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Database Approach

All of the previously mentioned limitations of the file-based
approach can be attributed to two factors:

(1) The definition of the data is embedded in the
application programs, rather than being stored separately
and independently.

(2) There is no control over the access and manipulation of
data beyond that imposed by the application programs. To
become more effective, a new approach was required.
What emerged were the database and the Database
Management System (DBMS). In this section, we provide a
more formal definition of these terms, and examine the
components that we might expect in a DBMS environment
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Database Systems

Database

A shared collection of logically related data and its description,
designed to meet the information needs of an organization. We now
examine the definition of a database so that you can understand the
concept fully. The database is a single, possibly large repository of data
that can be used simultaneously by many departments and users.
Instead of disconnected files with redundant data, all data items are
integrated with a minimum amount of duplication. The database is no
longer owned by one department but is a shared corporate resource.
The database holds not only the organization’s operational data, but
also a description of this data. For this reason, a database is also
defined as a self-describing collection of integrated records. The
description of the data is known as the system catalog (or data
dictionary or metadata—the “data about data”). It is the self-describing
nature of a database that provides program—data independence.
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The approach taken with database systems, where the definition of data
is separated from the application programs, is similar to the approach
taken in modern software development, where an internal definition of
an object and a separate external definition are provided. The users of an
object see only the external definition and are unaware of how the
object is defined and how it functions. One advantage of this approach,
known as data abstraction, is that we can change the internal definition
of an object without affecting the users of the object, provided that the
external definition remains the same.

Y geaie GliLall (i i (&G Cna ccalilal) o) 8 dadail 8 aiall G gluY)
Cus il Gl pll yshat (8 aiall Coslu¥) audy (Gudaill el (e
et AdSl €53 e 5 B Gl 4y Ll () gepdaien KN
(Slilad) sl anly 485 p2all 5 sl 128 L e saa) [ Jeny @S 5 ()
(Sl axiiiee el o ga AU daall Cay pail) jad WSy 43 54

Al g o ALl Gy yatl) Jlay o Aday yi




Database Systems

In the same way, the database approach separates
the structure of the data from the application
programs and stores it in the database. If new data
structures are added or existing structures are
modified, then the application programs are
unaffected, provided that they do not directly
depend upon what has been modified. For example,
if we add a new field to a record or create a new file
or table , existing applications are unaffected.
However, if we remove a field from a file that an
application program uses, then that application
program is affected by this change and must be
modified accordingly.
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Another expression in the definition of a database
that we should explain is “logically related.” When
we analyze the information needs of an
organization, we attempt to identify entities,
attributes, and relationships. An entity is a distinct
object (a person, place, thing, concept, or event) in
the organization that is to be represented in the
database. An attribute is a property that describes
some aspect of the object that we wish to record,
and a relationship is an association between
entities.
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For example, Figure 1.6 shows an

Entity Relationship diagram (ERD) for part of the
DreamHome case study. It consists of:

e six entities (the rectangles): Branch, Staff,
PropertyForRent, Client, PrivateOwner, and Lease;

e seven relationships (the names adjacent to the
lines): Has, Offers, Oversees, Views, Owns,
LeasedBy, and Holds;

e six attributes, one for each entity: branchNo,
staffNo, propertyNo, clientNo, ownerNo, and
leaseNo.
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The database represents the entities, the attributes, and the
logical relationships between the entities. In other words, the
database holds data that is logically related.
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Figure 1.6 example Entity Relationship diagram.
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The Database

Management System
(DBMS)




DBMS

A software system that enables users to
define, create, maintain, and control access
to the database. The DBMS is the software
that interacts with the users’ application
programs and the database. Typically, a DBMS
provides the following facilities:
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DBMS

e |t allows users to define the database, usually
through a Data Definition Language (DDL). The DDL
allows users to specify the data types and structures
and the constraints on the data to be stored in the

database.
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e |t allows users to insert, update, delete, and retrieve data
from the database, usu- ally through a Data Manipulation
Language (DML). Having a central repository for all data and
data descriptions allows the DML to provide a general inquiry
facility to this data, called a query language. The provision of a
query language alleviates the problems with file-based
systems where the user has to work with a fixed set of queries
or there is a proliferation of programs, causing major software
management problems.
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The most common query language is the Structured
Query Language (SQL, pronounced “S-Q-l", or
sometimes “See-Quel”), which is now both the
formal and de facto standard language for relational
DBMSs. To emphasize the importance of SQL, we
devote this year to a comprehensive study of this
language.
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It provides controlled access to the database. For example, it may provide:
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* A security system, which prevents unauthorized users accessing the
database.

