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M3A: Introduction to Databases (1)

Concepts and Terminology

Softcopy of handouts can be found at http://www.clsmss.edu.hk/~whlau/08CA/

Data VS Information

1. Data is defined as the symbols used to represent information to be processed by the computer, while information is defined as the meanings assigned to data be the agreed convention used in its representation.

2. Data is some raw facts, while information is “answers to questions” (processed data, with human interpretation, to facilitate decision making).  Information includes data, but data does not necessarily include information.

3. Some characteristics of data:

a) Dependency: a piece of data is related to another piece of data (e.g. age and D.O.B.)

b) Redundancy: same piece of data appears more than once.

c) Integrity: completeness of data.

4. Challenges of managing data: to keep data duplication to minimum, to keep all data consistent and accurate, and to maintain the integrity of data.

Database Structure

5. Database is:

a) A collection of logically related data designed to meet the information needs of one or more users
b) A collection of records stored in a computer in a systematic way, so that a computer program can consult it to answer questions
c) A collection of information organized in such a way that a computer program can quickly select desired pieces of data

d) A collection of related records, or pieces of knowledge
Ref: http://en.wikipedia.org/wiki/Database
Ref: http://www.webopedia.com/TERM/d/database.html
6. A database model is a theory or specification describing how a database is structured and used. Common models include: hierarchical model, network model, relational model, object-Relational model, object model, etc.
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A relational database is a collection of relations (tables).  Data are organized as fields, records, and tables (or files).

a) A field (column) is a single piece of information in a record;

b) A record (row) is one complete set of fields; and

c) A table (file) is a collection of records.
8. For example, a telephone book is analogous to a file (or table).  It contains a list of records, each of which consists of three fields: name, address, and telephone number.

(Figure from Webopedia)

9. When referencing a table, records are also referred as rows and fields are referred as columns.
	sid
	name
	sex
	phone
	address

	99123
	Chan Tai Man
	M
	
	

	00789
	May
	F
	21312311
	YL

	11233
	Peter
	M
	91283838
	TSW

	12009
	Susan
	F
	
	TM


10. Derived data item should always be derived instead of storing up in tables.  For example, the monthly salary of a worker can be derived from the daily wages and the number of days worked in a month.  The salary is said to be dependent on the two independent data.  Another example is age, which can be derived from date of birth.
Common Data Types

11. When creating a table, the data type of each field must be defined.  Common data types are: 

a) Character string types

i. CHARACTER, CHAR: A string of character(s) of specific length, length limit is normally 255 (bytes).  Each ASCII character occupies one byte.  Character set (e.g. Big5, GB, Unicode) may be specified for storing non-ASCII characters.

ii. VARCHAR: A string of character(s) of varying length.  No length limit.

iii. BINARY, VARBINARY: The BINARY and VARBINARY types are similar to CHAR and VARCHAR, except that they contain binary strings rather than non-binary strings.  Also useful to store non-ASCII characters without defining the character set.

iv. MEMO, TEXT: It stores a piece of long text and the length varies.  It is similar to VARCHAR but it cannot have a default value.

b) Numeric types

i. INT, INTEGER, SMALLINT: Integral values

ii. NUMERIC, DECIMAL: Real number with exact number of digits and decimal places.

iii. REAL, FLOAT, DOUBLE: Real number (floating point number), may be single precision number or double precision number.

c) Date/time types:

i. DATETIME, DATE, TIME:  For storing date and/or time.

ii. TIMESTAMP: An integer representing a time counting from a specific moment.

d) Logical type:

i. BOOLEAN, LOGIC, YES/NO:  Stores only yes or no (i.e. true or false).

Indexes and Keys

12. Indexing is a technology that can speed up the process of data retrieval by adding information (called “index”) to a table.  The most common kind of index is a sorted list of the contents of some particular table column, with pointers to the row associated with the value.  An index allows a set of table rows matching some criterion to be located quickly.
13. A primary key (PK) is a value that can be used to identify a unique row in a table.

a) It can be a field (key field) or a combination of fields (compound key or key expression).

b) Note that the value of primary key cannot be NULL (i.e. must carry a value), and there should not be identical values in any two records in the table.  Searching for a particular value in key field should return one or no record. 

c) The primary key should be immutable, meaning that its value should not be changed during the course of normal operations of the database.  (Recall that a primary key is the means of uniquely identifying a record, and that identity, by definition, never changes.)

d) Example:

i. Student ID number can be a key field.

ii. Phone number CANNOT be used as a key field. (Why?)
iii. Class together with class number may be a key expression (in one school year only).

Ref: http://en.wikipedia.org/wiki/Primary_key
14. A foreign key (FK) is a field or group of fields in a database record that point to a key field or group of fields forming a key of another database record in some (usually different) table.  Usually a foreign key in one table refers to the primary key (PK) of another table.

Ref: http://en.wikipedia.org/wiki/Foreign_key
Example

15. An example of a table of student records:

	Field Name
	Data Type
	Size
	Description

	SID
	Character
	5
	Student ID (Primary Key)

	NAME
	Character
	30
	

	ADDRESS
	Character
	80
	

	TELNO
	Character
	8
	Telephone Number

	DOB
	Date/Time
	---
	Date of Birth


Database Management System (DBMS)

16. To access information from a database, you need a database management system (DBMS).  This is a collection of programs that enables you to enter, modify, organize, and extract data in a database.  A DBMS is designed to make the following tasks easier:

a) Questions about the data must be answered quickly;

b) Changes made to the data by different users must be applied consistently;

c) Access to certain parts of the data must be restricted.

