
UNIT-1: Databases and Database Users

Databases and database systems are required in everyday life, in our daily routine. We interact with database one or the other way, for example we do bus or train reservation and funds transfer. Nowadays purchasing items from a supermarket involves an automatic update of the database that keeps the record of supermarket items.

Introduction

Data means known facts that can be recorded and have implicit meaning. The collection of related data with an implicit meaning is known as database.
For example, consider the personal details of Students maintained in an institution. A database has the following implicit properties:
· A database represents some aspect of the real world, sometimes called the miniworld or the universe of discourse (UoD). Changes to the miniworld are reflected in the database.
· a database is a logically coherent collection of data with some inherent meaning

· a database is designed, built, and populated with data for a specific purpose.

A database may be generated and maintained manually or it may be computerized. For example,
· A library card catalog is a database that may be created and maintained manually.
· A computerized database may be created and maintained either by a group of application programs written specifically for that task or by a database management system.
A database management system (DBMS) is a collection of programs that enables users to create and maintain a database. The DBMS is a general-purpose software system that facilitates the processes of defining, constructing, manipulating, and sharing databases among various users and applications





Defining: defining a database involves specifying the data types, structures, and constraints of the data to be stored in the database. The database definition or descriptive information is also stored by the DBMS in the form of a database catalog or dictionary; it is called meta- data.
Constructing: constructing the database is the process of storing the data on some storage medium that is controlled by the DBMS.
Manipulating : manipulating a database includes functions such as querying the database to retrieve specific data, updating the database to reflect changes in the miniworld, and generating reports from the data.
Sharing: sharing a database allows multiple users and programs to access the database simultaneously.
DBMS provides important functions like protecting the database and maintaining it over a long period of time
· Protection includes system protection against hardware or software malfunction (or crashes) and security protection against unauthorized access.
· The DBMS must be able to maintain the database system by allowing the system to evolve as requirements change over time.
The database and DBMS software are together known as a database system. Figure 1.1 illustrates a simplified database system environment.
An application program accesses the database by sending queries or requests for data to the DBMS.
A query causes some data to be retrieved; a transaction may cause some data to be read and some data to be written into the database.
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Figure 1.1 A simplified database system environment.

Characteristics of the Database Approach

In the database approach, a single repository maintains data that is defined once and then accessed by various users. The main characteristics of the database approach versus the file- processing approach are the following:
· Self-describing nature of a database system
· Insulation between programs and data, and data abstraction
· Support of multiple views of the data
· Sharing of data and multiuser transaction processing

1) Self-describing nature of a database system

In database approach, the database system contains not only the database but also a complete definition or description of the database structure and constraints.
This definition is stored in the DBMS catalog, which contains information such as the structure of each file, the type and storage format of each data item, and various constraints on the data.
The information stored in the catalog which describes the structure of the primary database is called meta-data.


2) Insulation between programs and data, and data abstraction

In file processing approach, any changes to the structure of a file may require changing all programs that access that file since the structure of data files is embedded in the application programs
In database approach it does not require such changes because structure of data files is stored in the DBMS catalog separately from the access programs. This property is called as program-data independence.
In some database systems user application programs can operate on the data by invoking the operations through their names and arguments, without knowing how the operations are implemented. This may be termed as program-operation independence.
The characteristic that allows program-data independence and program-operation independence is called data abstraction.
3) Support of multiple views of the data

A database has many users; each of them may require a different purpose or view of the database. A view may be a subset of the database or it may contain virtual data that is derived from the database files but is not explicitly stored.
4) Sharing of data and multiuser transaction processing

A multiuser DBMS must allow multiple users to access the database at the same time. The DBMS must include concurrency control software to ensure that several users trying to update the same data in a controlled manner so that the result of the updates is correct.
For example, when several reservation agents try to reserve a seat on an airline flight, the DBMS should ensure that each seat can be accessed by only one agent at a time for reserving to a passenger. These types of applications are generally called online transaction processing (OLTP) applications.



Differences between file approach and database approach

	
File Approach
	
Database Approach

	Each user defines and implements the files needed for a specific software application
	The database approach is a single repository maintains data that is defined once and then
accessed by various users.

	Redundancy or duplication of data
Suppose both users are interested in students data, each user maintains separate files and
separate programs to manipulate these files.
	Controls redundancy
A multiuser DBMS, allow multiple users to access the database at the same time

	Data Dependence- Any changes to the structure of a file may require changing all programs that
access that file.
	Program-data independence- any changes to the structure of a data file does not require
changing the programs that access that data file.

	Provides	Data	inflexibility	–program	data
dependency	and	data	isolation	limits	the flexibility
	Provides Data flexibility because of program data independence

	Incompatible file formats- structure of the file is embedded in the application program, so structures are dependent on the application
programming language
	Compatibility in file formats – structure of the file stored in the catalog and all application programs access it.

