BASIC CONCEPTS OF DATABASE SYSTEMS
A database is an abstraction that represents data about a related collection of entity and relationship sets, and a set of operations which take the database data as their operands.  Data in a database must satisfy certain integrity (consistency) constraints.
Example:

STUDENT (SSNO, SNAME, MAJOR, YEAR_OF_BIRTH)

COURSE (CNO, CNAME, HOURS)

ENROLLMENT (SSNO, CNO, GRADE)
Integrity constraint examples:

- SSNO for every member of ENROLLMENT must match SSNO in some member of STUDENT.

- CNO for every member of ENROLLMENT must match CNO in some member of COURSE.
Example of operation:
Compute STUDENT_AGE = Current_Year - YEAR_OF_BIRTH
A data model is a collection of conceptual tools that can be used to describe

- Entity and relationship sets

- Data semantics

- Integrity constraints

- Operations on data
in a database.
CLASSIFICATION OF DATA MODELS

A. Object-based logical models


1. The entity-relationship model


2. The object-oriented model


3. The binary model


4. The semantic data model


5. The infological model


6. The functional data model

B. Record-based logical models


1. The relational model



a. The basic relational model



b. The logic-based data model



c. The nested relational model


2. The network model


3. The hierarchical model

C. Physical data models


1. The unifying model


2. The frame memory
A database is a named and structured collection of related files satisfying the following requirements:

1. In a database, data redundancies are fully eliminated or minimized.

2. Real-world entities and relationships are appropriately represented.

3. A large number of applications can be supported by a database.

4. More than one user can concurrently access and process the files in a database.

5. Access to data is handled by general-purpose systems software. In application programs, the user need not be concerned with issues related to data access.

6. Data security is provided in the sense that access to data is controlled, and users can access all or part of the data stored in a database.

7. Data are protected against computer system failures, and in case of failure, database can be restored to its original state.

8. Integrity of data can be maintained at all times.
Database System Components
A database system is a human/computer system that is similar to, but somewhat more complex and involved than a file system.  It consists of the following components:

1. People

2. Data resource

3. Hardware

4. Software

5. Procedures.
In database systems, in addition to application programmers, system programmers, operations personnel, and customers, there is a special group of technical people known as database administrators.  A database administrator is a person who is knowledgeable about the functions of a corporation, and is responsible of definition, structuring, maintenance, and administration of the corporate database.
The data resource consists of one or more databases permanently storing data needed for periodic and ad hoc information processing requirements.
Hardware for database systems include one or more computer systems and appropriate direct access data storage devices.
Software for database management consist of systems software (operating systems, language translators and processors, file management systems, utility programs, and so on,) application programs, and a general-purpose DBMS software.
In a database system, procedures define steps to be followed and precautions to be taken for normal operations, database management and maintenance, database access, failure and database recovery.
Data Definition in Database Processing
The complete and machine-independent (logical) description of data in a database is known as database schema.
The form of the data in a database as it would appear to a computer system is called the physical view of the database.
The physical view of data is concerned with physical data clusters, indexes, pointers, memory locations storing encoded data, and internal representation techniques used by a specific computer system.  This view is also described and maintained by the database administrator.
A subset of the database schema comprising data needed for an application program or a user of the database is known as a subschema.
Clearly, from an application program development point of view, defining only subschemas in an application program and having them related to appropriate database schemas by a DBMS comprise a more efficient approach than including full data definitions of all files in an application program.  Also, it gives a user the flexibility of assigning different names to data elements.
As in the case of a file, there are three fundamental types of operations on a database:

1. Database definition

2. Database maintenance

3. Database retrieval
Database definition, maintenance, and retrieval are facilitated in a database environment through the use of a special, very high-level language.  This language is known as database language, and is supported by a database management system.  A database language for a database management system depends on the database model upon which the DBMS is built.  For a given data model, the database language also depends on the approach taken to design the system, and the software vendor's particular implementation characteristics.
Database Processing Modes
A database may be processed in two different modes:

