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INTRODUCTION

L1S 318: Database Design and Management is a two-creditfiusiit
semester course that will last for at least onees¢en. This course is
elective but critical to all undergraduate studeimtisthe University's
Department of Library and Information Science wheea to acquire
industry-required skills in the area of databassgieand management.
This guide is also appropriate software for libranydents who intend to
acquire essential and needed knowledge on databbasgn and
management. Database Design and Management fooughe design,
implementation, management and application of CegatManagement
Systems. Itis a course in which you will be exqabto basic knowledge
of database design and management, concepts dmdg@es necessary
to effectively understand and implement the refatlodatabase model
which is the foundation or substructure of the entrday conventional
database legacy or upshot. Topics in the courdedadhe definition of
concepts; importance and characteristics of daéshasypes and
categories of databases; database design, develgpmaintenance,
and Implementation strategies; SQL, and data miadelhormalisation
INF, 2NF, 3NF, and storage management of databasessaction
management and query evaluation of databases; \A&dddbnformation
systems; heterogeneous databases; informationrati@y and wireless
data management; distributed and non-relationabbdase systems;
network-centric data management; heterogeneous bakHs;
information integration and wireless data managensata modelling;
basic skills and competencies of the database meanagd user;
challenges of development and management of databdibraries and
information centres in Nigeria; and practicum inilding and
maintaining databases in libraries and informatientres.

COURSE AIMS

The aim of this course is to introduce you to tleeeral knowledge of
database design and management. This will entaith@ough
understanding of understanding of the applicatiod @rinciples of
database systems which are crucial success fatorsnformation
professionals assuming leadership responsibiliigfsiture information
systems initiatives. The course offers you the chaonf extremely
thorough and careful study of the traditional andwentional principles
of database design, implementation, management, usage. The
course consists of fifteen units of study.
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COURSE OBJECTIVES

After completing the course successfully, you stidad able to:

I. Define the concepts database, database design, database
management

il. List and explain the importance and characteristictatabases;

iii. Identify and explain the types and categories tdloses;

Iv. Explain database design, development, maintenanesd
Implementation strategies;

V. Describe SQL, and Data Modelling; normalisation

Vi. List and explain 1NF, 2NF, 3NF, and Storage Managemof
databases;

Vii. Describe transaction management and query evatuatidatabases;

viii.  Define distributed and non-relational databaseesgst

iX. Describe network-centric data management;

X. Define Web-based Information Systems;

Xi. Discuss heterogeneous databases; information atiegrand wireless
data management;

Xil. List and explain the basic skills and competencéshe database
manager and user;

xiii. ~ Discuss the challenges of development and Managemhelatabase in

libraries and information centres in Nigeria;
xiv.  Apply logical database design principles.
XV. Demonstrate the design and implementation of a database project
xvi.  Conduct and carry out the project on building andintaining
databases in libraries and information centres.

IN THE PROCESS OF COMPLETING THISCOURSE

To complete this course, you must go through thduies and read the study
units carefully, as well as participate in pradtiaetivities and evaluations. It
is also important that you open and read througtihal links provided by
clicking on them. You should also read the reconueenbooks and other
materials and make sure that you attend all thetiped sessions of the course.
You should always endeavour to participate in théne facilitation. An
individual unit of the course has an introductioml @bjectives that you should
achieve at the end of the study. There is alsonalasion and a summary of
what you should study in the unit. Furthermore reéhis the Tutor-Marked
Assignment (TMA) to evaluate what you have learnéali can download the
course material into your device so that you cadysit at your convenience
anytime you are offline and when it might not be@wenient for you to access
the hard copy of the course material.

ASSESSMENT

There are two types of evaluations. There are bmthative and summative
assessments. The formative tests will help you ke of your progress. In-
text questions, discussion boards, and Self-AssassExercises are used to

\'
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accomplish this. The university will use the sumreatests to measure your
academic success. This will be delivered as a CtemBBased Test (CBT),

and will be used for both continuous evaluation famal examsYou have to
take 3 continuous assessments; each constitutes a6éb a final
examination which is based on 70% at the end o§é&meesteryYou must
complete all of the computer-based exams as weleaBnal exam.

STUDY UNITS

There are 15 study units in this course, dividgd six modules. The
modules and units are presented as follows:

Modulel Concept, Importance, and Characteristics of Databases

Unit 1 Definition of Concepts; Importance and Giweristics Of
Databases

Unit 2 Types and Categories of Databases

Unit 3 Database Design, Development, Maintenaaice,
Implementation Strategies

Module2  SQL, Modelling, and Nor malisation

Unit 1 SQL, and Data Modelling

Unit 2 Normalisation INF, 2NF, 3NF

Unit 3 Storage Management of Databases

Module3 Transaction Management and Relational Database
Systems

Unit 1 Transaction Management and Query EvaluatiOh
Databases

Unit 2 Distributed and Non-Distributed Databasst8gns

Module4  Network-centric, Web-based Systems

Unit 1 Network-Centric Data Management

Unit 2 Web-Based Information Systems

Module5 Heterogeneous, Information Integration and Data
M anagement

Unit 1 Heterogeneous Databases

Unit 2 Information Integration and Wireless Datamdgement

Vi
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Module6 Competencies, Challenges, and Practicum in Database

M anagement

Unitl Basic skills and Competencies of the Datebddanager

and User

Unit 2 Challenges of Development and Management of
Database in Libraries and Information Centres in
Nigeria.

Unit 3 Practicum in Building And Maintaining Datades in

Libraries and Information Centres.

PRESENTATION SCHEDULE

The presentation schedule includes important d&escompleting your

computer-based evaluations, participating in forudmscussions, and
facilitation. You should note that your assignmestsuld be submitted at a
suitable time. You should not indulge in plagiaridinis a criminal offense

punishable under the law. You should also guamansty delay as much as
possible.

ASSESSMENT

In this course, two types of tests will be givendascored. The Continuous
Assessment and the Final Test are the two. Thellebeithree sections of the
continuous evaluation. The tests will be providedaccordance with the academic
calendar of the university. You must stick to tiebeglule to the letter. The overall
continuous evaluation score will be 30%, and il W factored into the final grade.
The final exam for LIS 318 will last no more thamot hours and will account for
70% of the total course score. If you participatehe course discussion forum at
least 75% of the time, you will receive a 10% bgrausd if you do not, you will
forfeit 10% of your overall ranking.

HOW YOU CAN BENEFIT FROM THE COURSE

You will get the most out of this course when yavé access to the
Internet with a good personal laptop. Your leagnim this course will
be made easy because the course materials araldwaahd accessible
anytime and anywhere. The Intended Learning Outeao(ii€s) can be
used to direct your self-study in the course. At émd of each unit, try
to assess yourself using the ILOs to see if yooigethe objectives.

You must carefully go over each unit of this guadel write down your
notes. Participate in the planned online real-tiaeilitation. If you
happen to miss one of the scheduled online rea-tharcilitation
sessions, you can listen to the recorded sessigouateisure. Real-time
sessions will be video recorded and made availablehe website.
Watch the video and audio recorded descriptioménrespective unit in
addition to the online session. The audio can thenevaluated by

vii
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clicking on the text links. Go over the self-evdloa exercises. It is
important that you adhere to all the rules and gjinés.

FACILITATION

The online recorded sessions will be sent to yoe fecorded session is
learner-centered. The pattern of the online segsicorded will be both
synchronous and asynchronous. Regarding asynalsofailitation,
your facilitator will:

Provide the theme for the week;

Facilitate the forum discussion;

Coordinate activities in the platform;

Do the scoring and the grading of the activities;

Upload the scores into the university platform;

Provide help and support to you through personalsniaat will
be sent to you.

) Send videos, audio lectures, and podcasts to you.

For the synchronous sessions

o On the web site, there will be eight hours of oalireal-time
video conferencing. The eight hours will consistedjht one-
hour touch sessions.

o At the conclusion of each one-hour video confemeg@ession,
the video will be uploaded for you to watch at ytaisure.

o The facilitator will only cover the topics that amaportant for
you to understand in the course.

) The facilitator will focus on the course's key twpthat must be
understood.

° At the start of the course, the facilitator willegent the online
real-time video session schedule.

o On the first day of facilitation, the facilitatorilwwalk you

through the course guide in the first lecture.

Make an effort to contact your facilitator if you have trouble
understanding some aspects of the study unitssggrasents.

Find the exercises for self-evaluation.

When you're faced with a difficult question or perh about an
assignment, or with your tutor's remarks, it's imigot to stay calm.

Besides, you can request for technical support gugime contact
provided for you.

Here’s wishing you all the best!

viii
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MODULE 1 CONCEPT, IMPORTANCE, AND
CHARACTERISTICS OF DATABASES

Unit 1 Definition of Concepts; Importance and Giweristics of
Databases

Unit 2 Types and Categories of Databases

Unit 3 Database Design, Development, Maintenaaice,

Implementation Strategies

UNIT 1 DEFINITION OF CONCEPTS, IMPORTANCE
AND CHARACTERISTICS OF DATABASES

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 Databases

3.1.1 Importance of Databases in Libraries and

Information Centres
3.1.2 Characteristics of Databases
3.2 Database Management System (DBMS)
3.2.1 Database System
3.2.2 Database Management Systems (DBMS)
3.3 Advantages and Disadvantages of Database Marag
Systems
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit will expose you to different definitionsnd concepts of
databases; for you to know what they are. You &b be introduced to
the characteristics of databases and the importafcdatabases in
libraries and information centres.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

o define databases

o define database management

o enumerate the importance of databases in libraries

o explain the characteristics of databases

) describe database management systems

) describe the advantages and disadvantages of databa
management systems

o draw the components of DBMS.

3.0 MAIN CONTENT
3.1 Databases

Database technology and databases perform a crot@ah many areas
where computers are used; such as in librariesnéss education, and
medicine. The course commences from the essewotiglept where you
will be introduced to the fundamental of databastesns.

Simply put, data refers to information related wwme goal under
consideration. Your name, age, height, and wemipng other things,
are examples of personal data. Data may also tefepdf file, a photo,
or an image, among other things. Data is factualwkedge about
objects that includes definitions, measurementd, datistics. Data can
be used in calculations as well as in discussidiis may also be
referred to as a single individual, a group of pepm place, an
occurrence or an action. Data may also be thouigas @an unprocessed
representation of facts, instructions, ideas aurkg. Similarly, data can
be defined as a known fact or assumption that alloverence and
conclusion to be drawn. It is usually unprocessemsisting of letters
and numbers, symbols, and strings that represestifgpvalues and
ideas to communicate knowledge in specific contekigta must be
interpreted and analysed to be useful.

Data can be saved. As a result, it can be kepflilimg cabinets,

spreadsheets, stacks of documents, or on the dedkgers, or lists in a
library. A database, like all of the others, cawrestinformation.

Databases can handle and process the informateyndbntain due to
their mechanical design. As a result, such datsereeficial to libraries
and their operations. Now that you know what datayou can start to
see how a tool that can store and organise dadachsdor it quickly,

retrieve it, and process it can change how dataesl.
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Data may be in any format, which may or may notbailable. It is a
collection of facts presented without any contékfor example, you
write that, “It is sunny”, until it is analysed @ particular case, such a
message to a person remains data. You may assatbehrecipient of
the message has converted the data into informatiether he or she
uses it to make decisions. For example, the nunid@ris data, but it
has no value unless it is used or analysed in octipn with other
factors such as age, weight, height, or distaneeake a decision. Ina
similar vein, a sentence like "40 users were inliti@ry on April 2nd,
2021" is a string of textual and digital data. Swtdta will remain
unanalysed until it is used to answer the questiblow many users
were in the library on April 1st, 2021?" As a réswhen data is
analysed and used to make a decision or draw ausimic, we may
assume that it has been transformed into facts.

Information: Data that has been processed or provided me&miaggh
an associational relation or connection is refeteds information. A
relational database generates information from dh& it contains.
Knowledge indicates some level of comprehensiom.dxample, when
the temperature fell to 14 degrees, rain beganalio As a result, a
database is a systematic collection of data thables electronic data
storage, manipulation, and management. A datalaseentralised and
shared computer system that stores metadata (iafmmabout data) as
well as end-user data (raw facts of interest tcusets).

A database is a compilation of information aboet dictivities of one or
more similar organisations. For example, a uniwgerdatabase might
contain information on students, faculty, courses] lecture rooms, as
well as relationships between those individualschswas students
enrolled in courses, faculty teaching courses, #dred use of lecture
rooms for courses.

Database examples are:

) An online directory for storing personal informatisuch as
contact information and phone numbers. A databsasesed by
your electricity service provider to monitor cliemated
problems, fault details, billing, and other tasks.

o Facebook, for example, displays information aboatnbers and
their mates, membership events, messages, ads, tl@nd
manipulation and storage of member information. réhare
numerous other uses for databases. Data storageatabase that
is effective can help with data management, pracgssand
retrieval.

o It's essential to remember that data in databasesormally
arrange into data fields. As a result, a data field record feature

3
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that is close to or equivalent to an attribute. té/ri publishers,
edition comments, title, place of publication, yeampublication
are just a few of the data fields that can be foumd record.
When these fields are combined, they form a recdbdiata file is
made up of related records with identical formdtdes on
bibliography “inforemic”, for example, contain arebs of
reading material on this subject matter and areected. Writer,
title, place of publication, publishers, years abfcation, edition
statement, pages, and other details are includezhah record.
For storage and retrieval, such a file is giveramae. A database
is made up of a set of interconnected records witbpecific
framework for retrieval, data storage, adoptiord delivery for
multiple users of one or more applications on dednan

3.1.1 Importance of Databases in Libraries and Infomation
Centres

The whole essence of using the library and infolonacentres by the
users is to gather relevant information. Informate@ntres and libraries
are developing databases to serve the users hatiéne area of
information provision and retrieval. This sectitrertefore, discusses the
importance of the various databases kept by libsaand information
centres.

I Databases assist in the provision of access toegsmnally
written articles, literature, and timelines thavéadeen curated,
edited, and organised by scholars, primary sourtemks,
images, and video content. Many databases inridsraand
information centres recommend free, web-based ressuthat
have been meticulously selected for use; such ako ra
programming, videos and podcasts. Databases atly,cthey
have tagged information “gold mines” where stutkeand other
categories of users can spend limited time worryaigput
whether or not the resources are authoritative enedible to
enable straight access to their information.

. Databases provide citations for the resources hbusébraries
and information centres often in Chicago/Turabigt,A, and
APA. These citations can be easily exported intod@ Tools or
copied and pasted into Google Documents. Since ttiambases
are easy to use, they save students’ time and eag®uhe
development of academic integrity.

1 Databases help to develop the habit of seekingraspecting
information expertise in students instead of rejyam wide-open
internet where anyone’s ideas, irrespective of tivredr not they
are fact-based can be distributed.
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3.1.2

MODULE 1

Databases in libraries and information centres lenatlvanced
searches. They provide students with further unaedsng of
information that can be searched and tagged in ladho
environments. Advanced searching enables studentsllect
terms and filter resources that get in the wayheirtprogress. In
this information era, there is always the challeafjeformation
overload where young researchers often peruse toelyesults
from Google searches because they are overwheliedearch
results. They do not recognise that there arenofimsed,
sponsored sites, or even popular “fake or fabedatsites listed
on top of searches just because they get reguisr Aiskillful
search in a database can result in a more managssthdf search
results. Databases are important means throughhwiticaries
and information centres can guard against cybelgtoes
stimulated or propelled by commercial interest gualitical
agendas.

Databases provide resources to multiple users ZRlirs enables
easy collaborative project work better than whem yave to
share print resources that might not get returnedtlg or
instantly to the library. A whole class can be aske read an
article without printing out copies.

Databases provide access to copyrighted matereatscylarly
those that are not freely available on the interhistving been
aware of the database to explore first, a libraciam facilitate the
development of awareness of resources with theotisesearch
guides which are published often on their websites.
Databases provide habit-building practice necessdoy
preparation for tertiary education. The univergtpfessors for
instance expect students to have experience inuge of
scholarly databases for research as well as regpaaformation
expertise.

Characteristics of Databases

Many characteristics distinguish databases fromhemoform of file-
based approach. This section identifies and dissusshese
characteristics.

Data sharing and multiuser systems: A multiusealokzde allows
several users to access the database at onceaelsla multiuser
databases typically use concurrency control to lenaany users
to have access to similar data items consecutivhlie ensuring
that the data is accurate in terms of data intggrit

Control of data integrity: In most databases, edata object is
stored in a single location. Redundancy still exigt some
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situations, but it is regulated and reduced tobi#we minimum in
order to increase device efficiency.

iii. Self-descriptive nature: A database system incluagsonly the
database itself, but also data structure explamatend flaws.
When the need arises, DBMS software or databass use this
piece of knowledge. The line of demarcation distisges a
framework from standard file-based system dataiSp&ion as
part of application programs.

Iv. Provision of multiple views of data: Individualars can have
different database views. For example, a view n&ag lsubset of
the database. As a result, users do not need &whee of how
and where the data they're talking about is stored.

V. Separation of software and data: In a file-basedrenment, the
data file structure is often specified in the apgiion programs.
As a consequence, if a user wants to change thetste, all of
the programs that use that file must also be clangenot, the
data structure, not the programs, is saved in trechime
catalogue. Only one change is needed in the lifthis.

Other characteristics that can be added includetauhot limited to
the following:

a. In a database, a combined field makes up a tdbbe.instance, a
user table contains fields that present data abatiuser.

b. A database is logical, coherent, and internallysesiant.

C. An individual data item is stored in a field.

d. Databases are created, developed, built, and pepwath data
for a certain purpose.

e. A database is a representation of a certain aspiethe real
world, or better still, a combination of data compots (facts)
representing information in the real world.

3.2 Database Management System DBMS
3.2.1 Database System
This is an assemblage of elements that describe ragdlate the

gathering, storage, and management perspectivdat#base system is
comprised of hardware, software, people, procedaras data.
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Figure 1.1: Elements/components of database system
Source: Guru99 (202 hxtps://www.guru99.com/introduction-to-database-

sql.htm|

These five components are discussed as follows:

Hardware: Computers’ input and output devices, storage deyiaad
other physical, electronic devices make up theware. This connects
computers and the real world system together.

Software: This is a set of programs for managing and momitpthe

database as a whole. Database software, operagsignsg network
software that allows users to share data, and Ggtjgih programs that
enable users to access data in the database areladled.

People:In a database system, the people part referd td Hie people
who are directly associated with the system. Amihiege people are the
directors, who decide the system's goals, as wetha customers. The
system's people factor includes the human resoulicestor who wants
to improve an efficient and effective payroll prese the human
resources workers who keep accurate employee aceords, and the
employees whose salaries will be deposited diraotly their accounts.
When we look at the first case, we can see thaintiigidual’s problem
Is partly to blame. The main takeaway here is thatbase system
developers bring a diverse set of skills, perstiealidesires, biases, and
personal characteristics to the table, all of whsbtlould be considered
when the database is built. Users also strugglsé¢oa database because

7
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they lack the requisite skills or have a negatitteuale about it. As a
result, users should be given adequate and angilenty and time to
become familiar with the database. For example, drumesources
employees should be educated on how to enter eegplagcount data,
correct incorrect entries and deposit wages intoh eaccount when
implementing an electronic payroll system. The eys$ advantages
should be communicated to all human resources ataffemployees to
promote positive attitudes toward the database.

Procedure: Procedures are a set of guidelines and regulatiatswill
help you use the database management system niecavedly. It is the
process of creating and running a database usiogntented methods
in order to direct the users who run and manage it.

Data: Data is an unstructured, unprocessed fact that beugtrocessed
in order to be useful. Unless it is organised, daa be simple and
disorganised at the same time. Data can be evegythiom truth to
observations, to experiences to numbers, charactmmbols, and
images.

3.2.2 Database Management Systems (DBMS)

A DBMS is a combination of programs that allow $s&éo access
databases, manouvre data, report on data, andcplyspresent data.
Connection to the database is also regulated bipBMS. A database
management system (DBMS) is software that allovessu® access data
stored in a database. The purpose of a databasageraent system
(DBMS) is to make identifying, storing, and retiiey data in a database
simple and effective. The database management nsy¢2BMS)
communicates with server programs in such a way dasa in the
database can be accessed by a variety of apphsadiod users. Besides,
the DBMS employs or applies centralised controthed database and
prevents illegal and unlawful users from acces#iregdata to assure the
security and privacy of the data.

In like manner, a DBMS is a set of programs thagrates, guides, or
manages the database structure while restrictiogsado the data stored
there. A database is analogous to a well-organededtronic filing
cabinet whose contents are controlled by sophisticaoftware (the
DBMS). A standard database management systenpistee in Figure
1.2.
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Fig. 1.2: Typical Database Management System
Source: Adrienne Watt and Port Moody (2018) Database Desig

3.3 Advantages and Disadvantages of Database Mamagent
Systems
Advantages of Database Management Systems

The availability of a DBMS between the database el end-users’

application provides numerous benefits. For examplBBMS enables
data in a database to be distributed by severak use applications.

Furthermore, a database management system (DBM&prates

multiple users' perspectives on data into a simgieh is more or less
like a data repository. Data is critical to the Sialnce out of which data
is derived, collected or procured, so a good daaaagement system is
needed. As you might have noticed in this sectioBAMS assists data
management efficiently and effectively. Essentialy DBMS has the
following advantages.

Controlling redundancy: Nearly every single library needs publisher
information for the Acquisition, Technical, and eicals sections.
This information would have to be stored separatelyach of the three
parts of a file-oriented framework. However, stgridentical data in a
single file in a database management system (DBb&®) meet the
needs of all three users. As a result, maintaisiegeral copies of the
same data may be constrained in terms of redundatawever, in
practice, there can be times when we need to asichall amount of
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redundancy to the database for performance purptéed be able to
keep it under serious control in that situationisTik why it is important
to reduce rather than eliminate redundancy.

Reduction in data consistency: Inconsistency in data occurs when
various data versions appear at various placesa D@bherence, for
example, occurs when a collection department affitemed James
Swift is stored by the acquisition department o tfibrary and the
personnel department named the same individual @tadé G. Swift.
In a well-designed database there is a very limgedsibility of data
incoherence.

Improvements in decision-making: The generation of higher-quality
data, which can be used to make informed decisisngiade possible
by well-managed data and improved data access.duhléty of the
information used is determined primarily by the lgyaof the raw data.
Data quality is an integrated approach to ensuuaga accuracy,
accuracy and validity. Data quality cannot be gotad by DBMS, so
it provides a mechanism for supporting initiativessdata quality.
Increased end-user productivity: End users can make swift, educated
decisions based on data availability and resouticas turn data into
usable knowledge, which can mean the differencerd®t success and
failure. The advantages of using a database mareagemsystem
(DBMS) go beyond those mentioned above. In factyaslearn more
about databases and how to properly construct themalll find a
number of other advantages.

Economical: Economy, in general, refers to the cost of a grofip
operations that is less than the amount of thesaafsindividual efforts.
The database approach evolved into applicatiorralédtion, resulting
in a reliance on large, expensive, and powerful maers as well as
technical expertise in one place. Economies of size typically the
product of this. Besides, since many people slamdatabase, any
database modification of upgrade would help evedybdf two library
automation systems are available, one with softvcamponents and
another one with separate modules for acquisitioataloguing,
circulation, and serials management, the integrsystem would almost
certainly be more cost-effective.

Improved data sharing: The DBMS promotes the creation of an
environment where users have unlimited access toemus well-
managed data. In the light of this, end-users gamptly respond to
modification in the environment following such asse
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Balancing conflicting requirements: The database system ensures a
balance between the competing needs of differetd daers. The
Database Administrator — To protect or have theegannterests of the
organisation in mind, an expert or a group of etgwiithin the library
that operates the database should ascertain thatatiabase serves the
purpose of the whole library, not just a singlerusegroup of users.
Although a database system could support an ing@vidser community
less efficiently than if it had its own system, thierary as a whole
would benefit. As the library grows, specific custr segments profit.
As a result, the database system considers thes reddabth individual
users and the organisation as a whole.

Efficient data integration: Unrestricted access to a properly
administered data enables a holistic view of araoigation’s success
and functionality as well a better idea of the afiion. It becomes much
easier to follow activities in one library section unit’s impact on the
other.

Data security improvement: The higher the potential for data access,
the greater the data protection risks. Libraried erfiormation centers
devote a huge amount of time, effort, and monegnsuring that library
data is properly used. A DBMS is a system or camfgon that
provides avenue for the proper application or mansnt of data
protection and security rules or principles. Sintee Database
Administrator (DBA) has power over operational dasathorisation
protocols may be set up that allow only registarsdrs to have access
to it. Various users may have various types of s€te the same data
with the assistance of DBA. A technical sectiaaffstor example, may
enter and or moderate that in the library catalpdwevever, library
users may only be able to access the data, buhotagnter or modify it.
In the DBMS, such a provision for data protectispossible.

Flexibility and responsiveness:In a file-oriented approach, data
handled with different files from different users not portable or
sensitive. For example, if a file in a file-oriedtsystem is arranged in
alphabetical order by the author, the system vatl respond to queries
to view the list in different orders, such as alpdtecal order by title,
topic, publisher, or date. If the same informati®stored in a structured
database, a user may get a response from the datizbane of the ways
described above. Besides, due to the DBMS' flagthiprogrammers
can create new programs in response to uniqueeieests.

Improvement in data access The DBMS enables generation of fast
answers to ad hoc queries. A query is a requetet@®BMS to access
the data in a particular way, such as reading angimg it. A query is
simply a question, and an ad hoc query is a questiat is posed on the
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spur of the moment. The DBMS responds to the agiplic with a
response (referred to as the query result). Whealinde with
voluminous sales data, for example, end users naay fast answers to
guestions (ad hoc queries). The following are sexamples, but they
are not exhaustive:

o What was the visitation rate to the library duritige past six
months?
o What is the increase in the number of users atterideby

reference librarians during the past three months?

Disadvantages of Database Management Systems

You should note that, as there are advantagestabalses in libraries
and information centres, so also there are disddgas. Some of the
identified disadvantages are difficulty in recoveopmplexity, costly
nature of the database, additional hardware remeinés, size, among.
We will now discuss them.

Difficulty in data recovery: Due to the DBMS's complexity, data
recovery in the event of a catastrophe is much nebfecult and
complicated compared to what obtained in a filexmed system.

Complexity: Based on the complexity and scope of applications
provided by a DBMS, it is a complicated additiomefe are choices to
make when developing and implementing a new apmicausing a
DBMS. However, there is a risk of making incorregécisions,
especially if one's understanding of the DBMS iadequate. This
explanation implies that if bad decisions are takbéat can spell the
end of the project.

Cost: A very good database management system is a dtastly The
overall cost of all the exact elements relevantDBMS for a large
mainframe system may be in the millions of nairagea

Additional hardware requirements: Due to the project's size and
complexity of DBMS, more hardware resources wowddchbeded. Users
can experience a substantial drop in performancehdf system's

hardware resources are not upgraded when a DBMd®chased.

The negative effect of hardware-software mal-functinality: Many of
the data processing tools in the information syséeenconcentrated in
the database. Any hardware/software failure wilvéhamuch more
serious consequences than in a non-database sditting database
setting, all nodes will fail; however, in a filetented system, only one
node will fail.

12
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Size: A DBMS must be a large program to accommodate falihe

complex applications that it must provide to usemsnsuming huge
megabytes of storage space including a consideeabtunt of internal
memory. MSWORD, for example, is a simple progranmpared to
dBase, Sybase, or Informix, and the former occupess hard disk
space than the latter. The program's scale growgsraportion to its
complexity.

SELF-ASSESSMENT EXERCISE
Explain the difference between data and informati@ive some
examples of raw data and information.

4.0 CONCLUSION

This unit has exposed you to databases and datahasagement
systems that are very important and relevant tadies and information
centres. This is because of the daily increasharamount of data being
generated and which must be properly managed fturduuse and
reference, and also to guard against loss.

5.0 SUMMARY

From the discussion in this unit, you must haverled about databases
in terms of what they entail. You have been intcetlito the database
management systems, their importance, charactsiistdvantages, and
disadvantages in libraries and information centrdhe unit has also
discussed the various components that make up aidamanagement
systems. However, you can refresh the study thrélhighrecommended
link: https://www.youtube.com/watch?v=T7AxM7Vgvafntroduction
to database and database management systems hyerJe2019),
before tackling the self-assessment exercise tlu@eayour learning.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain what a database is.

2. Define the terms, “database systems” and “datalvas®@gement
systems”.

3. Identify and explain the characteristics of datalsas

4. Discuss the importance of a database managemedairsys

5. lllustrate with the aid of a diagram, the variolengents of the

database system.

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

In the previous unit, you were introduced to dasaisaand database
management systems. Now in this unit, you will heabout the types of
databases, library databases, and their sources.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o identify and discuss the different databases usédkei library and
information centres,

o describe library databases,

o list and discuss the sources of library databases.

3.0 MAIN CONTENT
3.1 Types of Databases

Various types of databases may be created usiatphakse management
system. Each database holds a specific set of atatais used for a
specific purpose. Various methods for classifyirjabases have been
adopted based on the evolution and creative usedlatdbases.
Databases, for example, can be grouped into thenfimlg categories:

i Database classification based on the number of ssgported
i Database classification based on location

i Database classification based on type of datadtore

iv. Database classification based intended data usage
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V. Database classification based on the degree tohwthi& data is
structured

These are discussed in detail as follows.
Database Classification based on the Number of UseSupported

a. Single-user database: In this database, only ogreisisuthorised
at a time. Users 2 and 3, for example, must holdirmnl user 1
has finished using the database. The term "des#tipbase"
refers to a database that operates on a persamaluder.

b. Multi-user database: This database allows sevesatsuto be
authorised at the same time. A workgroup databapeoses a
limited number of users (less than 50) or a pasdicunit within a
library.

C. Enterprise database: An enterprise database ithahe used by
the entire library and approves a large number s#rai (e.g.,
more than 50, typically 100) through several dos or
departments.

Database Classification Based on Location

a. Centralised Database This is a database that approves data
from a single location. The data from this databassored in a
single location, and users from all over the waréh access it.
This database contains application procedurestiedtle users to
access data from a strangely distant location. ES®a-validation
can be done using a variety of authentication poEs.
Similarly, the program procedures that keep trawtt document
user data include registration.Centralised datamsepicted in

figure 2.1.
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Fig.2.1: Centralised Database
Source: Tutorial Point (2021)

https://www.tutorialspoint.com/dbms/dbms data models.htm

b. Distributed Database This is a database that accepts or
confirms data shared across many different sitess the polar
opposite of centralised data. Contributions frone tommon
database, as well as information recorded by looalputers, are
combined in the distributed database. The dataispetsed
around an organisation, rather than being stored isingle
location. These sites are connected together wiéh help of
communication links, which enable them to easilgess the
distributed data. Various parts of a database, elsas program
processes that are replicated and exchanged atatiffpoints in
a network, are stored in several locations. Thesetwao types of
distributed databases: homogeneous and heterogeneou
Homogeneous databases are those that use the senceob
fundamental hardware and run on the same opersgstgms and
application procedures. On the other hand, hetoenes
databases refer to databases that have differendtopy systems,
basic hardware, and application procedures atrdiitdocations.
The distributed database is denoted in figure 2.2.

