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5.3 Data structures
FILE

Data is often stored in files, which consist of
records, which in turn consist of fields, as
illustrated in Figure 5.1.
For example, a company may have set up a
file to include information about their
employees in the following format:

Record 1

F

F

F = field

Record 2

F

F

F

Record 3

F
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F

Figure 5.1 Structure of a data file

reference number/name/date started/department
Figure 5.2 shows a possible structure for the file COMPANY EMPLOYEE FILE.
The information is held in one file with five records and four fields per record. In
this example, the first field (the reference number) is known as the key field or
primary key. Each primary key is unique and is used to locate a record in a file
during a search operation.
Record 1

1416

J. Smith

30/05/2003

Sales

Record 2

1417

K. Shah

11/02/1989

Manager

Record 3

1431

R. Marques

15/10/2001

Finance

Record 4

1452

T. Rodriguez

27/09/1995

Sales

Record 5

1461

V. Schultz

09/12/2005

Graduate

field

field

field

field

FILE

Figure 5.2 The file ‘COMPANY EMPLOYEE FILE’

Also note the data types for each field:
reference number
name
date
department

numeric data (integer)
text
date format (dd/mm/yyyy)
text

In reality, COMPANY EMPLOYEE FILE would be much larger, containing all the
records for all the company’s employees. This type of file is often referred to as a flat
file structure.

5.4 Databases
A database is a collection of information which is structured in some way to permit
manipulation and searching of data.

Why are databases used?
G
G
G
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They promote data consistency. When data is updated on a database it is up to
date for any application which uses the database.
Data duplication is reduced to a minimum since only one copy of each data item
needs to be kept.
It is relatively easy to expand the database if some new application is being
considered.

Data types
G

Security of data is easier to monitor and maintain.
Data access can be controlled by database front
ends; the actual database will be ‘invisible’ to all
users except the database administrator (see
Figure 5.3).

Early databases were examples of flat file structures, as
described in Section 5.3 and illustrated by the
COMPANY EMPLOYEE FILE. The way the data is
organised makes it difficult to search for a specific piece
of information or to create reports which only contain
certain information (fields) from each of the records.

User

User

Front end 1

User

User

Front end 2

Central database
interface

Database files

Figure 5.3 User access to data
contained in a database

Relational databases
Relational databases were first introduced in 1970 following the work of F. F.
Codd, a researcher at IBM.
Relational databases consist of a number of separate tables which are related (a
table is made up of rows and columns in much the same way as a spreadsheet is
structured). Each table contains a primary (key) field that is also a field in at least
one other table. It is possible to combine data from different tables to produce a
report which only contains the required information.
Relational databases do not need to repeat data, which is one of the problems of
flat file structure (in the example that follows, three flat files would be needed
containing repeated fields of key data since there would be no links connecting each
file). Information is stored in separate tables only connected by the primary (key)
field. Other advantages of relational databases include:
G faster data retrieval (because of links between tables)
G easy expansion of the database by adding extra data or new tables
G the need to change data in only one table – all other references to this data will
then also be up to date, resulting in what is known as data integrity.
Tables can also contain foreign keys that relate tables in the database to one
another. A foreign key in one table is a primary key in another.
We will now look at an example that shows the structure of tables in a relational
database. In this example, there are three connected tables. It is important to note
that in commercial databases there will be several tables connected together. The
examples shown here contain only two or three and are being used to show the
principle of relational databases.

Example
A garage sells cars and keeps a database of sales, customers and servicing, as shown
in Figure 5.4 overleaf.
The primary (key) field is Car number and the column is shaded red).
The foreign key fields are Invoice number and Engine ID and these are
shaded green.
Information from all three tables is linked together so, for example, if a car
service was due then by typing in Car number the customer’s details and servicing
details are brought up on the screen. This means information can be sent to the
customer as a reminder. Once the service is carried out, the servicing table will be
updated which means all other references to it will also be up to date.
To help you understand these complex structures, go through the following
exercise, which contains a flat data structure and a relational database.
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Car number

Link through
the primary
key: Car
number

Make of car

Value ($)

Date car
sold

Mileage at
sale (km)

