
DATABASE

Introduction
A database is an organized collection of related data stored in a way that it can be easily retrieved and manipulated. A telephone directory, a library catalogue and a class register are examples of manual or paper-based database systems. A paper-based database requires much paper as the database becomes larger, making it difficult to manipulate the database. The problems caused by paper-based systems are solved by the development of computer-based systems. 
The capacity for computers to store large amounts of data and their ability to quickly and efficiently retrieve the data makes them ideal for creating and using electronic or computerized databases. A computerized database refers to a collection of related files that are digitized. Computerized databases are created using database software called database management systems (DBMS).

Database Models
Flat-file Database
A flat-file database stores data in only one table. This is unlike a relational database, which makes use of multiple tables and relations

Relational Database Model
A relational database is a collection of data items organized as a set of formally-described tables from which data can be accessed or reassembled in many different ways without having to reorganize the database tables. 
Object-Oriented Database Model
An object-oriented database is a database that subscribes to a model with information represented by objects.
Hierarchical Database Model
A hierarchical database is a design that uses a one-to-many relationship for data elements. Hierarchical database models use a tree structure that links a number of disparate elements to one "owner," or "parent," primary record.
Database Design
[bookmark: _GoBack]Entity-Relationship (E-R) Modeling
When a relational database is to be designed, an entity-relationship model is drawn at an early stage and developed as the requirements of the database and its processing become better understood. An E-R model is often represented as an E-R diagram which serves as a schema diagram for the required database. A schema diagram is any diagram that attempts to show the structure of the data in a database. The basic elements of an E-R diagram are entity sets, attributes and relationship types.

Entity Set
An entity set (type)is a set of entities that share the same properties. An entity is an object that exists and is distinguishable from other objects. A person, a place, an object, an event, or a concept in the user environment about which the organization wishes to maintain data. For example, a specific person, thing, event or concept is an entity. In other words, an entity is a member or element of an entity set (an instance of an entity set). In an E-R diagram, an entity set is represented by a rectangle.
Attribute
An attribute is a fact about an entity or a property that describes an entity. For example, a person’s name, date of birth and gender, a vehicle’s model, color and brand. Attributes store the actual data we want to keep about each entity within an entity set. An attribute is represented by an ellipse. 

Relationship Type
A relationship type is a named association between entities. A person (entity) owns (relationship) a house (entity), a teacher (entity) teaches (relationship) a subject (entity). Normally, individual entities have individual relationships of the type between them but in an E-R diagram, this is generalized to entity sets and relationship types. For example, the entity set PERSON is related to the entity set HOUSE by the relationship type OWNS. A relationship type is represented by a diamond. 

An E-R diagram consists of a network of entity sets and connecting relationship types. Lines link entity sets to attributes and entity sets to relationship sets. Below is an example of an E-R diagram.
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An E-R diagram

In the above E-R diagram, PERSON and HOUSE are entity sets, Name and DOB are attributes of the entity set PERSON, Number and Street are attributes of the entity set HOUSE, while OWNS is the relationship type.

A relationship type can be classified by a degree and cardinality ratio.
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Degree of a Relationship Type
The degree of a relationship type is the number of entity sets involved in the relationship. It can be unary, binary, ternary or n-ary.
A unary relationship type is one that involves entities from a single entity set. E.g. the relationship FRIENDSHIP between entities within the entity set PERSON.
A unary relationship type is one that involves entities from a single entity set. E.g. the relationship FRIENDSHIP between entities within the entity set PERSON.
A ternary relationship type is one that involves entities from three different entity sets. An example is a LECTURER who teaches a certain COURSE in a DEPARTMENT.
An -ary relationship type involves entities from  different entity sets.

Cardinality Ratio of a Relationship Type
Cardinality is the maximum number of entities within each entity type that can take part in a relationship. For example, what is the maximum number of houses that a person can own? On the other hand, the minimum number of entities within each entity that can take part in the relationship is the Optionality. For example, what is the minimum number of houses that can be owned by a person?
The cardinality ratio is a ratio of the cardinalities of the entity sets involved in a relationship. It can be one-to-one (1:1), one-to-many (1:N) or many-to-many (M:N).

In the relationship OWNS between PERSON and HOUSE, a person can own zero or many houses. Therefore, the cardinality of PERSON in the relationship OWNS is many while the optionality is zero.
On the other hand, a house is owned by one person. The cardinality of HOUSE in the inverse relationship IS_OWNED_BY, is one while the optionality is one. The relationship OWNS is therefore described as a one-to-many (1:N) relationship.
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(1:N) relationship

In the relationship TEACHES between TEACHER and SUBJECT, a teacher teaches one or many subjects. The cardinality of TEACHER is many and the optionality is one. 
A subject is taught by one or many teachers. The cardinality of SUBJECT in the inverse relationship IS_TAUGHT_BY, is many and the optionality is one. This relationship is described as many-to-many (M:N).
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(M:N) relationship

In the relationship RECEIVES between STUDENT and SLIP, each student receives one and only one result slip. The cardinality of student is one and the optionality is one. Each result slip is issued to one and only one student. The cardinality of SLIP is one and the optionality is one. This relationship is described as one-to-one (1:1).
(1,1)
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(1:1) relationship

The above representation of an E-R diagram is the Chen Convention. Another way of representing E-R diagrams is the crow’s foot notationthat usesthree symbolsto show cardinality ratios.Here, a circle means zero, a line means one and a crow’sfoot means many. The cardinality is shown next to the entity type and the optionality (if shown at all) is shown behind it.
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Where A and B are entity sets and R is the relationship type.
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Basic E-R Notation


Exercise! Exercise! Exercise!

