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By the end of this topic, you should be able to:
• Explain the generic design considerations for databases.
• Explain database normalisation.
• Explain relational, flatfile and XML database models.
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Structured collection of information.

Consists of basic units called records or entries.

Each record consists of fields, which hold pre-defined data related to the record.

For example, a protein database would have protein entries as records and 
protein properties as fields (e.g., name of protein, length, amino-acid sequence).
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Designing an efficient, useful database is a matter of following the proper process, 
including these phases:
• Requirements analysis, or identifying the purpose of your database
• Organising data into tables
• Specifying primary keys and analysing relationships
• Normalising to standardise the tables
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• Understanding the purpose of your database will 
inform your choices throughout the design 
process.

• Make sure you consider the database from every 
perspective. For instance, if you were making a 
database for a public library, you’d want to 
consider the ways in which both patrons and 
librarians would need to access the data.

7



Here are some ways to gather information before creating the database:
• Interview the people who will use it 
• Analyse business forms, such as invoices, timesheets, surveys 
• Comb through any existing data systems (including physical and digital 

files)
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Start by gathering any existing data that will be included in the database. Then list the types of data you 
want to store and the entities, or people, things, locations, and events, that those data describe, like:

Be sure to break down the information into the smallest 
useful pieces. For instance, consider separating the street 
address from the country so that you can later filter 
individuals by their country of residence. Also, avoid placing 
the same data point in more than one table, which adds 
unnecessary complexity.

Customers

Name

Address

City, State, Zip

Email Address

Products

Name

Price

Quantity in Stock

Quantity on Order

Orders

Order ID

Sales Representative

Date

Product(s)

Quantity

Price

Total
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To do that, you need to understand how relational databases are structured.

Within a database, related data are grouped into tables, each of which consists of rows (also called 
tuples) and columns, like a spreadsheet.

To convert your lists of data into tables, start by creating a table for each type of entity, such as 
products, sales, customers, and orders.

Lay out a visual representation of your database. 
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An example of the Customers Table

Each row of a table is called a record. 
Records include data about something 
or someone, such as a particular 
customer.

Columns (also known as fields or 
attributes) contain a single type of 
information that appears in each 
record.

First Name Last Name Age Zip Code

Roger Williams 43 34760

Jerrica Jorgensen 32 97453

Samantha Hopkins 56 64829
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An example of the Customers Table

To enforce consistency, each column 
can be assigned to only hold data of a 
particular type. Other data types:

First Name Last Name Age Zip Code

Roger Williams 43 34760

Jerrica Jorgensen 32 97453

Samantha Hopkins 56 64829

CHAR: a specific length of text

TEXT: large amounts of text

FLOAT, DOUBLE: floating point numbers

BLOB: binary data

VARCHAR: text of variable lengths

INT: positive or negative whole number
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An example of the Customers Table

Decide which attribute or attributes
will serve as the primary key for each 
table, if any. Attributes chosen as 
primary keys should be unique, 
unchanging, and always present
(never NULL or empty).Not sufficiently unique. Assigning a 

unique user identifier or username 
would be better. A primary key (PK) is a 
unique identifier for a given entity 
(Table), meaning that you could pick 
out an exact customer even if you only 
knew that value.

First Name Last Name Age Zip Code

Roger Williams 43 34760

Jerrica Jorgensen 32 97453

Samantha Hopkins 56 64829
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When it comes time to create the actual database, you’ll put 
both the logical data structure and the physical data structure 
into the data definition language supported by your database 
management system. 

At that point, you should also estimate the size of the database 
to be sure you can get the performance level and storage space 
it will require.
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With your data now broken down into tables, you’re ready to analyse the relationships 
between those tables.

Cardinality refers to the quantity of elements that interact 
between two related tables. Identifying the cardinality helps 
make sure you’ve divided the data into tables most efficiently.
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One-to-one Relationships

• When there’s only one instance of Entity A for every instance of Entity 
B, they are said to have a one-to-one relationship (often written 1:1). 

• A 1:1 relationship usually indicates that you’d be better off combining 
the two tables’ data into a single table.

• To guarantee that the data matches up correctly, you’d then have to 
include at least one identical column in each table, most likely the 
primary key.
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One-to-many Relationships

• To implement a 1:M relationship as you set up a database, simply add 
the primary key from the “one” side of the relationship as an attribute 
in the other table.

• When a primary key is listed in another table in this manner, it’s called 
a foreign key.

• The table on the “1” side of the relationship is a considered a parent 
table to the child table on the other side.
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Many-to-many Relationships

• It’s not directly possible to implement this kind of relationship in a 
database. Instead, you have to break it up into two one-to-many 
relationships.
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Many-to-many Relationships

• Each record in the link table would match together two of the entities 
in the neighbouring tables (it may include supplemental information as 
well).

• For instance, a link table between students and classes might look like 
the above.
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Mandatory or Not?

• Another way to analyse relationships is to consider which side of the 
relationship has to exist for the other to exist. The mandatory side can 
be marked with a circle on the line where a dash would be.