* An integrity system, which maintains the consistency of stored data.

* A concurrency control system, which allows shared access of the
database.

* Arecovery control system, which restores the database to a previous
consistent state following a hardware or software failure.

* A user-accessible catalog, which contains descriptions of the data in the
database.
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DBMS
Application Programs

A computer program that interacts with the database by issuing
an appropriate request (typically an SQL statement) to the DBMS.
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Users interact with the database through a number of application
programs that are used to create and maintain the database and
to generate information. These programs can be conventional
batch applications or, more typically nowadays, online
applications.
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The application programs may be written in a programming
language or in higher-level fourth-generation language. The
database approach is illustrated in Figure 1.7, based on the file
approach of Figure 1.5. It shows the Sales and Contracts
Departments using their application programs to access the
database through the DBMS. Each set of departmental
application programs handles data entry, data maintenance,
and the generation of reports. However, as opposed to the file-
based approach, the physical structure and storage of the data
are now managed by the DBMS.
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Database system
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Lease (leaseNo, propertyNo, clientNo, paymentMethod, deposit, paid, rentStart, rentFinish)

Figure 1.7 Database processing.
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Components of the DBMS Environment

We can identify five major components in the DBMS

environment: hardware, software, data, procedures,

and people, as illustrated in Figure 1.8.
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Figure 1.8 The DBMS environment.
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Hardware

The DBMS and the applications require hardware to run. The hardware can
range from a single personal computer to a single mainframe or a network
of computers. The particular hardware depends on the organization’s
requirements and the DBMS used. Some DBMSs run only on particular
hardware or operating systems, while others run on a wide variety of
hardware and operating systems. A DBMS requires a minimum amount of
main memory and disk space to run, but this minimum configuration may
not necessarily give acceptable performance. A simplified hardware
configuration for DreamHome is illustrated in Figure 1.9. It consists of a
network of small servers, with a central server located in London running
the backend of the DBMS, that is, the part of the DBMS that manages and
controls access to the database. It also shows several computers at various
locations running the frontend of the DBMS, that is, the part of the DBMS
that interfaces with the user. This is called client—server architecture: the
backend is the server and the frontends are the clients.
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Figure 1.9 DreamHome hardware configuration.
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Software

The software component comprises the DBMS software itself
and the application programs, together with the operating
system, including network software if the DBMS is being used
over a network. Typically, application programs are written in a
third-generation programming language (3GL), such as C, C++,
C#, Java, Visual Basic, COBOL, Fortran, Ada, or Pascal, or a fourth-
generation language (4GL), such as SQL, embedded in a third-
generation language. The target DBMS may have its own fourth-
generation tools that allow rapid development of applications
through the provision of query languages, reports generators,
forms generators, graphics generators, and application
generators. The use of fourth-generation tools can improve
productivity significantly and produce programs that are easier
to maintain.
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Perhaps the most important component of the DBMS
environment—certainly from the end-users’ point of view is the
data. In Figure 1.8, we observe that the data acts as a bridge
between the machine components and the human components.
The database contains both the operational data and the
metadata, the “data about data.” The structure of the database
is called the schema. In Figure 1.7, the schema consists of four
files, or tables, namely: PropertyForRent, PrivateOwner, Client,
and Lease. The PropertyForRent table has eight fields, or
attributes, namely: propertyNo, street, city, zipCode, type (the
property type), rooms (the number of rooms), rent (the monthly
rent), and ownerNo. The ownerNo attribute models the
relationship between PropertyForRent and PrivateOwner: that
is, an owner Owns a property for rent, as depicted in the ER
diagram of Figure 1.6. For example, in Figure 1.2 we observe that
ownher CO46, Joe Keogh, owns property PA14. The data also
incorporates the system catalog
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Procedures

Procedures refer to the instructions and rules that
govern the design and use of the database. The users of
the system and the staff who manage the database
require documented procedures on how to use or run
the system. These may consist of instructions on how
to:
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e Log on to the DBMS.
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e Use a particular DBMS facility or application program.
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e Start and stop the DBMS.
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e Make backup copies of the database.
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e Handle hardware or software failures. This may include
procedures on how to identify the failed component,
how to fix the failed component (for example, telephone
the appropriate hardware engineer), and, following the
repair of the fault, how to recover the database.
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e Change the structure of a table, reorganize the
database across multiple disks, improve performance, or
archive data to secondary storage.
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The final component is the people involved with the system.
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We can identify four distinct types of people who participate in
the DBMS environment:
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Data and database administrators.
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Database designers.

Application developers.

End-users.