Identify the cardinality ratios of the following relationships.
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A database will be made to store information about patients in a hospital. On arrival, each patient’s personal details (name, address, and telephone number) are recorded where possible, and they are given an admission number. They are then assigned to a particular ward (Accident and Emergency, Cardiology, Oncology, etc.). In each ward there are a number of doctors and nurses. A patient will be treated by one doctor and several nurses over the course of their stay, and each doctor and nurse may be involved with several patients at any given time.

From the description, draw a corresponding E-R diagram showing all entity sets, attributes, relationship types and cardinality ratios.

Database Normalization
Database normalization is the process of organizing the fields and tables of a relational database to minimize redundancy and dependency. Normalization usually involves dividing large tables into smaller (and less redundant) tables and defining relationships between them. Normalization works through a series of stages known as normal forms. In order to achieve one level of normal form, each previous level must be met.

First Normal Form (1NF)
A relation (Table) is in first normal form (1NF) if and only if 
It contains a primary key. A primary key is an attribute that identifies each entity in a unique way.
It contains no multivalued field or repeating groups. A multivalued field is one that may take several values for a single record. A repeating group is a set of one or more multivalued attributes that are related. 

Example:
	Student
	Gender
	Subjects

	John
	M
	Chem, Phy, Maths, 

	David
	M
	His, Econs, Geo

	Alice
	F
	Geo, Econs, Maths

	Jane 
	F
	Chem, Bio, Maths



This table is not in 1NF because:
there is no primary key
there is a multivalued field “Subject”. Subject takes several values for one student. Repeating group (Subject code, SubjectName).

	StudID
	StudName
	Gender
	Subject

	S-1
	John Smith
	M
	Chem

	S-1
	John Smith
	M
	Phy

	S-1
	John Smith
	M
	Maths

	S-2
	Alice Johnson
	F
	Econs

	S-2
	Alice Johnson
	F
	Geo

	S-2
	Alice Johnson
	F
	Maths

	S-3
	David Morgan
	M
	His

	S-3
	David Morgan
	M
	Econs

	S-3
	Dave Morgan
	M
	Geo

	S-4
	Jane Eyre
	F
	Bio

	S-4
	Jane Eyre 
	F
	Chem

	S-4
	Jane Eyre
	F
	Maths



Table is now in 1NF: primary key has been introduced and subject field no longer has multiple values. 

Second Normal Form (2NF)
A relation is in second normal form (2NF)if and only if 
it is in 1NF 
every non-key attribute is fully dependent on the primary key. 

In the above table, Subject does not depend on StudID. In this case, a different table is created for subject with its own primary key and a relationship is created between the two tables.

	StudID
	StudName
	Gender

	S-1
	John Smith
	M

	S-2
	Alice Johnson
	F

	S-3
	Dave Morgan
	M

	S-4
	Jane Eyre
	F


	SubjCode
	SubjTitle

	791
	History

	792
	Geography

	793
	Economics

	794
	Chemistry

	795
	Biology

	796
	Physics

	797
	Maths
















Third Normal Form (3NF)
A relation is in third normal form (3NF) if and only if
It is in 2NF
If there are no transitive dependencies. Transitive dependency is a situation where a non-key attribute depends on another non-key attribute. 

Database Management Systems
A database management system (DBMS) is a computer program that is used to create, manipulate and access a database. Examples are MS Access, MySQL, Oracle, Sybase, dBase, Paradox, Objecstore and O2.

A DBMS provides users with:
Data Definition Language (DDL): language which programs the structure (schema)
Data Manipulation Language (DML): language which changes the contents (instance)
Data Control Language (DCL)

MS ACCESS 2007
Database Objects
An electronic database is made up of several components including: 
Tables
Forms
Queries
Reports
These components are called database objects. One or more of these components are formed when a database is created. These components are stored in a single database file.  

Tables
A table is an area of the database where information is stored. Tables organize data into columns (called fields) and rows (called records). Example: a database storing information about books and authors for a library could have a “BOOKS” table to store information about books (title, publisher, Year, etc) and an “AUTHORS” table to store information about authors (name, birth date, birth place, etc). 

A field is a specific piece of data stored in a table. The above mentioned ‘BOOKS’ table has fields ‘Title’, ‘Publisher’, ‘Year’ etc.