Distributed Database Environment
.af’*'-f RH
e
e "'“\\_h
Homogeneous Heterogensous
Autonomous Men-Autonamous Federated Hultidatabase

Fig. 2.2: Distributed database

Source: Tutorial Point (2021).

https://www.tutorialspoint.com/dbms/dbms data models.htm

It should be noted that both centralised and deaksed (distributed)

databases require a well-defined infrastructurecloing network

technologies, hardware, operating systems, ands)tteeimplement and
run the database. Usually, the infrastructure lggddao and is maintained
by the organisation that produced and operateddtabase.

17



LIS318 DATABASE DESIGN AND MANAGEMENT

C. Cloud Database: This is a database that is developed and
maintained with the use of cloud data servicesugicdlg Amazon
AWS, or Microsoft Azure. Cloud databases are thbs¢ have
been optimised and developed for a virtual envirentin The
services provided by the third-party vendors oetlior stated the
performance measures (such the availability, dai@age
capacity) and the likes for the database, but dausgally specify
the basic infrastructure to implement it. The owoérthe data
does not have to know this or be concerned aboat irdware
and software are being used to promote their databaThe
capacity of the database to perform can be re-badavith the
cloud provider regarding the requirements on theéaluhse
change. The organisations using this database lysuaichase
storage and processing capacity for their data applications.
When the demands on the database go up, furtheegsmg and
storage capabilities are also purchased as requi@dud
computing has various advantages, including thétyahbo pay
for storage space and bandwidth on a pay-per-uss, s well
as scalability and high availability when requirddhis database
also provides the library the enablement to asspsration
applications over a software-as-a-service platforfigure 2.3
depicts this.

continue
serving

- Master Data ——
() <
Master ---------_@ .......... Replica
Data Reconfigure cluster and resume Data
Replication with no data loss

Fig. 2.3: Cloud Database
Source: Harrington (2016).
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Database Classification based on Type of Data State

a. General-Purpose Database The general-purpose
database includes a wide range of data that carsédxt in
a variety of disciplines. A census database with
demographic data is an example. Other exampleshare
Proquest, and LexisNexis databases with newspaper,
magazine, and journal articles on a range of topics
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b. Subject-Specific DatabaseThe subject-specific database

IS a combination of data focused on a single toplwe
information in such databases is mostly used fadamic
or research purposes within a limited number of
disciplines, such as CompuStar or CRSP (Centre for
Research Security Prices). Another type of datalmse
geographic information system (GIS) database, which
stores geospatial and other related data, as welialical
databases, which store anonymous medical histday da

Database Classification based on Intended Data Usag

The most common classification database today sed@rimarily on
how it is used and the time-sensitivity of the ddataetrieves. In the
library transactions such as charging and dischgrgif books and
borrowing are essential daily operations. Thegegyof transactions
must be recorded accurately and factually, and tmexst be done
quickly. Here are some examples:

Operational Database This database is designed basically or
typically to support an organisation’s daily operas. An OLTP
database is also referred to as transactional asgalmr a
production database. It is a database that prozesséne
transactions. With this database, data connectdd te
operations of an organisation or library is stoiredhe database.
Functional lines such as services, user relationgjlation, user
service, and others require this type of datablase.depicted in
figure 2.4.

i
Q..—«,/

Fig. 2.4: Operational Database

b.

Source: Authors’ idea

Analytical Database The analytical database stores historical
data and circulation metrics that are mainly usedntake
decisions. To build information from which to ba$ibrary
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strategies, library decisions, patronage predistioand other
things, it needs extensive data messaging (datapomanon).
The end-user may use sophisticated techniques ttorpe
advanced analysis of operation data using thidhdata There are
two sections of this database. These are a dat@ecand an
online scientific research front end. A data waretgois a type of
data storage facility that stores data in a versiat makes it
simpler to make decisions about it. The data cek&eps
historical data from operating databases as weltata from
other external sources.

c. Online analytical processing(OLAP) is a collection of tools that
work intricately to provide a sophisticated dataalgitic
environment for retrieving, processing, and modglidata from
a data warehouse. Recently, the use of this dagdiEsgrown in
popularity and has developed into its disciplin@mely business
intelligence. The word "business intelligence" refto a system
for collecting and analysing business data to er@afiormation
useful in business decision-making.

Database Classification Based on the Degree to Whithe Data is
Structured
Another important way of classifying databasesisugh the
degree to which the data is structured. Therefaee have
unstructured and structured data.

a. Unstructured data is the raw data in the form in which it was
collected. The unstructured data is usually in i@iea that does
not lead to the processing that yields information.

b. Structured data is the one that arises due to the formatting of
unstructured data promote storage, use, and thatiame of
information. The structured data format can be iedpl
consequent on the types of processing that onaedat® follow
on the data. Unstructured data is not always rdadyypes of
processing of the structured data; structured dasdways ready
for other types of processing. The data value 18385 for
example, may be a zip code, a sales value, or duptccode.
Since the value represents a zip code or a prachd® and is
stored as text, it can no longer be used for mathieal
computation. If this value represents a sales aetion, it must
be formatted as a numeric value.

You also need to be aware of the semi-structuréal dais is mostly the
data you encounter and which has been processetet@l. A look at a
particular webpage will show that the data is repnéed in a pre-
arranged format to carry some information.The gferand management
of highly structured data is the focus of this #atse category. In other
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words, libraries and other organisations do noehavlimit themselves
to the use of structured data. Instead, they dependnstructured and
semi-structured data. A new type of database ca{ldll databases is
now being used to handle unstructured and senttsted data storage
and management requirements. Extensible Markup uagey or XML,
Is a special language for indicating and manipuo¢ptiata elements in a
textual format. The storage and handling of semiestired XML data is
aided by an XML database.

3.2 Library Databases

A library's main functions include book acquisitionjournal
subscription, reference and information servicesading content
distribution, and accounting and administration. cédunting and
management tasks, with the exception of budget geanant for books
and papers, are not often included in a librargried framework.
Singh (2004) identified five types of the databaseially created in
libraries and information centres. These are:

I Acquisition database: The acquisition databaseldvbe a
database of books that have been purchased. Rerslish
database, etc.

i. Online database

iii. Serial database: The serials database may inclutktabase
of existing serials, a serials union index, an@®s0

Iv. Circulation database: The circulation databaselavoclude
a list of books that have been checked out, aofidibrary
members, and so on.

V. In-house bibliographic of library members.

3.3  Sources of Library Databases

Singh (2004) identified five main sources of liyralatabases. These
are shelf lists of journals, data sheets, inteomati utilities, documents,
and shelf-list. These are discussed in turn asviall

Shelf List of Journals: Almost all libraries and information centres
have book shelf lists and journal shelf lists ast pd their packed
collections. No library shelf list contains fulldiographic information
on all of the information services they have. They however, contain
important bibliographic information for books, calbimber, accession
number, author, year of publication, title, pubfisty issue and class
number for journals, and others. If this informatis entered into a
computer, the library can be partially automatedm@ared to manual
processes, this partial automation provides speedyunlimited access
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to library stocks. Other data points under the fshst of journals
include bibliographic information and parallel ¢gl as well as series,
series editor, coauthor, main terms/subject headiogllaborators, and
ISBN.

Data Sheets Data sheet also serves as the source of thead&tabhis
is a real source for converting card catalogueshariding online union
catalogues of journals since it provides complédidgraphic material.
A data sheet may be created by the librarian torcedibliographic

information about books and other reading materiee data from the
books and other reading materials may be captuyelibtary staff or

any other individual charged with the task.

Journals, Books, and Other Reading Material In libraries, other
reading materials and books are a source of datatk entered into the
computer. However, the data librarian has to badified librarian and
a professional data operator.

International utilities : International databases such as OCLC
databases, which contain bibliographic informatimMARC format for
nearly all books published in English in relativeBll subjects
worldwide, can also be used to access data imilsl@tabases. Libraries
may use the OCLC databases to simplify their cgtads in this case.
All the librarian has to do is ask OCLC managenfenta license to
access their database and download the bibliograpfurmation of the
books.

SSELF-ASSESSMENT EXERCISE
Identify the types of databases used in the librang information
centres.

4.0 CONCLUSION

It is clear from this unit that types of databasas only be understood
through different classifications or categories abhare based on the
number of users, location, and type of stored degtage, and the nature
of the structure.

5.0 SUMMARY
Through this unit, you have learnt about the typkedatabases used in
organisations, including libraries and informatmentres. The types are

based on five categories which are:

. Database classification based on the number of ssgported
. Database Classification based on location
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. Database Classification based on Type of datadtore

. Database classification based intended data usage

. Database classification based on the degree tohwthie data is
structured

Also, the unit has identified and discussed somenaon library
databases as well as their sources. You can refresttudy through this
recommended linkhttps://www.youtube.com/watch?v=09WM37Gcnus
(Types and categories of databases by Shabeef@hey

TUTOR-MARKED ASSIGNMENT

1. What type of databases can be found in librariesiaformation
centres? ldentify and discuss at least FIVE of siathbases.

2. What are the sources of library databases? Disttusast four of
these sources.
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1.0 INTRODUCTION
In the previous unit we examined types of datahdgd@ary databases,

and their sources. In this unit, we will consideatabase design,
development, maintenance, and implementation gieste
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. discuss the procedure involved in the design ddluides used in
the library and information centres

. describe the development process of databases

. explain the maintenance of databases

. describe the implementation of databases

3.0 MAIN CONTENT
3.1 The Design of Databases

Database developers must understand that the dat#bgust a tool for
achieving a goal, not the goal itself. Database agars want their
databases to support the management of their ms®Ege however,
plenty of databases usually compel data managgedtigon their daily
routines to satisfy the database requirementsnd&td databases and
information systems are not just created; they thee product of a
carefully and deliberately staged development m®c€o determine the
need for an information system and establish mstdi, system analysis
is used. Within this system analysis, the real imfation system is
developed using a process-tagged system developret System
Development Life Cycle is a process that repeaselfitin the
development and evolution of information systemBL(S). There is a
continual method of developing, maintaining, impngy and replacing
an information system. In this unit, the databafedycle (DBLC) is
addressed mindfully or vigilantly and seen in tight of the larger
System Development Life Cycle. You'll learn aboop-tiown and
bottom-up database design, as well as centralised decentralised
database design.

There are three processes involved in the datatbesgn. These are
data/information collection, strategy and plannprgcess, and design
and implementation process. These are describennras follows.

3.1.1 Data Collection

The main purpose is data collection when developidgtabase system.
The reason is that the users will always describatwhey require in
terms of having imagination on how the databasé¢ ik like. The
designer will now consider the software and har@éwegquirements
before proceeding to the development.

Planning will make the system more accurate andwititdind the new
needs to fulfill the users.
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Designing will allow you to develop a logical antygical design and
be able to identify further use to improve the sgstefficacy and after
that, the development phase will commence.

Developing a strong information system or databsi$ene-consuming;
systems research and maintenance necessitate |cprefaration to
ensure that all tasks interact with one anothempiement one another
and are completed on time. The term "databasdi@néaefers to the
process of designing and implementing databases.pfimary goal of
database design is to construct conceptual, lggacal physical database
models that are complete, normalised, non-redundard integrated.
Creating the database storage system, loadingrdatthe database, and
providing data management are all part of the elxmtuprocess. A
simple and scalable database must be designednaidmented with
care. However, most designs objectively focus aff@ring solutions to
current challenges, it is essential to create gyddkat simply conforms
to future changes in terms of performance, size, reporting
requirements.

It should be noted that the procedure to develsprple database for a
small organisation is not the same as the onentitidte used to develop
a sophisticated one for a larger organisation opa@tion. In either
way, the development requires more complex plannamalysis, and
design. As a result, the following portion of thigit will feature the
System Development Life Cycle (SDLC) and the DasabLife Cycle,
(DLC). You'll hear about top-down and bottom-upatetse design, as
well as centralised and decentralised databasgrjesigardless of how
familiar you are with such procedures.

3.1.2 The System Development Life Cyel

The System Development Life Cycle (SDLC) examirtes pprocess of
creating an information system. The SDLC offerglstration within
which database architecture and application cneatam be laid out and
tested, which is more specific to the system desigiihe SDLC is
divided into FIVE stages, as shown in figure 3ristéad of following a
sequential operation, the SDLC is a repetitive oData from the
feasibility study, for example, could help refine aarlier evaluation,
and details found during the user requirementsebéshe SDLC could
help refine the feasibility study.
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Phase Actions

Initial
assessment and feasibility stt
requirements, existing system

Evaluatio

logical system design

Detailed

System

Design Detl
system specification

Implementatio .

n COgI,I’]

testing, and debugging,

Installation Fine-tuning

Evaluation, Maintenance, and-l

Enhancement
Fig. 3.1: The System Development Life Cycle (SDLC)
Source:Carlos Coronel & Steven Morris (2017).

The descriptions of the life cycle follow thus:
Planning

The device development life cycle process, for eamprovides a
general overview of the library and its goals. bgrithe SDLC's
discovery process, an evaluation of the informatftmw-and-extent
specifications must be made. Through this SDLG, type of evaluation
provides answers to important questions; we shalinene examples of
such questions.
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Should the existing system continue? If the system is performing well in
terms of generating data the way it should, theren®o need for
modification or replacement.

Should an existing system be modified? Small or insignificant changes
or upgrades may be required if the earlier evadmatindicates
shortcomings in the scope and flow of the informratiThe users in the
previous evaluation must remember the distinctietwben wants and
needs while looking at modifications.

Should the existing system be replaced? The earlier evaluation could
show that the current system's flaws are irreparaBlegarding the
required efforts to build a new system, differetntiqq between needs and
wants is remarkable. When it comes to the effaytired to build a new
system, distinguishing between wants and needsoi® rarucial than
when upgrading or changing the system.

Users and participants in the SDLC begin to reseaned analyse
alternative or potential solutions earlier in theogess. If a new
framework is required, the next question is whethiercan be
implemented. As a result, the feasibility report sthuanswer the
following.

I The operational cost: Answers to questions such as, "Does the
library have the human, technological, and finan@aources to
keep the system running?" should be given. If tkpease of
management and end-user support to execute operatio
procedures should be included in the feasibilitglgsis to ensure
the system's performance; what would be the litsaffect if the
new system was implemented?

ii. The technical points/perspective of hardware and software
requirements. At this stage, the vendor might not be an issue;
however, the library must discuss the design of hhedware
(supercomputer, mainframe, desktop computer, otipnatessor
computer) and software specifications.

. The cost of the system: The question about whether or not it can
be afforded is critical. The answer might necessit careful
review of the earlier assessment. Sometimes, thiside might
be between developing an in-house system or goamgtife
customised commercial one by a third-party venésrtime goes
by, there may be a need to find a cost-effectivieitiem that
adequately serves the needs both present and tilme fof the
library.

If the library decides to buy instead of build, #stem implementation
must be mindfully planned so that it can be sudokskrespective of
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the option chosen whether to buy or to build, pneestigation must be
conducted to deploy the solution across the libiarya manner that
limits cost and culture changes while optimisinguea The SDLC
provides a scheme or model for sound planning apdeimentation.

Analysis

This is the second phase in the system developrifesicle of a
database. At this point, problems are definedhatglanning phase, the
planning phase is investigated in totality. Induats and the library
should address questions like:

. What are the end-user specifications for the nestesy?
. Do the requirements meet the general or total kedge
requirements?

The SDLC's review stage is essentially a comprahemrxamination of
user requirements. During this process, existingllare and software
systems must be examined, and the review shouldtresa clearer
understanding of the system's functional areasentiand future issues,
and opportunities.

At this same phase, end-users and the system gevelonust work
hand-in-hand to identify processes and unravel iplessor likely
problems. This type of collaboration is criticaf filetermining the actual
performance objectives that will be used to measuréest the new
framework. The development of a rational systenssgiebased on user
expectations and current systems is also part e@frésearch process.
The actual conceptual data model, inputs, processed expected
performance specifications must all be definedhis fogical system
design. When designing the logical design, thegiesican use methods
like data flow diagrams (DFDs), hierarchical pracemitput (HIPO)
diagrams, entity-relationship (ER) diagrams, andnewther application
prototypes. The database design's data-modellitngtess take place at
this time to discover and identify all of the daab's entities and
attributes, as well as their relationships. Thecfiomal definitions of
and mechanism within the database environmentgtate elements
(modules) are similar to the logical system's fiomal definitions.
Using systems analysis software, such as DFDsrhee data changing
process is described and recorded. These methedssad to validate
the conceptual model.

3.1.3 Detailed System Design
The comprehensive systems design process is whkatetigner finishes
all of the design procedures. The design includebrtical requirements

for displays, menus, reports, and other device$ toald help the
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system become a more efficient producer or generktwr convertion

from the old system to the new system, the stepspewperly spelled
out. Training standards and methodologies arelstithg developed and
must be submitted to management for approval.

3.1.4 Database Implementation

At this stage, the hardware, database managemdtwase, and
application programs have all been installed, fieddatabase design has
been introduced. Before it is ready to be delivarethe early stages of
the implementation process, the code goes throughage of coding,
testing, and debugging. The interface is customisét tables and
views, user permissions, and other features, amddbabase is installed.
A number of models and devices can be used to fbaddatabase's
contents in batch mode or interactive mode, these a

. user programs that are tailored to the user,
. database interface programs,
. conversion programs that import data from a sepdilat system

using batch programs, a database utility, or both.

As a consequence, the unit is thoroughly examireddre being put to
use. The implementation and testing of a new systemtake up to 60%
of the overall development time in some cases pidesthe fact that the
introduction of efficient program generators andutging tools has
greatly shortened coding and testing time. Aftstitg, the final report
is reviewed and written, and end-users are educatiethe conclusion
of this step, the system will be completely operadi, but it will be

fine-tuned and reviewed on a regular basis.

3.1.5 Database Maintenance

There are three groups of system maintenance upachvthe request
for changes by the end-user is usually requestetkniimtely the system
is operational.

These are as follows.

. Corrective maintenance is performed in responsesystem
errors;

. Adaptive maintenance is performed in response &amgés in the
business environment; and

. Perfective maintenance is performed to improvesftstem.

The framework is, in a sense, at a stage of theCGGBé&cause structural
changes necessitate reversing the SDLC measumse 8ach system
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has a set routing life span, its real lifetime ésedtmined by how useful it
Is. The working life of specific devices is reducéd a variety of
reasons. Rapid technological change is one ofd@heans, particularly
for systems based on processing speed and exphtydahnother
critical consideration is the cost of system maiatece.

Peradventure, it is expensive to maintain the systts value becomes
doubtful. There are tools available, such as Sysdechitect or Visio
Professional that can assist in the developmenguality systems
within a limited amount of time and at a reasonatast. Furthermore,
some implementations are more standardised, weallurdented, and
especially standardised, which appears to exteadofgerating life of
systems by making them easier and with a low maaree and
modification cost.

3.2 The Database Life Cycle

In a broad information system, the database hiés eyicle. As shown in
figure 3.2, the database life cycle (DBLC) compsiséx stages. These
are database design, installation and loadingintesind evaluation,
operation and maintenance, and evolution.

3.2.1 The Database Preliminary Study

By the invitation of a developer, the current syst@may have failed to
perform the expected functions in the library. Tdesigner is in a
position to find out why the current system is mafftioning. This
necessitates conversing with and listening to esetas Database design,
on the other hand, is both a technological and Esope centered
endeavour. A database developer is expected tggbedicommunicator
with excellent leadership skills. The database ibger may be a single
operator or part of a system development teamitithides a project
leader, senior system analysts, and junior systeatysis, depending on
the scope and complexity of the database context.

31



LIS318 DATABASE DESIGN AND MANAGEMENT

Phase Actidns

Analyse the librany’ scenario
Define the situation anc

constraint
Describe the goals;
Describe t
scope and
limitation
develop the 5:;??89 I
. framewddk
design
Select DBM
develop the order
of the dps
develop the visual
design
Introduce the DBNIS
Develop databases
Fill up or transform the Jata
_Trlal the databise —
Adjust the databa:;e Evaluation
I examirhe
database and its
exeouti
|
Generate the necessary
infoation

flow

Maintenance &
Introduce change Evolution
Shape the improvement

Fig. 3.2: Database Manayciiiciit Lire Cyuie (DBLC).
Source:Carlos Coronel | Steven Morris (2017).
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The database initial study's overall goal is tolys®the library's current
state, identify challenges and constraints, defiog&s, and define scope
and boundaries. Figure 3.3 depicts the interacive iterative process
required to complete the first step of the DBLCs HIso worth noting
that the initial research process leads to the Idpueent of database
system goals. Each of the components is discussekbtail in figure
3.3.

\
i i 1
B EE

Fig. 3.3: Summary of Activities in the Database Pieminary Study
Source: Carlos Coronel & Steven Morris (2017).

3.2.2 Analyse the Library Situation

The library situation defines the general operatingumstances, layout,

and mission of a library. The database designert moderstand the

library's organisational components, how they waakd how they

interact in order to analyse the situation. Théofeing factors must be

considered:

a. What is the library's general operating environmeant what is
its mission within it? It should be remembered ttie design
must meet the library's mission's operational neguoents. For
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example, the operational requirements for a citmriadatabase
can differ from those for collection creation.
b. What is the library's organisational structure?'

It's important to understand who is in charge oatwind who reports to
whom. This is especially useful when you need tbndeinformation
flow, report formats, and query formats, among othiangs.

3.2.3 Define Problems and Constraint

Peradventure the library already has a system aeepbefore. The
database designer asks questions like what inpes dbe current
framework take, and how does it work? What typedafuments does
the framework generate? Who used the system andt islita output?
Efforts to answer these questions to put thing®roher can generate
useful information. The designer should also trysee how another
version of the system differs. The procedure otdkmg the challenges
might primarily seem to be without formal organisat During
operations, end-users might find it difficult toemtify the actual
problem. The designer may likely collect large mfation on the
description of the problem.

3.2.4 Define the Objectives

An envisaged database system must be created ish esgroferring
solution to the real challenges identified duringe t problem
identification stage. As challenges continue tdasi@, some others will
be discovered. The target is usually about devetpmn effective
checklist or list of query management system. htiudd be noted that
the preliminary study phase vyield provides solutitm expected
problems. The developer’s responsibility is toweasthat his database
system goals relate to the one envisaged by theigeeid. Otherwise, the
database developer must make effort to provide arssto questions
such as the following.

. What is the primary goal of the proposed system?

. Would the device be able to communicate witheotturrent or
potential organisation systems?

. Can the data be shared with other applicatianasers by the
system?

3.2.5 Define Scope and Boundaries

There are two types of limitations that the desigsteould be aware of.
These are the terms "scope" and "boundaries." tbpesof the system
determines the scope of the design based on opemhtdemands or
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essentials. As a result, it should consider whetherdatabase design
would be for the whole library, one or more libralgpartments, or one
or more duties within a department. The size ofdapartment should

be considered by the developer. Understanding tuogpes can help

determine the necessary data structures, the @hgsze, scope, number
of entities, among others.

There are also restrictions tagged boundariesitaéct the expected
system outside of the system. The hardware an@vaadtin use today
impose boundaries. This ensures that the desigmeclvoose hardware
and software that will help the device achieve adtgectives. The

software selection process is an integral parhefdystem development
life cycle. Unfortunately, in the real world, a cpater must always be
built with the most up-to-date hardware and sofewaks a result, the
scope and boundaries are the influences that stmepelesign into a

specification mould, and the developer's task iscteate the best
framework possible, given the constraints.

3.3 Database Design

Stage two of the database life cycle is about theeldbpment technique
to be used for the database that will assist theary operations and
goals. This is contentiously the most crucial das&blife cycle stage
which ensures that the developed database satis$ies and system
demands. During the database design process,dhs $hould be on the
data features necessary to develop the databam@lalg At this stage,
the data in the system can be viewed from two petsges. The
operation displays unit of the data as a sourcafofrmation and the
developer’'s view of the data structure includeseasgc and activities
required to transform data into information. Thesmsvs are depicted in
figure 3.4. It should be noted that the differelevws can be summarised
by considering the terms, “what” and “how”. Desantp data is an
aspect of the database life cycle stage two. Aslgok at the procedure
necessary to finish the design stage in the dagalites cycle, the
following are worthy of note.

. The implementation of a larger framework is clodeliked to the
method of database design. The data factor isgespart of a
gigantic information system.

. The other system components are designed by thensys
analysts or systems programmers. Their actions ltreisu
procedures that aid in the transformation of detabdata into
useful knowledge.
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. The development of a database is not a serialgacdboperation.
Contrarily, it is a repetitive process that prowdderogressive
judgement that allows you to track your progress.

The design of the database is shown in figure Bs figure reveals

that there are three important stages. Apart frdme tatabase
management system selection decision, which is itapbto analyse

the form of logical and physical designs to be tgwed? These are
conceptual, logical, and physical design. The degpigpcess starts with
conceptual design and then moves on to logical @nical design.

Each stage focuses on determining and documertengdecifics of the

data model design. The examples of conceptuagdesclude but are

not limited to the holistic data view by the enayghe physical design
of the data to be viewed by the operating systestteage management
devices, and the logical design of the data toibeed by the DBMS.

It's important to remember that a lot of databasssighs and
implementations are built on the relational techeigwhich means they
use relational structures and techniques. Wheof @dhle tasks are done,
you'll have a full data design that's ready to go.

|

Fig. 3.4: Two Views of Data: Librarian and Designer
SourcecCarlos Coronel & Steven Morris (2017)
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3.3.1 Implementation and Loading

There is a set of instructions for creating tab&sjbutes, views, and
indexes, as well as security challenges, storage, performance
guidelines that are included in the database destiggpe. At this stage,
all these designs and specifications are implendente

3.3.2 Install the Database Management System

This phase is only required when the system reguareiew database
management system. In certain cases, the libraderaspecific DBMS

the norm to capitalise on previous investment®ahmnology and skills.

The DMS may be mounted on either a new server ogxasting one.

Virtualisation is the term for this movement. Vatisation is a model

for creating logical representations of computatlomsources that are
separate from those that are located under them.

This method is used in the development of virtuavgie networks,
virtual storage, and virtual servers, among otheas of computing. In a
storage system, data virtualisation refers to tistallation of a new
database on a virtual server that uses shared heedWhis is a common
activity in which the system and network manageeate acceptable
and satisfactory user groups and services in séayeut and network
path selection.

Section  Stage Steps Activities

L Data analysis and implementation
Decide end-user views, outputs, and trar e Entity relationship, modeling and
normalization
®  Data model verification
a  Tisteihnted database desion

I

Define tables, columns, refationships, a

elationships

| 13
i 11, update, and defete rules
Eries, , integrity, access, and security

%1 and allecation strategy

Examine DBMS and data scheme to use

Map conceptual model to logical components
. Validate logical model using normalization ential integrity; define column
Validate logical model integrity constraints

Define tables, indexes, and views' physical organization U

lorts user requirements

Define users, security groups, roles, and access
contrals
S *_ ery exscution parameters
*  Define data storage organisation
| ®  Define integrity and security measures
- ‘ ®  Determine performance measures

Fig. 3.5: Database Design Process
Source:Carlos Coronel & Steven Morris (2017).
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3.3.3 Creation of the Databases

For the modern or conventional relational datalmaaaagement system
to accommodate the end-user table, new databashkiteatare
necessitates the development of special storag&delconstructs.
Storage, table spaces and tables are typicallyded in the constructs.
Figure 3.6 depicts a storage community that indudaultiple table
spaces, each of which can contain multiple tabfes. instance, the
integration of the sequential development in IBNdB2 would demand
the following.

1. The creation of database storage category willyoéhb system
administrator. For mainframe databases like DB¥ #iep is
necessary. When a database is developed, for esarfbler
DBMS software can automatically create a likelyrag@ group.

2. The database administrator allocates access tegladty of the
table spaces and the tables within the table spaces

3. Check the DBMS documentation to see if there iseadnfor
storage category and, if so, what command syntail yeed.

4. Within the storage community, the system manageeldes the
database.

5. The database manager is allowed to use the datdlyaske

system manager.

Within the database, the database manager ctabtespaces.

The table is generated inside the table spaceshdydatabase

administrator.

N

The right of access to views rather than the eméible can be
restricted. While views are not needed for accestatabase in a
relational environment, their preference and uiligais high from a
security point of view.

Storage Group

Database

Figure 3.6: Physical Organisation of a DatabasdarBnment
SourcecCarlos Coronel & Steven Morris (2017)
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3.3.4 Loading and Converting the Data

After the database has been developed, the databeusled into the
database table. The data from the initial versiotn® framework would
have to be transferred first. Most of the time adat the device must be
gathered from different sources. The best parh& the entire data
would be stored in a relational database, makirsjnple to transfer to
the new database. However, it may be necessary igoate from
relational databases, manual paper-and-pencil mgstéat files, non-
relational databases, and even legacy systemame sases. If the data
format does not allow direct import into the newadi@ase, a conversion
program should have been created to reformat tteefdaimport. All of
the data will have to be manually inserted intodh&abase in the worst-
case scenario. After the data has been loadedatabase administrator
works with the application developers to validated areview the
database.

Loading the available data into the cloud-basedlutete services can at
times be costly. This is because most cloud preosidbarge based on
the amount of data that must be processed as sétleaamount of data
that must be transmitted over the network. In sagtenario, loading a
one terabyte database could be a very costly pitapasTherefore, the
system administers must be very careful in readimg) negotiating the
terms of the cloud service contract to make suezetlare no hidden
costs.

3.3.5 Testing and Evaluation

Decisions are taken during the design stage to lendhtabase's
recoverability, performance, protection, and initygrThe preparations
are carried out during the implementation and logdiThe database
administrator fine-tunes and checks the databasengduesting and

evaluation to guarantee the expected performartds.ig a stage within
the context of application programming. During togling of programs,
programmers use database software to sample tleamms. Program

programmers can benefit from applications suctepert creators, filter
painters, and menu generators.

3.3.6 Testing the Database

The database administrator checks the databasagdine testing stage
to ensure that it retains the data's protectioniatedjrity. The database
management system ensures data integrity by enfprthe use of
primary and international key rules. Testing ensuhat the challenges
are adequately designed and implemented. The oetcom well
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integrated or installed data management policieata integrity which
Is part of a detailed data developers’ scheme.brFbader view of data
protection and privacy must be discussed at tlagestUsers must be
able to access data stored in the. Data stordukifiltrary database must
be accessible to the users without being abledatsin the light of this,
it's important to put the following to the test:

I Database tools may be used to allow for legal @&ccAscess
rights issues can limit operations (CREATE, UPDATE,
DELETE, and others) on pre-arranged entity focke Wiews,
tables, reports, databases, and queries.