	Security of Data is low
	Provides high Data security like backup and
recovery




Actors on the Scene

In many organizations different people are involved in the design, use, and maintenance of a database with users. The people who involve in the day-to-day use of a large database are called as the actors on the scene. Actors on the scene include Database Administrators, Database Designers, and End Users.
Database Administrators

A database administrator's responsibilities include the following tasks:



· To oversee and manage the resources - In organization where many people use the 
same resources.
· In a database environment, the primary resource is the database itself. Administering these resources is the responsibility of the database administrator (DBA).
· The DBA is responsible for authorizing access to the database, coordinating and monitoring its use.
· The DBA is accountable for problems such as security breaches and poor system response time.
· Installing and upgrading the database server and application tools.
· Planning for backup and recovery of database information.
· Backing up and restoring databases.
· Generating various reports by querying from database as per need

Database Designers
Database designer‘s responsibilities include the following tasks:

· The database designers have to identify the data to be stored in the database and choose the appropriate structures to represent and store this data.
· Database designers are responsible to communicate with all database users in order to understand their requirements.
· Database designers are responsible to create a database design that meets user requirements.
· Database designers interact with each potential group of users and develop views of the database that meet the data and processing requirements of these groups. Each view is then analysed and integrated with the views of other user groups. The final database design must be capable of supporting the requirements of all user groups.

End Users

End users are the persons who involves in access to the database for querying, updating, and generating reports.
There are several categories of end users:



· Casual end users.
· Naive or parametric end users.
· Sophisticated end users.
· Sophisticated end users.

· Casual end users: these end users occasionally access the database, but they may need different information each time.
Example: middle- or high-level managers or other occasional browsers.

· Naive or parametric end users: these users constantly performs querying and updating the database, using standard types of queries and updates—called canned transactions—that have been carefully programmed and tested.
Example: a) Bank tellers check account balances and post withdrawals and deposits. b) Reservation agents for airlines, hotels, and car rental companies check availability for a given request and make reservations.
· Sophisticated end users: these end users thoroughly familiarize themselves with the facilities of the DBMS in order to implement their own applications to meet their complex requirements.
Example: engineers, scientists, and business analysts

· Standalone users: these end users maintain personal databases by using ready-made program packages.
An example is the user of a tax package that stores a variety of personal financial data for tax purposes.
System Analysts and Application Programmers (Software Engineers)

System analysts determine the requirements of end users and develop specifications for canned transactions that meet these requirements.
Application programmers implement these specifications as programs; then they test, debug, document, and maintain these canned transactions.



Workers behind the Scene

People who work to maintain the database system environment but who are not actively interested in the database contents as part of their daily job are known as workers behind the scene.
There are several categories of workers behind the scene as follows:

· DBMS system designers and implementers:

These persons are responsible for Design and implement the DBMS modules and interfaces as a software package.
A DBMS is a very complex software system that consists of many components, or modules, controlling concurrency, and handling data recovery and security.
The DBMS must interface with other system software such as the operating system and compilers for various programming languages.
· Tool developers:

These persons are responsible for Design and implement tool to the software packages for database system design, and improved performance.
Tools are optional packages that are often purchased separately. They include packages for database design, performance monitoring, natural language or graphical interfaces, and etc.
· Operators and maintenance personnel (system administration personnel):

These persons are responsible for the actual running and maintenance of the hardware and software environment for the database system.
Advantages of Using the DBMS Approach

· Controlling Redundancy
· Restricting Unauthorized Access
· Providing Persistent Storage for Program Objects
· Providing Storage Structures and Search Techniques for Efficient Query Processing
· Providing Backup and Recovery



· Providing Multiple User Interfaces
· Representing Complex Relationships among Data
· Enforcing Integrity Constraints
· Permitting Inferencing and Actions Using Rules

1. Controlling Redundancy

In file processing, every user group maintains its own files for handling its data-processing applications.
For example: consider the COLLEGE here, two groups of user were each group independently keeps files on students. The accounting office keeps data on registration and related billing information, whereas the registration office keeps track of student courses and grades.
This redundancy in storing the same data multiple times leads to several problems.

First, there is the need to perform a single logical update multiple times, such as entering new student record. This leads to duplication of effort.
Second, storage space is wasted when the same data is stored repeatedly, and this problem may be serious for large databases.
Third, files that represent the same data may become inconsistent. This may happen because an update is applied to some of the files but not to others.
In database approach, a single repository maintains data that is defined once and then accessed by various users which controls redundancy.
2. Restricting Unauthorized Access

When multiple users share a large database, it is likely that most users will not be authorized to access all information in the database.
For example, financial data is often considered confidential and only authorized persons are allowed to access such data. Hence, the type of access operation— retrieval or update—must also be controlled.



