FK people_type code

Reaf_Genders

| —

P gender_mifu

reaan

gender_mlu_deseription
&g Male, Female, Unknawn

o
Ref_Types_of_Products |

PE product_type_code

FK paren!_produst Ivpe oode
product_type descriphon
eq Hot Onnks, Cofiles
@) Hot Food, Panini
ag Cokd Food, Muffia

| Estabishments

PE estabiizhment_id

FE sctablishment_tps_code
openng_howrs
dereed _staff_count
other_oataks.

T

=06}

| [Ceremonial_Guards) | staff |
PF guard_id PF staff_id
rank Fl eefablzfrent_ i

dale_of_bith

| unid
home_pddress

FHE progucl_ype_code
product_name
produsl_descriplion

Page

PH wisit_id

—

PE purchase_id
7] B produe_id
FH staf id
FK vigit_id
purchaze_amount
oiher_detals

20

FK establishment id
FE tounist_id
dabe_of_visit

(Ref_Types_of_Establishments)
PE establishment_type_codea
gxlabishment_lype_deseriplion
&g Bank, Cafe, Shop
e Palace, Windaor Park

PF tourist_id
date_of visi
credit_card_dednils
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15) ICE CREAM :
[Toby] : Dimple, I 've got some wonderful news for you.

[Dimple] : I'm glad to hear it, Toby - what is it ?

[Toby] : I have found your favourite Baskin-Robbins ice cream here in Windsor ;)
[Dimple] : Toby, are you teasing me ?

[Toby] : No, Dimple - look, there it is across the road from Windsor Castle !!

[Dimple] : Wow - that's great, so I can have my favourite Butter Pecan ice-cream.

16) PLEASE EMAIL ME

I hope you have found this Tutorial fun and useful.
We would be very pleased to have your comments - do you like this Chapter or are there

any changes you would recommend ?

You can email us at barryw@databaseanswers.org

Barry Williams

Principal Consultant
Database Answers Ltd.
London, England
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