. The information management system still provideditaails to
search for access violations. The audit trail, e dther hand, is
an after-the-fact mechanism whose mere presende deikr
unlawful usage.

1 Physical protection restricts physical access tase areas to
only approved staff. Physical protection, on theeothand, could
not always be feasible depending on the type ofldmse
implementation. A university student study databaser
example, is unlikely to be physically safe.

\Y2 Password protection allows individual rightful useto be
assigned access privileges. At the operating syslewel,
password protection is often implemented at logret

V. Data encryption may make the information redundanilegal
users who may have go against or circumvent cedatabase
safety or protection layers.

Vi. Access to the database by end-users can be enuafleout
having to import data from their workstations usidgkless
computer terminals.

3.3.7 Fine-Tune the Database

The conduct or implementation of the database ocantedlious or

strenuous to examine due to the fact that therenargardsticks or
criteria for measuring it, however, it is one oé tnost essential criteria
in database installation. Varying systems can requifferent demands
on the database in terms of efficiency. Systems éhaourage quick
transactions would expect the database to be setudp that it can
handle large amounts of deletes, inserts, and epdkbr complex data
retrieval tasks, databases such as decision supgart demand
outstanding conduct or achievement. The databdgetionality on

different tasks can be influenced by several fagtoncluding the

database's hardware and software environment. faecteristics and
volume of the data, of course, have an impact dabdse efficiency.
Device and database configuration parameters sscindexes and
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buffer size, data location, path description, aockas are all important
factors in database functionality.

3.3.8 Evaluating of the Database and its Applicatio
Programs

A reliable technigue for examining the system miost adopted the
moment database and application programs are dreateecked,

verified. Every element's testing and evaluatian tead to a series of
larger system evaluation to ascertain that thereerglements work

together to satisfy the users' needs. At this pdim integration and
implementation plans are fine-tuned, and user itrgiland system

documentation are completed. As the signal for @aggdris received, it

must be a sustainable resource for the librarye®Resand response to
disaster technique are tested to ensure that ttaeinlahe database is
protected from destruction.

Constant data availability is critical for nearly databases. Unluckily,
the database can lose data through a power owtage,deletion, and
other causes. The assurance of safety valve, bi#jlaand consistency
of data is enabled through data backup.

Database manufacturers, for example, promote th@fault-tolerance

features like an uninterruptible power supply, RAsibrage devices,
distributed servers, and data replication techneb¢p ensure that the
database continues to function even if the hardvaile Backups and

restore functions are an essential part of everyliagbase operations,
regardless of these factors. Database managerscbadule automatic
database backups to permanent storage deviceddike storage, discs,
DVDs, and tapes for certain database managemetdnsys Database
backups can be done at different times.

These are some of them:

I A transaction log backup, which only backs up teatisn log
operations that haven't been mirrored in a previdatabase
backup copy. No other database items are backeth upis
situation.

. A differential database backup, which backs up dhly items
that have been changed or modified since the lastptete
backup.

iii. A complete backup or dump of the database. In ¢hse, all
database objects are fully backed up.
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The reserve of the DB could be stored in a safeeplareferably in
another building or block aside from the buildinigat houses the
database, to protect it against danger includiogd] theft, fire, and
other disasters. The motive behind this is to guoie database
restoration in case of the failure of hardwareastvgare.

Hardware, applications, programming exceptionseree variables,
and transactions are all major contributors to lukda and system non-
performance. Prominent causes of database/desiiceef are external
factors, hardware, software, transactions, progragmexemption,
among others. The recovery process will vary fiaslight short-term
inconvenience to a significant long-term rebuildedo the types and
magnitude of the mal-functionality. Recovery ispwssible without a
functional backup, regardless of the severity & fhanned recovery
phase.

3.4 Sources of Database Failure

External Factors. When a system is destroyed by a fire, earthquake,
flood, or other natural disaster, backups are @a#rly critical. Natural
occurrences can hit the environment thereby caudatg and service
losses worth billions of naira across multiple arigations.

Transactions When a database management system detects adeadl|
one of the transactions is aborted. When multiiadactions are being
processed at the same time, a deadlock can occur.

Software: Failures caused by software can be traced backhd¢o
application programs, database management systiwags®, operating
system, or viruses and other malware. A securdty fifor example, may
be discovered.

Hardware: Examples of hardware-induced failure include didk-
errors, memory chip error, poor disk sector, orkdtsashes. In a
database system, a bad memory module or multipie thak failures
will bring it to a halt.

Programming Exemption:
When certain requirements are met, transactions lmeayolled back by
application systems or end users.

Malicious or poorly checked codes that can be abbgehackers can
also trigger programming exemptions.

Hackers, for example, are still looking for new wag bypass unprotect
ed web database systems.
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3.5 Strategies for Designing Databases

Two major approaches are available for the desggmha database.
These are the top-down design and the bottom-ugrdesThese are
discussed in turn as follows.

Top-down Design: This design begins with the identification of data
sets, followed by the definition of data componefoiseach set. This
procedure entails identifying various entity typasd defining the
characteristics of each entry.

Bottom-Up Design: This architecture defines the data components
(items) first and then groups them together in taskt. On the other
hand, it begins by identifying the attributes befgrouping them to
form entities. Figures 3.7 and 3.8 represent theee processes.
Whether top-down or bottom-up approaches are figed depends on
the complexity of the issue and personal prefenE®wever, rather
than being mutually exclusive, the two methodolegieare
interdependent or connected.

A basic priority or significance on a bottom-up hmd may be the
production of better results for small databasehk Wnited transactions,
relations, attributes, and entities. However, whehe complexity,
number, and variety of transactions, associatiolin&s, attributes, and
entities are intense, a top-down method may beeeasid simpler.
Nearly all libraries already put in place a stadddor systems
development and database design.

Top Down
Bottom Up
Conceptual Model
I
| |
’_- -
Attribute Attribute Attribute Attribu

Fig 3.7: Top-Down and Bottom-Up Database Design
Source: Authours’ Idea
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Centralised and Decentralised Database Design

Both the bottom-up and top-down approaches to datldevelopment
may be affected by various antecedents. The sidecamplexity of the
system, the library's administration types, anducstire, whether
decentralised or centralised, are all antecedentsonsider. Based on
these considerations, a database's architecturdoenbgsed on either of
two philosophies: centralised or decentralised.

When the data element has a proportionally limrtachber of artifacts
and procedures, the centralised design becomeseetfiand practical.
The design can be implemented and stored in a asgeabSmall
databases may be effectively designed by just atebdse manager or a
small, informal design team when using the cerstedli design. The
company's activities and the problem's complexitg aufficiently
limited for just one designer to identify the isspeonstruct the mental
or intellectual design, validate the conceptual igteswith user
perspectives, determine database procedures aadcdalienges, and
ascertain that the developed database is efficeemd meets all
requirements. It should be noted that for smallaargations, such as
small libraries, a centralised design is preferteatge organisations or
libraries, on the other hand, may use it if thegrape in a proportionally
simple database setting. The centralised desigicei®shown in figure
3.8.

When the system's data element has a large nunibentities and
compounded associations or connections are madag ubkard
operations, decentralised architecture can be Wgaen the problem is
spread over multiple organisational locations aadhevariable is a
subunit of the entire dataset, the decentralissydeshown in figure 3.9
Is often used.

. Conceptual Model

>

Conceptual Model Verification

Data Constraints

User Views System Progesses

Y_ )
Data Diction

Fig. 3.8: Centralised Database Design
Source: Authors’ Idea
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Data component

Collection
])eveloprnent
Readers’ Services Technical Sefvices

Views
Processes
Constrajnts

Views Views
PrncpxsmL Processes
al Model

Concep Constraints

Aggl’igation

Data Dictionary

Fig. 3.9: Decentralised Database Design
Source: Author’s Idea

SELF-ASSESSMENT EXERCISE
1. Discuss what is involved in the design of databases
2. What are database maintenance and implementation?

40 CONCLUSION

Design and management of databases are crucinhflecthe system to
work well and at the same time be useful for a éongeriod. Database
that is created and not properly managed or maitawill sooner or
later start malfunctioning. Therefore, it is thepensibility of the library
to ensure that all its databases are well maintieémel managed.

5.0 SUMMARY

In this unit, we have discussed the design oftdest@s and in the course
of the discussion, we have mentioned data collectid/e have
described the system development life cycle aloritlp whe detailed
system design, database implementation, and maimten We have
also examined the database life cycle where weusssd database
preliminary or initial study, analysis of librarytigation that necessitate
the creation of database. Our discussion in thiealso featured the real
design where we talked about the installation gplé@mentation and
loading of data, creation and development of thalzkeses, loading and
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converting the data, testing and evaluation, tgstire database, fine-
tuning the database, and evaluation of the databiad its application
programs. Lastly, the unit discussed sourcesaiflzhse failure and the
strategies for designing databases which include ttp-down and
bottom-up approaches. Additional information cango¢ten from this
link: https://www.youtube.com/watch?v=GfiBtPAB7NHO&list=FlIRf
55Z20zRk7Yyj5QPsvWsOJ6chs3Z%Database design and development
by Divine Mbong Eseh).

6.0 TUTOR-MARKED ASSIGNMENT

Describe the system development life cycle.

Describe with illustration, the database life cycle

Explain the steps involve in the design of a databa

What are the sources of database failure?

lllustrate with the aid of a diagram, the top-doamd the bottom-
up database design approach; and the centralisedusve
decentralised designs.

Noohkw
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MODULE 2 SQL, MODELLING AND NORMALISATION
Unit 1 SQL, and Data Modelling

Unit 2 Normalisation INF, 2NF, 3NF

Unit 3 Storage Management of Databases

UNIT 1 SQL, AND DATA MODELLING
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 The Concept of SQL
3.1.1 SQL Database Language in Database Management
System
3.1.2 Data Retrieval in SQL
3.1.3 Data Maintenance in SQL
3.1.4 Data Control in SQL
3.2  The Concept of Data Modelling
3.2.1 The Degree of Data Abstraction in Data Modgl|
3.2.2 Different Types of Data Modelling
3.2.3 The Data Abstraction Layer
3.2.4 Logical and Physical Data Independence
3.3 Data Models and Building Blocks

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

In this unit, you will be exposed to SQL, in terwisits definition and
characteristics, data definition in SQL, data estal in SQL, data
maintenance in SQL, and data control in SQL. Yollalso learn about
data modelling, and other database related issues.

20 OBJECTIVES

At the end of this unit, you should be able to:

o define structured query language, SQL
) explain data definition in SQL
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explain data retrieval in SQL
explain data control in SQL
. describe data modelling

3.0 MAINCONTENT
3.1 TheConcept of SQL

The Structured Query Language otherwise referredasoSQL or
(sequel), is the most important programming languag databases. It's
declarative, thereby implying that you can telihat you want rather
than how to get it. SQL queries accept one or noies as arguments
and return a row. The programming language useelational database
management systems to manage data (RDBMS) is SBM created
Structured Query Language in the early 1970s. IBfyliasi-relational
database management system, SEQUL (Structured sBn@luery
Language), was created to manouvre, exploit, angnib@ad data.
Towards the end of 1970s, Relational Software Inow Oracle
Corporation, released Oracle V2, the first profinmmoney oriented SQL
for VAX computers. SQL is used by Microsoft SQL &ar, MySQL,
Microsoft Access, IBM Informix, IBM DB2, and Oracl®atabase,
among other relational DBMSs (Figure 1.1).

B Microsoft SQL Server Management Studio

File: Edit ‘iew Query Project  Tools  Mindow  Community  Help
- | i | W } i P = | - B e
Dlhewquery [y (PR MG (B | s Ha B EBREBEF,

i
0 3 3] | mester o Beeate v oW BB |2 |4 |57 6 | AR
bject Explarer 0 | SEOBLD102-01'...50LQueryZ.sql|  SEOALOIOZ-0

Connect 7 | 3 m T |

= [ﬂ SEOBLO10Z-011S0LEXPRESS (S0L Server 9.0,3042 -
= [ Databases
[# [ Swstem Databases
F | ] Adrienne
= | pubs
[ [ Database Diagrams
[# [ Tables
F [ Views
# [ Synonyms
# [ Programmability
# [ Service Broker
# [ Security
[ [ Security
[+ |4 Server Objects
[+ [ Replication
[+ [ Management

Fig. 1.1: Microsoft SQL Server
SourceHans-Petter Halvorsen (2020)ttps://www.halvorsen.blog
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3.1.1 SQL Database Language in Database Management
System

The SQL in Database System is used to performait@afing:

I Convert raw data into usable information ustagnplex queries.
. Create the database and table structures.
iii.  Carry out simple data processing tasks (atdete and modify).

The emphasis in this unit will be on using SQL &sign database and
table structures, with SQL serving primarily as atad description

language (DDL). Similarly, the unit will cover SQlas a data
manipulation language (DML), which involves insegi deleting,

selecting, and updating data within a database tabl

SQL Data Definition Language Commands

SQL uses the data description language to constlatetbase schema
and describe the structure and format of datahlatbe stored in the

database later. It's worth noting that these SQLL @mOmmands are

further divided into categories such as:

° Create

° Alter

. Drop

° Truncate
CREATE

Creating is all about creating statement. The @rstdtement/query is
used to create tables, stored procedures, vievesoHrer database or
object types. For example, you can use the exabgdt®v. The Build
guery can be used to create a database in MS S@lowing this is
building the database tables after the databasbdwascreated. On SQL
Server, the most common format for the CREATE TABidinmand is:

Table 1.1: Create Table Command
CREATE DATABASE LibraryDB

In an existing database, the CREATE statement/qieerysed to add
tables when creating a table. This can be shovim tss script:

Table 1.2: Create Statement/Query .
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USE LibraryDB

CREATE TABLE Book

(Id INT PRIMARY KEY IDENTITY (1, 1),
Name Brown (50) NOT FULL,

Price INT

The script creates a table tagged Books in theakyidB database that
was created earlier. In the CREATE TABLE, eachdfidlas three
parts/columns.

I. Id
il. Name
ii. Price

The Id column is the primary key and cannot be gmitcolumn with a
PRIMARY KEY constraint must have a unique or unigaitribute.
Even though the Id column's IDENTITY property was, she value of
the former column increased by 1 every time a nesond was added to
the Book table, starting at 1. The values needesecified for the
Name column and also as it cannot have NULL. TheeRrolumn can
have NULL values.

Viewing the tables in the LibraryDB, the followirmgin be carried out on
Query Language DDL script:

Table 1.3: Query Language DDL

USE LibraryDB

GO

SELECT *FROM NFORMATION_SCEMA TABLES
GO

You should consider the following output:

100% -~

B Results En Messages
TABLE_CATALOG TABLE_SCHEMA TABLE_MNAME TABLE_TYPE
| LibraryDB | dbo Books BASE TAB

Fig.1.2: Schema Table
Correspondingly, for you to see the column in Bwmoks table, the
following script can be run:
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Table 1.4. Book Table Script

SELECT COLUMN_NAME, DATA TYPE
FROM INFORMATION_SCHEMA COLUMNS
WHERE TABLE_NAME = Book

The output should be like this:

B Resulls gl Messages
COLUMMN_MNAME DATA TYPE
[ 1d | it
2z Name varchar

3 Prica it

Fig. 1.3: Table output

From the foregoing, you will notice that you carm tise CREATE query
to explain the structure of a table and the typdaté that will be stored
in the table. It is also important to note thaiuyhave not yet included
any record to the Books table as SQL. DDL commanrdsconcerned
with the database layout rather than the dataless®eds. For detecting,
adding, and modifying database information, SQL Dbimmands are
used. ALTER is the next level of SQL DDL.

ALTER

Use the ALTER Table statement or script to add,oemor modify the
configuration of a table. The ALTER TABLE commandncalso be
used to delete columns. When a restriction is iragpall existing data,
for example, is authenticated for any violationee TALTER TABLE
script can be used to add the Id property to then&ldield in this
situation. You may use the ALTER TABLE script onoere to add a
column with the Id object, such as ALTER Name. Assaample, add a
new column to the current Books table in the LipE8 database, such
as ISBN. As a result, the ALTER command may be aseillows:

Table 1.5: Alter Command
USE LibraryDB

Alter TABLE Books

ADD ISBN INT NOT NULL;

The ALTER dictate/command syntax is very simple and
straightforward. When this ALTER command is us#dis usually
followed by the object type along with the nameha object which in
our example are TABLE and Books in that same order.
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The preceding or the following thing is that youedeto specify the
activity you need to carry out. This is ADD in oarample. At this
point, let's SELECT the columns from the Book tatdesee if the ISBN
column has been included or added to the Book .tkld#ee we go:

Table 1.6: Book table with ISBN

SELECT COLUMN_ NAME DATA_TYPE
FROM INFOROMATION SCHEMA COLUMNS
WHERE TABLE_NAME=Book:

The outcome is like this:

5 Results @ Messages
COLUMM_MAME DATA_TYPE
[ Id . mt

Z Name varchar

3 Price int

4 ISBN ik

Fig. 1.4 Book table outcome
Looking at the outcome above, you can see the rmiti@an which is
the ISBN column.

By changing or adjusting the existing column, wa take this example
or a case where ALTER command can be useful. Assyimanother
new column is added to a table, it implies you wamtadjust that
existing column. For instance, you want to amereddhta variance of
the ISBN column from INT to VARHAR (50). The ALTERuery can
be used. Let’s look at this:

Table1.7: Alter Table Query .

USE LibraryDB
ALTER TABLE Books
ALTER COLUMN ISBN VARCHAR (50)

As seen from the example, to modify an existingigot inside a table,
you have to use the ALTER dictate or command withtable name and
then another ALTER command with the name of theirool that you
intend to adjust. In furtherance to this, if thelutmn “names” is
selected, the modified data type (VARCHAR) for tB8N column will
surface. The next category of SQL DDL is DROP.
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DROP

The DROP TABLE usually detaches or takes away & t&om the
database. This type of SQL DDL command that is usedelete an
existing database or database entity. Therefore, ¢brrect and
appropriate database must be selected.

By deleting a database, the next DROP commandeseté LibraryDB
database that was earlier created.

Table 1.8: Drop table database .
DROP DATABASE LibrayDB

It is important to note that by carrying out theoa® command, the
LibraryDB database will be removed, and to carry the remaining
gueries implies that you will have to CREATE théiaryDB database
together with the Books table.

To delete a table, you'll need to use the DROP cangdnwhich is a
form of SQL DDL command that deletes an existigegaFor example,
the next command will remove or alter the Bookeahlus:

Table 1.9: Delete Table Example
| DROP TABLE Books |

Again, to delete a column within a database, yoll uge the DROP
guery along with the ALTER query. This ALTER quemll help you

identifies the table that intends to delete, howetee DROP query
identifies that column you want to delete withire ttable identified by
the ALTER query. For example, you can try to dtie@ ISBN column
from the Books. You will have this as a result:

Tablel.10: Drop Query

ALTER TABLE Books
DROP COLUMN ISBM

The next category of SQL DDL is TRUNCATE.
TRUNCATE
The command known as TRUNCATE in SQL DDL is takerdtlete

the entire record from a table. For instance, jagtand insert some
records in the Books table as:
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Tablel.11: Truncate in SQL and DDL

INSERT INTO Books
VALUES (Book-A’, 100),
(Book-B’, 200),
(Book-C’, 150),

Now, you can verify if the records have been ireskdr not:

Table 1.12: Verification table

SELECT * FROM Books

This is what you will have as result.

B Results @ Messages
id Mame Price
Book-A 100
2 2 Book-B 200
3 1 BookC 150

Fig.1.5: Verification outcome

From this result, you can see that three recorge hdeen inserted in
books table. The TRUNCATE command as has beenlseenemoved
all the records from the books table as refleatetthé table below:

Table 1.13: Inserted records .
| TRUNCATE Book: |

Again, if you now select the entire record from Bwoks table, you will
discover that the table becomes empty.

You will see from the foregoing discussion, the o§&QL commands
as they are used to create a database schema desctibe and update
the structure of a database. From this discusgmnshould be familiar
with how to carry out SQL DDL commands in MS SQLn&s with the
various relevant examples.

3.1.2 Data Retrieval in SQL

Retrieving data from SQL is not difficult. The sellscript or statements
are always used to retrieve data from SQL tabless Select statement
can be clearly explained with examples of the colsirand rows from

the name table. Syntax for instance:
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Select*

From table Name:

The explanation can go thus:
The description:

I A select prompt is a SQL statement that commenadds the
word “select”

. Select statements are used to retrieve data fromt&f)es.

iii. An asterisk that follows the word “select” impBeretrieves all
fields (columns).

V. The name of the table where users are retrievitayidadentified
in the from clause.

V. Then, a semicolon is then used to identify the ehd& SQL
statement.

Examples can be in this format:

You are to retrieve all the data from the Book Vienthble. You will
have this to do.

1. In the SQL text box, type:
Select*
From Book Vendor

2. Conduct the command by firstly tapping the Run dnutituated
to the right of the SQL text box. The outcomes wilbw on the
screen.

3. To move across the screen, you use the horizoatall.sThen,
the fields in the Vendor table will show alphabaliy. With that,
the vertical scroll bar is then used to move theeet up and
down.

4. Thereafter, click on shop to return to the origisaieen.
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Now, the Outcomes:

Book No, Name of Author Title Publishers Place
Date Date Ordered

001 Brown, J.S. Technology iawi Springer Boston
2020 18 Dec. 2020

002 Stone, B. & Cosin, S. Research Design$ Pearson. New
York 2021 15 Jan. 2021

3.1.3 Data Maintenancein SQL

SQL servers must be maintained regularly, which bana time-

consuming operation. A built-in tool in MS SQL Serwmakes it easy to
build and execute maintenance tasks. The Mainten&tn Wizard is
the name of this tool.

The Maintenance Plan Wizard can be started from S&drver
Management Studio and is located in the managempenion of the
three in SSMS. It generates scheduled activitiasahe run by the SQL
server proxy which can perform tasks like:

I Clean up tasks

. Perform internal routine checks

iii. Recognise index pages

\Y2 Backup database and transaction log
V. Rebuild indexes

Vi. Shrink database and transaction log

Performing Maintenance Tasksin SQL

Some key tips can assist with performance in anmpbdse system.
These tips include but are not limited to:

I Defragmented indexes and data
. Well written SQL code

1 Correct indexes

V. Current statistics

V. Well designed database

The first two identified tips are usually challengibecause systems
develop and there are changes in their patterrsefto the extent that
getting it right at the first instance is alwaydfidult and tasking.
Changing the two things may be difficult, time-comsng or
impracticable. As programs are firstly written, tbede is written to
finish the task at hand, and the creator does onsider load testing or
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problems as the database expands and evolvesa®ymihe database is
still built to meet the needs of the time it wagated, but this can
change at any time. These two suggestions can bisede to
accommodate changes in use and a potentially big bf effort.

The third tip can be changed easily at the passdgeme and use
patterns can change as well in the system. Newkewdare established,
old indexes are deleted, or current indexes arafraddo meet the need
when the statements released alter.

The final two tips can be managed by maintenanskst#hat operate
regularly to ascertain that SQL work properly. Maimance tasks do not
require much effort, however; it could provide rekable outcomes if

properly conducted. Index rebuilds, statistics s®vis, and

defragmenting indexes and data should be amongnthst important

maintenance activities.

There are several options with SQL server thatbmansed to carry out
maintenance tasks to provide a solution to thisabese Maintenance
Plans is a subject that most people are familidin.wihis becomes an
easy way to ensure that database maintenance iopsrate carried out.
The choices to restore your indexes or change \gatistics are

depicted on the screen in Fig 1.6.

Database Maintenance Plan Wizard - [local)

Update D ata Optimization Information .
Az data and index pages fill, updating requires more time. Reorganize pour data t
and index pages ta improve performance.

[ Reorganize data and index pages
™

: =

[ Update statistics used by query optimizer. Sample: _|:|

[ Remove unuzed space from databasze files
=

< Back | et » | Cancel | Help |

Fig. 1.6: Selected Options to Build Indexes

Recognise data and index pages are the most impdting. This
choice will revamp your indexes to enable laid aitdata more
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efficiently when queries are run to use the datao Blternatives are

available for use. These are the following:

I Change the percentage of free space per page:allbiss all
tables to have the same setting.

. Rearrange pages to provide some spaces: This dit@msble to
use whatever space that was defined when it waslajsed.

This choice or alternative is to figure out amoohfree space that is left
on a data page for future inserts. When theregsfiitient space on a
website, the SQL server must break the page intornew pages, with
some data from the current page going to one paddhe rest going to
another. In a busy system, this setting may beatlit

The second item is Update Statistics, which is ubgdthe query

optimiser. This option recalculates the statistosthe tables that SQL
Server uses to assess data access. SQL servanidetithe index to
use based on the statistics and may decide tohesmdex or read the
whole table. The percentage of the database infohmsmethod how
much data should be sampled to calculate statidfig®u specify 100

per cent, SQL will read all of the data and recautstthe statistics.

It's worth noting that as you restore the index@si're still rebuilding
the numbers. If you choose “Recognise data andximuges,” the
option is disabled as a result of this. Furthermpoal have the option of
setting “Auto Build Statistics” and “Auto Update afistics” while
creating your databases. As a result, if data ahsnthe statistics are
updated automatically. The entire job can also &dopmed using T-
SQL commands to set these tasks by using Databasgdviance Plans.
There's a list of commands that can be used ineptddViaintenance
Plans. This can include placing SQL Agent jobs lace or running
gueries from Query Analyser.

Table 1.14: T-SQL Command and Description

T-SQL Command Description

table are shown fragment

DBLC SHOWCONTIG The data and indexes of the listed

defragmented. Since DBC
INDEXDEFRAG is an online
operation, it does not carry long-term

DBCC DBREINDEX In the designated database, rebuild
one or more indexes for a tab

DBCC Clustered and secondary indexes of

INEDEXDEFRAG the listed table or view are

C

locks that might stymie queries pr
changes in progre:
DBCC SHOW| On the specified tde, show the
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STATISTICS current distribution statistics for the
specified targe
UPDATE STATISTICS | In the designated table or indkxe
view, update details about the
distribution of key values for one or
more statistics class:
sp_autostats Displays or modifies the automatic
UPDATE STATISTICS setting for a
particular index and statistics, or all
indexes and statistics in the current
database for a given table or index

view.
Sp_updatestats Update all user-defined tablesdn th
current database with UPDATE
STATISTICS.
Source: Greg
Robidoux

T-SQL has the benefit of allowing you to monitor atthappens and
when it happens. Similar operations can be condumteall tables using
the Maintenance Plan. You may specify which talileutd have its
indexes reconstructed or which index should be ilebging T-SQL
commands. You may also use DBCC SHOWCONTIG to deter how
fragmented a table or index is and whether or noeeds to be rebuilt.
“The next steps to take are as follows:”

I Making sure that there is a maintenance procesplane to
rebuild indexes and modify statistics.

. Use Database Maintenance Plan in the absence yobther
things.

iii. Look at other options in the tip to make sure ymaintenance
operation is more robust.

Iv. Take time to understand your index fragmentatiod stiatistics
to improve the performance of your system.

3.1.4 Data Control in SQL

A database system's or parts of its access riglitssacurity issues are
regulated by the SQL data control command. Thesanwnds are
intertwined with the database management system card differ

between SQL implementations. Typical commands oeluthe

following.

GRANT: This provides opportunity to enable accesa tatabase.
DENY: This prevents the user from accessing theegys
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Since these commands depend on the real databasgemaent system,
REVOKE removes access rights granted with the GRANMMmand or
taken with the DENY Command.

Data Control Language (DCL): A DCL is a programmiagguage used
to control database benefits and privileges. Tlpeisdleges are required
for all database operations, including table coatiable display, and
table sequencing. It's a component of the Strudt@eaery Language
(SQL). DLC has two forms of rights. Item privilegesd device
privileges are the two types of privileges.

I Object Privilege: This is the ability to performbérary actions
on objects such as PL/SQL procedures and functioashe
classes, views, replication schemes, tables, segaen
materialised views, indexes, and synonyms. Entgiits might
be complex to remove, and only the owner of thetyembay
allow that.

. System privileges: These are used to performrarlgiictions on
objects like cache classes, views, replication m& tables,
sequences, materialised views, indexes, and symanyfhe
instance administrator or a user may grant or revthese
privileges.

3.1.4.1 Data Control L anguage Commands

In DCLs, two types of commands are available. These Grant and
revoked commands.

Grant Command: This is a command that grant usmssa to database
objects. Users can gain access to database pasilaging this
instruction. The grant command has a fairly statidantax. There are
the following:

GRANT privilege_name

ON object_name

TO {user_name 1 PUBLIC role_name}
[WITH GRANT OPTION].

For instance,

GRANT ALL ON library users
TO MNO;

[WITH GRANT OPTION]

The use MNO has been granted permission to dismhaly update the
information in the “library users table” in the @xple above.
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Command revoked: The exact aim of this commana isesvoke any
previously refused or issued permissions. Accessth® assigned
privileges can be revoked using the revoke butiomther words, users
of this command may have their permit revoked. fiehedke command
has a standard syntax as well. There are the folipw

REVOKE<privilege list>

ON <relation name or view name>
From <user name>

For Example

REVOKE UPDATE

ON worker

FROM MNO;

3.1.4.2 Differences between the Grant and Revoke Command

Table 1.15Comparison of Grant and Revoke Command

Grant Command Revoke Command
Other users have permission|tdsers' access to database object
access database object rights| rights that were previously given o
them may be revoke
A user can grant command (ttJsing the revoked order, a user| i
carry out specific functions grforbidden from conducting sugh
the databas tasks
Source: Sumit Thakur (2017)

n

3.2 The Concept of Data M odelling

The first phase in the database design procesgasndodelling. Since it
is a high-level and abstract design process, thigesis also known as
conceptual design. Data modelling is the processrediting a specific
data model for a specific problem domain. In thel world, a problem
domain is a clearly defined field with clearly defd scope and
boundaries. In the context of a graphic, a dataehala condensed
representation of more complex real-world datacttmes.

A model is a representation of a more complex weald object that
has been simplified. Its main purpose is to aggstin comprehending
the complexities of real-world weather. In a datshaa data model
refers to data structures and their functions, adl \&s relations,
obstacles, changes, and other constructs, all afhwére used to help
solve a problem domain. Other goals of data modeinciude the
following.
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I describe the database's data, which includes, amibreg things,
courses, topics, individuals, students, and lecsure

. define the relationship between data items sucdupsrvision of
students by lecturers; lecturers teach courses;

Iii. identify the data problems, such as an 8-digitestichumber and
a subject of 4-6 units of credit. It's worth notitigat the terms
"data model" and "database model" are intercharngeab

Data modelling is a continuous and iterative preces client should

have a basic understanding of the issue domainrdgimceeding, and
as his or her understanding grows, so does thesdegr detail in the

data model. If data modeling is done correctly, timal data model

essentially becomes a roadmap or specification alltthe instructions

for creating a database that meets all end-usairezgents.