• For instance, a country has to exist for it to have a representative in the 
United Nations, but the opposite is not true.

• Two entities can be mutually dependent (one could not exist without 
the other).
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Once you have a preliminary design for your database, you can apply normalisation 
rules to make sure the tables are structured correctly.
• Think of these rules as industry standards
• Normalisation in tiers (levels 1, 2, 3) 
• Inheritance: each form, or level of normalisation, includes the rules associated 

with the lower forms
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First Normal Form (1NF)

Rule: Each cell in the table can have only one value, never a list of values.

X

Product ID Colour Price

1 Brown, Yellow $15

2 Red, Green $13

3 Blue, Orange $11
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First Normal Form (1NF)

X
Product ID Colour Price

1 Brown, Yellow $15

2 Red, Green $13

3 Blue, Orange $11

Try splitting this up?

A table with groups of 
repeated or closely related 
attributes does not meet 

the first normal form.
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Second Normal Form (2NF)

Rule: Each attribute should be fully dependent on the primary key. 

StudentID

birthdate

age “age” depends on “birthdate”
“birthdate” which in turn depends on “studentID” 

X 2NF

Age does not 
depend directly on 

studentID.StudentID

birthdate

birthdate

age
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Second Normal Form (2NF)

Rule: A table with a primary key made up of multiple fields violates the 
second normal form if one or more of the other fields do not depend on 
every part of the key. So be careful of using multi-attribute keys.

Order number

Product ID

Product name
Dependency 
Exists

Dependency Does 
Not Exist

X 2NF
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Third Normal Form (3NF)

Rule: Every non-key column be independent of every other column. This 
keeps you from storing any derived data in the table.

Order Price Tax

14325 $40.99 $2.05

14326 $13.73 $0.69

14327 $24.15 $1.21

The “tax” column directly depends on the total price of the order.
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While these forms explain the best practices to follow generally, the degree of 
normalisation depends on the context of the database.

Online Transaction Processing (OLTP)

• Users are concerned with creating, 
reading, updating, and deleting 
records, should be normalised.

• Ease of updating and changing.

Online Analytical Processing (OLAP)

• Favour analysis and reporting might 
fare better with a degree of 
denormalisation, since the emphasis 
is on speed of calculation. These 
include decision support applications 
in which data needs to be analysed 
quickly but not changed.

• Ease of analysis.
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The primary key can never be NULL. If the 
key is made up of multiple columns, none 
of them can be NULL. Otherwise, it could 
fail to uniquely identify the record.

Entity Integrity Rule: Primary key must be 
unique.

Referential Integrity Rule: Each foreign key 
must be matched with 1 primary key.

If the primary key changes or is 
deleted, those changes will need to be 
implemented wherever that key is 
referenced throughout the database.
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Many of the design choices you will make also depend on which database management system you use. 
Some of the most common systems include:

Oracle DB

My SQL

Microsoft SQL Server

PostgreSQL

IBM DB2
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A database model shows the logical structure of a database, 
including the relationships and constraints that determine how data 

can be stored and accessed.
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You may choose to describe a database with any one of these depending on several 
factors. The biggest factor is whether the database management system you are using 
supports a particular model.

Hierarchical Database Model

Relational Model

Network Model

Object-oriented Database Model

Entity-relationship Model

Document Model

Entity-attribute-value Model
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• Data is organised into tables.
• Each row is called a tuple.

• Types of relationships between tables.

• Within the database, tables can be normalised.
• Relational databases are typically written in 

Structured Query Language (SQL).
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Flat Model

Flat model is the earliest, simplest data model. It lists all 
the data in a single table. In order to access or 
manipulate the data, the entire flat file must be read 
into memory (inefficient). GenBank, which stores info 
on biological sequences, is based on flat model.

Header

Feature

Sequence

Source: https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html
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XML

• XML stands for eXtensible Markup Language
• XML is a markup language (like HTML)
• Use for storing and transport data
• Self-descriptive; flexible and expandable

Opening

Closing with /

Nesting of 
Different Tags

Data is Stored 
within Tag 
Elements
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Proteomics uses a lot of XML-based databases

Example of actual MZML fileSchematic representation key elements of the MZMLformat.

Source: Martens et al. mzML—a Community Standard for Mass 
Spectrometry Data. MCP 2011

40



Summary
BS3033 Data Science for Biologists

Dr Wilson Goh
School of Biological Sciences



1. A database is an organised collection of data, 
stored and accessed electronically. Database 
designers typically organise the data to 
model aspects of reality in a way that 
supports practical usage.

2. Database normalisation is the process of 
restructuring a relational database in 
accordance with a series of so-called normal 
forms in order to reduce data redundancy 
and improve data integrity.

3. The Relational Model (RM) for database 
management is an approach to managing 
data using a tabular structure, with entries 
recorded as rows, and defined uniquely by a 
primary key.

4. A flat file database is a database that stores 
data in a plain text file. Each line of the text 
file holds one field.

5. An XML database stores and represents data 
as a series of nested tags with appropriate 
opening and closing statements. 
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