A record is an individual entry in a database table. It comprises of one or more fields, depending on the number of fields defined to the table.  For example: if five books are entered in our books and authors database, the “BOOKS” table would have five records (one for each book). 

Each field in a database table is assigned a data type when the field is created. The data type determines the kind and format of the information stored in the field. Example: the “Title” field in the “BOOKS” table will store text that will vary with each book in the database, so the data type in this case will be text or character type. 

Queries
A query is a command that tells the database what data the user wants to see. A query allows information to be found and retrieved from one or more tables based on a set of search conditions you define. For example: a query can be written specifying that the database should retrieve all the books from the “BOOKS” table written by William Shakespeare.

Forms
A form is an interface that allows us to enter and view data. Forms give the ability to choose the format and arrangement of fields. They can be used to enter, edit and display data. Forms can retrieve data from one or more tables, and display the output on the screen.

Reports
A report is an effective way to analyze and present data in printable format using a specific layout. Reports are the primary method of retrieving and viewing information. Using queries, reports pull information the user has requested and either print that information or display it on screen. The information that appears and the formatting and appearance of a report are set when the report is created.

Views
A view is a way of looking at an object. In Access, there are two possible ways you can view a Table: Datasheet view and Design view.
Design View is used to set the data types, insert or delete fields, and set the Primary key. 
Datasheet View is used to enter the data for the records. 
By default, Access places you in Datasheet View.
To switch between views, click the View button in the Views group or right-click on the table name and select the desired view.

Working With Tables
Creating a New Table
To create a new table,
Click the Create Tab
Select Table in the Tables group to create a new table in Datasheet view or Table Design to create a new table in Design view

Adding Fields in a Table
To add a field to a table in Datasheet View,
Click the Add New Field column label.
Click Rename in the Fields & Columns group.
Type the field name and press Enter. Access creates the field. Continue until you have created all of the fields in your table.
Press Enter without entering a field name to end your entries.

To add a field to a table in Design View,
Select a cell in the Field Name column
Type a name for the first field in the table and press Enter
Select a data type and press Enter
Type a description and press Enter

Naming and Saving a Table
To name and save a table,
Click the Save button on the Quick Access toolbar. The Save As dialog box appears.
Type the name you want to give your table.
Click OK. Access names your table.

Tip: You can use the Rename option at any time to rename any column. For example, you can rename the ID column Author_ID.

Setting a Primary Key
A primary key is a field in a table that allows each entry in the table to be identified in a unique way. No two entries in the database can have the same primary key. For example your ID card number is unique. By default, Access sets the first field in the table as the Primary Key field.
To set a Primary Key:
Switch to Design View
Position your cursor in the field you wish to set as the Primary Key
Click the Primary Key button on the Ribbon

The Foreign Key
The primary key is used to link the table with other tables in the database. When a primary key in one table (known as the source table) is linked to another table (known as the target table), the connecting field in the target table is called the foreign key. A foreign key must have the same structure, data type, and field size as the associated primary key, but it must not have the same name. Also, the foreign key in a relationship between two tables need not be a primary key in its own table.

Relating Tables
Relating tables eliminates unnecessary duplication of data (redundancy).
The general procedure for creating relationships in Access is to
Determine the type of the relationship and identify the source and target tables
Create the foreign key field(s) in the target table if they are not already present
 Select the Database Tools tab
Click on the Relationships command 
Add all the tables involved in the relationship to the window
Create the relationships by dragging the primary keys from the source table(s) and dropping them on the associated foreign key(s) in the target table(s). 

For example: Let’s create a relation between the AUTHORS table and the BOOKS table.

Creating Queries
To create a query,
Click the Create tab on the Ribbon
Click the Query Design command
Double-click Create Query in Design View
Select the table that you would like to base your Query on
Click Add 
Close the Show Table window

In order to control which records are displayed, you must define criteria in a Query.
To define criteria for your query:
Position your cursor in the criteria row in the field for which you wish to define the criteria for
Enter the criteria
Click the Run Query button
For example: a query to find the books written by Barack Obama

The result of a query is called a record set. 

To Save the Query:
Click the Save Icon
Enter a name for the query
Click OK

Creating Forms
To create a Form using the Form Wizard
Navigate to the table you want to base the form on
Click Createon the Ribbon
Click Forms
You are able to navigate using the navigation arrows at the bottom of the form.

To enter a record on the Form:
Click the View button on the Ribbon to switch from Layout View to Form View
Enter the data for each field in the record, pressing the Enter key to move to the next field
Press Enter after you have entered data for the last field 

NB. The form feeds the table. If you edit a record on the form, or create a new record, that data will be passed to the table it is associated with.

Creating Reports
To create a Report using the Report Wizard:
Click the Create tab on the Ribbon
Click the Report Wizard command
Select the table or query upon which the report will be based
Select the fields that you want to include on the report by double clicking on them
Click Next
Select a style for the report
Click Next
Type a title for the report 
Click Finish
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