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LEARNING OUTCOME 1
Understanding the concepts of logical data modelling
This section will be assessed in a closed-book assessment (with no access to reference materials) consisting of multiple choice questions. 
[bookmark: _Toc30676585]Introduction
This section introduces the techniques of data modelling which allow you to take actual data and analyse it to produce a model that will help you create a relational database. It introduces data analysis terms and relational database terms, along with Entity Relationship Diagrams and Data Dictionaries which are key aids in database design.
[bookmark: _Toc30676586]Describing data
Any real world phenomenon about which we want to record data can be described as an entity. 
**QUESTION:
IN SIMPLE TERMS WHAT IS AN ENTITY?
_____________________________________________________________________________________
For each entity, we need to establish what data items or attributes we need to record. This will depend on the type of processing we need to perform. 
For example, in a business which sells products online, there is a need for a sales order database. For each customer the database needs to store details of how to contact them and where to deliver to them. These are the attributes relevant to our scenario. It does not need to store how many siblings they have or how tall they are. 
In this scenario the entity is the customer, and some of the attributes we might need are a contact telephone number, email address, and a delivery address in all its component parts.
**QUESTION:
GIVE ANOTHER EXAMPLE OF AN ENTITY AND ATTRIBUTES:







[bookmark: _Toc30676587]Organising data
Once we understand what entities we need to record and what attributes we need for each one, we could just make a list and store each sales order in a spreadsheet.
[image: ]
However, this would mean that when the customer came back to us to make another purchase, we would effectively start from scratch and record their details again. This becomes a problem when the customer contacts us to discuss their order, and we find multiple occurrences of their name, some of which may represent this person, and some may be others with the same name. 
[image: ]
The other problem with a flat list like a spreadsheet is that we have to record the same data each time the customer purchases from us, for example the customer’s contact details. This is effectively redundant data, which would be easier to manage if it was stored in one authoritative place for that customer.
Relational databases are designed to overcome these weaknesses
[bookmark: _Toc30676588]Entity Relationship Diagrams
To move from a flat list to a relational structure with no data redundancy, we need to consider relationships, and this is done using an Entity Relationship Diagram.
To create a diagram that describes our sales order scenario, we need to consider each entity, and what attributes we need for our purposes. So far, we have identified that we have Customers, who place Orders, and each order is for some of our Products.
[image: ]
Here are our Entities described with their attributes.
Our current entities do not show how a customer can order multiple products on the same order. To do this we need an entity that links or bridges between the Order entity and the Product entity. This would be the Order Items. We can create a link entity that consists of the OrderNumber, and one of the Products from the order, with the Quantity required. Each Product in this order becomes a separate entity.
[image: ]

[bookmark: _Toc30676589]Entity relationships - cardinality
The next step is to describe the connections or relationships between the entities. 
We can draw a line to link the Customer to the Order and the Order to its Items, and the Items to the Product, but to tell the whole story we need to consider the Cardinality.
The Cardinality describes the relationship as 
	
one to one

	

	
one to many

	


	
many to many

	



We can see that a customer might have one order, or over time they might have many orders. 


To establish the Cardinality of the relationship between the two entities you should ask the same question from each side, for example:
	What is the minimum number of Orders a Customer might have? 
	1

	What is the maximum number of Orders a Customer might have?
	Man

	What is the minimum number of Customers an Order might have?
	1

	What is the maximum number of Customers an Order might have?
	1



	Conclusion:
	there is a one-to-many relationship between Customers and Orders.



[bookmark: _Toc30676590]**Exercise
1. Follow the example above and complete the table below with the questions which will help you establish the relationship between Orders and Order Items, then fill in the answers.
	What is the minimum number of Items an Order might have?
	1

	What is the minimum number of orders an item have? 
	1

	What is the maximum number of items an order might have? 
	many

	What’s the maximum number of orders an item might have? 
	1


[bookmark: _Toc30676591]Conclusion
The type of relationship between Orders and Order Items is 1 To many 

2. Now consider the relationship between Products and Order Items, and fill in the answers.
	What is the minimum number of Products an Order Item might have?
	1

	What is the maximum number of products an order might have? 
	1

	What is the minimum number of order items a product might have? 
	Many 

	What is the maximum number of order items a product might have? 
	Many


[bookmark: _Toc30676592]Conclusion
The type of relationship between Products and Order Items is: 1 To many 

**Exercise
Now let’s update the Entity Relationship Diagram for our sales order scenario. You can add the lines to show the cardinality you worked out for each relationship. Draw the lines between the entities to show the ER.