The Second Phase is the roadmap. The roadmap lanakpry and

graphical, thereby implying that it comprises plaibasic, and

straightforward text explanations as well as usdigjrams representing
the key data components. It should be noted tluzta model ready for
implementation should possess the following elesient

I A data manipulation technigue to aid real-world adat
modifications;

. A definition of data system that stores end-uséa;dand

iii. A collection of biding, imposed, and obligatory deilines to
ensure data cohesion and unification.

The third phase is database design, which may wevolo other sub-
steps: Database Logical Design, which describeatabdse in a data
model with an identified DBMS, and Database Phydixasign, which

describes the database's internal storage strudtererganisation, or

indexing techniques. Database Implementation aner&dipn/Interfaces
Building are the final two stages. These were corex with building a

schema instance and implementing operations andinteefaces. Data
Is reprogrammed or repackaged using a particulda dg@amework

during the database design phases. The Data Mo@detombination of
conceptual principles or symbols that are used ¢bne data, data
constraints, and data semantics. A category of @xnoperations for
managing data in the database is used in moseafdta models.

3.2.1 The Degree of Data Abstraction in Data M odelling

The database design is similar to how design begfimshigher ground
and progresses to increasing level of detail. Whehouse is being
constructed, for example, the architect will askvhmany bedrooms the
house will have, how many bathrooms it will haved amhether the
house will be one floor or several levels, amongepthings. The next
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step will be to hire an architect to create a nforenal design for the
building. This level delves further into actual necsizes, the house's
wiring system, plumbing fixtures, and other details

The final step will be to hire a contractor to talterge of the building.

After that, the contractor will examine the desfgom a high level of

abstraction to a lower level of abstraction. Thatcpss is normally

followed by database design. Users define the tiperaule, database
designers and analysts develop the database designthe database
design is then physically generated using a dataivesiagement system
(DBMS).

3.2.2 Different Types of Data M odelling
External Models

This is the database from the user's point of viewonsists of a variety
of external perspectives that are intricately lohke the real world as
experienced by each person.

Conceptual Model

This model allows for basic data structuring cali#s. It has a group
view capability that shows the entire databasgE&b structure. It holds
the data and displays the relationships betweenaatstraints semantic
information such as business rules, protection,iaegrity.

Internal Mode€

This has features like a record set of a fixedesd#s more focused on
the physical or file structure. It's a representatf the database in the
database management system's format. This modelesnthe designer
to adapt the conceptual modes' features and caoristrao the
implementation model of choice. Entities from tlomeceptual model are
integrated into the tables of the relational modéie most popular
models of this kind are the network data modeldn@zhical data model,
and relational data model.

Physical Mode

The physical data model is the most comprehensideugually the final step

before database creation. It regularly accounts database management
system-specific features and rules. It allows ehoulystration and detail

about data points and their relationships to cremtechema or a final

actionable blueprint with all needed instructioosthe database build.
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3.2.3 The Data Abstraction Layer

By looking at a figure 1.7 , one can see how tilveoua models interact.
We should look at the external model from the hgghlevel. The
external model is the data's end-user perspectivedatabase is
essentially a commercial framework that meets #m@mahds of various
departments. However, one department may not leeested in seeing
the data of the other departments. Collection gnovidr example, is
uninterested in viewing circulation data. As a tgswne user's
perspective will vary from another's.

The data designer should have an understandinly) thieadata to enable
the building of a library-wide database. The comgapmodel is the first
model developed, taking into account the needsaabus departments.
The conceptual model is independent of the softveaue hardware at
this stage. It is independent of the DBMDS progranthat was used to
create the model. It is independent of the hardwaezl in the model's
implementation. The database architecture is uctifieby changes in
hardware or DBMS software at the conceptual stadger the DBMS
has been selected, it can be applied. This is tbhdemthat is used
internally. You construct the entire set of lawsy%, and constraints at
this stage. The logical design is another nametti. The physical
model refers to how data is stored on disc, anth eéatabase provider
has their own method of doing so.

View 1 View 2 View 3

External Model

Conceptual Model

_ Internal Model
Logical

independence -
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Fig. 1.7: Database Abstraction

Source: Adrienne Watt and Nelson (2015).
https://opentextbc.ca/dbdesign01/chapter/chapter-5-data-modelling/

Schema

A general definition of a database usually depicty the entity-
relationship diagram is known as schema. There wgmdtiple
subschemas and there are external schemas.

"Multiple subschemas" means there are multiple resleviews of the
data.

There is only one conceptual schema.

External schema diagrams can be made up of datatepyelationships,
and constraints. Physical Schema: There is only orethod of
representation and record definition, and methafdaccess, indexes,
and hashing

3.2.4 Logical and Physical Data I ndependence

Data independence basically ensures that usercapiphs are immune
to changes in data definition and organisation.alCaistractions reveal
only the information that is essential or relevaatthe user. The
database user is unaware of the complexity. Phydata independence
Is concerned with concealing the storage strugurgbrmation from
user applications. The program should not take wisagce of these
problems because the operations performed on ttee ata identical.
Data abstraction is defined by the combinationasthdndependence and
operational independence. There are two forms td dalependence,
logical and physical.

Logical Data Independence: This refers to the t@ghid alter the logical
schema without affecting the external schema, wisdtear to the user.
Adding new entities, attributes, or relationshigs the conceptual
schema, for example, does not necessitate rewetigjing application
systems or altering existing external schemas. r@ike, modifications

to the logical schema, such as adding columns or tadles to the
database layout, do not impact the applicatiometfanality, which is

based on exterior perspective.

Physical Data Independence: This describes an naitemodel's
resistance to modification in the physical model. dase the file
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arrangement or storage devices, or indexing siegegye modified, the
logical schema remains unchanged.

3.3 DataModelsand Building Blocks

In data models, there are building blocks. Entitiegttributes,
relationships, and constraints are the four tygesntties. An object, an
occurrence, or an individual whose data is colegcéd stored is
referred to as an entity. An individual represemtspecific category of
the object in the physical world, implying thatc&n be distinguished.
This means that each person is distinct and spegidibrary’s user
object, for example, will have distinct user ocemces like Ade Adeolu,
Jimmy Carter, and Frederic Perl. Entities may bdeaartifacts, such as
users or book materials, or abstract concepts, asichusical concerts or
drama shows.

Attributes: This applies to an entity's charactess For example, a
user's identity is specified by features such amnplmumber, address,
credit limit, phone number, and others. Attribusées the same as fields
in the file systems.

Relationship: A relationship is simply a link orcannection between
two or more entities. Users and libraries or knalgks centers may have
a partnership. This can be described as a libratyderves a numerous
or diverse users, each of whom may be served byhandlifferent
library. Three types of relationships are used atadmodels. One-to-
many, many-to-many, and one-to-one. Database dasedooften use
the abbreviations 1:M or 1.....*, M: N or *..*, arddl or 1...'"1. The M: N
concept is a common label for a many-to-many refstiip, but the
label M: M can also be used. These illustratioss ashow the variations
in the relationships.

Relationship of one to many (1:M or 1..*). A libian creates a lot of
cards, but each one is written by a single pergm.a result, the
librarian (the one) has a link to the cards (thenyhaAs a result, the
partnership is labeled by the database designeRIFAare generated in
a 1:M ratio by LIBRARIAN. It's worth noting that &y names are
usually in upper caps as a convention to make tbasrer to recognise.
A single user (the one) can produce a large nurabeards, but each
card (the many) is created by a single user. Th@ delationship
between the USER and the CARDS will also be labeled

Relationship of many-to-many (M: N or *..*): A liarian may learn a
variety of library skills, and each skill can beigat to a large number of
librarians. The relationship (LIBRARIAN learns SHl) is labeled M:

N by database designers. Similarly, a student ake several lessons,
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and each lesson can be taken by multiple studegitsng the

STUDENT takes LESSONS relationship the M: N symbOhe-to-one
(2:1 or 1..1) relationship: the management strigctafr an information
center can require that each of its units is hahble a staff member.
This means that each unit manager, who is a mewib#re team, is
responsible for only one unit. As a result, STARFe@tes UNIT in a
1:1 partnership.

SELF-ASSESSMENT EXERCISE

1. Define SQL using an illustration from the MS server
2. Describe the categories of SQL Data Definition Lizage
Commands.

40 CONCLUSION

Structured Query Language SQL and data modelliegimportant in
database design and database management. SQLlyspleatfyou want,
not how to get it in the database. Data managendatd, control, and
data retrieval are all equally essential in SQLtaDaodelling, the first
phase in database design is a high-level and abslesign method
known as conceptual design. The method of devejppiparticular data
model for a given problem domain is referred talas modelling.

5.0 SUMMARY

In this unit, you have learned about structuredgilenguage, SQL, and
we have discussed data definition in SQL. You hiagen exposed to
data retrieval in SQL which is all about using sekxripts or statements
to retrieve data from SQL tables. Data maintenas@so discussed in
the unit, and the MS SQL server has a built-in thak allows creating
and executing maintenance tasks easily. You'velasoed about SQL
data management, which allows you to control thees® rights and
security problems of a database system or pads@fThese commands
are intertwined with the database management syat@can differ
between SQL implementations. GRANT, DENY, and REBkre
some of the most common commands addressed. Theame to a
close with data modeling, which represented thecquare of
developing a particular data framework for a gipeoblem sphere.

A problem sphere is a definite field in the realridowith clearly
defined scope and boundaries. The goals of datzlimaylare:

I define the data in the database, such as classégcts,
individuals, students, and lecturers;
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. define the relationships between data objects, sisckecturers
supervising students and lecturers teaching courses

iii. define the data problems, such as an 8-digit studember or a
subject of 4-6 units of credit. Itis worth notinbat the terms
"data model" and "database model" are interchargeab

6.0 TUTOR-MARKED ASSIGNMENT

3 Explain data retrieval in SQL.

4. Explain data control in SQL.

5. Describe data maintenance in SQL.

6 What is data modelling?

7 Discuss the different types of data modelling.

8 What are the building blocks in data modelling?
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1.0. INTRODUCTION

In this wunit, you will be exposed to different defions of
normalisation, and forms of normalisation. You vélso be introduced
to the goals of normalisation, and the processluaebin each of the
forms of normalisation.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define normalisation

describe the goals of normalisation

identify the forms of normalisation

describe the process involved in each of the 1N, 2nd 3NF.

3.0 MAINCONTENT

3.1 Normalisation

Normalisation is defined as a sub-division of relal theory which

offers design perspective. It is a method for neung the

entity/attribute lists to ensure that attributeg aituated where they
belong. For instance, a library user entity shauddtain only attributes
that provide information about the user. Peradwentwy accident or
omission, an attribute is wrongly linked with thiéoréry user, the
normalisation process will allow you to identify dancorrect the
anomaly.

The objectives of normalisation are two fold. Tdese to:
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I establish processes for transforming systems tonirgite
duplication.
. in a relational schema, define the degree of reanoyl

The principle of functional dependencies is heawlynphasised in
normalisation. The normalisation principle distirghes six types of
normalisation (NFs). Each type has a collectionetibnce features that
a model must meet, and each confirms the existenaeavailability or
deficiency of improved irregularities. This implieggher normal forms
have little usefulness thereby resulting to fewevdified problems.
Normalisation has two varying approaches.

1. Using an ER diagram as a guide. If the figgraght, some basic
guidelines for translating it into relations can b&ed to avoid
most relational design challenges. .The flaw is thiethod is the
difficulty in determining whether or not the desigrright.

2. The use of theoretical terminology to build yoelationships in
the context of good design. Working from an ER thag is a
little more complicated, but it typically results a better design.

A relation's architecture must adhere to theorkgoadelines known as
Normal Forms. Individual normal type portrays aie®iof increasingly
strict laws. The stronger the relationship's nattire higher the normal
shape.

Six intricately interwoven nested normal forms &xs shown in figure

2.1 , thereby implying that When a relation is arfig¢he higher outer
normal forms, it contains all of the normal fornmhtained within it.
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Fig 2.1: Nested Normal forms
Sour ce: Author invented

Much of the problems associated with weak relatiothesigns are
avoided when a connection is put in the third ndrtype (3NF). The
Fourth Normal Form (4NF), and the Fifth Normal FoK&BNF) by
Boyce-Codd are the three higher normal forms tleall evith complex
conditions that occur regularly. The situationd tinese standard forms
treat, on the other hand, are the abstract ideasi@pler to comprehend
if the need exists, it can be used in practise.

3.1.1 Normal Forms

Any database's tables can be in one of the staridargts. For PK and
FK, every designer would typically want the leastoant of redundancy
possible; anything else should be extracted framerotables. The usual
forms are always six; however, let us limit ouveslto the discussion
of the first three. These are:

° First normal form (1NF)
° Second normal form (2NF)
. Third normal form (3NF)
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First Normal Form (1NF)

In this form, at the intersection of each row awdumn, only single
values are permitted. As a result, no repeatingigsaexist. Delete the
reiterating group from a connection with a reitgrgtgroup and create
two new relations to normalise it. For unique idcdtion, the new
relation's basic key is a collection of the actatrue relation's primary
key and a feature from a recently establishediogistip.

Process for INF

We will use the Student_ Grade_ Report table froBclaool database to
show the process for 1NF.
Table2.1

Student_Grade Report (Student No, Student Name, Major, Course
No, Course Name, Instructor No, Instructor Namsirlrctor Location
Grade

The course knowledge is the repeated category enstident Grade
Report table. A student may enroll in a varietycoluirses. Delete the
party that keeps repeating. It is the course defail each student by
doing so.

Choose a PK for your recently created table.
The attribute meaning must be constantly recognisg the PK
(Student No and Course No)

After removing all of the students attribute or twairse, the remains are
the students’ course chart.

By withdrawing the reiterating party, the first nml shape which the
student table (Student) is formed.

Table 2.2: PK .
Student (Student No, Student Name, Major)

Table 2.3: Student Table .
Student Course (Student No, Course No, Course Name, Instructor
No, Instructor Name, Instructor Location, Gre

Irregularities in INF can be updated in this way:

Student Course (Student No, Course No, Course Name, Instructor No,
Instructor Name, Instructor Location, Grade)
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I A fresh student is needed to add a new course.

. There might be inconsistencies when coursermétion has to
be changed.

iii. Removing a student necessitates the deletiberitical course
details.

Second Normal Form (2NF)

The relation/link must first be in 1NF to be in thecond normal form; if
the PK only has one attribute, the relation is mattically in 2NF. Each
non-key attribute must be fully dependent on thererPK, not just a
subset of it, if the relation has a composite Pke.(ino partial
dependence or augmentation is allowed).

Process for 2NF

Before proceeding to 2NF, the table must first ved to INF. Since
it has a single column PK, the student table isaaly in 2NF. When
looking at the student course table, it's cleat tiod all of the attributes,
particularly all course details, are solely depemnda the PK. The only
attribute on which you can fully rely on is yourade: The three new
tables will be shown in the following order: iddgtithe new table
containing the course content, identify the newetalPK, and identify
the new table.

Table 2.4: New PK .
Student (Student No, Student Name, Major)

Table 2.5: PK Grade .
Course Grade (Student No, Course No, Grade)

Table 2.6: PK Instructor
Course Instructor (Course No, Course Name, Instructor No,
Instructo Name, Instructc Location

The mofication of 2NF anomalies can follow this:
A course is needed when introducing a new instruttgonsistencies in

teacher information may arise as a result of updatourse information.
You will delete the instructor's records when yaingtall a course.
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Third Normal Form (3NF)

The relationship must be in the second normal ftorbe in the third
form. All transitive dependencies must also be rezdp a non-key
attribute cannot be functionally dependent on agrotion-key attribute.

Process for 3NF

All attributes intransitive relationships should bercluded from each

table with a transitive relationship. New tablesdd be generated with
the dependency removed, and new tables shouldvieved when they

are updated to ensure that each table has a detsmand that notables
have unacceptable dependencies. This is seen irotlosving four
tables.

Table 2.7: Transit Relation — Major .

Student (Student No, Student Name, Major)

Table 2.8: Transit Relation — Grade .
| Course Grade (Student No, Course No, Grade) |

Table 2.9: Transit Relation — Instructor .
| Course (Course No, Course Name, Instructor No) |

Table 2.10” Transit Relation — Instructor Location
Instructor (Instructor No, Instructor Name, Instructor Locabio

No irregularities should be tolerated in the thirdrmal form at this
stage. Figure 2.2 is an excellent illustration o6t The elimination of
groups is the first step. The student (Student®odent Name, Major).

Student Course (Student No, Course No, Course Nhmsgyction No,
Instructor Name, Instructor Location, Grade)

In the school database, the normalisation procasse reviewed along
the dependencies shown in figure .2.2.

SELF-ASSESSMENT EXERCISE

1. Define normalisation.
2. Describe the three forms of normalisation discussedis unit.
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. o & |

CourseNo | CourseName | InstrucNo | InstrName | InstrLocation | Grade

StudNo

| |
L, L]

Fig. 2.2: Dependency Diagram
Source: Author invented idea

40 CONCLUSION

Normalisation enables the database designer tad baoil establish

relationships that escape the majority of the issaaused by poor
relational design. If by omission, an attributevi®ngly linked with the

library user, the normalisation process will alltive identification and

correction of the anomaly. It focuses on two majpproaches. These
are working from an ER diagram and the use of #étezal terms behind

the good design to create your relations.

50 SUMMARY

You have learned about to normalisation which ie tranch of a
relational theory which provides design perspectlvés a method for
reviewing the entity/attribute lists to ensure th#ributes are situated
where they belong. You have also learned aboutathgroaches of
normalisation and the three forms which include 1lI®NF, and the
3NF.

6.0 TUTOR-MARKED ASSIGNMENT

3. Explain the process involved in each of the threemf of
normalisation discussed in this unit.
4. Explain the nested normal form with appropriatesttation

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

In this unit, you will be exposed to storage mamaget in databases.
The subjects of our discussion will include the aapt of storage
management, types of storage devices, the attsbute storage
management, features and advantages of storagegemaeat, storage
device hierarchy and strategies to improve secgmstarage access.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define storage management in databases

identify and explain the attributes of storage nggmaent
describe the features of storage management

describe the advantages of storage managementainadas
illustrate the storage device hierarchy

explain the strategies to improve secondary stoagagess
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40 MAIN CONTENT
3.1 Storage Management

Storage management refers to the administratiatata storage devices
used to store users' computer-generated data. Annetrator uses

storage management as a tool or a set of procésde=ep data and
storage facilities secure. It can also be defireed mmechanism by which
users maximise the use of storage pieces of equipamel safeguard the
unity of data stored on any storage device. Stomag@agement is
classified into various categories of sub-clasatfans or sub-groupings
that cover areas such as virtualisation, safetg, athers, as well as
various forms of supplying or automation, which malp the bulk of

the storage management software industry.

Increasing or maximising the usage of storage @svensures that a
significant amount of accessible data is writteratol read from these
devices at a fair pace. Increasing these resowftes entails ensuring
that there is sufficient broad storage space aailavhile avoiding
expensive excess quantities. The concept of risgggis focused on two
major storage management areas. These are thept®rafecapability
and efficiency. Data integrity means that it wilbrmally only be
available to those who are eligible for it and thatill not be changed
unless the eligible owner expressly requests ittaDategrity also
ensures that if the data is lost or corrupted, ‘teuor genuine copies
would enable it to be restored to its original estdthe other two major
areas of storage management, recoverability, drabilgy, are covered
by this definition of data integrity.

3.1.1 Attributes of Storage M anagement

There are some key attributes associated with ggonsanagement that
are used to handle the storage capability of theicde They are
capacity, conduct, recoverability, and dependahilit

Capacity: This is the ability and capability of storage ragement to
store a large amount of data. It is expected thatage management
with large capacity should has ability to store énagnounts of data.

Performance: This refers to the action put by storage managenre
terms of how well the system behaves or respones esen filled with

a large amount of data. Storage management willdeeelop fault
anytime it is put to work.

Recoverability: This means how easy it is to recover data froen th
storage management in case there is a disasterasualfire outbreak,
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windstorm, or hurricane. Despite any of this, téadn the system must
be the one that can be retrieved if any of theppdias.

Reliability: This deals with of how reliable the system isiianage or
store data for long a period of time.

3.2 Typesof Storage Devices

There are variations in storage devices. Thesatiams come (in the
form of) or as cost per byte, access speed, aral @iacity. Some
devices have the fastest access time; howevehahest time has the
highest costs with the smallest capacity. The a#sviare arranged
hierarchically and are explained in turn in thistem (See figure 3.1).

Cache

/\
Main Memor;l/I

I

Flash Memory

|

: |
o opealDis

Al

Fig.3.1: Storage Devices

Source: Signal B. (2020). Introduction to Databases Sorage Management.
Prof. Beat Signer Department of Computer Sciendgge Universiteit Brussel

The figure 3.1 is the hierarchical arrangementhef devices. This is
described level by level as contained in the devige-board caches
are normally found on the same chip microproceasdhe cache.

The Level 1 (L1) cache has a standard size of @bkies and stores
instructions and data temporarily.
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The Level 2 (L2) cache is typically 1MB in size, wehthe Level 3
(L3) cache is usually 2MB in size.

Level 3 (L3) caches are normally accompanied by B8MThe
majority of data items in the cache are copies afies in the main
memory. If data in the cache has been modified, ¢heivalent
memory positions must represent the changes.

File formats are commonly used to store databamed, these files
often contain information. Physically, actual data stored on a
computer in electromagnetic formats. The storagecds are divided
into three categories: main, secondary, and tgrtorage.

3.2.1 Main Memory or Primary Storage

As a storage unit, the primary memory can be ségsgabytes in size.
Typically, they are too tiny and expensive to stthre entire database.
Any content may be lost or the computer itself ntagsh during a
power outage/surge. (In-memory databases, suchMB®3) can, for
example, be entirely reliant on main memory. It'srtw noting that
IDBMs is not very long-lasting. The maximum sizeabpace, such as 4
GB for 32-bit space, is normally used to limit tsiee of the IMDB.As
compared to magnetic tapes, the main memory hadonanaccess
memory (RAM), and the time to access such datass tlependent on
the venue. 10 nanoseconds are the basic accesglil8eseconds).

3.2.2 Secondary Storage (Hard Disk)

Hard disks are the secondary storage units. Thesusique feature of
random access. The operating system (OS) or da&abasmagement
systems transfer files between a hard disk and maimory (disk 1/O)
in this case. The buffer manager or database mar&agesystem
administrator, for example, oversees the loading affloading of
blocks for specific database management systenabges. I/O time is
the fundamental building block, which usually seekse in
milliseconds. As compared to main memory access,ishnormally a
million times slower. A device can have a capaoitynultiple terabytes
and use multiple disk units.

The Hard Disk: The hard disk usually carries more than one platteds an
more than one head. The platters are usually @liginaddressed
relative to cylinders, block, head, and sectoratéies of the cylinder-
head-sector (CHS) scheme include a maximum of X&aders, 16
heads, and 63 sectors. Today's hard disks suppgital block
addressing (LBA), which conceals the physical diskmetry.
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The Solid-state Drive: A solid-state drive (SSD) is a storage system that
consistently stocks data with the aid of solidest@iemory such as flash
memory. The SSD has a hard disk interface and tame sip to a
hundred gigabytes of data. Block 1/O time seek ig&1 milliseconds

in general. In database management systems, SSDisetia to reduce
the gap between primary and secondary storage SHi#s have a few
drawbacks at the moment. For databases with & igbaate operations,
the limited number of SSD writes operations beff@i&ire can be an
issue. Furthermore, as opposed to read operatigits, operations are
slower.

3.2.3 Tertiary Storage

There is no random access in tertiary storage. Siapptical disk
jukeboxes like racks of CD-ROMSs, and tape silosuding room-sized
machines containing racks of tapes run by tapetsobach as Storage
Tek, Powder Horn with up to 28.8 petabytes weraus#id to speed up
access time.

3.3 Memory Hierarchy

With a computer system, memory is organised on @akscale or

ranking. For example, a central processing unitdieect access to its
main memory and inbuilt registers. When compare@RdJ speed, the
time it takes to reach the main memory is noticeabbwer. Cache

memory is used to reduce the speed difference. &Cawmory allows

for the quickest access times and stores datastioéen retrieved by the
Central Processing Unit. The costliest memory ie tne that has
capacity for quick and speedy retrieval. Huge @seof storage system,
on the other hand, provide limited speed, are ctreapd can store
much more data than cache memory or CPU registers.

3.3.1 Magnetic Disks

The most well-known secondary storage in todaympmder system is
the hard disk. They are referred to as magnetiksdssnce they stock
data using the magnetisation principle. Metal digleckaged with

magnetised components make up a hard disk. Thessgstdevices are
mounted vertically on an axle. The spot under thvwa read or write
head pushed the disks in-between to be magnetiselfrnagnetised.
The magnietised point is either a 0 or a 1. Haskgliare prepared or
designed logically to store data in a well orgathiseanner. TRACKS

are the connection circles on the hard disk. Eeatktis separated into
sectors. A sector on a hard disk can hold up tollyi@s of information.

3.3.2 Redundant Array of Independent Disks (RAID)
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A RAID is a storage system that connects seve@rstary devices to
function as a single storage medium. The RAID dimies connected to
accomplish a variety of tasks. Based on the diskyar the levels are
properly specified.

RAID 0: This is the phase in which the disks argptd into a single
array. The data is divided into blocks, which ahent exchanged
between disks. Each disk is given a data blockriteiread in parallel.
It improves the storage device's speed and effigieim level O, there is
no differentiation or backup. RAID 0 is shown igdre 3.2.

RAID

Controller ..---—-—|———--.._ e :L'"'__l —
b e F |
Fig. 3.2: R& Controller
Source: Tutorial Point (2021).

https://www.tutorialspoint.com/dbms/dbms data mseddin

A mirroring algorithm is used when data is senat®AID controller,
and a copy of the data is sent to all of the diststhe array.
MIRRORING is another name for this RAID stage, whprovides 100
percent redundancy in the event of a failure.

RAID *
Controller

= =

— _ g

Fig. 3.3: Raid 1 Qufier

Source: Tutorial Point (2021).
https://www.tutorialspoint.com/dbms/dbms data msdidn

RAID 2: In RAID 2, the data is divided and sharedoag different
disks using an error link code based on Hammingadce. In
comparison to level 0, specific piece of data biaiword is registered
on its disk, while the ECC codes of the data wamdsstored on separate
groups of disks. As a result of difficulty in sttuce and high cost,
RAID 2 is not available for profit making.

RAID
Controller
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Fig. 3.4 Raid 2 Controller

Source: Tutorial Point (2021).
https://www.tutorialspoint.com/dbms/dbms data models.htm

RAID 3: This partitions the data across severakslighe data word's
divided bits are stored on different disks. Thigime allows RAID 3 to
overcome the failure of a single disk. RAID 3 iputed in figure 3.4.

RAID Parity

. Generator

Controller T |—--~~_~. T | T @l | —
B L_B _PamyB

Fig. 3.5: Raid 3 Controller

Sour ce: Tutorial Point (2021).
https://www.tutorialspoint.com/dbms/dbms data msdidn

RAID 4: At this stage, a complete block of datavigtten to data disks,
and the division is then produced and stored agparate disk. It should
be noted that level 3 divides bytes at the bytellewhile level divides
by blocks at the block level. To set up RAID ondksv3 and 4 , you will
need at least three disks.

RAID L
Gurtrnllerr T n i > T 1‘ -
[.E__ - ;J E Parlgg_h_f]
L _E__'."' Pariy_|
Eluck ﬂ Block 1 Block ~arity
Fig 3.6: Raid 4 Controller
Sour ce: Tutorial Point (2021).

https://www.tutorialspoint.com/dbms/dbms_data msdigin

RAID 5: Data blocks are written on different diskisthis stage, but the
different bits produced for data block stripe ahared across the data
disks compared to being stored on a separate szbdrsk.

86



LIS318 MODULE 2

RAID
Controller

Fig. 3.7: Raid 5 Controller
Sour ce: Tutorial Point (2021).
https://www.tutorialspoint.com/dbms/dbms data msdin

RAID 6: This is a step up from RAID 5. At this seggwo separate
parities are created and stored across multiples diisa shared fashion.
More fault tolerance is possible with two parti&s. run RAID at this
stage, you'll need at least four drives, as showigure 3.7.

ECC Code

/ (Q)
RAID X-OR Parity

Controller ™ (P)

P o
P o

LBSJ i Q3

Fig. 3.8: Raid 6 Controller

Sour ce: Tutorial point (2021).
https://www.tutorialspoint.com/dbms/dbms data msdidn

3.4 Different M odels of Data Computation

In data storage management, there are various datigru models
such as the following.

I/O Model of Computation: In this model, the tinekén to transport a
block from disk to memory is longer than the tim&ed to compute
analogously.
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Database Management System Architecture: This isDBMS
computing model that assumes data is too largeittanfo main
memory. Effective techniques, such as secondangnbiary, must be
considered.

The best strategies for processing large amourdsitaf normally differ

from those for computing with RAM. Reduced disk egses are
crucial in this case. The RAM Model of Computat@assumes that the
data is stocked in the database's actual memory.

3.5 Storage Access

Part of the system's main memory is used to safdgatared copies of
disk blocks when accessing databases. The duthefrianager in
charge of storage security is to transferring deden secondary disk
storage into memory. However, the blocks that niogstmoved from
the disk to the memory must be reduced. A large barmof blocks
should be remembered. The DBMS invokes the stoisafeguard
manager if a disk block needs to be accessed.marsager must also
search to see if the block has already been a#dcat the main
memory.

Perhaps the requested block is readily in a safegwmaode, the
administrator will return the equivalent addre$shé block has not yet
been placed in the safeguard, the manager must thekdollowing

steps:

If there is no more room left, you must allocateasp If an existing
block has been modified after it was last soughtfem into the disk,
the manager removes it from the safeguard and siitback to the
disk. Return the analogous memory address aftatirgathe block
from the disk and adding it to the safeguard.

3.5.1 Strategiesto | mprove Secondary Storage Access

There are available strategies for improving steragcess. These
involve the following.

o Prefetching of disk blocks

) Disk controller

o Blocks that are frequently accessed are placed simgde disk
cylinder for prefetching.

o Effortless caching

o Disk controller

o Main memory
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o Data is distributed through several disks to takgaatage of
parallel disk accesses, such as with a redunddtgcton of
separate disks (RAID). An array is a logical detitat combines
two or more physical disk devices into one or mbrgical
devices. The machine typically sees this as aeidigk drive.

o Using disk scheduling techniques in the operatiygtesn,
database management system, or disk controlleretode the
sequence of requested block reads/writes, suclheaglevator
technique.

