Databases- Basics
What is a database?
It is an organised collection of data. The data is organised to model relevant aspects of reality(e.g. availability of rooms in a hotel, finding available flights, finding a book to borrow in a library, making a tax payment entries in a computer). 
A flat file is a collection of information stored and accessed sequentially in a database, often created to store information in a non-structured way. Comma Separated Value (CSV) sheets, for example, present information with each field separated from the next by a comma. While a flatfile system offers some advantages, it often makes large amounts of data quite cumbersome to store and access. The majority of databases used today are relational systems that use structured queries to retrieve information and present it to the user.
Example of organisation of data within a flat file
	ID
	Name
	Team

	1
	Jojo
	A

	2
	Kofi
	B

	3
	Kwame
	C

	4
	Akos
	A



Consider, for example, the Library of Congress, which has over 16 million books in its collection. For reasons that will become apparent soon, a single table simply will not do for this database! The main problems associated with using a single table to maintain a database stem from the issue of unnecessary repetition of data, that is, redundancy. Some repetition of data is always necessary, as we will see, but the idea is to remove as much unnecessary repetition as possible. To make a flat file data model functional, all relevant information about a record needs to be stored in the same file. In a CSV sheet, for example, no application-specific formats apply to the data contained within the file; only a comma denotes the end of one field in a record. Each record is written on a line in the file, allowing all data for a single record to be stored separately from other records.
Such databases can quickly become very large and difficult to manage because of the simple way they are organized. 

Due to the limitations of flat file databases several models have been designed over the years. These include:
Hierarchical database
Network database
Relational database
Object database
Object-relational database (Hybrid of the relational and object) and others.
Thus, maintaining a simple, so-called flat database consisting of a single table does not require much knowledge of database theory. On the other hand, most databases worth maintaining are quite a bit more complicated than that. Real- life databases often have hundreds of thousands or even millions of records, with data that are very intricately related. This is where using a full- fledged relational database program becomes essential.

We will not delve into the details of each of the above mentioned database models but the relational database model will be used to explain the basics of the data modelling process. (Also relates to Data modelling in the main handout). Relational databases dominate GIS today as they do in many other business areas.
A relational database is a collection of data items organized as a set of formally described tables from which data can be accessed easily. A relational database is created using the relational model. The software used in a relational database is called a relational database management system (RDBMS). A relational database is the predominant choice in storing data, over other models like the hierarchical database model or the network model. It consists of n number tables and each table has its own primary key.
As opposed to flat file databases, relational databases allow you to define certain record fields, as keys or indexes, to perform search queries, join table records and establish integrity constraints. NB: Search queries are faster and more accurate when based on indexed values. Integrity constraints can be established to ensure that table relationships are valid. 
Data types
Each column in a database table such as the one above is ordinarily restricted to a specific data type. Such restrictions are usually established by convention, but not formally indicated unless the data is transformed to or is in a relational database system (the software for the creation of data should provide the user with tools to define the datatypes). The declaration of the data types should be enforced to ensure domain integrity. Examples of datatypes are:
 Double (Example: 34.4555, 3.4555), or float
Integer (Example: 0, 2, 678,-99…), 
String (Example: “guitars, violin”), or text
Date (Example:‘21st September 1990’).
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Table 0‑1Storing specific Datatypes for columns (fields)

Primary and Foreign Keys
 The primary key of a relational table uniquely identifies each record in the table. It can either be a normal attribute that is guaranteed to be unique (such as Social Security Number in a table with no more than one record per person). Primary keys may consist of a single attribute or multiple attributes in combination. Imagine we have a STUDENTS table that contains a record for each student at a university. The student's unique student ID number would be a good choice for a primary key in the STUDENTS table. The student's first and last name would not be a good choice, as there is always the chance that more than one student might have the same name. 
A foreign key is a field in a relational table that matches the primary key of another table. The foreign key can be used to cross-reference tables.
The foreign key identifies a column or a set of columns in one (referencing) table that refers to a set of columns in another (referenced) table. The columns in the referencing table must be the primary key or other candidate key in the referenced table. The values in one row of the referencing columns must occur in a single row in the referenced table. Thus, a row in the referencing table cannot contain values that don't exist in the referenced table (except potentially NULL). This way references can be made to link information together and it is an essential part of what is known in database terminology as database normalization (By Codd).
Example – Storing Customer Information in a table- Customer table 
To uniquely identify each customer, each customer must be linked to a unique piece of information. This piece of information is called the primary key. In most cases the primary key is a number combination, but text values can be used too. For our customer contact system we will assign a unique customer ID to each customer. In our database design, the customer_id field will function as the primary key of the Customers table.
Customers table
[image: http://www.tekstenuitleg.net/static/images/customer_table_pk.gif]

Order table
	orderid
	customer_id
	product
	order_date

	1
	0
	Samsung fridge
	25-10-1989



The two tables can be joined and the name and address of the customer retrieved in a query. NB: Tables in a database are designed according to specific rules, in what is called normalisation, and which would be dealt with in a separate lecture.
More about the primary key
You may encounter primary keys in everyday life quite often. The order number you receive when you shop online is probably the primary key of some order table in the shop's database. Your social security number is probably a primary key in some government database. An invoice number could be used as a primary key in a database table that stores invoices that have been sent. A customer ID is used in many cases as a primary key in a customers table. A product number often refers to a product number primary key field in a 'products' table. etc.
Database Integrity
Types of integrity constraints
Data integrity is normally enforced in a data-base system by a series of integrity constraints or rules. Three types of integrity constraints are an inherent part of the relational data model: entity integrity, referential integrity and domain integrity.
Entity integrity concerns the concept of a primary key. Entity integrity is an integrity rule which states that every table must have a primary key and that the column or columns chosen to be the primary key should be unique and not null.
Referential integrity concerns the concept of a foreign key. The referential integrity rule states that any foreign key value can only be in one of two states. The usual state of affairs is that the foreign key value refers to a primary key value of some table in the database. Occasionally, and this will depend on the rules of the business, a foreign key value can be null. In this case we are explicitly saying that either there is no relationship between the objects represented in the database or that this relationship is unknown.
Domain integrity specifies that all columns in a relational database must be declared upon a defined domain. The primary unit of data in the relational data model is the data item. Such data items are said to be non-decomposable or atomic. A domain is a set of values of the same type. Domains are therefore pools of values from which actual values appearing in the columns of a table are drawn.
If a database supports these features it is the responsibility of the database to insure data integrity as well as the consistency model for the data storage and retrieval. If a database does not support these features it is the responsibility of the application to insure data integrity while the database supports the consistency model for the data storage and retrieval.
Having a single, well controlled, and well defined data integrity system increases stability (one centralized system performs all data integrity operations).
What is SQL?
SQL often referred to as Structured Query Language, is a database computer language designed for managing data in relational database management systems (RDBMS), and originally based upon relational algebra and calculus. Its scope includes data insert, query, update and delete, schema creation and modification, /and data access control. SQL was one of the first commercial languages for Edgar F. Codd's relational model.
What is a database schema?
A database schema of a database system is its structure described in a formal language supported by the database management system (DBMS) and refers to the organization of data to create a blueprint of how a database will be constructed (divided into database tables)
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