1. Interactive mode

2. Application programming mode
In interactive mode, the user can directly interact with a database through a terminal to access or update data stored in the database.  In this processing mode, we may use a database language to create the database schema, and to load files with records.  Also, we may make use of retrieval instructions of the database language to retrieve data.  In interactive mode, retrieved data are simply reported to the user.  In general, additional processing on retrieved data is not possible.
In application programming mode, a database is accessed by an application program.  In this mode, we write an application program using an appropriate programming language.  In order to facilitate database operations, we include instructions of the database language in the program.  The programming language in which the application program is coded is referred to as the host language with respect to the database language.  The version of the database language that allows embedding of its instructions in an application program is referred to as the embedded version of that data language.  Embedded instructions of a data language may create a database schema, or may aim to update or access database files.
Database System Architecture
In interactive mode of processing, a user of a database directly interacts with the system through a terminal, by typing instructions in the special data language supported by the DBMS.  These instructions may aim to define database schema, or access an already existing database.  A schema definition instruction is processed by the DBMS, converted into machine language, and stored in one or more special system files.  These files are known as system catalog files.  After a schema definition is created and stored, every data language instruction referencing a database component causes the system to first access the system catalog files, and verify the correctness of the database component.  If the user issues a database access instruction, the DBMS maps the implied subschema against the stored schema, verifies its correctness, and accesses the physical database.  An access instruction may be for the purpose of loading a database file, inserting, deleting, or updating  records, or retrieving and displaying records in a file.
In application programming mode, the application program should contain embedded subschema definition instructions, and some appropriate database access instructions.  Before any processing can be done, the application program is precompiled by a special software element known as precompiler.  A precompiler takes as input an application program that is written, say, in COBOL, and produces a pure COBOL program in which the embedded data language instructions are replaced by some subroutine calls to program modules existing as parts of the DBMS.
The output from the precompiler is routinely compiled by the language compiler and the DBMS.  The DBMS verifies the subschema in the application program against the database schema stored in system catalog files.  If no errors are found, in cooperation with the host language compiler, the DBMS generates an object program and an application plan.  An application plan is the machine language description of the database access strategy required for an application program.
Finally, the object program and the application plan are executed together.  During execution, the DBMS accesses appropriate database elements, and makes them available to the application program for further processing.
Functions of a Database Management System
In the architecture described above, the special software system called the database management system (DBMS) plays a very prominent part.  It monitors most every component and process in a database system.  Following is a listing of its major functions.

1. Provide user-database interface in interactive mode, and application program-database interface in application programming mode.

2. Support a database language through which it is possible to:


(a) Define and store database schema.


(b) Define subschemas for application programs.


(c) Define and store physical database definition.


(d) Load database data.


(e) Store and maintain data.


(f) Access and retrieve data using a variety of access techniques.

3. Create and maintain a system catalog of files concerning information about the database itself, including authorized database users, database structure, and so on.

4. Provide for subschema-to-schema mapping, and schema-to-physical view mapping.

5. Provide for enforcement of database integrity rules.

6. Provide security features to protect data against unauthorized access and processing.

7. Provide control over concurrent database operations.

8. Facilitate database backup and recovery.

9. Provide file utility services by interacting with utility programs.

10. Interface with other software in performing its tasks.  These software include:


(a) The operating system


(b) Language translators


(c) Precompiler


(d) Communication control program (which controls the flow of database transactions to application programs.)
The special-purpose database language supported by a DBMS consists of three components:

1. Data definition language

2. Data manipulation language

3. Query formulation language
Data definition language (DDL) consists of instructions that can be used to define a database schema, subschemas necessary for application programs, and physical database view.  Data manipulation language (DML) includes instructions to load a database, and to maintain it (update, insert, delete, and so on.)  Query formulation language (QFL) comprises instructions for accessing and retrieving data from database files.
Advantages and Disadvantages of Database Systems

1. Because the corporate data are integrated into a database, data redundancies are greatly reduced.

2. The use of good file design principles help eliminate anomalies in database structures.

3. All corporate data resources are available to an application programmer at any time.  This significantly facilitates data processing.

4. In a database environment, data stored in a database are independent of an individual application program.  Thus, a certain degree of program/data independence is immediately achieved.

5. Database languages are generally easy to learn, and easy to use.  This is another factor that expedites application program development.

6. Because a database is a shared resource, its maintenance and management are centralized, and left to a particular department in the corporate environment.  This department can specify standards for data resource, and can effectively serve other departments in their information needs.  Such a strategy leads to better data management.

7. In a database, compared to a collection of disjoint file systems, real-world entities and relationships can be represented more easily and conveniently.  Hence, stored data is more meaningful from an application programmer's point of view.
However, there are certain disadvantages to a database system:
1. Because a database system requires a more powerful computer system, a DBMS, and additional system software, it is more expensive than a file system.  Also, its operating cost is higher.
2. It is considerably more complex than a file system environment, and requires more technically specialized personnel.
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