3.5.2 Characteristics of Storage M anagement

The characteristics of storage management includeate not limited
to the following:

1. Storage management is a technique for incrgahim efficiency
of data storage resources.

2. The method of increasing the usage of storayees is known
as storage management.

3. Information systems use storage management as/stem
component.

4. Storage management is typically assigned anulléd as a

resource that benefits a company.

SELF-ASSESSMENT EXERCISE

1. Describe the storage management in a database.
2. What are the attributes of storage management?
3. Discuss the types of storage devices that are adlail for

managing data in a database.

3.5.3 Advantages of Storage M anagement

The advantages associated with storage managemehtdé the
following:

1. It can assist libraries and information centresnmgrove their
agility in virtualisation and automation.

2. It is extremely easier to manage a storage device.

3. It usually saves time

4. It usually improves the performance of the system.

4.0 CONCLUSION

Database storage management is critical. Incredlsengsage of storage
devices ensures that a significant amount of avigldata is written to
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and read from these devices at a fair pace. Inogdkese resources
often entails ensuring that there is sufficient dofostorage space
available while avoiding expensive excess quastitie

5.0 SUMMARY

This unit has exposed you to discussion on storageagement in
databases. It is assumed that you have underst@dttributes of
storage management, types of storage devices, areggof storage
which include primary, secondary, and tertiary. Yaave also learned
about the memory hierarchy including magnetic diskd redundancy
array of independent disks, RAID, and the stratedm improving

secondary storage access.

6.0 TUTOR-MARKED ASSIGNMENT

4 Identify and discuss the three categories of swfagdatabases.

5. Discuss memory hierarchy in storage management.

6 With illustration, discuss the six levels in Redand Array of
Independent Disks (RAID)

7 What are the strategies for improving secondamagmaccess?

8. Describe the features and advantages of storagagearent.
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MODULE 3 TRANSACTION MANAGEMENT AND
RELATIONAL DATABASE SYSTEMS

Unit 1 Transaction Management and Query Evaluatioh
Databases
Unit 2 Distributed and Non-Distributed Databasst8gns

UNIT 1 Transaction Management and Query Evaluationof
Databases

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Transactiorand Transaction Management
3.1.1 Properties of Transaction
3.1.2 Transaction Model and Possible Outcomes for a
Transaction
3.2 Database Management Transaction State
3.3  Types of Transaction Schedule in DBMS
3.4  Query Evaluation of Databases
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit introduces you to transaction managemant query
evaluation of databases. Parts of what you wiliri@a the unit are the
concept of transaction and transaction managenpeoperties of the
transaction, transaction support in the structucpeery language,
transaction model and possible outcomes, databaaeagament
transaction state, and types of transaction schenulDBMS. Query
evaluation of databases is also part of the comtahrthis unit.
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2.00BJECTIVES

At the end of this unit, you should be able to:

define transaction and transaction management

describe the properties of a transaction

explain transaction support in the structured qlemguage
describe the transaction model and possible outsome
describe database management transaction state

identify and explain the types of transaction scihedth DBMS
explain query evaluation of databases.

3.0 MAIN CONTENT
3.1 Transaction and Transaction Management

There are many definitions of transaction with refiee to database
management. However, some of these definitions ballconsidered
here for easy understanding of the concept. A &aie is a group of
guery commands intended for spontaneous accommishnn a
consistent perspective of a database. A transactonalso mean the
database management system’s abstractive perceptouaser program.
It is a sequence of database commands; disk readeates. It is also
referred to as orderly processing analogous to ecession of
preliminary physical operations (reads/writes) loa database. can no
longer be split or divided. It is also a combinatwf actions that affect
regular changes of system states when protectstgrsyuniformity. For
instance, part of the transaction taking place betwa user and the
library is borrowing and returning books. Borrowired books and
returning books borrowed are two different transast that can take
place in a library. These transactions have tproperly managed and
this leads us to the concept of transaction managem

The administration of transaction deals with thealledmges of
safeguarding the database in a regular or unifoanner, even when
simultaneous retrieval and access seem imposdiblere is a crucial
challenge in transaction management. Assuming abdae is in a
regular state prior to installation of the trangactthe database should
be restored to a regular position after the trammadés completed. The
administrator needs to do this not minding the essful conduct of the
transaction at the same time or that there weherés during the time it
was conducted. Therefore, a transaction is a stibfsuniformity and
dependability. The individual transaction has todiscontinued. The
result of the discontinuity relies on the outconséghe transaction in
terms of whether it fails or succeeds. The pbmte is that during a
transaction, problems can occur where the trarmachails before
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completing all the operations in the group. Thisyrha as a result of a
power outage, crashing of the system, among otiidis.can make the
database to become irregular. As a result, twawthcan occur:

I The transaction aborts when the failure happendtiarnprocess
of execution.
. The transaction commits when successfully concluded

These problems can be solved in two ways.

I Commit: This is when all operations in a database a
successfully concluded; then you can permanertiyngit the
changes to the database.

ii. Rollback: Perhaps any of the operations fails, then can roll
back all the changes executed by previous opegation

Why is transaction necessary in databases?

) Databases are shared resources: A database iseal shaource
accessed by many users and processes concurrently.
) To guard against a problem: There will be issuesthik

concurrent access to a common resource is not redrn@gperly
(not unlike in operating systems). In the abserideansaction in
databases, the following can occur:
I Concurrent-related issues
. Failure-related issues

o The most significant benefit of transferring data data
confidentiality. Many database applications requstering data
in several tables or multiple rows in the sameddblmaintain a
consistent data set.

o If transactions are used, other connections tostitree database
can either see all of the changes or none at all.

3.1.1 Properties of Transaction

The properties of a transaction are commonly dehbtethe acronym
ACID (figure 1.1). They are properties that occuren a database tries
to preserve regularity or uniformity before or aféetransaction. These
are the four properties that a database managesystem (DBMS)
should check for any transaction to enable pretjsappropriateness,
and data unification.

v

A 4

A=Atomicity
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—>»{ C=Consistency —phe whole transaction occuasonce does
ACID — ;not occur at all.

—>

A\ 4

I=Isolatior i
The database mugstlealar prior to or

after

—»{ D=Durability [—he transaction.

Several transawsioccur separately
without obtrusion.

The transformation of a successful
transaction takes placerewhen the
system debacle or misfjrirappens.

Fig. 1.1: ACID Properties in Database Management
Source: Geeks (202 1:tps://www.geeksforgeeks.org/acid-properties-in-dbms/

Explanation of each of the properties is herebgigias follows.

Atomicity:  Atomicity simply means that an atomic sub-set aof
transaction must be handled or in a way thatalbgerations are carried
out or none is executed. With atomicity, there osstate in a database
where some degree or aspect of the transaction imempartly
concluded. Position should be defined whetherreetiee manifestation
of the transaction or following the collapse or @&k of the transaction.
The individual transaction is regarded as a und any of them is
carried out to a conclusion or it is not carried auall. The following
two operations are involved.

I. Abort: This is when a transaction fails and a tfamsation made
to the database is not seen.

. Commit: This is when a transaction performed orcexed, and
transformations made are seen.

Some literature also refers to Atomicity as thellér Nothing Rule”

You can look at this example where T comprisesamd T2: Transfer
of 100 books from Cataloguing Unit (A) to Circutati Unit (B).
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Table 1.1: Atomicity

Before: A: 50! | B:20C
Transaction
Tl T2
Read (A) Read (B)
A:=A-100 B:=B-100
Write (A) Write (B)
Atfter: A: 40C B: 30C

In case the transaction fails following the comipletof T1,, but
previous completion of T2 for instance after wiif® but before write
(B), then the amount has been deleted from A butdded to B. This
occurs in an irregular database state. As a rdheltransaction must be
completed in its entirety in order to obtain a ectrdatabase state.

Consistency This means that after every transaction, thebdaia must
be in a consistent state. There should not be amysdctions that
damage the database's records. If the databasenwaasegular state
prior to the execution of a transaction, it mugt be in a regular state
after the transaction is completed. According ® pineceding example,
the total sum before and after the transaction ineigept constant.

Total prior the manifestation of T = 506@00 = 700
Total following the occurrence of T =46@B00 =700

In light of this, the database is regular. Irreguteappens when T1
completes but T2 falters. Therefore, T is inconglet

Isolation: Where more than one transaction is being conducted
consecutively and in parallel in a database systeencharacteristics of
isolation implies that the whole transaction wile lperformed or
conducted such that it is the only transaction he system. No
transaction will influence the subsistence of aaptiecause they occur
separately without intervention. Transformationspgening in any
particular transaction will not be seen to any pth@nsaction until that
certain transformation in that transaction is wnttto memory or has
been committed. This property enables the conddictransaction
simultaneously will lead to a situation that is lagaus to a state where
these were performed sequentially or logicallyt Ae= 500, B = 500. If
in two transactions, T and T.
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Table 1.2: Atomicity For Multiple Transactions

T T
Read (A) Read (B)
A:=A-*100 Read (A)
Write (A) C:. A+B
Read (B) Write C
B:-B-50
Write

Given that T has been completed before Read (B) ¥ will begin.
As a result, T” reads the correct value of A, Ing incorrect value of B,
and the number by T”: (A + B = 50, 000 + 500 = 500) is not
consistent with the balance at the end of transacit (A+Y = 50, 000
+ 450 = 50, 450). This result arises as a resudt 50-unit failure in the
database. As a result, transactions must take ptagsolation, and
transformations should only be visible after theydn been committed
to main memory.

Durability: A database should be durable enough to handlentis
recent update even if the device fails or restéirestransaction commits
after changing a piece or section of data in aldeta, the database will
retain the changed data. If a transaction is cotethliut the system fails
before the data can be written to disc, the dallsb&iupdated as soon as
the system resumes operation. These changes argemmanent and
are saved in non-volatile memory.

It should be noted holistically that ACID propestieffer a technique
that enables accuracy and regularity of a databask that individual
transaction is a set of runs that acts a unit, ygedegular or uniform
outcomes, responds in isolation from other rung, modifies that one
that makes a durable store.

3.1.2 Transaction Model and Possible Outcomes forEransaction
Transaction Model

A transaction is defined in the transaction modehaset of basic read
(R) and writes (W) operations on database objentsvk as (tuples),

which means it starts from an earlier database statl ends in a new
regular state. (Refer to figure 1.2.)
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Fig. 1.2: Transaction Model
Source: Tutorial Point (2021). Database Managemeriransactions
https://www.tutorialspoint.com/dbms/dbms_transaction.htm

Generally, it not a necessity that intermediat@base states are regular.
Possible Results of a Transaction

In a transaction model, a transaction which stasated is identified by
the keyword BEGIN can have two outcomes (figurg.1.3

I Complete successfully: This occurs after executaly its
operations specified or identified with a certaiQlLSstatement
tagged COMMIT that officially communicates the sessful
completion to the transaction manager.

. Complete unsuccessfully: (before the transactibwp scenarios
are possible here. A). the transaction for a padrcpurpose may
decide to discontinue since it makes no sense mbince and
therefore stops carrying out the SQL statement REACK.

B). The system following crashing or constraint laimn
cannot guarantee the successful performance of the
transaction which has failed.

BEGIN

e —— e aemmmm -
- - -
S~ - \\

WA~ . S R(B),-~ _ .
(A\} Intermediate — ( )I/ Intermediate State \
v State /"/'/ I

-

’
~ - /

~~ o == \ 7
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Fig. 1.3: Outcomes of Transaction
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Source: Tutorial Point (2021). Database Management
transactionshttps://www.tutorialspoint.com/dbms/dbms_transactiom

Assuming that because of some reasons, the tramsagtincapable of
completing the transaction, the database managesystém should
undo any modification made to the database.

The Transaction with Save Point

The transaction model adopted by the database reareag system is
more complex; particularly some save point can éfdd and slightly
be used to stop the operations of a transactigu(€&il.4).

-
s ~

/ Int. State

- — - \
- ~ N

/Int. State  *

W(B)

~ -

ROLLBACK to SAVEPOINT

Fig. 1.4: Transaction Save Point

Source: Tutorial Point (2021). Database managen@msactions.
https://www.tutorialspoint.com/dbms/dbms_transactitm

Savepoint in database 2 can be defined by usingink&uction
SAVEPOINT <name> ON ROLLBACK RETAIN CURSORS to oarr
out a slight rollback ROLL BACK WORK TO SAVEPOINTrame>

Serial Execution of Transactions

A database management system may carry out a sétiensactions in
order to perform different transactions and acctesed data. T1 and
T2 may, for example, be carried out after deterngnthe temporal
succession of basic database operations.

Table 1.3: Databases Transaction Series

T1 R (X) W(X) Commit

T2 R (Y) W(Y) Commit
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Read and Write Operations

78 Pages
/‘/] Da se file
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:

Fig. 1.5: Read and Write Operations

Source: Tutorial point (2021). Read and Write Operations.
https://www.tutorialspoint.com/dbms/dbms data models.htm

The elementary unit of data movement from the tiskhe computer's
main memory is a single disk block or page.
The read_item (A) includes steps such as theviatig:

1. Determine the address of the disc block coimtgiA.

2. Copy the disc block into a main memory bufféthe disc isn't
already in a main memory buffer.

3. Cut and paste the item A from the buffer inbe tagged A
program variable.

Write_Item (A) comprises steps such as:

=

Identify the address of the disc block that pases item A.

2. Copy that disc block into a buffer in main mewothat is
provided it is not readily available in some maiamory buffer.

3. Copy item A from the program variable taggedn#o its right
location in the buffer.

4. Store the modified block from the buffer baak disc either

instantly or more basically at a later point time.

3.2 Database Management Transaction State

There are numerous states of transaction termigolog database
management systems. Some of these are considefathlm 1.1

Table 3.1: Transaction Concepts and Terms

State Transaction Type
Terminated/Aborted As can be seen in figure 3.6, if a transactiorsfail
State to complete during execution, it is marked
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Committed State
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failed. The modification made in the local
memory (or buffer) is rolled back to the previous
regular state and the transaction goes into an
aborted state from the failed state. See figure 1.6
for the interaction between failed and aborted
state

Any modifications made in local neeynduring
a partially committed state are permanently stored
in the database when a transaction successfully
completes its execution. If all goes well, a
transaction goes from a partially committed state
to a committed state, as seerfigure 1.6.

Partially Committed Following the completion of a transaction, it

State

Failed State

reaches the slightly dedicated state. As shown in
the figure. When read and write operations are
present in a transaction, it enters a "partially
committed" state from the active state (see figure
1.6).
A transaction is made up of a variety of reads and
writes. When the transaction is completed
successfully, it enters a partially committed state
in which all read and write operations are
performed on the main memory (local memory)
rather than the database. We have this state since
a transaction will fail during execution, and if we
make the changes in the database rather than local
memory, the database can be left in an abnormal
state if the transaction fails. In the event of a
mistake during execution, this state allows one to
undo the database modificatic

When one of the checks fails or thes@ction is
terminated while it is still running, it is tagges
failed. For example, if a transaction fails during
execution, whether due to hardware or software,
the transaction is moved from the active to the
failed state

Active State

When the execution process begingrsaction
becomes active. It implies that a transaction is in
an active state if it is in the process of being
completed. At this stage, you can perform read or
write operations.
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Read, Write

Begin Transaction 0() End Transaction Partially Commit & @
Active
Committed
Abort

© guru99.com
Abort

o L [6)

Fig 1.6: State Transition for Data Transaction
SourceTutorial Point (2021).

Try and study figure 1.6; a state transition diagréoat identifies the
transference of a transaction between the diffeseries. Each of these
states has been discussed in table 1.1.

3.3 Types of Transaction Schedule in DBMS

Types of Transaction

Different categories or classifications of trangatt exist. A measure
for the categorisation is the timing of transactiolt can also be
categorised as the online short-life, and batchde.

I Online transactions have extremely fast/limited
execution/response times and only affect a smatigeo of the
database. This transaction type encompasses thenagwity of
current transaction applications. Online transastianclude
banking transactions and airline/library book reagons, to
name a few.

. Batch transactions, on the other hand, take lohgesomplete
and provide access to a greater portion of thebdata Batch
transactions include statistical applications, regeneration, and
image processing.

Classification also exists based on the structlithetransaction. These
are as follows.

I Flat transaction: A flat transaction is made afpa sequence of
old transactions that are nested transactions w#hsactions
within the main transaction and are embraced betveetoegin
and end markers In other words in a flat transaction, each
transaction is decoupled from and independent leératransactions in
the system. Another transaction cannot start instmae thread until
the current transaction endsThe operations of transactions may
also be a transaction in this case.
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. Two-Step Transactions: Transactions are oftelassified
according to the read and write behaviour they querf The
transaction is called a two-step transaction i§ itestricted such
that all read actions are completed before anyevadtions.

Iii. Restricted Transaction: A restricted trangactis one in which a
data item must be read before it can be modifiedttém) (or
read before-write).

\Y2 Restricted Two-Step Transaction: A restrictetivo-step
transaction is one that is both two-step and stti

Transaction Schedule in Database Management

In database management, a schedule is a mechahamliries up

transactions and executes them one by one. Setraraactions are
operating in rapid succession, and the order ofatjgms must be set
such that the operations do not overlap. The tditgses are timed in
accordance with the scheduling. The order in wrtlod instructions
appear in each transaction will always be presebswedhe schedule.
When two transactions occur at the same time, éisaltr of one will

have an impact on the performance of the other.

Schedule
I

v v
Serial Schedule Non-Serial
Schedule
I
A 4 A 4
Serialisable Non-serial
Schedule Schedule
I I
Conflict View Recoverable Nonrecoverabl
Seralisable Serialisabl Schedule e Schedules
v A : ¢
Cascading Cascadeless Strict
Schedules Schedules Schedules

Fig 1.7: Types of Schedule in DBMS
Source: Author’s idea
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Serial Schedules

These schedules are those that the transactiomsitex® a non-interleaved
fashion, i.e., no transaction begins until the mes one has completed. A
serial schedule is one in which the actions ofedédht transactions are not
interleaved. A transaction in a serial schedule cempleted before

commencing the execution of another transaction. other words, a

transaction in a serial schedule does not begicwiom until the presently

running transaction has completed its executiom-Mterleaved execution is
another term for this sort of transaction executidhe serial schedule is an
illustration of what we have seen so far. Examg@ensider the following

schedule involving two transactions T1 and T2.

Table 1.4: Serial Schedule

T \ T
RN
YL T
R(B) eeens
W(B)..............
RA)...............
RB)....oovvvunenes

where R(A) signifies a read operation on a dagmnitA'. Because the
transactions are performed in the order T1 —> i3, is a serial schedule.

Non-Serial Schedule

This is a form of scheduling in which many trangats' operations are
interleaved. This could exacerbate the concurrgmoblem. The transactions
are carried out in a non-serial fashion, ensurhrag the result is correct and
consistent with the serial timetable. Unlike a aeschedule, where one
transaction must wait for another to finish allitsf operations, a non-serial
schedule allows the next transaction to proceedhowit waiting for the
preceding one to finish. The concurrent transactsonot benefited by this
type of schedule. Serialisable and non-serialisS8leedules are the two types
of schedules available. Serialisable and non-sealale schedules can be
found in the Non-Serial Schedule.

Serialisable: This is used to keep the database's consistenisymibstly used
in Non-Serial scheduling to ensure that the scleedull not result in any
inconsistencies. A serial schedule, on the othardhaloes not require
serialisability because it only follows a transantiafter the previous one has
completed. Only when the non-serial schedule cpomeds to the serial
schedules for numerous transactions is it congiderebe in a serialisable
schedule. Because concurrency is allowed in thigmson, many transactions
can run at the same time.

101



LIS318 DATABASE DESIGN AND MANAGEMENT

Two types of this are available.

1. Conflict Serialisable: If a schedule can beadak into a serial schedule
by switching non-conflicting operations, it is @l conflict
serialisable.

2. View Serialisablelf a schedule is viewed equal to a serial schedtiis,

called view serialisable (no overlapping transaxd)o
A conflict schedule is a view serialisable, howetrer view serialisable does
not conflict serialisable if the serialisabilityroprises blind writes.

Non-Serialisable: The non-serialisable schedules are of two typbaesé& are
recoverabe and non-recoverable schedules.

Recoverable SchedulesThese are transaction schedules in which transesctio
only commit when all transactions whose modificasidhey read have committed.
To put it another way, if one transaction Tj hasréading value altered or written by
another transaction Ti, then Tj must commit aftar Tonsider the following
schedule, which includes two transactions T1 and T2

Table 1.5: Recovery Schedule

T \ T
RN TP
WUA). et
W(A)......c.v......
RA).....c.ecen....
(0011011011 T
Commit...........

This is a recoverable schedule because T1 commis p2 and makes the
value read by T2 to be a correct one.

1. Non-Recoverable Schedule: This schedule is inuglvitwo
transactions T1 and T2.

Table 1.6: Non-Recovery Schedule

T \ T
RN P
A U
WA)....oevenenn
RA...............
Commit
PN o1 ] P

4.T2 committed the value of A that T1 had written. [aler aborted, therefore the
value read by T2 is incorrect; yet, because T2 cittad) this schedule is irreversible.
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3.4 Query Evaluation of Databases
Query evaluation of databases can be conductemviolg this simple process.

Query

SELECT name FROM Reserves R, Sailors S FROM Res&y8&ailors S
R.sid=S.sid WHERE R.sid=S.sid

AND R. bid is equal to 100 AND S. rating is greatsan five
Plan: A tree of associational algebra operatioasheavith a specific technique
or method.

Each "pulls" tuples from tables using "entry routes
An index, iteration, sorting, or other methods nilga used in an access road.
There are two major problems with query optimizatio

Common Query Evaluation Techniques

o Methods and techniques for determining the valukn&bge operators
make full use of a few basic concepts.

° Indexing: WHERE conditions can be used to find alseollection of
tuples (selections, joins)

o Iteration: Even though there is an index, it isenfeasier to search all

tuples. (In some cases, rather than scanning ke itaelf, a search of
the data entries can be conducted in an index).

o Partitioning: We can partition data by sorting ashing it or replace a
costly operation with relevant operations.

Statistics and Catalogues

You need to look for details on the relationshipd andexes that are involved.
At the very least, catalogues typically include fbidowing.

There are # tuples (N Tuples) and # pages for egdation (N Pages).
There are N Keys (distinct main values) and N Pdgesach index (number
of pages).

The index height and low/high key values (Low/Higing specified for each
tree index.
The catalogues are updated on a regular basis.

It is too expensive to update if data changesgther lot of approximation.
Examples: Consider the following two database &alfReserves (reserves) (s
id: integer, s name: string, rating: integer, agml) a crew of sailors (s id:

integer, s name: string, rating: integer, age:)r@ahame: string, s id: integer,
bid: integer, day: date)
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o Assume that each Reserves tuple is 40 bytes lonbtheat a page can
only hold 100 records. Assume that each Sailoretiggb0 bytes long,
and that a page can only carry 80 records.

o Add 1000 pages of Reserves (100,000 records) afdpa@es of
Sailors to the mix (40,000 records).

Examples — Catalogues

Attr? name: string, rel name: string, type: stripgsition: integer) Attribute
Cat (attr name: string, rel name: string, typangtrposition: integer)

. A machine catalog is a list of tables and links. (Eable attributes,
table statistics, etc.)

o Catalog tables can be questioned in the same waynya®sther table
can.

o The operations of associational algebra can be tsedvestigate

Query tradeoffs in the assessment

Table 1.7: Catalogue Attributes
Attribute Cat

attr_name rel_name type position
attr_nam Attribute_Ca string 1
rel_nam Attribute_Ca string 2
Types Attribute_Ca string 3
Positior Attribute_Ca integer: 4
Sid Sailors integer: 1
Snam: Sailors strings 2
Rating Sailors integer: 3
Age Sailors rea 4
Sid Reserver integer: 1
Bid Reserver integer: 2
Day Reserver date 3
Name Reservet string 4

Access Paths

A file scan or index search that matches the deledf the specified
guery. An access route matches (a combination offisvinvolving only
attributes in the search key's prefix A tree indetches (a combination
of) words involving only attributes in the searatyls prefix.

For instance,

I The selection a=5 AND b=3 corresponds to tke tndex on a, b,

and c>.
a=5 AND b>6 are both valid, but b=3 isn't one @rth
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. For each attribute in the index's search leeliash index matches
(a collection of) terms with a term attribute =@l For example,
a hash index on a, b, and ¢c> matches a=5 AND b=B A&b;

iii. b=3, a=5 AND b=3, or a>5 AND b=3 AND c=5 dot however,
Suit.

SELF-ASSESSMENT EXERCISE
1. What is a transaction in database management?
2. Describe transaction management in databases.

4.0 CONCLUSION

The issue of keeping the database in a regulamiorin state, even
when concurrent accesses and failures occur, adeesgkd through
transaction management. During a transaction, sssunel challenges
usually occur. The transaction may fail before ptating all the
operations in the group. This may be due to a pawméage, crashing of
the system and others. This can make the datalesmmie irregular.
However, the irregularities can be solved througmmit and rollback.
Transaction in databases can either be concludedessfully or
unsuccessfully.

5.0 SUMMARY

You must have learned about database query ewatuatid database
transaction management in this unit. In the prooésiscussion on the
topic, you have been exposed to the meaning ofsaion and

transaction management. You have also learned dbeuyiroperties of
the transaction, transaction support in the strectuquery language,
transaction model and its possible outcomes farsaetion, database
management transaction state, the types of traosasthedule in the
database management system, and query evaluatdataidases, query,
guery evaluation techniques, statistics and catedpognd access path.

6.0 TUTOR-MARKED ASSIGNMENT

3. Discuss ACID concerning the properties of a tratisacin
database management.

4. Explain transaction support in the structured quanguage.

5. Describe transaction models and their possible coogs for
transactions in databases.

6. What are transaction schedules in the database geaneat
system?
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7. Describe query evaluation in database management.
8. What the query evaluation techniques in databasegeament?
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UNIT 2 DISTRIBUTED AND NON-DISTRIBUTED
DATABASE SYSTEM

CONTENTS
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2.0  Objectives

3.0 Main Content

3.1 Distributed Database

3.1.1 Distributed Databas¢anagemenSystem
3.1.2 Brief Development of Distributed Databases
3.1.3 Advantages and Disadvantages of Distributed
DatabaseSystem
3.1.4 Types of Distributed Database System
3.1.5 Distributed Database Architecture
3.1.6 Rationale behind Distributed Databases
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3.2.1 Homogeneous and Heterogeneous Distribution
Database
3.2.2 Distributed Database Set-up Method

3.3 Non-Distributed Databases
3.3.1 Advantages and DisadvantagdsNon-distributed
Databases
3.3.2 Differences between Distributed and Non-
Distributed Databases

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

This unit will expose you to distributed and nostdbuted databases.
The unit also features discussion on the meanidgyges of distributed

databases. You will also learn about distributethlolzse systems, the
challenges of distributed databases, and the liisédl database
strategies and setup method. Again, you will ledyaut non-distributed

databases, advantages of distributed databasdsredifes between
distributed and non-distributed databases.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. describe distributed and non-distributed databases
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describe distributed database system

identify and describe the challenges of distributathbases
explain the distributed database strategies amgh eéthod
describe the advantages and disadvantages of stiibdied
databases.

3.0 MAIN CONTENT
3.1 Distributed Database

A distributed database is a collection of concdptualated databases
that are spread across a computer network. Dgihyisically collected
across various locations and maintained by a datathet is a series of
numerous, logically interconnected databases ttetspread across a
computer network. It is a DBMS that is not basedtloa other site.
Every site's data is accessible to users on otte=. hey are sites that
can be spread out and can be linked by telecommatmns, a line
(secure lines or Internet). It is also a local aretavork that may connect
sites that are close together.

3.1.1. Distributed Database Management System

A distributed database system is a series of ioterected databases
spread across several geographical locations akddiby a computer
network. From system to system, the amount of datacessing, and
transaction delivery can differ. This section lo@litghe different layers
of delivery, the benefits, and drawbacks of a disted database
structure.

The database is managed by a centralised softwarens. It provides a

method for accessing the databases regularly. fichspnises the

databases regularly, and users will see throu@dsitf it were all stored

in a single location). The DDMS assures that datanged at any remote
location is universally available, modernised, asupports a huge
percentage of users at the same time, and alsoesnie confidentiality

of the data in the databases'.

3.1.2 Brief Development of Distributed Databases

Rapid technical advancements, as well as evolviggrosational and
information needs, have pushed database techndlogugh various
stages. Database technology in the 1970s focusea@ centralised
method to the storage and processing of data. mbihod necessitated
the storage and processing of all data in a silaglation, normally a
mainframe or minicomputer. This tightly regulatetmasphere was
ideal for the time's organizational needs. Massavancements in
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network technology in the 1980s enabled processntydistribution of

data.

3.1.3

Advantages and Disadvantages of Distributed Databas
System

Advantages

On-demand data Site: Data is distributed accortbrifpe needs of the
operation.

Data access is much easier since users only usalaortion of the
library's data.

Data processing speed increases as a result diathehat data is
processed at different locations.

Growth: New locations can be connected to the netweithout
disrupting performance of functions at existingataons.

Increased/better communication: Communicationseasger to handle
since local sites are negligible or insignificamdanearer to user
activities.

Cost savings: Adding workstations to a network iechnfaster and less
expensive than upgrading or adding another mairdremthe network.

Distributed databases provide modular architectuhgch implies that
systems can be expanded without downtime by aduiwgcomputers
and local data to a new site and connecting thertheodistributed
system.

When central databases fail, the entire system sdma standstill. In
distributed database systems, however, if a compidags, the system
will continue to run at a slower rate until the Iplem is resolved.
Administrators will save money on connectivity co$br distributed
database systems if data is maintained near toewhés needed the
most. This is not possible in centralised strucure

Disadvantages

Management and control complexity database managernasks
become more difficult to handle as data and pracgsare spread
through several devices in various locations. Rtae, backup, and
recovery procedures, as well as concurrency managiemnd data
anomalies, must all be organised and issues rasolith minimal
downtime.
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Safety is paramount: When data is spread throughraksites rather
than being centralised, security becomes a concEne. protection
levels needed by a distributed system are currewtiyrovided by LAN
technology.

Standards are lacking: When it comes to networkiragjocols and data
access controls, there are no guidelines.

Increased storage needs: More disc space is relqorelata replication.
The issue here isn't one of cost, because dise spajlite inexpensive,
but rather one of data storage management.