17. A DBMS may have the following features and abilities:

a) Persistence: Data are permanently stored on a hard-drive or other fast, reliable medium until explicitly removed or changed.

b) Efficient data access: A DBMS utilizes a variety of sophisticated techniques to store and retrieve data efficiently.

c) Query Ability: Querying is the process of requesting attribute information from various perspectives and combinations of factors.

d) Computation: Most DBMS supports common computations on attributes such as counting, summing, averaging, sorting, grouping, cross-referencing, etc.

e) Rule Enforcement: Rules can be applied to attributes so that they are clean and reliable. 

f) Concurrency:  A DBMS schedules concurrent accesses to the data in such a manner that users can think of the data as being accessed by only one user at a time.

g) Data security: The DBMS can enforce access controls that govern what data is visible to different classes of users.  For example, some users may be restricted to access some of the tables, or they can read but not modify the data in some tables.  The database administrator (DBA) is the most powerful user in the system.

h) Backup and Replication: DBMS usually provide utilities to facilitate the process of extracting data for backup purpose, in case primary disks or other equipment fails. A periodic copy may also be created for a distant organization that cannot readily access the original. 

i) Program-data independence: It means the separation of data structure from the programs that use the data.
i. Application programs should be as independent as possible from details of data representation and storage.  The DBMS can provide an abstract view of the data to insulate application code from such details.
ii. The whole concept of a database management system (DBMS) supports the notion of data independence since it represents a system for managing data separately from the programs that use the data.
iii. In contrast, the data-dependent approach, i.e. the data being processed is actually represented in the program’s source code, is very inflexible because it makes it difficult to modify the data and it also makes the data inaccessible to other programs.

Ref: http://en.wikipedia.org/wiki/Database_management_system
Ref: http://www.webopedia.com/TERM/D/data_independence.html

18. There are different database software packages in the market.  For example M$ Visual Fox Pro, and Access in M$ Office.  Other well-known commercial-use DBMS includes Oracle, IBM DB2, m$ SQL Server, Sybase.  There are also open-source (and thus free of charge) DBMS, such as MySQL, SQLite, PostgreSQL, etc.

19. A view is a (mostly read-only) virtual or logical table composed of the result set of a query.  A view may contain a subset of data in a table, as well as data derived from one or more tables.  Changing the data in a table alters the data shown in the view.  Creating views may also allow different users access different parts of a database, and thus maintain data privacy and security.

Ref: http://en.wikipedia.org/wiki/View_%28database%29

20. A data dictionary is a set of metadata (data that describe other data) that contains definitions and representations of data elements.  It is a set of tables that define the basic organization of a database.  A data dictionary contains, but not limited to, the following:

a) General database structure, e.g. A list of all tables in the database, and the names and types of each field

b) Usernames, roles and privileges (operations allowed for users, etc.)

c) Integrity constraints (rules)

21. Data dictionaries do not contain any actual data from the database, only bookkeeping information for managing it.  Without a data dictionary, however, a database management system cannot access data from the database.  Most database management systems keep the data dictionary hidden from users to prevent them from accidentally destroying its contents. 

Ref: http://en.wikipedia.org/wiki/Data_Dictionary

http://www.webopedia.com/TERM/D/data_dictionary.html
22. A database transaction is a unit of interaction with a DBMS that is treated in a coherent and reliable way independent of other transactions that must be either entirely completed or aborted

a) Transaction operation ensures that integrity of a database is maintained.

b) A simple transaction is usually issued to the database system (in a language like SQL):
i. Begin the transaction

ii. Execute several queries (any updates to the database not visible to the outside world yet)

iii. Commit the transaction (updates become visible if the transaction is successful) 

c) If one of the queries fails the database system may rollback either the entire transaction or just the failed query.

Ref: http://en.wikipedia.org/wiki/Database_transaction
23. Data Definition Language (DDL) is a computer language for defining data.  It is used to create, drop (destroy) and alter (modify) database objects, e.g. table, index, view, etc.

Ref: http://en.wikipedia.org/wiki/Data_Definition_Language
24. Data Manipulation Language (DML) is a family of computer languages used by computer programs or database users to retrieve, insert, delete and update data in a database.

Ref: http://en.wikipedia.org/wiki/Data_Manipulation_Language
25. A Data Control Language (DCL) is a computer language for controlling access to data in a database.  It manages users and their rights in a DBMS.  Access control is important to ensure data security.

Ref: http://en.wikipedia.org/wiki/Data_Control_Language
Data Redundancy and Integrity

26. Data redundancy refers to the situation that multiple copies of the same piece of data are stored in the database.  It may be direct if a value is a copy of another, or indirect if the value can be derived from other values.  Data redundancy will lead to a waste in storage space and inconsistency (incorrect or conflicting information) in the database.  

27. Data integrity in a relational database is concerned with three aspects of the data in a database:

a) Accuracy

b) Correctness 

c) Validity

28. In order to reduce data redundancy and improve data integrity, normalization is needed in the database design process.
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