[image: ]


[bookmark: _Toc30676593]Unique Identifiers
Why do we have a CustomerID when we know our customer’s name? It doesn’t seem very friendly to call them by a number!
The customer’s name may not be unique, so we need to be able to distinguish between, for example, 2 customers called Alan Stevens. We could use a combination of the Name and the Address to identify them, but when our first Alan Stevens moves house, we will have a total of 3 combinations of Alan Stevens and an address. It would then be impossible to identify all the orders relating to either of these customers.
[image: ]
If we add a unique identifier like a Customer Number we can allocate an identifier to each new customer which will stay with them throughout changes to address, phone number and even name, and will allow us to keep track of all their orders. This field will be the Primary Key of the Customer table.
[image: ]
The field or combination of fields which uniquely identifies a record in a table is known as the Primary Key. The field or combination of fields you select for the primary key must meet these 3 rules:
1. It must be unique
2. It must never change
3. It can never be null (left blank)
When we create a table relating to our entities, the Entities become the rows and the Attributes become the columns.
It is an important first step in creating tables from our Entity Relationship Diagram, that we can uniquely identify each entity or record. In the case of our Order Items we will use both the Order Number and the Product Id together. This is called a compound key.
Note : you will also hear the term composite key used for a unique identifier that consists of multiple attributes. In a compound key, the constituent parts are all foreign keys, i.e. primary keys in other tables (see below). In a composite key the parts are not all key fields. The terms are often used interchangeably.
Here are some useful terms we will need in working with databases:   
	Database
	An organised collection of related information

	Database Management System
	Software which allows related information to be gathered electronically, and searched, sorted and updated.

	Field
	A storage area for one specific data item or attribute, e.g. Surname

	Record
	The storage of a logical grouping of fields, e.g. name and address details, which describe an entity

	Table
	A collection of records containing the same fields.

	Primary Key
	A field or combination of fields which uniquely identifies a record

	Foreign Key
	When a field in a table is also a primary key in another table, it is called a foreign key, e.g. CustomerID in the Order table.

	Compound key
	A key consisting of multiple attributes which are foreign keys

	Surrogate key
	A field which is created solely as a unique identifier in a table


[bookmark: _Toc30676594]Foreign Keys
In the situation where you can see that a one-to-many relationship should exist between tables, for example, between Customers and Orders, you need to provide an attribute or field which will link these two tables. The answer is to take the Primary Key of the Customer table, the CustomerID field, and include it in the Order table. When the primary key of one table appears as an attribute of another table it is known as a foreign key.
When we draw the relationship between these tables in the Entity Relationship Diagram, it should specifically link these 2 fields.

[image: ]
[bookmark: _Toc30676595]Surrogate key
When you study a table to see what attributes will uniquely identify each record, you may find that it needs a compound key which is a bit cumbersome to work with. In this case you might decide to add a unique number field, which has no purpose other than to be the unique identifier of each entry. This is known as a surrogate key, and can simplify the use of the table in database operations.

[image: ]
[bookmark: _Toc30676596]Entity Integrity
Entity Integrity specifies that the Primary Keys on every instance of an entity (every record in a table)  must be unique and must have values other than NULL.
The existence of a Primary Key ensures entity integrity. If you define a primary key for each entity, they follow the entity integrity rule:
The primary key for a row is unique; it does not match the primary key of any other row in the table.
The primary key is not null, no component of the primary key may be set to null.
Entity Integrity is enforced by a Relational Database Management System, by not allowing insert and update operations to produce an invalid primary key. An attempt to create a duplicate primary key or a null primary key will be blocked.
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image3.emf
Customer Name Address Phone Email OrderNumberOrderDate Product1 Quantity1 Price1