Generally, distributed databases have the followimagracteristics:

i. Site independent

ii. Distributed query processing

iii. Management of distributed transaction

iv. Independent hardware

v. Independent operating system

vi. Independent network

vii. Transparency in transaction

viii. Database management system independent

3.1.4 Types of Distributed Database System

Different forms of distributed systems exist. A alzase management
system, for example, may be stored in differenafions or a single

location. Processing may also be done on a singl@isthrough several

sites. A comparison of various blends or mixturalistributed systems

versus a non-distributed system is shown in taldle 2

Single Site Processing and Single Site Data: Alsisie processing
host database management system that is non-disgib Al

processing is performed by a single processor maiaframe, micro, or
PC, and the entire data is processed on the hospuwer's hard disk
with a single-site processing and data. A non-thigted system, which
iIs also known as a centralised system, is reprederdy this
configuration.

Multiple-site Processing Single Data: On the othand, multiple-site
processing, single-site data, and multiple proogsdiake place on
several computers that share a single data souxcelient-server
configuration is regarded as a server that reptesata repository with
the client machines do the processing. A fullytrtbsited system is
defined by multiple-site processing and multipe-sdata. Multiple
processors and data servers are provided at naultyshtions for this
form of device.
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3.1. 5 Distributed Database Architecture

Distributed databases may be homogeneous or hetezogs. In a
homogeneous distributed database system, all @iysitations use the
same underlying hardware and run the same operagstems and
database applications. Users perceive homogeneodsiributed
database systems as a single system, and designahgnaintaining
them can be much easier. For a distributed databgseem to be
homogeneous, the data structures at each locatimt be similar or
compatible. The database applications in each imtanust also be
similar or compatible.

A heterogeneous distributed database can haverahtfenardware,
operating systems, and database applications htleeation. Although
a schema difference may make query and transaptimcessing more
difficult, different sites can use different schenaad software.

Different nodes may have different hardware, soféwaand data
structures, or they may be in incompatible locaiollsers in one
location may be able to read data in another, butipload or modify it.
Because heterogeneous distributed databases &oelltlto use, many
businesses cannot afford to employ them.

o 1 = o
Distributed 1 Distributed
data data
repository repository

1

; Network communication
i Between the nodes

1 Sparsely located across

E Geography

1]

: Distributed |
i DBMS

1

Distributed

Application
Programs

Programs

Application @

Local
DBMS

Local
DBMS

: '
Communication | Communication
Controller I Controller

1

I

1

Individual

Individual
Schema Schema
1 i N

Distributed Database Architecture

Fig. 2.1: Distributed Database Architecture
SourceCarlos Coronel & Steven Morris (2017).
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Three alternative approaches to distributed dawlzashitecture are
available. These are as follows.

1.

Client-Server - A client (such as a personahgater) and one or
more server processes are involved (e.g. a maiefra@lients
are in charge of user interfaces, on the other hdath is being
managed by the server while the server and quergution.
Queries may be sent to a collaborative servatr $pans many
sites. There is no difference between clients @ndess.
Middleware: Only one database server (referred as
middleware) is needed to manage queries and trémsa@cross
many servers. Other servers that are left can neamagrnal
gueries and transactions, with minimal versatiatyd power to
implement legacy systems.

3.1.6 Rationale behind Distributed Databases

Vi.

Reliability: If one of the delivery sites fails,ghwhole database
does not suffer a setback.

Avalilability: In situation where the delivery sifails, the local
database is still accessible to users.

Scalability: The distribution can be expanded byliag more
nodes promoting market expansion and hiring mooegssors.
Security: Permissions may be set for each databdsadually.
Economical: Users view remote data less often Jtiegun lower
costs lowering bandwidth consumption.

Speed and resource efficiency: Requests and ititatizs with a
high level of speed and resource efficiency. Databaperations
are carried out on a local level, reducing the needremote
access.

Challenges of Distributed Databases

3.2

Security: Due to the Internet usage

Consistency issues: Databases must be synchrgmesexiically
to ensure data integrity.

Increased storage requirements: Due to replicatfiatatabases
Multiple location access: Transactions may accesa fflom just
one or many locations.

Distributed Strategies

The distributed database environment can be stedttin two ways,
depending on the organisational needs and knowlesigg and
exchange requirement.
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Homogenous: The homogenous databases use therdiBilS for the
entire database nodes involved in the project.

Heterogeneous: Some of the participating nodes usena different
database management system (DBMS).

3.2.1 Homogenous and Heterogeneous Distribution Ciase
In a homogenous distributed database (Fig. 2.R is)pbserved that:

I. Information is disseminated across all nodes

il. All databases use the same database managesysteim and
schema.

ili. The distributed DBMS is in charge of all data

iv. Users worldwide must access information fromme tsame
distributed DBMS-controlled global schema.

V. The world wide schema is developed by combimth@f the unit

DB schemas.
- Global
2 % User

Global
Schema

Distributed
DBMS

lNode 1 Node 2 Node N l

DBMS

DBMS.
Software

DBMS
Software

DBMS " DBMS
Software Software

Software

Individual Individual Individual Individual Individual
Schema Schema Schema Schema Schema

Homogeneous Distributed Database Environment

Fig. 2.2: Homogeneous Distributed Database Envietm
SourceCarlos Coronel & Steven Morris (2017).

Heterogeneous Distributed Database
In heterogeneous distributed database (Fig 2.3), fillowing are
noticeable:

I. Information is distributed between all the nodes
il. Different DBMS and schemas may be used acrossatabases
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1 Local users (interacting with one of the individdaltabases) can
access the corresponding DBMS and schema

V. Users who need access to global data can commenig#t a
distributed database management system (DBMS) Hhat a
global schema (a combination of all the individD& schemas).

W o o 81 "’y

Distributed Global
DBMS Schema
|

 Heterogeneous Distributed Database Environment
Fig. 2.3: Heterogeneous Distributed Databaser&mment
SourceCarlos Coronel & Steven Morris (2017).

3.2.2 Distributed Database Set-up Methods

There are methods for distributed database setupse are discussed
as follows.

Establishing a distributed database environmenéswmiates a detailed
review and development. It is essential to plandingoing and future

information maintenance through either synchronoussynchronous

methods.

Synchronous: Here, information across all nodesilshioe kept in sync
all the time.

Asynchronous: Here, information is replicated attiple nodes to make
it available for other nodes.

As soon as analysis for a specific distributed lileda environment is
conducted, the setup can be performed in one dbtlwaving ways:

Fragmentation/partitioning (horizontal or vertical)

Hybrid setup
Replication
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Fragmentation

Fragmentation (Fig. 2.4) is the process of breakimeggrows of a table
(or a link between two or more nodes, each hostidgtabase) to create
a distributed database "divided by area." Eachbda® has a set of
entries that are part of a table or relation teapecific to that database.

P K AB P K __AB
R1,nf-i <
L 1 R2, v1 < PK
<=Vv2
P K AB RN, VN <

PK < inf

Fig. 2.4: Fragmentation
Sourcekiefer, Bernstein, Lewis (2006).

Information access is effective in horizontal fragration. It's best if
the partitions are all the same size. Since thernal data is stored in
one database, there is room for optimum efficientjorizontal
fragmentation is more reliable since data from otlogeations is not
stored in the database. The access latency vapEnding on whether a
user needs to access any of the remaining nodeslbdend of node
information. When a node has a problem, the inftiondinked to that
node is unavailable to stakeholders.

Vertical Fragmentation

In a distributed database setup, vertical fragntiemigFig.2.5) is also
known as the normalisation process. It entaildtsmdi the columns of a
table (or a relation between two or more nodesgihgl databases) to
create a distributed database while maintainingopy cof the base
column (primary key) to uniquely identify each reto- "split by
purpose

N-nodes
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PK A B Each node contains

al
rows
of a table
PK C D E F G Fig.
PK A B C D E F G ... X 3.12:
Verti
cal
Frag
mentation PK
Fig. 2.5
Source: Kiefer, Bernstein, Lewis 2006).

Moreover, in vertical partitioning, a complete angational units
located in different location has separate acésitiPartition is based on
behavior and duties performed by each node. Ie& b partitions are
uniform. In partitioning, poorly chosen columnssgit can lead to node
bottleneck. Because non primary keys are not rafgle; aggregation of
the data necessitates complicated searches witls fhiroughout the
location database.

Hybrid Set-up

Hybrid set-up involves a combination of replicatiand fragmentation.
A relation is partitioned into several fragmentant® information is
replicated across the database nodes. Data admiarst play a crucial
role to choose the right combination to ensure datagrity and
security.

Replication

It allows for a simple and low-risk approach beeadata is copied from
one instance to another without logical separatitath node has all of
the necessary information. It is more efficieng&d information without

having to go through a network, and it lowers tiek rof network

security. When the information across all nodesdede be changed,
replication necessitates more storage space ands tddnger to

synchronise all nodes. Replication maintains midtipopies of the
database instances, stored in different sites.
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3.3 Non — Distributed Databases

A non-distributed database is otherwise known esrdralised database.
Non-distributed or centralised database typicaltyes data or details in
a specific position within a network. It allows dab be obtained from
an existing database and shared, analysed, oddtoeesingle database
updating inside a company. On a single computeh si$ a mainframe,
a centralised or non-distributed database storeslagd either on a
computer or a server. To gain access to a cerdtabdse, a user must
first connect to a computer network, which gramism access to the
central computer. A centralised database (Fig.2r6)pther words, is
stored in a single location, such as a mainfranmepeaer. It can only be
handled and updated from that location, which isallg reached via a
LAN or WAN connection. The centralised database used by
institutions such as libraries, universities, coghions, and banks.

Circulation

Non-Distributed
Database

Collection
Development

Acquisition

Serial

Fig. 2.6: Non-distributed Database for a Library
Source: Authors’ Idea

All the organisation’s information is containedarsingle database, as seen in

Fig. 2.6. The non-distributed or centralised dasabis the name given to this
database.

3.3.1 Advantages and Disadvantages of Non-distribed
Databases
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Advantages

There are some advantages associated with the iswibgted

databases, and they include (but not limited te)ftitiowing:

I The non-distributed centralised database is legeresive than
other forms of databases because it needs lessr pang
maintenance.

. All of the information in the non-distributed or ntealised
database can be accessed from the same locaticat &mel same
time.

iii. Since the entire database is housed in a singlsigaiylocation,
data confidentiality is maximised. This makes datardination
simpler and ensures that the data is as relialidecansistent as
possible.

\2 The non-disstributed or centralised database has litde data
redundancy. All of the information is kept in ontage rather
than being dispersed. As a result, ensuring thateths no
duplicate data is much simpler.

V. Because all of the data is in one place, betteurgganeasures
can be implemented, resulting in a much safer abs&d
database.

Disadvantages

As there are advantages of non-distributed datababkere are also

disadvantages. These disadvantages are as follows.

I The centralised database receives a lot of datsadraffic. This
could result in a bottleneck.

. Since all of the data is stored in the same placsituation in
which many users are trying to access it at theedame causes a
problem.

iii. Data is stored in one place, therefore, searchimjacessing it
takes longer time , particularly when the netwarklow.

\2 If no database recovery steps are in place andytstem fails, all
of the data in the database will be lost.

3.3.2 Differences between Distributed and Non-Digtsuted
Databases

Table 2.1: Comparison of Distributed and Non-Distrbuted
Databases

Distributed Non-Distributed

Consist of database fileConsist of just one database file
distributed at various tes
Allow many users to haveProblems arise when users access the
access aid play with the| similar file  consecutively @
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data. concurrently.

Files deliver speedily from thdt may take longer time before it |s
point closer to the user deliver to the use
If one file faulters, data canOne site implies out of action or
still be retrieved. unavailable especially during systems
malfunction or faulter.

Multiple files from various Consist of a single database file
databases location must pe

synchonised.

SELF-ASSESSMENT EXERCISE
1.What are distributed and non-distributed datadsase
2.What is distributed database system?

4.0 CONCLUSION

Distributed and non-distributed databases have hbensubject of
discussion in this unit. The distributed databasene in which data are
distributed across various locations in the orgsatéon. The non-
distributed database is also known as the cergthlismtabase. This is a
database has its data located in one place withen drganisation.
Distributed database management system is typicdliyvo types i.e.
single-site processing and single-site data andiphailsite processing
and single site.

5.0 SUMMARY

This unit has exposed you to the distributed and-distributed
databases. You have also learned the meaningyped of distributed
databases; distributed database systems, challenofedistributed
databases, and the distributed database stratagokssetup method.
Also, you have been exposed to non-distributedbdates, advantages of
distributed databases and differences betweenibdisdd and non-
distributed databases.

6.0 TUTOR-MARKED ASSIGNMENT
1. Identify and discuss the challenges of distributathbases.
2. What are distributed database strategies and seetippds?
3. Identify the advantages and disadvantages of nsinialited

databases.
4. Differentiate between distributed and non-distrdoutiatabases.
5. Draw a diagram of distributed and non-distributatatdases.
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MODULE 4 NETWORK-CENTRIC DATA
MANAGEMENT AND  WEB-BASED INFORMATION
SYSTEMS

Unit 1 Network-Centric Data Management
Unit 2 Web-Based Information Systems

UNIT 1 NETWORK-CENTRIC DATA MANAGEMENT

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Network-Centric Data Management
3.2  Network-Centricity Software Development Framekv
3.3  Characteristics of Network Centric Environment
3.4 Challenges of Network-Centricity
3.5 Control Objective for Net-centric Technology
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

This unit will expose you to network-centric datamagement. Through
the discussion in the unit, you will learn abow theaning of network-
centric data management; network-centricity sofevalevelopment
framework; characteristics of the network-centricvieonment and
challenges of network-centricity

2.0 OBJECTIVES
At the end of this unit, you should be able to:

describe network-centric data management

describe the network-centricity software developtiEemework
describe the characteristics of a network-centmgrenment
identify the challenges of network-centricity.

3.0 MAIN CONTENT
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3.1 Network-Centric Data Management

The current definition of net-centric computing foays the Internet as a
worldwide connection ecosystem that supports seoévgaperstructures
like the World Wide Web. “Network-centric” is a terthat has been
thrown around a lot in the software engineering ldoihe field of
software architecture is one of these fields. Usid@ding where this
word came from and what it means in the sensefoface engineering
allows one to use it more effectively to explainatvit means. Network-
centric warfare (NCW), sometimes known as netwaktac
operations, is a concept developed by the DepattroénDefense
(NCO). NCO is a modern war theory that aspires ramsform a
competitive knowledge advantage into a competitvar fighting
advantage by enabling new sorts of war fightingaargational action
through broad networking of well-informed, geogrigally scattered
powers. The following are the fundamental tenetSGO.

o Utilising technological advantages to support ak@tions
o Connecting the entire system used by the orgaarsati
o Creation of awareness amongst all members of tengsation

I The term "network" is now well-defined; neverthaledata can
be rearranged; not the data themselves, nor treagement.

. Monitor the network and make any necessary chahgetata
processing.

iii. The main concept is to identify issues at the appibbn stage and
not at the network stage.

iv.  Adjust the data flow until a problem is discovered.

V. Depending on the semantics of the processing,dds be the
case in some situations.

vi.  Again, both reactive and constructive methods aeslu

The foundation for integrating and exchanging datea net-centric
world is the Net-Centric Data Strategy. It expldine criteria for storing
and sharing data, metadata and creating diversestiating groups.

The following are the main characteristics of thet&entric Data
Strategy:

I Ensuring that data should be capable of beggnsreachable,
and usable anytime and anywhere it is required peed up
decision-making.

. “Labelling” the entire data (intelligence, namelligence, raw,
and processes) with metadata to allow users tovksaata.
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iii. Posting the entire data to public spacesrtalde all users to have
access, except where protection, policy, or regulatprevent it.

\Y2 Moving the department away from establishingefoperability
by point-to-point interfaces and toward allowing ttmany-to-
many" exchanges that are characteristic of a n@ricedata
world.

3.2 Network-Centricity Software Development Framewrk

Nearly all fields of art, education, industry, swe, and government
have been invaded by network-centric computingeflects a paradigm
shift in the nature in which software engineers aanomplish a goal
more quickly and with greater capacity by instrotiof magnitude.

This viewpoint is backed up by the growing numbenetwork-centric

software architectures and frameworks. There awalable software

architectures and schemes that are capable ofngolhie network-

centricity problem and are used by various govemtnand private

sector organisations. The emphasis of the netwenitic development
system is on two key components:

1) The software system's components' network amthaunication
kinds, and
2) The software system's behaviour at runtime.

Besides, the network-centric structure possessesetsential facets: a
technological facet and a human face. A clarifamatof the technology
facet of the network-centric structure correspaiodthe connection and
communication modes between parts of the systers. spinead of a
network-centric culture among software developes been fueled by
advancements in networking technologies. The actst on the other
hand, decide how parts of the structure interadt @mmunicate with

one another in a connected environment to achiewesame goal. As a
result, the system's runtime behavior is affectgdthe reflection of

human behavior in the architects' design. Consdtyidruman activity

shown in the architects' design decision and peefs¥ made in the
processing of designing the software architectuneed device behavior
at runtime.

3.3 Characteristics of the Network -Centric Envionment

Network-centric systems possess four charactesighat distinguish

them from other systems. A network-centric softwdramework

includes the following features:

I F Network centric environment form the serieb systems
perspective .
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. A networked configuration that encapsulatese thuntime
environment in which parts of the system inter@ad limit the
interaction to information transfer.

ii. A burgeoning, active and lively runtime bel@wr in which the
system's actual interacting components are unknpwor to
runtime.

V. A flexible, actively-described decentraliseghtrol connotes that
control over the system's performance is not iy conceded
by a single element; however, this change dependthe role
the system is playing and the element that sthdssystem's
implementation.

3.4 Challenges of Network-Centricity

Many of the issues that the software engineeringnmoanity is
confronted with are not exclusive to network-cagityi In this segment,
we will discuss the challenges posed by networkroersoftware
systems. The most common ones are discussed iaguotlows.

Standardisation: The number one issue involves a creation oo
structures that can support applications and sesvioom a variety of
developers. Systems comprising a blend of interaadl distance
computing capacities are becoming more common iftwace
development efforts, necessitating structural supgbat harbours
exchange and use of information, modification, meking, safety, and
other acceptable actionable features. As a rasualbuld be argued that
this assistance could take the form of a structedinique that makes it
easier to create structures using an innovativieyped coming together
of distributed resources. More precisely, new statsl (akin to Internet
protocols) is used for creating new elements and#limgathe already
available ones net-ready to be developed.

Scalability Building: The Scalability Building on the analogy through
network-centric software systems and the Interastits to the second
challenge. The rationale for flexible architectureshat it can develop
and harbour elements of rigidity and uncertaintytha same way that
the Internet's architecture can. Since networkragesbftware systems
are systems of systems, they include a variety avhponents that
involve different architectural representations andmmunication
methods. Although several current architecturallestywould most
certainly be applicable, the specifics of their lempentation will need to
be altered. As a result, we can see that a newtectlral style is
needed to accommodate these changes. Implicit &twog for example
is a popularly used technique of developing sofensystems. Implicit
invocation is a software architecture method wharé&ramework is
structured along managing events, transmitting thand supporting
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them. On the one side, this method enables heteeogs elements to
be incorporated into low-coupling, high-cohesiomustures, which
possess two essential characteristics of any sdtaygstem. Architects
however must make a decision on certain charatiterithat are critical
to the system, like event transmission efficienag anessage routing.
Both of these assumptions are questionable in\&anktcentric model.
As a result, there is a requirement. Thereforerethie a need for
innovative methods that allow designers to desigsé systems in such
a way that they harbour their innovative and acgjk@vth.

On-Demand Composition This is the number three issue that needs to
create structures that enable end-users to bweld sgstems. Following
the speedy development of the Internet, a growungber of users can
assemble and tailor services to their specific aekgen if these users
have little technical knowledge, they would wargaod assurance that
the parts will get along together in a manner tegpect. Architects
must figure out how to accommodate certain requargsifor network-
centric software systems. A network-centric struetunust have
characteristics that allow the development of mable systems and
subscribe to the implementation of dynamic elenoendemand.

Robust Connectivity: The rationale for a robust infrastructure, which
supports computation through a large number of reutwmus,
heterogeneous, distributed, innovatively implemeéngééements, is the
fourth issue confronting designers in network-dengoftware systems.
The Internet infrastructure, for example, subs&iteea wide variant of
tools, including basic data, communication mechagsjs web
applications, utilities, and so on. Independenbeth organisational and
managerial — is a common trait among these todigyicome in to a
network and go at will, to request and be requebtedther tools, and
particularly, to grow distinctively from one anothé network-centric
software system, likewise, requires a fundamentdl ldasic structures
and facilities that allows for decentralised cohtad the system's
elements. The elements are chosen and assemUdtaaifng the mission
at hand. Since the digitisation of the choice aohgosition procedure
Is inherently complex, architects must concentrate the interface
specifications between the elements of a netwonltrice software
system. Architects in a network-centric model dd typically have
integration awareness of elements built by othegawisations.
Furthermore, if the integrated components have icstatterface
requirements, integration can be impossible. Iategn of an element
packaged to communicate via remote procedure witieroelements
interact via shared data. Of course, this can lalestging. There are
new obstacles for architects to overcome. Therefate seems
appropriate to create an architectural style thatoerages the
consideration of these obstacles at the architaiciewel.
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Security: Security issues are concerned with the securenriae®n of

information among system components to achieve rédggiirements

stated by the issue domain. The increased empluasiaetworked

interactions in network-centric software systemsreases safety risks
and concerns. Safety cannot be an afterthougimiugt be integrated
into the system from the start. As a result, stmed that facilitate the
development of network-centric software systems tnaevide the

ability to integrate security devices into the need system

infrastructure components.

Test and Evaluation: Concerns about test and assessment problems are
almost as old as the NCO definition. “Evaluatiosteyns will become
very hard because the emphasis will not be basedeofunctionality of
individual systems, but instead based on the pmadace of generality

of systems,” Alberts, Garstka, and Stein writehait book about NCO.

As a result, conventional engineering methods &sting network-
centric software architectures would be unableutty fsatisfy the test

and evaluation needs of network-centric softwargtesys. Traditional
methods are probably essential, but they arentoapiate.

3.5 Control Objective for Net-centric Technology

It's gradually becoming complex to handle distrdait computing
systems as they scale to increasing devices andnoonor greater
magnitudes of software elements. There are framewvand software
that can help in this regard. For instance, comgtuefollowing scenario
in distributed applications: Multiple hosts and g@sses can be involved
in a single transaction. Despite this, applicationast also ensure
transaction atomic integrity (that is, a job uniBoth users and
administrators must work together in distributed/immments. Their
programs can be moved around. Users can reachdtseftom virtually
any places, and system managers have the comfortn@iing
applications/components between machines basedaanor$s such as
load, performance, and availability. Faulty or matttioning hardware,
efficiency, and other factors are all factors tosider. Applications are
no longer accepted. Using just basic data formsigders of systems
can now take advantage of current technology tmgbrenhanced
artifacts into the mix, such as film, audio, andltmedia, and the
simplest of applications.

SELF-ASSESSMENT EXERCISE
Discuss the meaning of network-centric data managém
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4.0 CONCLUSION

“Network-centric” is a term that has been used otih software
engineering . The foundation for integrating andhenging data in a
net-centric world is the Net-Centric Data Stratdgjgxplains the criteria
for storing and sharing data, metadata and crediveyse data sharing
groups. The emphasis of the network-centric devet system is on
two key components. These are the types of netwarid
communication among the software system's compsnastwell as the
behaviour of the software system at runtime. Funttoee, the network-
centric structure contains two key components: ahrelogical
component and a human component. Standardisatibiscatability are
among the problems of network-centric data managéen’ second
problem derives from the comparison between netwerkric software
systems and the Internet: on-demand compositidiaple connections,
security, and test assessment.

5.0 SUMMARY

This unit has explained the meaning of networkieen data
management; network-centricity software developmé@mework;
characteristics of the network-centric environmant challenges of
network-centricity. You can improve your readinglbgating any of the
further reading materials provided.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the network-centricity software developmiamework?
2. What are the characteristics of a network-centmngrenment?
3. Discuss thehallenges of network-centricity.
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1.0 INTRODUCTION

This unit will expose you to Web-based Informatisystems. In the
discussion, you will be exposed to the meaning emntept of Web-
based Information System; the evolution of Web-asd#ormation
Systems and criteria for measuring the quality ofebWased
information system.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

) explain Web-based information systems,
o discuss the evolution of Web-based informationesys,
o identify the criteria for measuring the quality Web-based

information systems.
3.0 MAIN CONTENT

The Internet and the World Wide Web (WWW) have Imeo
commonplace in recent years, striking all othehmézal advances in
history. They have also expanded exponentiallyerms of reach and
application, having a huge impact on all facetswflives. Government,
education, manufacturing, finance, travel and ®muriare among the
industries that use the Internet to develop andeagheir operations.
E-commerce has grown rapidly and has crossed rhtimrders. Also,
database system, and legacy information have nfed&ansition to the
Web. A new wave of mobile Web apps is being trigderby

advancements in cellular technology and Web-enadgdiances. As a
result, we are becoming more reliant on a variétyeb applications. A
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company can reach out to consumers using Web t&gphnavhich
offers them with not just general knowledge relgtio its products or
services, but also the ability to conduct interactiusiness transactions.
Organisations that invest in Web technology andwsok anticipate
seeing a return on their investment.

3.1 Evolution of Web-Based Information Systems

Commercial use of the Internet and the Web has relguh in the
previous five years. The Internet has evolved framnetworking
medium (email, files, newsgroups, and chat roomsh tvehicle for
conveying information to a full-fledged e-commer@®mmercial
channel during that time. Websites that used topki provide
information for tourists have evolved into interaet high-functioning
systems that enable a wide range of businessesnbonanicate with
large/diverse numbers of users. An information kissa common first
step in the development of Web-based informatiostesys, where
information is offered to increase credibility, inoge brand recognition,
or enhance traditional sales activities. It is aski that shows
information or gives it through an interactive mesystem, whether
interactive or non-interactive.

The second stage opens up the one-way informaiiosk ksystem in

terms of employing Web-forms to allow browsers tacp orders and
inquire about products straight from the Web pagfdbeir choice, thus
using the Website as an electronic mail order ogtad. In the third
stage, traditional customer-business boundaries ratbought. For
example, a consumer would be able to look at priomlucschedules
instead of searching an online catalogue and dlichuttons to pick
items. They could then make customised adjustmernsoduct designs
and see how their specifications affect producschedules, delivery
times, and overall cost. Small and short-lived e to large-scale
business applications shared across the Intermketanporate intranets
and extranets are all examples of current Web agpsige and

Murugesan (2001) divided web-based applicatiors setven categories.

I Educational: These are books, electronic books, online journals,
catalogs, newsletters, service manuals, and oolassifieds;

. Interactive: It includes login forms and personalised
information; user-generated presentations and emgjames;

iii. Transactional: Including online banking, online shopping,
purchasing goods and services;

iv.  Workflow: This involves online preparation and scheduling
systems, inventory tracking, and status monitoringnd
collaborative work environments, such as distriduéaithoring
systems and collaborative design tools.
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V. The procedure versus collaborative work environmers:
These are shared authoring systems and collaberakbsign
tools, such as online planning and scheduling systénventory
management, and status monitoring, and schedulsierss,
inventory

Vi. Online forums and marketplaces: These include chat rooms,
product or service recommender networks, onlineketpfaces,
and online auctions;

vii.  Websites: These are made up of electronic shopping centets an
online brokers, etc.

The demands placed on Web-based systems, assublé aomplexity
of planning, building, maintaining, and managingsh systems, have
increased as Web applications have evolved. Husdoédhousands of
hits per minute were recorded on pages for the Z@hey Olympics,
the 1998 Nagano Olympics, and Wimbledon, for exan{@inige and
Murugesan, 2001). They provided a plethora of dynanformation in
a number of formats (graphics, images, and vid&@bsite design must
find a balance between information quality, aesteetind efficiency for
these and many other purposes.

Changes regarding how people use the Web-basedmation and

Internet systems have had a huge effect on softwiarelopment

(Offutt, 2002). As the Internet and the World Widee gaining pace,
Web has increased, so also the number, form, aatityqof software

required to power Websites. Recently, most Welepagere made up
of static HTML files, also known as "soft brochutesvhich were

generally generated by a single webmaster using HTvaScript and
simple CGI scripts to display information and collelata from users
using forms. The Web browser used by people tohrétae Web pages
hosted on different devices are called client; e/hilsoftware program is
called Web server and this sends HTML files to ¢hent during the

early Web-based information system. The small @eckt code that
interpret on the client known as JavaScript aredoun the HTML files.

HTML forms produce data, which is then sent backh®e server for
CGI programs to process. This very basic operatiogel is capable of
supporting relatively limited Web pages. It makes wf small-scale
applications, has poor security, cannot handlet afidraffic, and has
limited functionality.

Since two different machines were involved, thisswaferred to as a
two-tier scheme. The purpose of the Web and itecgire has changes
exponentially recently. However; most software edars, practitioners,
and researchers are also unaware of the way thrassfdrmation
influence concepts and processes. There is ndufuttionality of the
Websites functioning software systems that previslsiness-to-
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business e-commerce, as well as a variety of ct@efices to a greater
number of consumers. Instead of referring to webasitors as "users,"
we now refer to them as "users," indicating a Heglel of engagement.
In place of Webmasters, large Web sites must engégje managers to
oversee varied teams of IT professionals, suchh@agammers, database
administrators, network administrators, usabilitygi@eers, graphics
designers, security specialists, marketers, ancerathJava (Java,
Servlets, Enterprise JavaBeans, applets, and Javar3ages), HTML,
JavaScript, XML, UML, and other technologies arediby this group.
The rising use of third-party software modules amddleware is one of
the most significant advances.

Notably, the two old models do not subscribe to thgh-quality

standards of Web software applications, hence; tdobnology has
evolved. It fails in terms of encryption, as craskgust need to get
access to all data files by passing through ongestd security on a
device that is, by definition accessible to the Idiolt fails in terms of

scalability and maintainability because a two-tierodel cannot
effectively delineate presentation from businesgicloas Websites
evolve, making applications cumbersome and diffibnichange. A set
of application servers run in parallel on major Wslkes, and the
application servers interface with one or more hiada servers, which
may run a commercial database. Middleware — so&whaat manages
communication, data translation, and process dgliveis frequently

used to link the Web and application servers, ds agethe application
and database servers, because client-server itiveratill takes place
over the Internet. New Web software languages, siscava, make it
easier to change and program appropriately, as agelallowing for

more extensive reuse, which enhances maintaingbgiability, and

scalability.