A 111 BBB

VW Golf

20 500

20/01/09

18,100

C 202 ART

SEAT Leon

19 450

15/03/09

25,509

N 105 BRM

Toyota Aygo

12 700

18/12/08

16,702

R 541 KTT

FIAT Punto

13 400

04/09/08

12,212

S 229 RRP

Honda Civic

16 600

17/11/08

21,099

Invoice
number

Car
number

Customer
name

242986

R 541 KTT

243001

S 229 RRP

243221

N 105 BRM

243811

A 111 BBB

244002

Garage
sales
table

Customer
details

Annual
mileage (km)

J. Klaus

12 Ford Road

15,000

K. Chan

134 Main Street

25,000

D. Mejia

56 Ligo Road

18,000

B. Bipan

244 St Kitt Road

20,000

C 202 ART

T. Gunter

87 Pebble Drive

15,000

Engine ID

Car
number

Service
mileage

Date of
last service

Any recalls
outstanding?

AF123452

C 202 ART

40,000

10/03/09

Yes

AST23455

R 541 KTT

32,000

29/08/08

No

BB219009

A 111 BBB

38,000

10/01/09

No

CD567899

N 105 BRM

30,000

12/12/08

No

FFF34567

S 229 RRP

39,000

14/11/08

Yes

Customer
details
table

Servicing
table

Figure 5.4 Three related tables in a relational database for a garage

Exercise 5a
Example 1
Table 5.6 shows a flat data structure.
Employee
number

Name of
employee

Date joined

Salary ($)

Department

Telephone
number

A6121

Mr J. Bloggs

30/01/2000

18,000

Sales

151 216 009

B4142

Ms N. Kahn

19/02/2001

25,000

Accounts

153 423 111

B5041

Ms R. Spacek

04/11/2001

19,000

Sales

155 119 110

A3046

Mr K. Silva

15/12/2003

40,000

Legal

148 222 333

A5211

Mr N. Choudry

01/07/2004

25,000

Accounts

130 115 100

Table 5.6 Flat file structure for data on employees in a company
a How many records are there in this section of the database?
b How many fields are there in each record?
c Which field contains:
i
numeric data only
ii text data only
iii alphanumeric data only?
d What field is the primary key?
e In which field has the database been sorted?
f If the database was sorted in descending order on salary, using the Employee Number only, what would be the
new order of data in the sorted database?
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Example 2
The database shown in Table 5.7 contains two linked tables. The database is being used to keep a record of which
customers have borrowed CDs from the music lending library.
CD stock table
Barcode

CD title

CD Artist

Year released

Number of tracks

77779287727

Seasons End

Marillion

1989

10

99969313424

Kingdom of Rust

Doves

2009

9

24354273506

Let It Go

Nada Surf

2002

11

94639624829

Our Love to Admire

Interpol

2007

9

02498669105

The Invitation

Thirteen Senses

2004

12

45099625627

Seal

Seal

1994

10

Table 5.7 Tables of data relating to CDs borrowed from a library

Customer borrowing table
Customer number

Customer name

Telephone number

CD borrowed

Date due back

M10411

Mr K. Sahz

415 003 455

02498669105

15/10/2009

M21516

Mr D. Silva

841 133 222

77779287727

14/10/2009

F18113

Mr A. Adak

614 555 211

45099625627

14/10/2009

M20004

Mr R. Choudhury

416 888 210

24354273506

12/10/2009

F16117

Ms L. Smith

416 219 000

94639624829

11/10/2009

F50316

Mr M. Egodi

841 567 228

99969313424

10/10/2009

a
b
c
d
e
f
g

How many records are there in the CD stock table?
How many fields are there in each record in the Customer borrowing table?
What type of database is being used here?
What is the primary key in the CD stock table?
Which field is a foreign key?
What data type would you use in the Date due back field?
What data types have been used in all the other fields?

5.5 Analogue and digital data
As we have already learnt from earlier chapters, computers work with digital data,
which is defined as discrete, fixed values in a given range.
However, in the real world, physical measurements (i.e. data) are not digital but
are continuously variable, producing an infinite number of values within a given
range. For example, length, weight, temperature, pressure, etc. can take any value,
depending on the accuracy to which they are measured. These values are measured
by an analogue device which represents physical measurement on a continuous
analogue scale, as illustrated in Figure 5.5. The speedometer represents speed by
showing the position of a pointer on a dial, while the thermometer represents
temperature by the height of the liquid column.
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