Adam Titus Klockarevagen 1,302 56 Hamstad,,Sweden 01865 390729 at@sample.com 1000 01/10/2019ABC100 5 25.00

Adebo BungatuluP O Box 69,10096 Settimo Torinese,Torino,Italy 01865 407771 ab@sample.com 1001 01/10/2019EFG200 3 15.00

Amanda Firth Velazquez 34,Madrid 27001,,Spain 01235 555242 af@sample.com 1002 02/10/2019JKL300 1 50.00

Angela Schott 10 Kirkhill Cottages,Kirkton of Skene,Westhill,Aberdeen01993 822173 as@sample.com 1003 03/10/2019ABC100 10 25.00

Armondo Gomez123 Burcat Road,Mearsbrook,Sheffield,Yorkshire01993 813804 ag@sample.com 1004 03/10/2019ABC100 5 25.00

Bart Ibbotsen Heathmoor,Strachan,Banchory,Aberdeenshire 07778 625265 bi@sample.com 1005 03/10/2019ABC100 10 25.00

Benedicte Romero27 Rue St Louis,65 101 Verdun,,France 01993 702 136 br@sample.com 1006 04/10/2019EFG200 6 15.00

Bike Bibwe 5231 Memorial Drive,#2056, Houston,Texas,United States01993 881527 bb@sample.com 1007 05/10/2019EFG200 12 15.00
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Customer Name Address Phone Email OrderNumberOrderDate Product1 Quantity1 Price1

Adam Titus Klockarevagen 1,302 56 Hamstad,,Sweden 01865 390729 at@sample.com 1000 01/10/2019ABC100 5 25.00

Adebo BungatuluP O Box 69,10096 Settimo Torinese,Torino,Italy 01865 407771 ab@sample.com 1001 01/10/2019EFG200 3 15.00

Amanda Firth Velazquez 34,Madrid 27001,,Spain 01235 555242 af@sample.com 1002 02/10/2019JKL300 1 50.00

Angela Schott 10 Kirkhill Cottages,Kirkton of Skene,Westhill,Aberdeen01993 822173 as@sample.com 1003 03/10/2019ABC100 10 25.00

Armondo Gomez123 Burcat Road,Mearsbrook,Sheffield,Yorkshire01993 813804 ag@sample.com 1004 03/10/2019ABC100 5 25.00

Bart Ibbotsen Heathmoor,Strachan,Banchory,Aberdeenshire 07778 625265 bi@sample.com 1005 03/10/2019ABC100 10 25.00

Benedicte Romero27 Rue St Louis,65 101 Verdun,,France 01993 702 136 br@sample.com 1006 04/10/2019EFG200 6 15.00

Bike Bibwe 5231 Memorial Drive,#2056, Houston,Texas,United States01993 881527 bb@sample.com 1007 05/10/2019EFG200 12 15.00

Bito Papolutu 90 Avenue de Bretuil,Paris 86015,France, 01865 250888 bp@sample.com 1008 06/10/2019EFG200 3 15.00

Bart Ibbotsen Heathmoor,Strachan,Banchory,Aberdeenshire 07778 625265 bi@sample.com 1005 03/10/2019EFG200 6 15.00

Carlos Santez Bogburn,Tough,Aboyne,Aberdeenshire 0774 7887409 cs@sample.com 1009 06/10/2019JKL300 1 50.00

Colin Pearson 99 Bankholm Place,Busby,Glasgow 1869331300cp@samnple.com 1010 06/10/2019JKL300 2 50.00

Bart Ibbotsen Limetree Cottage, Moresby Lane, Darnel, Sheffield07779 324332 bib@sample.com 1005 03/10/2019EFG200 6 15.00

Doug Sproull 67 Avenue de la Sarriette,1090 Bruxelles,Belguim01865 841440 ds@sample.com 1011 06/10/2019ABC100 5 25.00
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1 Customer Name |Address Phone Email OrderNum|OrderDate |Productl |Quantityl [Pricel