The N-tier concept allows for additional securitgyérs between
possible crackers and the data and applicatiomésisilogic. Due to the
flexibility to separate display (usually on the Wsebrver tier) from
business logic, Web software is easier to mairdaith develop in terms
of customers served and services supplied (on pipdication server
tier). Web applications that use distributed cormgyt particularly
application servers, can endure failures and hamdlee clients while
also allowing developers to simplify program arebiure. With Java
Server Pages (JSPs) and Enterprise JavaBeans ([&8s)opers may
separate presentation from code, making applicatiomore
maintainable. Developers can further split the wdrk creating a
software dispatcher that accepts requests on thie $&ever tier and
routes them to the required hardware/software @oin the application
tier. As a result of these design strategies, mependable software and
scalable Web pages are created. Of course, tedy@wolves, and
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Microsoft's. NET Framework is the most recent digant
advancement. It is too early to tell what kind mfpact.NET would have
right now, but it does not seem to add any new lgiéipas to what is
already available. The increased accessibility ajdemn Websites
necessitates more complex applications, systengratien and design
techniques, and development processes.

3.2 Web-based Information System

Many advantages of multimedia technology are deinatesl in this
material. With today's fast broadband connectisnphisticated content
can be streamed to a device from anywhere in thédwilany people
benefit from this because they can collect and nefmfmation anytime
and anywhere they find it easier. This is regarded critical indicator
of a busy information manager. The internet nowt$iasvast amount of
immersive multimedia material. A network informatiosystem,
otherwise refers to as a web-based informatioreaysts a system that
uses Web technology to provide services and datstakeholders or
other information applications. It is software whldsasic goal is to use
hypertext-based concepts to publish and presetee da

One or more software apps, basic functionalityrugd elements,
information components, and other non-web companemhke up a
web-based information system. The front-end is lis@aweb server,
while the back-end is usually a database. Informnasiystems are built
on the Internet (WISs). WISs are similar to conigrdl information
systems, but they are deployed over the Internebrora corporate
intranet. These systems are typically data-driveuith a greater
emphasis on functionality over content and presiema Online
retailers, cooperative environments, and businemsagement systems
are only a few examples.

While most HTML programmers believe that if theydhanly one more
tag, one that would fit their specific project, yheould communicate
their data of interest, several authors have desdrthe main problems
with HTML that prevent an effective transfer of dnfnation Systems to
the Web. The main flaws in HTML, which cannot beefi with
ownership tags from competing browser firms, resuto the following.

o Essential extensibility: Since HTML does not allaygers to
define their tags.

o HTML not supporting deep structures, such as thosed to
represent object-oriented hierarchies or datababkensas, the
structure is required.

o HTML not enabling browsers to check data for ingralidity
when downloading, validation is needed.
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3.2.1 Criteria for Measuring Quality Web-Based Inbrmation
Systems

The seven most critical quality requirements for bWVapplication
performance, according to web applications devegnmanagers and
practitioners are: reliability, usability, securitgvailability, scalability,
maintainability and time-to-market. These are atitdrs to consider.

Reliability

Research has over the years been focusing on makiegthat software
assessment for reliability is the subject of extensresearch. The
security of software applications including medicalevices,
telecommunication, and aerospace equipment retigrdy dependable
software. However, most of the software currentgveloped do not
need to be highly dependable, although, many rekees are reluctant
to accept it.

However, the commercial success of many compasiegpendent on
Web applications; if the software system does mofgom consistently,
the businesses will collapse. The user-base Web agphigh, and users
expect Web applications to function as they expeatticularly when
they are going to order from a catalog. Furthermargers are not
required to move farther to find another store Wab application fails;
they may simply point their browser to a differ&fRL. Customers will
abandon websites that rely on faulty software, @panies can suffer
significant financial losses. Businesses which wish conduct
transactions over the Internet must invest timerandey to enable high
dependability.

Usability

Users of Web applications have come to expect guek transactions
that are as flexible as buying a product in a slkwen though there is a
wealth of knowledge about how to create accessbldications and
websites, many websites still fail to meet the uUdggbneeds of the
majority of customers. This, combined with the fdnet consumers have
a low level of site commitment, means that unusa@ésites will be
abandoned as soon as more accessible websitesdabke.

Security
We have all heard stories of websites being hacked personal
information being shared or kept for ransom. Thigust an example of

the several security vulnerabilities that may existWeb software
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applications. Security violations were relativelynor when the Web is
mainly used to distribute online brochures. Cuilygnd breach of a
library website can result in substantial data $p$egh refurbish costs,
legal ramifications, and a loss of customer tr@istomer information
and other electronic information must also be hedidhs safely as
possible by Web software applications. Softwareetyais one of the
most rapidly increasing research focuses in commaience, but Web
software developers currently encounter a sigmticeaxpertise and
ability shortage.

Availability

If a shopkeeper in a small town decided to takenah break in the days
before our ancestors, he placed a sign on the ffooit that said: “back
at 1:00.” While today's consumers expect to be ablshop during
lunch, we do not anticipate stores remaining op&st midnight or on
holidays. Customers expect websites to be availaigust 24 hours a
day, seven days a week, but also every day of da $24/7/365.”
Availability entails more than just being availal2é hours a day, 7 days
a week; Web applications must also be compatibkh ai variety of
browsers.. . Some software vendors deliberatelyk@ito ensure that
their software does not run under competitors' sew during the
almost unending browser wars in the last five yedy implementing
capabilities that are only available in one browseon one platform,
Web app developers accidentally become “foot siti@ the browser
wars. To be accessible in this sense, Web page$ chasmge their
displays to operate with all browsers, which takbssantially greater
awareness and effort on the side of developers.

Scalability

We need to build Web software applications that saale rapidly

regarding the number of users which they can semeethe number of
operations and activities they can provide. Muclthm®logical

advancement in recent years has been motivatedhéyneed for
scalability. To enable websites to grow as requireew software
languages, design strategies, and communication datd transfer
protocols have been developed. Other attributesalsie influenced by
scalability. Any programming instructor knows that small classroom
experiments, any design will suffice. However, hggéware tools will

require imagination. Similarly, as Web pages matunenor software

flaws that had no immediate impact can results al-fonctionality or

collapse (reliability issues), usability issuesdalbreaches of safety
iIssues. Most fascinating and significant softwarevelopment

challenges today are the development of Web soétwpplications that
scale well.
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Maintainability

Marketing, distribution, and delivery, as well @arsonal installation at
customers' locations, are all part of traditionaftware. Since this is a
costly operation, software companies typically regemaintenance
updates over time and deliver them to consumerthatsame time.
Developers can begin compiling a list of requiregoiovements for
software that were currently released. For a singblange (such as
removing the label on a button); the change coeldnade right away.
However, because of the release delay, consumeanglwave to wait
months, if not years, to see more nuanced (andilppssignificant)
changes. Customers who use Web-based applicatioribe other hand,
have direct access to maintenance updates, whichirgdude both
minor improvements (such as changing the mark buatton) and major
enhancements. Web pages may have maintenance pasodhort as
days or even hours, rather than months or yearsleVdther software
applications need extensive maintenance, on “ofigfienaintenance is
recommended for specialised applications, i.e. legmaintenance;
whereas maintenance may not be needed for a laoheme of
commercial software. Another outcome of the incedaspgrade rate is
the issue of reliability. Since users do not oftgodate their apps,
software vendors must ensure that new and oldoresaare compatible.
Organisations may monitor the delivery of Web appseduce this
requirement, but Web applications still need torafee correctly across
many navigational links or browsers and edition eaich browser.
Another potential effect of the constant upgradinat developers could
not feel as compelled to patch bugs until releaiegsoftware because
they can still be patched thereatfter.

Time-to-market

This has always been a key factor for Web appsthisitkey factor is
now competing with other valued quality features &tention. The
majority of the tech industry also take market asber one priority.
However, following other factors addressed in thigt, patience is
required and this can or must influence the proeedd handling and
managing Web software projects. For many years nsoffware
standard has been debated by educators, reseagsttezractitioners;
however, no particular application has met all tequirements for
standard at the same time. The elements of web aepmore loosely
coupled than it was relative to previous softwarpligations. In reality,
until recently, just a small part of the softwaneustry showed concern
about these requirements. They are now criticdhéoprofitability of a
wide and rapidly expanding segment of the indudbiyt, we lack the
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expertise to fulfill or calculate these requirenserfor emerging
technologies used in Web software applications.

SELF-ASSESSMENT EXERCISE
Describe Web applications and Web-based informatystems.

4.0 CONCLUSION

A Web-based information system is a network infararasystem. It is
a system that uses Internet technology to offea datl services to users
or other information applications. Regarding Welsdd information
system, there are more software apps, basic peafuresoriented
elements, information components, and other non-glements which
make up a Web-based information system. The frodtis usually a
web server, while the back-end is usually a datbékere are criteria
to measure the quality of this web-based infornmatigstem. These are
Reliability, usability, security, availabilitycalability, maintainability,
and time-to-market.

5.0 SUMMARY

You have learned about Web-based Information Systarthis unit. In

the discussion, you have been introduced to thenimgand concept of
Web-based Information System; the evolution of Vdabed

Information Systems, and criteria for measuring thuality of Web-

Based Information System. Now, you can take yomnetto read

through the material again to refresh your memory.

6.0 TUTOR-MARKED ASSIGNMENT

1. Trace the development of Web-based informatioresyst

2. Discuss the seven categories of Web-based applsati

3 What are the criteria for determining the qualifyaoWWeb-based
information system?
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1.0 INTRODUCTION

In this unit, you will be exposed to the meaning haterogeneous
databases. The unit will also discuss the charatiter and requirements
of heterogeneous databases, the query models, agh@® to
communication in heterogeneous databases. It Mslb aiscuss the
issues associated with heterogeneous databases.
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20 OBJECTIVES

At the end of this unit, you should be able to:

o define heterogeneous databases

o discuss the characteristics of heterogeneous daaba

o discuss the requirements for heterogeneous datatiageation

° explain query models: a framework for considering
heterogeneous database integration

o describe the approaches to communication in a dgeeous
environment

o explain the five-step integration process in heern@ous
databases

o discuss the issues and challenges of heterogedatalsases.

3.0 MAINCONTENT
3.1 Heterogeneous Databases

A heterogeneous database (figure 1.1) is a systatnautomates (or
semi-automates) the implementation of heterogenealisparate
database administration systems to provide a chghta single, linked
inquiry interface.

A database is called heterogeneous if the locaksdtave different
types of machines and operating systems, ever itainal databases
are constructed on the same data model and m#yebsame database
management system. Admittedly, this definition oétdrogeneous
differs from that of the scientific community, whigypically uses the
term to refer to multiple data models. Even thotgls still in the
development stage, if it has been or is being ece#dr that purpose, it
is considered for production usage.
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Fig. 1.1: Heterogeneous Database Systems (HDBS)

Source: Author's Idea

HDBS are computational framework and program exeouthat allows for

the implementation of heterogeneous databases.térdgeneous database
system is made up of a software layer (integralayer) and several DBSs
and/or file systems that must all work togethere Blstraction layer provides
a transparent interface for users to reach theemehted DBSs and/or file
systems. Heterogeneous databases are a type basatthat is made up of

different types of data that:

Describe a global data model

Assist a Data Definition Language (DDL)
Assist a Data Manipulation Language (DML)

Include Distributed Transaction Management

Include Transparent implementation of the basgpaliate DBSs.

A Database Management System (DBMS) relies on pieltdatabases

maintained by multiple systems operating on mudtigdmputers. All elements
are homogeneous in most systems implemented to whieh means that all

functions are implemented in the same way on alBages (same computer
and same software). We may conclude that the systdmeterogeneous for
this purpose if one of the functions is assumedtha entire database
management system by components of various typasy Momponents in a
DBMS may be heterogeneous, including the netwdr&s ¢onnect the various
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sites (the system can use many local networks cbetheon a national
network), the Data Description Languages (DDL) dbata Manipulation
Languages (DML), and - the DBMSs and the functittveyy provide, such as
security, synchronisation, resource allocationngdaztion management, and
data models (relational). Different computers wdifierent operating systems
running the same DBMS or different DBMSs on the samachine may all be
pictured as heterogeneous systems.

In practice, a heterogeneous framework would befigal if it has the ability
for users to manipulate a database without havongadrry about data sharing
or local system diversity and- the ability to mangie a distributed database
using multiple languages. As a result, each langwam be better tailored to
each program, allowing for the incorporation of existing database into a
DDBMS without the need for reorganisation of thevnecal database or
application modifications (keeping data and langsdgHeterogeneity must
be handled at component level to create a systannieets all of these
requirements.

Heterogeneous database ecosystem is now commorosh anganisations,
governmental settings, and computer networks owang

I. the spread and expansion of databases;

il. the multiplication of different DBMS;,

iii. the widespread availability of a wide range of mamputers and
personal computer;

Iv. the advent of networks that link disparate hardvear@ software;

V. technological advancements in data communications;
Vi. databases that are distributed,
Vii. absence of general database preparation and cmbtqust local).

This environment complicates the challenges ofrbgtmneity of DBMS. This
is because various data framework such as (netvinoekarchical, relational,
etc.), structurally and relatively different frorBMS. For example, there are
remarkable variations between SQL and QBE. Withimrelational model
family, different types of commands are availableach DBMS (e.g., backup
and recovery, locking and synchronisation, etd.)islhoped that a future
heterogeneous distributed database managementnsyide-DBMS) would
include distribution and heterogeneity transparency

3.2 Characteristics of Heter ogeneous Databases

1. Heter ogeneity of representation: To reflect the same real-world
semantics, the inherent databases in an HDBS canvarsous
data frameworks, query languages, concepts and msche
structures. To put it another way, while the datatkat various
sites may possess similar real-world semanticsgéte depiction
or portrayer and data-reached methods at eachnsitg be
different.
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2. Democracy at the internal level: Each inherent database
has the right to monitor how the HDBS accesses and
manipulates its data, as well as the capacity ashreand
manouvre its data without relying on the HDBS. tng
database managers make the majority of decisiooatab
data representation and manipulation to meet iatern
system requirements (such as practicality, execuand
cost). The database's elements in a heterogenatalsade
structure are unrelated to the database's priméapti

Bottom-up integration is the first step: HDBSs incorporate
data that has been previously shared to achievangexchange
of information benefits, while DDBSs cause the ritisition of
data that was previously integrated to achieveieficy benefits.
Bottom-up implementation means that the HDBS cantiegrate
with a variety of pre-existing information systenwathout
needing significant software modifications. An HD8§oal is to
offer database clarity to users and applicatiorg@mmers, or to
offer a global and accurate database interfacagptications as
if the data were not shared and all database mar&agesystems
were of the similar kind. Despite standardisatifiores, HDBS
research is based on the assumption that hetenpgahée level
of inherent database systems can continue.

Requirements for Heter ogeneous Database I ntegration

To put the complexities of heterogeneous databategration into
perspective, it is helpful to enumerate a collectiof criteria and
assumptions. The conditions are as follows.

1.

At various levels, database heterogeneity is irahspble,
irrespective of efforts and improvement in the aséatandards,
there will not be a single database model.

Complex declarative multi-database queries musalile to be
issued by users and applications. It is compulstrgt
heterogeneous database systems possess strongoaddghbery
capacities that can gather all information aboubject or all
objects that satisfy a group of search measurgsaciizes are not
to be related to a specific program or knowledggiirement.
Users and software should not be aware of the lywdgiinternal
databases' presence, physical location, accessamesnoh or
schema.

Most users and applications do not need write actedocal
databases. Local databases' contents can be stdeggendently
and locally.
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Local database framework update frequently like tw three
time yearly. Changes are made independently ofirttegrated
database structure, and the systems are configunéananaged
to meet local needs.

Local databases are constantly updated, and tiawagss to the
most recent data is highly valued.

Query Modelss A Framework for Considering
Heter ogeneous Database | ntegration

The essence of the database implementation corisethat query
models are heterogeneous across databases thabémwecreated and
maintained independently. Unofficially, a querynrawork is the data
storage and retrieval model that a user or datapaggammer must be
familiar with when encoding the terminological motiof an information
request into the executable instructions of a @ifiguery language. The
following four components make up query models.

1.

35

The database's abstract model of data represemtagt€or

example, can the data be considered as being latedb by

unformatted text files, relational tables, or theetstructure of a
hierarchical database?)

The model of the individual data in the databaker example,
are the names of library users and the names obdb&s they
take represented in a single file, which the quaay directly

reached, or are they depicted in separate fileschate query
must compare or join?).

The syntax and semantics of the language usedfittedgueries
that can be handled by the database: (For exardples the
system need low-level instructions that indicataatly where to
check for the names of all books associated witlser’'s name,
or can it process high-level commands, such as 3@t specify
declaratively the users and books to retrieve?).

The arrangement in which the data in the datalsasgdrpreted:
(For example, are books names represented as dentpdele

names used by authors, abbreviated names usee tipridry, or

numerical codes used by a classification scheme?).

Approaches to Communication in a Heterogeneous
Environment

File and Database Unload/L oad

One extreme and simplistic method to reaching olataheterogeneous
environment is physically offloading data from theource
hardware/software environment, storing it in a canrformat that both
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the source and target environments understand andhandle, and
loading it into the target environment.

There are three formats available.

I Unloading the data from the source hardware/soéwar
environment,

. Store the data in a standard format that both alece and target
environments can understand and manage them, and

iii. They can be loaded into the target environment.

For several years, this method has been adoptadfload/load data
files in various heterogeneous environments. Thestmpopular

arrangement has been ASC 11. In certain instaspesjalised types of
data are unloaded and loaded using standard fothwttare specifically
developed and optimised to transport data defmiaaod other relative
information from source to target. Satellite telérpelata, geographical
types of data are examples.

Unload/Load in a Smple Manner

In a database system, simple offload/load or fievement events or
activity are useless. All vital reliability informian, indexing, and/or
hashing usually get lost if the database is copdeirito a collection of
individuals following logical ASC 11 files. The pcedure of putting the
database into the target environment involves trgatew database
description, indexing definitions, and invoking dlidg utilities that may
involve specific formatting of the files being maleamong other
things. Overall, the technique is physically taxinfry moving a

CODASYL database's framework and contents from rovider to

IMS, or vice versa.

Database L oad/Unload Services

In the 1970s and others, several groundbreakiegnatis on the topic of
"file definition and translation” in a correct dh&se setting were
launched. IBM's Express is another more recent wentSeveral
specialised databases unload/load packages have greeduced by
many vendors due to commercial interests. The owsimon ones are:

1) Those which “copy” a database or parts of alige from a
mainframe computer to a smaller computer or PC; and

2) Those which “offload” from a non-relational datise system and
load to a relational database system.
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3.6 The Five-Step Integration Process in Heterogeneous
Databases

The following procedure is suggested for succelysfultegrating
internal frameworks into a single global schemaairheterogeneous
environment:

Step 1 Formulation of an Integration Policy: Until implemtation takes
place, a policy of integration must be developekisTpolicy specifies

the subschema (export schema) that each siteeiested to share with
other sites, as well as the implemented global \ieat individual site

offered. The decisions to make these policies yreally taken at the
highest levels, with close contact with users ahdacation.

Step 2 Schema Transformation: Each internal frameworkasslated
into an equivalent framework in an intermediate own data model
once an integration policy has been establishedaanekport model for
each site has been agreed upon. The common-mdaddetahschema is
the name given to this schema. The export mod#ids defined as a
sub-model on the local common-model schema.

Step 3- Determine the source of the conflict: Individughemas are
analysed and contrasted in this phase to identdtergial conflicts.
Inter-schema relationships are also establisheidglthis process.

Step 4 Resolving a Conflict: Attempts must be made tdlseatisputes
after they have been detected. Users’ input iscalitat this stage to
explain the relationships of each schema.

Step 5 Merge Global Schemas:This move entails combinexghesite's
export schema into a single general schema. Theowm#& schema is
scrutinised and if possible, reformatted to achidhe following
desirable characteristics.

a. Appropriateness and accuracy: The outcome framewnust

accurately reflect all of the characteristics &f Hasic export schemas.

b. Minimalism: Concepts in the general frameworlowdd not be

duplicated.

c. Readability: The general framework should be é@asomprehend by
the users and developers.
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3.7 Issuesand Challenges of Heter ogeneous Databases

Database implementation focuses on how databassdvark can be
converted from one DBMS structure to another. Therdity of data
description among heterogeneous databases is aerbdo their
integration. Schema is applicable to each of thaldeses. The schema
is a logical description of databases that inclutiesdefinition of each
attribute and data type and the description of emswociation between
various files. Two separate schemas are likely xXplagn the same
reality, but the two interpretations disagree. Aesult, some disputes
can be classified.

Typically, homonyms and synonyms cause name disputeok at how
a user name field in one database might be nama&&TENAM" in
another, "USENAME" in a third, and "USE-NAM" in adrth. Where
the similar facts are constituted variantly in twohemas, structural
conflicts occur.

Scale conflicts occur when various units of measar® are used. The
temperature of a library, for example, can be setrdin writing in
Fahrenheit in one schema and Celsius in anothepui®s in application
relationships occur when one framework characterése€onnection or
association between two structures as one to org amother
characterises it as one to several.

Furthermore, each database management system (DB&4S)s private
Data Definition Language (DDL) for defining frameike and Data
Manipulation Language (DML) for manouvring datatire databases.
As a result, a multilingual and multi-model surrdurg is created,
resulting in incompatibility in the description database contents and
the language used to manipulate data. Seversdsnust be resolved
to build an implemented HIS surrounding and achiéat distribution
among applications. The convergence of existinglzge schemas into
a new, standardised schema is the most importaheeé.

This global schema unifies the portions of and lleclema that users
from various sites can share. By the use of glesichema, however,
individual user believes he is reaching a singkalokse. Users would be
able to reach any database in the implemented franke without
learning any new language. In other words, theaewiould give users
visibility into their current position.

Based on the heterogeneity, structural and senadigticariances of the

framework combined, many barriers to schema integraemerge in
this environment:
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a. Schemas from various sites or locales that gpectbd in various data
frameworks are combined.

b. Recognising and resolving disputes betweenrntieeeschemas.

c. Discovering hidden relationships between schetimatsaren't visible
at the individual schema level.

As a result, a systematic procedure that addregsese issues and
assists in their resolution is critical to the battup implementation of
the entire heterogeneous databases in the libvargundings.

SELF-ASSESSMENT EXERCISE

1.Describe heterogeneous databases.

2.Discuss the characteristics and requirements eferbgeneous
databases

40 CONCLUSION

Heterogeneous databases are heterogeneous whentdimeal nodes
have various types of computers and operating systeven when the
entire internal databases are based on the sidatarmodel and perhaps
the same database management system. Heterogeteabases have
computational models and program execution tha¢ ¢ieterogeneous
database integration. A heterogeneous databasensynsists of a
software layer (implementation layer) and sever&8SB and/or file
systems that should be implemented. The charatitsriof HDBMS are
representational heterogeneity, local autonomytoboup integration.
Approaches to heterogeneous databases are file datdbase
unload/load; simplistic unload/load, and specialisedatabase
load/unload. There are five steps implementatioocess in database
management; these are the policy of implementafmmulation;
schema transformation; dispute identification; dispresolution, and
blending or integration of global schema. There als challenges
associated with heterogeneous databases. Thedatabase integration,
name conflicts, scale conflicts,

50 SUMMARY

This unit has exposed you to the meaning of hetaregus databases.
The unit has also discussed the characteristics raqdirements of
heterogeneous databases, the query models, appsoadb
communication in heterogeneous databases; and falatured a
discussion on the issues associated with heterogenelatabases.
Therefore, in furtherance to this, you can refrgslur memory by
reading through the unit again.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the query models.

2. Describe the approaches to communication in heter@gus
databases.

3. Discuss the issues associated with heterogenetaisadas.

4. Draw a diagram representing heterogeneous databases
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1.0 INTRODUCTION

This unit will expose you to the meaning of infotioa integration and
wireless data management. The unit will also disdhe information
integration, information integration requirementrcratecture of
information integration which comprises the foumolatand integration
service tiers. The unit will also familiarise youithv workflow,
messaging, and activities process integration inmgl application
interface, programming interface, and query languahe unit also
features a discussion on wireless data managemednissues involved
in wireless data management.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

describe information integration and wireless daténagement
identify the requirements for information integaoati

describe the architecture of information integnatio

explain the workflow messaging and activities psscmtegration
describe wireless data management in library malatabases
discuss the issues involved in wireless libranadaanagement
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3.0 MAINCONTENT
3.1 Information Integration

DBMS otherwise refers to database management systehmology;

advanced libraries and information centres were d@bl handle data
more efficiently. Parallel to this, other critic@novations emerged to
make the challenge of handling operational procesisimpler or more
flexible. The OLAP i.e. online analytical proceggirata mining, data
warehouses technologies all contributed to activitielligence by

allowing for hypothesis-driven and discovery-drivdata analysis to
recognise modes and patterns and carry out "whateénarios. To
handle vast stores of digital media, digital lilkear and content
management systems evolved, offering check-in &edlout facilities,

management of copyright, and hierarchical storamggation.

The infrastructure for library application implentation was provided
by messaging systems and message brokers, whisteallindependent
applications to interact with each other in a ddalaasynchronous
manner. Workflow systems promoted in the automatadnlibrary
operations by enabling the infrastructure to hamlecedure such as
instructing fulfillment from start to finish, assigasks to the appropriate
resources, and trigger automated steps at the @igetimes.

The rationale to reuse current independent systestenents, or
information sources dominates the challenge of rimé&dion

implementation, which must resolve both the delivend diversity of
the application and information systems involvetere are four main
types of techniques and methods for achieving ratea.

1. Through portals, a single “on-the-glass” entry pamapplication
Is provided to applications and information sourceish an
implemented end-user interface that can be cusemmend
adapted to particular needs or usages. Sign-ortifunadity is
often enabled, allowing for the automated distitout of
recognising user information through multiple sysse

2. Implementation of operation process tries to bupgapplication
processing tasks by incorporating them as opemstiorio
information systems that bridge the borders ofaliles and
information centers.

3. The use of workflow management technology and lassin
process modeling along with XML and Web serviceg ar
important way to access applications and exchanfggnation
between (sub-) flows.

4. Implementation of application focuses on combinetimg of
elements and applications which are necessary tknbe/n to
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each other for some reasons since they work osahee aspects
that complement one another to solve similar proble
Technologies such as Middleware for sharing computbject
and message-oriented processing are highly used)e wh
application connectors or adapters serves as tha neams that
expose the capacity of application systems and nthken
available to the middleware servers. Exchange dh dand
movement of data are popular tasks which are peddrand
XML has become more and more crucial in this cantex

Implementation of information strives to put togattvarious types of
data from several sources
(logically or physically) for possibility of beingrocessed, analysed,
accessed, queried, and process, and implementbd same manner. In
simple term, information integration's main objeetiis to enable a
general view of all data within an orgnisation amnal,some degree,
across organisations. In most cases, informatitggration necessitates
a variation of the methods mentioned above. As saltehaving a
comprehensive view of integration technologies s&rall levels is
becoming increasingly necessary. To support sugbvepoint, you will
need general, integrated support for:

I. Tooling that makes it easier to create an implescknkT
surroundings that facilitates the creation and @gpent of new
components;

ii.  System management;

lii.  Monitoring systems at all levels of the framework.

3.1.1 Information I ntegration Requirements

Any information integration project should aim teeate a middleware
framework that:

I.  Allows software programs to reach required infoipratas if it
were kept physically a database, irrespective tmenfand site
requested, or the quality of service requiremenesg.(
information timeliness);

ii. Provides advanced services for inquiring, changiagd,
analysing the implemented information, and

li.  Officer detailed services that allow a varietyagtivities such as
messaging, and web services.

This is an extremely lofty target. Few businesses that all of the data

they need is readily accessible. Information igmflispersed around the

organisation in several locations, data stores,rapcesentations. Using

data combinations in practical ways once you haeess to it is a task

in and of itself. The findings should be synthediaad/or converted into
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the final depiction desired before being suppliedhe required venue.
The advantages, on the other hand, make overcotmisigollection of
obstacles around the library worthwhile. For insggnn the following
cases, information integration will assist librar@ information centres.

a. To make better decisions, libraries would wantombine real-
time, organisational, and historical data.

b. Assist, for example, researchers must integratecompare data
from various clinical information systems to makaghoses and
treatments.

C. Enable lecturers to assess the availabilitymatterials across
several libraries.

d. Assist circulation to disclose overall risk egpre across several
library units.

To achieve these advantages, you will need a llagament framework
as well as the implementation process to use iigiwshould be backed
up by a range of resources. To make informatioregirdtion a
possibility, several conditions must be met [DLMW2Z0These are best
defined in terms of three central sizes or measensnwhich add to the
difficulty or complication of data integration.

1. Diversity or heterogeneity of data: Heterogeneity of data refers
to the fact that the data must be provided in bifé degrees of
structure and structural variance. Structured, s#ractured, and
unstructured data all need to be integrated. Secahniata, XML
(data-oriented or document-oriented), text docus)erand
multimedia objects (e.g., video, sound, animatiand audio
data) in different formats are common examples wfhsdata
models or formats. Simple mapping and changes ipeaioce
between these data depiction is needed to achidegration, as
are dependencies between data in different repsETs.
Furthermore, methods for handling such data, mamquand
search/retrieval capabilities, must be supportedhichv vary
remarkably for each type of depiction.

2. Federation and distribution: The information that should be
incorporated is found in a different, potentialhdependent data
sources within an organisation referred to as tdaration and
distribution. To perform integration, data may lmmsolidated in
a data store, which typically results in a (reatifpulata store
that is disconnected from the operational datasces. Further
steps to change and/or cleanse the data may beegdn this
method. Another option is to use federated quemyabtdities,
which enable you to leave data in its source ars$ lato the
integration engine as required. The two optionsgairse, have
advantages and disadvantages, based on applicatiorands
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such as consistency, data timeliness, and so anthantwo must
be available as alternatives. Current data sounuest remain
autonomous in both cases, and existing applicatibat access
these sources must remain unaffected.

3. A desire to produce operationtelligence from the data is one of
the major push for information implementation. Cdicgied
analysis, mining operations, and aggregation, awvereasingly
heterogeneous data need to be performed to havedshble
information that can assists in driving librariggstegration
decisions or provides a competitive advantage. ysmals crucial
and can either be applied to combination of infdromaitems or
single information items. The first group includesks like
scoring and sorting, while the second includes tehirsg and
association mining. The first category of actiamstasks is
constantly used in an active research sensethey,are caused
by new or emerging data or other events, and mayde current
or historical data.

Other research contexts benefit from asynchroneuadgms' flexible
support, particularly if the synthesis cannot bediected at transactional
speed or if it requires human/people’s interactguch as dealing with
exceptions. For different degrees of data hetemigen different
analysis and mining techniques exist, and knowlddgggration prove
to combine these methods together and improveehergl outcome by
allowing users to integrate and compare diversea daid analyse
outcomes.