A DBMS should provide a security and authorization subsystem, which the DBA uses to create accounts and to specify account restrictions. Then, the DBMS should enforce these restrictions automatically.
3. Providing Persistent Storage for Program Objects

The persistent storage of program objects and data structures is an important function of database systems. Object-oriented database systems typically offer data structure compatibility with one or more object-oriented programming languages.
4. Providing Storage Structures and Search Techniques for Efficient Query Processing

Database systems must provide capabilities for efficiently executing queries and updates. Because the database is typically stored on disk, the DBMS must provide specialized data structures and search techniques to speed up disk search for the desired records. Indexes are used for this purpose.
The query processing and optimization module of the DBMS is responsible for choosing an efficient query execution plan for each query.
4. Providing Backup and Recovery

A DBMS must provide facilities for recovering from hardware or software failures. The backup and recovery subsystem of the DBMS is responsible for recovery.
For example, if the computer system fails in the middle of a complex update transaction, the recovery subsystem is responsible for making sure that the database is restored to the state it was in before the transaction started executing.
5. Providing Multiple User Interfaces

Because many types of users with varying levels of technical knowledge use a database, a DBMS should provide a variety of user interfaces.
These include query languages for casual users, programming language interfaces for application programmers, forms and command codes for parametric users, and menu-driven interfaces and natural language interfaces for standalone users.



6. Representing Complex Relationships among Data

A DBMS must have the capability to represent a variety of complex relationships among the data, to define new relationships as they arise, and to retrieve and update related data easily and efficiently.
7. Enforcing Integrity Constraints

Most database applications have certain integrity constraints that must hold for the data. A DBMS should provide capabilities for defining and enforcing these constraints.
The simplest type of integrity constraint involves specifying a data type for each data item.

8. Permitting Inference and Actions

Using Rules some database systems provide capabilities for defining deduction rules for inference new information from the stored database facts. Such systems are called deductive database systems.
A trigger is a form of a rule activated by updates to the table, which results in performing some additional operations to some other tables, sending messages, and so on.
More involved procedures to enforce rules are popularly called stored procedures.

Additional Implications of Using the Database Approach

This section discusses some additional implications of using the database approach that can benefit most organizations.
Potential for Enforcing Standards.

The database approach permits the DBA to define and enforce standards among database users in a large organization.
This provides communication and cooperation among various departments, projects, and users within the organization.
Standards can be defined for names and formats of data elements, display formats, report structures, terminology, and so on.



Reduced Application Development Time.

A prime feature of the database approach is that developing a new application takes very little time.
Designing and implementing a large multiuser database may take more time than writing a single specialized file application.
However, once a database is up and running, less time is required to create new applications.

Flexibility

It may be necessary to change the structure of a database as requirements change.

A DBMS allow certain types of changes to the structure of the database without affecting the stored data and the existing application programs.
Availability of Up-to-Date Information

A DBMS makes the database available to all users. As soon as one user‘s update is applied to the database, all other users can immediately see this update.
This availability of up-to-date information is essential for many transaction-processing applications, such as reservation systems or banking databases.
Economies of Scale

The DBMS approach permits consolidation of data and applications, thus reducing the amount of wasteful overlap between activities of data-processing personnel in different projects or departments as well as redundancies among applications.
This enables the whole organization to invest in more powerful processors, storage devices, or communication gear, rather than having each department purchase its own (lower performance) equipment. This reduces overall costs of operation and management.
A Brief History of Database Applications

· Early Database Applications:
· The Hierarchical and Network Models were introduced in mid 1960s and dominated during the seventies.



· A bulk of the worldwide database processing still occurs using these models.
· Relational Model based Systems:
· 	Relational model was originally introduced in 1970, was heavily researched and experimented with in IBM Research and several universities.

Object-oriented and emerging applications:

· Object-Oriented Database Management Systems (OODBMSs) were introduced in late 1980s and early 1990s to cater to the need of complex data processing in CAD and other applications.
· Their use has not taken off much.

Many relational DBMSs have incorporated object database concepts, leading to a new category called object-relational DBMSs (ORDBMSs)
Extended relational systems add further capabilities (e.g. for multimedia data, XML, and other data types)
· Relational DBMS Products emerged in the 1980s
· Data on the Web and E-commerce Applications:
· Web contains data in HTML (Hypertext markup language) with links among pages.
· This has given rise to a new set of applications and E-commerce is using new standards like XML (eXtended Markup Language).
· 	Script programming languages such as PHP and JavaScript allow generation of dynamic Web pages that are partially generated from a database
· New functionality is being added to DBMSs in the following areas:
· Scientific Applications
· XML (eXtensible Markup Language)
· Image Storage and Management
· Audio and Video data management
· Data Warehousing and Data Mining
· Spatial data management
· Time Series and Historical Data Management



· 	The above gives rise to new research and development in incorporating new data types, complex data structures, new operations and storage and indexing schemes in database systems.
· Also allow database updates through Web pages

When not to use a DBMS

In spite of the advantages of using a DBMS, there are a few situations in which a DBMS may involve unnecessary overhead costs that would not be incurred in traditional file processing. The overhead costs of using a DBMS are due to the following:

· High initial investment in hardware, software, and training
· The generality that a DBMS provides for defining and processing data
· Overhead for providing security, concurrency control, recovery, and integrity functions Therefore, it may be more desirable to use regular files under the following circumstances:
· Simple, well-defined database applications that are not expected to change at all
· Stringent, real-time requirements for some application programs that may not be met because of DBMS overhead
· Embedded systems with limited storage capacity, where a general-purpose DBMS would not fit
· No multiple-user access to data
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