177 90 Putanges,France 01865 717552 fo@sample.com 1013 08/10/2019 EFG200 6 15.00
18 | deenshire 01844 217703 gm@sample.com 1014 09/10/2019 OPL400 4 10.0C
19 2283 Bellevue,GEN0141 570 6084 gp@sample.com 1015 09/10/2019 OPL400 4 10.0C
20 Greig Angus 19 W.U.S. 43,Prodect KY 70050, Louisville,U 0141 5706085 ga@sample.com 1016 09/10/2019 OPL400 4 10.0C
21 |Hans Friedlich -8600 Winterthur,, Switzerland 0141 226 2206 hf@sample.com 1017 09/10/2019 JKL300 2 50.00
227 Henri Parterre 0 eur,,France 07986 794237 hp@sample.com 1018 09/10/2019 JKL300 1 50.0C
23 |Alan Stevens 9 2283 Bellevue,GEN0141 570 6084 gp@sample.com 1015 09/10/2019 ABC100 5 25.00
24 Horst de Vraim  Austrasse 29,90795 F nany 01475 729078 hdv@sample.com 1019 10/10/2019 EFG200 12 15.0C
25 [James Gibb 95 Bis Chaussee de Do 4,Froidmont,Belg01475 724739 jg@sample.com ] 1020 11/10/2019 EFG200 3 15.0C
26 |Alan Stevens side Way,The ham,Kent 0141 8892540 ljod@sample.com 1021 12/10/2019 JKL300 1 50.00
277]ean—C|aude Birez L S-45731 SAROMSTAD,,Sweden 01505 349371 jcb@sample.com 1022 13/10/2019 JKL300 1 50.00
287Jean Pierre PrieuiHotel Tyrol,69 01546 870282 jpp@sample.com 1023 14/10/2019 ABC100 5 25.0C
297]0rg Knutsen 35 Bis Rue Patou,75019 PR rance 01499 302473 jk@sample.com 1024 15/10/2019 ABC100 10 25.0C
30 Joseph Babolu 17 Valaeriaan,Kerkdriel,5221,Netherlands 01631 563593 jp@sample.com 1025 15/10/2019 EFG200 6 15.0C
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Customerl[ Customer Name |Address Phone Email OrderNum|OrderDate |Productl |Quantityl ||

114 Frank Petersen La Hamelle,Habl 90 Putanges,France 01865 717552 fo@sample.com 1013 08/10/2019 EFG200 6

115 George Mambay 234Golf Road,Ba deenshire 01844 217703 gm@sample.com 1014 09/10/2019 OPL400 4
116‘Alan Stevens 3 2283 Bellevue,GEN0141 570 6084 gp@sample.com 1015 09/10/2019 OPL400 4
117 Greig Angus 19 W.U.S. 43,Progect KY 70050, Louisville,U.0141 5706085 ga@sample.com 1016 09/10/2019 OPL400 4
118 Hans Friedlich -8600 Winterthur,, Switzerland 0141 226 2206 hf@sample.com 1017 09/10/2019 JKL300 2
119 Henri Parterre eur,,France 07986 794237 hp@sample.com 1018 09/10/2019 JKL300 1
116|Alan Stevens 2283 Bellevue,GEN0141 570 6084 gp@sample.com 1015 09/10/2019 ABC100 5
120 Horst de Vraim  Austrasse 29,90795 F nany 01475 729078 hdv@sample.com 1019 10/10/2019 EFG200 12
121 James Gibb 95 Bis Chaussee de Do 4,Froidmont,Belg01475 724739 jg@sample.com 1020 11/10/2019 EFG200 3
122 Alan Stevens side Way,The ham,Kent 0141 8892540 jod@sample.com 1021 12/10/2019 JKL300 1
123 Jean-Claude BirezL ,5-45731 SAROMSTAD,,Sweden 01505 349371 jcb@sample.com 1022 13/10/2019 JKL300 1
124 Jean-Pierre PrieuiHotel Tyrol,6950 Solden, Aystria 01546 870282 \ipp@sample.com 1023 14/10/2019 ABC100

125 Jorg Knutsen 35 Bis Rue Patou,75019 PR rance 01499 302473 jk@sample.com 1024 15/10/2019 ABC100 10

126 Joseph Babolu 17 Valaeriaan,Kerkdriel,5221,Netherlands 01631 563593 jp@sample.com 1025 15/10/2019 EFG200 6
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