Use and exchange of information (such as with ottmdleware

systems in a general business integration stryctumd programming
interfaces for reaching information implementatiservices are two
other criteria. A robust and scalable informatioharsng and

transformation framework relating to open, platfesmtonomous

criteria are required by a Il management systenthi context, strong
XML support for data storage and sharing, and webvices, is

essential. In addition, a Il management system mmjpstate in the sense
of broader business processes and EAI architectures

3.1.2 Architecture of Infor mation I ntegration

The three-dimensional structure for a robust tetdgyframework that
addresses the knowledge Implementation challengiefismied in this
section. This architecture is depicted in figurg. Z'he foundation tier
allows data in various formats from various sourtesbe stored,
retrieved, and transformed. The infrastructure ftvansparently
embedding data access services into organisatigricafpons and
operation processes is provided by an implememtaigo built on top of
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the foundation, which draws from an organisationigegration
applications. The top tier offers standards-basediramming models
and scalable query language assistance for reatienigundation’'s and
Integra'’s rich collection of services and data.

This section explains the three-tier framework dareliable technology
platform that addresses the information integraissue. This structure
is represented in figure 2.2. Data in various fdaemAom various

sources can be stored, retrieved, and transformdéuki foundation tier.
The architecture for transparently embedding dateess services into
enterprise applications and business processesragidpd by an

implementation tier built on top of the base. Teess the foundation's
and Integra's rich collection of services and d#te, top tier offers
value-based programming frameworks and versatileryguanguage
assistance.

USER RELATIONS
LIBRARY-LIBRARY MANAGEMENT
E LIBRARY

META-DATA CONTENT MANAGEMENT

FOUNDATION TIER

STORAGE SEARCH AND RETRIEVAL

Figure 2.1: Three Tier Information Integration Aitelcture
SourcescCarlos Coronel and Steven Morris (2017).
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The Foundation Tier

The foundation tier is the focus of the informatiotegration network,
as seen in the diagram, and offers a key colleatfa@ervices for storing
and retrieving diverse data. The foundation tiereisct on a high-
functioning DBMS engine that is expanded with datéegration

capabilities at all tiers. Assistance for XML asnative data store,
XQuery as a native data query language, and a demtbrdata reach
element that offer access to external data asnére internally handled
by the engine are all included in these extensions.

BESULT SET

Fig 2.2: Foundation Architecture
SourcecCarlos Coronel and Steven Morris (2017).

The implementation engine has a federated datahreteament for
external data in furtherance to data reach elemfamtsnternal data
stores. A limited number of data sources and dohtent providers
made available by this component are multimediaeabjservers,
external databases, genormic databases, file systand document
stores. Wrappers, that offer an interface fromclhihe integration
engine can build performance or functional plan&kdep and retrieve
data, manage transactions, and carry out functonsxternal data, are
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used to reach external data sources. The fededattsdaccess aspect
makes available for information implementation g and in
furtherance to integrated query assistance, a ebapecific capacities
such as bio-information modelling, multimedia stnggg, and image
search.

A compiler of query sits above data reach elemamd offers a
combination of XQuery and a SQL query language Keeping and
retrieving data adequately. A request is sent qoexy compiler, which
interprets it and generates an execution planrocgssing it, regardless
of which language is used. The query compiler prs the request and
populates an XQGM (eXtended Query Graph Model)cstine using a
language-specific lexical analyzer and parser. XQ@Ma modified
edition of the Starburst Query Graph Model7 (QGRBttallows for a
richer relationship depiction than QGM, includingMK data model
primitive depiction and federated access to extetat sources.

The query compiler assesses the XQGM, looks at museechniques
for carrying out the request, and chooses the Ibaes alternative. The
query compiler sysnthesises the XML data kept idexes and
navigational techniques identifies external dataeas and call the
require wrapper query planning routine to genesedfeient external

access plans. The chosen plan is performed byti&me performance
engine which interacts the associational data R, data store, and
federated access layer to bring together the impbodata to finish the
real demand. XPath processing operators for XMta deccess, and
federated access operators, are included in théimenengine. The
information engine offers a couple of system futdigequired for any
data management system, including authenticatiooge c page

management, logging, recovery, transaction managgraed interfaces
to transaction monitors such as those offered bipS@hlere, in addition
to query processing and data access components.

Thelntegration Services Tier

For today's library applications, data incorponatat the storage and
retrieval levels is insufficient. Knowing what infoation is available

and how to use it is a more critical problem thawihg access to data
through various sources and versions. The bringoggther of tier

provides the facilities for accessing the plethofaavailable data and
putting them in a scene that operation software wadglerstand. The
integration tier's main services are listed nexodews.

Meta-data: Meta-data describes the information and servicas dne

available. It is critical for an organisation sofire to fully leverage the
rich collection of data sources reachable via thenflation tier. The
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foundation tier is in charge of managing meta-datale the integration
tier sums up the data for client software to uges Thethod allows users
software to question both meta-data and base datg similar APIs
and query language. System meta-data defines msoand functions
that can be conducted on the resources while sadtweetadata offers
domain-specific information regarding a data obgedd its relationships
with other objects. The details regarding datgios, feature signature,
data versions, and index information are examplesystem meta-data.
They assist the system to handle base data ancegsro@quests.
However, they can also assist client software towatively discover
the content and services that are available. Datan fvarious
applications in similar domains can be mapped amtmmmon schema
using ontologies, schema integration technologied,software.

Application meta-data is typically made up of domsgpecific
interpretations of data which can be used to assets understand their
data and how such data relates to other data. ¢aeyas well be used
for converting data from one depiction to anotheewhancing a user’'s
capacity to focus their request on relevant obje€iata such as vendor
lists, booksellers and suppliers, and analystedtat a research report
are examples of meta-data software in the infolwnatirganisation.
Schema mapping and schema integration are impoftaninanaging
meta-data.

Content management services. Enterprise applications often generate
metadata as they create, store and manouvre difbperation objects
made up of several digital assets. An XML text, yjnBDF files, and an
audio or video clip, for example, make up the smsiresearch report.
The user account records, an audio clip, and mextydocuments make
up the telecommunications trouble ticket. Serviceform of check-in
and out, hierarchical storage migration servicegligital rights
management, access control, and versioning areideab by the bring
together of tier to manage those objects and théops. For large
digital assets that have particular content aatizitonnected with them,
including image search, the bringing together ef fprovision URL,
media streaming, and document rendering. Cliemtliegiions can
guery meta-data to find objects of interest, arelliinging together of
engine will return URLSs for those that fit the regtu The client can then
use the URLSs to directly reach and modify the disjec

Text search and data mining: To be useful to an enterprise application,
unstructured data must be analysed and categomasedfor real-time
resolution, the timely response is a critical eletnef the efficiency.
This bringing together of services tier, which liesely coupled with the
foundation tier infrastructure, facilitates the esfhg of multiple
capabilities for automated search. Figure 2.3 tilhies the integrated
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search capabilities. The facilities for originalttesearch over data
brought together include structured data, XML doeuts, and user-
defined structures are provided by a state-of-théeat indexing engine
built into the foundation tier. The second form iofegrated search
adopts query language variables to combine text pachmetric

navigation in a query transparently. The methodistsshe query
compiler to leverage the language variables andmmsa the collection
of search queries in furtherance to the benefiggroframming in single
language. Finally, feature extraction, summarisat@nd classification
services are provided by internal mining techniqumslt into the

foundation tier, and the mining services can alsoréached via the
guery language. Because the mining techniques mbedded in the
foundation tier, the query compiler can maximise tlavigation thereby
resulting in outstanding search outcomes.

SELECT A.desc
Gall TextSearch(‘Report Index”, FROM ResearchReports B
“technology industry’); WHERE R.author = 'Meeker’

and CONTAINS(R.desc, ‘forecast)

Fig. 2.3: Integrated Search Capability
SourceCarlos Coronel and Steven Morris (2017).

The actionability of data is a major advantagendégrated navigation
and mining through a shared platform and querydagg. For example,
data with content that is unknown can be analysedeasily redirected
to intended parties by collating text navigatiord attribute extraction
triggers by the database.

3.1.3 Workflow, M essaging and Activities Process I ntegration

To build scalable and fault-tolerant operation agtions, information
organisations operating in a continuously access#olvironment need
asynchronous communication and messaging. Theraiteg services
tier makes use of a workflow engine to translugestate and handle
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long-running, data-oriented software, as well dsrimal functions that
incorporate assured message and information dglivato data
activities.

The Application I nterface

The database software interface layer offers ABistlie software to
reach and command data and resources offered bfotinelation and

integration tiers. For optimum flexibility, it as$¢s several APIs, query
languages, and programming framework. Data canbbered using a
architecture data framework, XML records, or XML cdment

fragments, depending on the application specibcatiand programmer
preference. These methods are outlined in detkibe

Programming interface

Embedded SQL, ODBC, and JDBC are all supportechbyapplication

interface tier for standard database programming <Several

programming languages. These APIs have extensi@isstipport both
XML and relational data. ODBC, JDBC, and other camnndatabase
APIs are majorly simultaneous, making them unsietédx applications
that deal with data that isn't always accessibé#a diccess with long
latency, or multiple sources and targets for daw.f The application
tier includes messaging and Web services progragrirameworks,

and a couple of tools for developing software inynadronous

environments, for these types of applications.

Query language

SQL has proved to be a strong language for dowmgastructured

data, and XQuery25 is quickly gaining traction aguarying language
for semi-structured and unarranged data. Both lages are supported
by the application tier, and any of them can bepéetb to reach the
federated content that the foundation tier suppastSQL or XML data.

Data from semantic tables, the XML store and olehidata from an

external server can be translucently combinedgnexy. The document
fragment is returned as a column value for a pagrcrow of data in

database software that use SQL to download XML.ddta application

tier provides an XML view of the table or tables finat database
software that uses X-Query to reach semantic data, the query

outcomes are returned as an XML document with lageindicated by

the view.

3.2 Wireless Data Management
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Voice can be transmitted over the Internet prdtqeoice over IP),
however, the term did not involve voice transmisdioat is charged by
minutes of use to a carrier. While “fixed wirelesgplications transport
data over the air between stationery items, "wa®lelata” usually
indicates movement to and from a mobile device.aDadan, cellular
generations, wireless LAN, and mobile computing @ecepts that can
be used interchangeably. While "fixed wireless'twafe transports data
over the air between stationery items, wireles® degually connotes
transportation to and from a mobile device.

A wireless link management utility is software thiagonitors and
controls the activities and functions of a wirelasswork connection. It
can monitor the process of choosing an availableess point,
authenticating and associating with it, and configy other wireless
link parameters. To meet the needs of mobile enaments, a fixed host
manages its database with DBMS-like functionalignd further
functionality for siting mobile units, further querand transaction
handling attributes. The database is shared ant@ngited and wireless
element. The standard wireless/mobile data handiradhitecture is

depicted in figure 2.4.
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Fig 2.4: Wireless Data Management Architecture
Source:Sanjay Kumar Madria
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3.1.2 Wireless Data M anagement | ssuesin Database

One of the key challenges of mobile informationteys in data
handling technology that can assist in speedilghredata from and to
mobile devices. Distributed computing may be thdugfhas a subset of
mobile computing. The following are the two exanspiehere mobile
databases are spread or distributed.

I The database is spread or shared among the weeteets, with
complete or partial replication possible. To mdet heeds of
mobile environments, a fixed host manages its da@bwvith
DBMS-like functionality and additional functionalitfor citing
mobile units and other query and transaction hagdittributes.

. The database is shared among the wired and wirelessents.
The data handling function is shared between b#sgoiss,
fixed hosts, and mobile units.

Here are some of the issues that occur when magagiobile
databases' wireless data.

1. Mobile database design: The global name resolution issue is
exacerbated by regular shutdowns and the needatalléd
gueries.

2. Security: When compared to mobile data, data stored at @ fixe
location is stable. That is to say, mobile datesecure. Data is
also more volatile thereby necessitating techrsqtiegat can
compensate for its loss. Allowing access to seesilata and
using appropriate methods are the most imporauirements
in this area.

3. Data distribution and replication: Here, data is distributed
inequitably between mobile units and base statidnsdata
dispersion, there is more data flexibility and dueed cost of
remote access. Consistency limitations exacerlbaeissue of
cache management. The Caches offer the most uptéoahd
regularly accessed data to the mobile units, whiahdle their
transactions. Data can be accessed more quickly vatid
greater security.

4. Replication issues: Owing to the increased number of replicas,
the cost of updates and signaling has increasedil®dosts
will go wherever they want, whenever they want.

5. Division of labour: Because of the unique characteristics of the
mobile world, there has been a shift in the divisal labor in
guery processing. In certain instances, the clienist run
without the assistance of the server.
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6. Transaction models: The issues of the rightful transaction and
fault tolerance are exacerbated in a mobile setfifige ACID
properties of atomicity, stability, separation dodgevity must
be met by all transactions. A mobile transactiorpésformed
sequentially based on the movement of the mobNécdewhich
can include multiple data sets and multiple baa@wsts. When
mobile devices are disconnected, enforcing ACID tuiess
becomes difficult. Because of the disconnectiomwbile units,
a mobile transaction is expected to last a longtim

7. Recovery and fault tolerance: The ability of a system to
correctly carry out its function despite the id&n#tion of
internal faults is referred to as fault tolerand®&ere are two
types of faults: transient and permanent. A sherht interim or
protem fault will vanish in piecemeal without anyticeable
interference, however; a long term or permanentt faull
persist until it is removed by an external entitiylace,
transaction, media, and communication deficienoest all be
addressed in the mobile database environment. & faiture
may occur due to insufficient battery power. If @bile unit
experiences a voluntary shutdown, it should notdesidered a
loss.

As the mobile unit crosses the cells, there wilnast always be
transaction errors during the handoff. There isigmicant cause of
network partitioning and love of the routing algbms due to mobile
unit failure. The following criteria are used tdfide mobile computing:

. Restricting the availability of resources
. Disconnection regularly

. High mobility

. Limited bandwidth

Direct cable connections are usually faster tharbiloconnections.
Bandwidth has been improved using technology |iEBRS and EDGE,
and more recently 3G networks, but it is still lésan that of a wired
network. When bandwidth in the downstream direct(@805—-1880
MHz) is always much stronger compared to bandwidtkhe upstream
direction (1710-1785 MHz), an asymmetry issue arise

8. Location-based service: ldentifying the position of mobile
users must be done to allow a site-based servicehvis part of
the most difficult operations to complete. Wherets switch to
a new location, cache information becomes scalalolethis
case, eviction methods are crucial. Diverse mohil@pping
principles are some of the challenges that occusiia and
services. Others are:
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10.

11.

12.

13.

MODULE 5

User privacy
Capability in the market
Interoperability

A problem arises when site-dependent queries adifi@d and
then spatial queries are used to refresh the cache.

Query processing: Query optimisation becomes the most
difficult due to the movability and speedy resouot@nges of
mobile units. That is, when mobility is taken irdocount, query
management suffers. A question-answer must be reduto
mobile units that are in transit. In centralisedtisgs, the
input/output cost has the greatest impact. In ithsted systems,
the most significant expense is communications Ipassible to
create queries that are position-based. Since ttelenhost can
be located in various locations, calculating corinég costs in
distributed environments is difficult. In the mabibistributed
context, dynamic optimisation strategies are needed

Limited storage: Memory and hard drive sizes are smaller
compared to those in a wired network due to moitgbéand
portability. Consequently, there is fewer data kegatched or
replicated, or fewer installed applications, andcréased
communication.

Limited battery power: Clients and servers face extreme
resource limitations due to versatility and pordiahi such as
battery capacity and memory and hard drive sizaghEBrmore,
battery technology is not progressing at the sateeas handheld
devices and wireless technologies. For exampleprdot to
well-known industry battery life benchmarks, a yultharged
Dell Latitude C600 laptop will run for about thrémurs and
thirty minutes. When processing capacity is redueadh mobile
node's ability to support services and applicatisngopardised.
Communication fails, disconnections occur, trarisagéxecution

Is delayed and certain transactions might havestaldorted when
a node runs out of power or has insufficient potwerork.

Limited resour ces: The processing capacity and storage capacity
of mobile devices are both improving simultaneousty all the
time. However, they lag behind non-mobile systeikes Internet
servers. Because of the size of the databaseetn@PU power
and storage space, mobile devices must carry mpglsitasks on
internally stored data. It's also complex to caalh¢he databases
to a mobile device due to storage limitations. Res®
availability depends on the battery power at théileaode. The
issues of a mobile node's limited power has to leéiamously
taking care off or managed.

Power consumption: The best notable drawback of a mobile
application is its battery life. These devices aampletely
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powered by batteries. The small size of many malekaces also
necessitates the use of less costly batterieshie\axthe required
battery life.

14. Disconnection: The receipt of signal can be affected by distance
from the nearest signal point, weather and terfaumnels, some
homes, and rural areas also have weak receptiom.n€hwork
availability of a mobile device has a significamipact on how it
interacts with a database. The following are twpraaches to
overcoming the difficulties of disconnection.

(@) Keep disconnections at bay.

(b)  Handle disconnections. Enabling disconnectitm&iappen and
getting over it, is a safer way for asynchronousrapon caching
and reconciliation on mobile computers.

SELF-ASSESSMENT EXERCISE

1. Describe information integration and wireless datmagement.

2. What are the requirements for information inte gnati

3. How can you describe the architecture of infornmatio
integration?

40 CONCLUSION

Information integration plays a crucial role inrbioies and information
centres. The assignment of information integratientre on the need to
reuse existing, possibly autonomous systems, coerisn or
information sources and which has to overcome lggkribution and
heterogeneity of the application and informatiorsteyns involved.
Methods to realise the bringing together of libearior information
centre are in four categories: portal, operationcess integration,
workflow management technology and application graéon.
Information integration in libraries and informaticcentres aims at
allowing application access information offers sspbated services for
searching and offers a comprehensive set of setvibtdormation
integration can help libraries combine real-timeemgpion and make
better decisions and choices, giving researchegpsrtymity to combine
and correlate information, assisting lecturersdedermine materials
available, and enabling the circulation unit ofdibes to report total risk
exposure. Three dimensions make information integraa complex
exercise. These are data heterogeneity, federatidndistribution, and
increased desire for operational intelligence. Téwehitecture of
information integration includes the foundationrtiand integrated
service tier. Wireless data management in databiasalso crucial in
managing information in a database. However, tlageeseveral issues
associated with wireless data management in databakhese are
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design, security, data distribution, replicationiviglon of labour
transaction model, etc.

50 SUMMARY

This unit has exposed you to information integratamd wireless data
management in databases. The discussion in théamieéxposed you to
information integration, information integration guerement, the
architecture of information integration, which camsps two tiers — the
foundation and integration service tiers. You halso learned about
workflow, messaging, and activities process intggna involving
application interface, programming interface, amerg language. The
unit has also intimated you with the discussion wineless data
management and issues involve in wireless data geamant. You must
go through the material thoroughly to have a betteterstanding of the
aspect that may be unclear to you.

6.0 TUTOR-MARKED ASSIGNMENT

1.What is the nature of the workflow messaging aativities process
integration?

2.How do you describe wireless data managementbmary mobile
databases?

3.What are the issues involved in wireless libidaga management?

4.Draw a diagram to illustrate the two tiers invadvin the architecture

of information integration.
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MODULE 6 COMPETENCIES, CHALLENGES, AND
PRACTICUM IN DATABASE

MANAGEMENT
Unitl Basic Skills and Competencies of the Databds@ager
and User
Unit 2 Challenges of Development and Managememaiébase
in Libraries and Information Centres in Nigeria
Unit 3 Practicum in Building and Maintaining Dagees in

Libraries and Informatiofentres.

UNIT1 BASIC SKILLSAND COMPETENCIESOF THE
DATABASE MANAGER AND USER

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 The Database Manager
3.1.1 Skills and Competencies of Database Managers
3.1.2 Duties and Responsibilities of Databaseddans
3.1.3 Educational Qualification or Requirements of
Database Managers
3.2 Database Users
3.2.1 Types of Database Users
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit will introduce you to the database maag terms of who is,
what he does, and the skills and competencies bsepses. The unit
will also discuss users along with the skills andhpetencies they need
to possess to be able to use databases effectively.will also learn
about the duties and responsibilities of databaseagers, where they
can work, their various job titles, educational Ifiations and
requirement, the database users, and their types.

20 OBJECTIVES
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At the end of this unit, you should be able to:

o describe the database manager

o discuss the skills and competencies which th&abdse manager
should have

o describe the database user

o describe the duties and responsibilities of thalage manager

o provide an explanation of the types of databasesusvailable

3.0 MAINCONTENT
3.1 TheDatabase Manager

An expert who develops and maintains an organisatidatabases is
referred to as a database manager, or databasmistdmor. This

individual creates data storage and retrieval gyste
troubleshoots database issues and implements datedx@overy

procedures and safety protocols. The database maaBsp oversees the
daily operations of database teams. The Databassageds duties

involve accurately and safely using, maintainingyd adeveloping

computerised databases within a wide range of paild private sector
organisations. Database managers develop and maorganisations'

databases.

Moreover, a database manager is a computer progeamvho operates
a group of computer programs that offer basic deeabhandling
functionalities such as the creation and maintemarfcdatabases. The
database manager possesses several other cambke the ability to
back up and restore, attach and detach, creatss,dalielete and rename
the databases. Database managers manage locatrante rdatabases.
They use the Web server to find databases and gsars the
opportunity to connect to any database on the n&twdey offer a few
administration features, including the ability tamage tables, views,
and stored procedures, as well as conduct ad hedegu Database
administrators connect to the database and dispgktg from the
database's catalogues. The DB administrators cgiogna group of
command-line options to start features and funstidhat are not
available through the graphical user interface. &Bninistrators are
able to define new patches for databases to simpbly new patches
that come from vendors, thus modifying databasdbl emhancements
and keeping them safe.

Database managers are in charge of the storagestirelal of data in
an organisation. By establishing security protocdistabase managers
assure the safety of stored data. They also cdésdster recovery plans,
upgrade databases as needed, install and testafisvaie and perform
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backups to prevent data loss and safeguard datase of disaster.
Database managers also examine organisationssttatege and access
requirements and develop databases to meet thpsiea@ments.
Database managers are now found working in neadyyebusiness that
uses electronic storage systems. Database marmdgeane predicted to
expand 11 per cent through 2024, according to thisced State Bureau
of Labor Statistics. One of the main reasons fois tpredicted
development is the ongoing requirement to orgaaise present data.
Due to the increased usage of cloud computing, cespe by
information organisations, database managers irfighet of computer
systems design should expect a 26% job growth ostx the same
period (United State Bureau of Labor Statistics®0 Examples of
some job titles given to database managers inclugteare not limited,
to operational researcher, network administratatata visualisation
analyst, test automation developer, senior datathegeloper, computer
scientist, computer sales support, system anal&h-designer,
software developer, QA analyst, video game desjgruatabase
consultant, and UX designer,

Typical employers of database managers also indutlare not limited
to, libraries, information centres, research iogds, financial
organisations, charities, any organisation thatestdarge amounts of
information and data, software companies, univessiand academic
institutions, hospitals, management consultancyndjr IT companies,
local authorities, and central governments.

3.1.1 Skillsand Competencies of Database Managers

To guarantee success, a database manager shoeldiésy knowledge
of database architecture and expertise in a sin@pacity. An

exceptional database manager will be able to teangfeir database
management experience into excellent databaserpenfice. Successful
database managers have exceptional analyticalleonedolving, and

organisational abilities. This position is ideat ftetail-oriented, logical
thinkers who are familiar with project schedulirtgne management,
and leadership ideas. Database managers must lagw@ kerbal and
written communication as well as technical capiés. Other skills

required of database managers include but aremibéd to:

I Identifying data storage and access requirements.

. Database creation and maintenance.

iii. Upgrading database systems and software as magbeed

V. Making arrangements for data storage and retrigvéthe event
of an emergency.

V. Data backup operations management

Vi. Patience
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vii.  Focused attention
viii. A methodical approach to work
ix.  Task prioritisation

X. Problem-solving capabilities

Xi. Organisational abilities

xii.  Interpersonal and communication abilities

xiii.  Computer operating systems and database technkieyyledge

(design, software, and structure).

Other skills and competencies that can be added diseussed
hereunder.

Ensure that all employees understand how to use the database:
Simply said, it all boils down to paperwork andirrag. Over time, the
most successful clients have been those that hagantented their
business processes and provided association-sp&afning to their
employees. The DBM is an important part of thiscedure. The DBM
should collaborate with the employees to developudeentation and
training that will be used throughout the datalsaddéspan. That
training can also be provided by a highly skilleBND.

Understanding how libraries or organisations work: This is perhaps
the most important ability. Database management natanbe
accomplished in a vacuum. That is, your DBM mustiaretand what
your organisation's objective is and how data edus support it. Many
organisations, for example, have increased invohrégramong members
and the general public as part of their strategjedaive.

Communication skills: For this role, the well-known interpersonal
skills are crucial. The DBM will contact with alevels of staff and
hence must possess the necessary interpersonal k@l or she will
also have to interact with your database vendorkandble to express
precisely what assistance is required.

Business acumen: A good DBM recognises that the database and the
information it holds are really a means to a goak a goal in and of
itself. A good DBM will constantly ask. “Why we amllecting this
data?” He will then tie it to the needs of the assiion before working
out how to gather it.

Technical skills: Technical abilities are of utmost importance. Of
course, a good DBM will understand how to use thtlase; he or she
will be able to navigate the system and understaod things are
connected. However, a good DBM does not necessddieanced
programming knowledge (though they are helpful)chirecal abilities
are a valuable commaodity that can be acquiredyatiare.
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3.1.2 Dutiesand Responsibilities of Database Managers

To meet the expectations of their role, databaseagers must execute
a number of duties. According to the literatured agview of many job
advertisements, the following are the most typycalited roles and
responsibilities for database managers.

Develop and Upgrade Databases. Either in a large or small businesses,
database managers are basically responsible foelafgug new
databases or improving current databases. They #atgbases up to
date, and ensure data accessibility, and resolwe system issues as
may be required.

Install Security Software: Database managers are responsible for
ensuring that a company's data is safe from hackedsreaches. They
evaluate several security procedures and selecinbe that best suit the
needs of the database they are in charge of.

Evaluate Company Needs. To identify specific database needs, a
database manager meets with analysts, organisatisasagers, and
other individuals. They upgrade and maintain dataebdo satisfy their
employers' ongoing demands.

Create Disaster Recovery Plans: Orgnisations constantly have disaster
recovery strategies in place to store and retrotat@ in the case of an
emergency. Database managers are responsibleefting and testing
emergency data access plans to ensure that theyehable and
efficient.

In furtherance to this, you need to note thatdhgbase manager also
performs the following duties:

I Improving the existing database architecture's afilitly and
performance.

. Creating database architecture and functionalities meet the
demands of the enterprise.

1 Hiring, overseeing, and mentoring database devedoprteams
are all part of the job.

V. Developing data security and restoration poligeeecedures, and
controls to protect data.

V. Performing diagnostic tests and assessing perfarenaretrics

Vi. Creating procedures to assure data quality andribte

vi. Creating and presenting top management with system
performance reports.

viii. Maintaining databases, migrating data, and upgcatiexdware

and software.
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IX. Documenting processes and adhering to databasegsrarat
best practices.

X. Staying current with database management innowatiand
trends.

Database managers are responsible for more thiath@ustoring of data
in a system. Database managers must stay up witbntcunnovations in
database design and application as technology oeveand new
advances are achieved. It is necessary to instdlltest new software.
Data must be protected from hackers and securdgpdbres. Database
systems must be safeguarded against other poteatahities, such as
an electrical storm that might bring the system wowolutions for
disaster recovery are required. Database managerslso responsible
for the design and implementation of new systemsnfiGuring
hardware, keeping records on repair and instafiatiesolving invisible
system problems, and installing new software argtages are some of
the other responsibilities of database managers.

3.1.3 Educational Qualification or Requirements of Database
Managers

In the Nigerian context, database managers, sormagtiknown as
database administrators, are required to have laelmts degree. They
could pursue a Bachelor of Science in Informaticrece, a Bachelor
of Science in Management Information Systems (M&Bachelor of
Science in Computer Science, Information Systemis]néormation
Technology, or a Bachelor of Science in Computeer®e. A database
manager with a Bachelor of Science in Managemeifdrimtion
Systems (MIS) is desired by several employers. eatatabase
managers go on to get their MBA after studying iinfation systems at
the graduate level.

Other qualifications or requirement may include tbllowing.:

I At the minimum two years of database managemerdrasp.

. Expertise in the Structured Query Language (SQL).

iii. A thorough understanding of database technologiesitecture
and data security.

V. Database management best practices knowledge

V. Advanced problem-solving, analytical, and leadgrstuilities.

Vi. Exceptional organisational and detail-orientediskil
vii.  Excellent or exceptional interpersonal and commatioo
abilities.

With a degree or Higher National Diploma (HND) inyafield, it is
often possible to enter the field. Qualificationsa relevant fields like
computer science, software engineering, electroeiogineering,
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mathematics, on the other hand, can be benefidighostgraduate
gualification in Computing, IT, or Operational Rasgh is advantageous
for graduates without necessary qualificationsxpeeence.

3.2 Database Users

These are referred to as the end-users of databasese function
demand access to the databases. They are theserslwho employ
prefabricated queries and updates since they'ree nai parametric.
Database users are those who make use of and froofit databases.
They use query languages like SQL to interact tyewith the

database. These users will be scientists, enginaads analysts who
have studied SQL and DBMS extensively in ordergplythe ideas to
their needs.

3.2.1 Typesof Database Users

There are various types of database users. Thesbecaategorised as
follows.

The Casual/Native Users. These are end-users who occasionally
access databases for special-purpose access. Thayatmbase users
who interact with the database through an existimglication. Example
are online library systems, ticket booking syste®$Ms, and other
applications that have already been developed emdised by users to
interface with databases to fulfill their requirertse

The Sophisticated End-Users: These are those who are well-versed in
database design and DBMS features. They are SQLy quiters that
select, insert, delete, and update data using S@@ries. They do not
use any software or applications to access théds¢a They use query
languages like SQL to interact directly with theadese. These users
will be scientists, engineers and analysts who hstudied SQL and
DBMS extensively in order to apply the ideas toirtheeeds. In a
nutshell, this group comprises DBMS and SQL desgnand
developers.

The Standalone Users: These are those who make use of personal
databases. System analysts determine end-user, nd@bis application
programmers turn complex specifications (businesgic) into
programs. For their personal usage, these useesthair own database.
These databases come with pre-built database pexkibgt include
menus and graphical interfaces.

Application Programmers. They are the programmers who use DML
gueries to interface with the database. These DHrigs are created in
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programming languages such as C, C++, JAVA, Paaaal,others. To
communicate with the database, these queries arsformed into
object code. Writing a C program to generate antegfgoeople working
in a specific department, for example, will requarequery to retrieve
data from a database. In the C program, therebeilhn integrated SQL

query.

Specialised Users: These are smart users as well, but they create
database application programs just for them. Theytlee programmers
who create sophisticated programs according tepkeifications.

SELF-ASSESSMENT EXERCISE

1. Describe a database manager.
2. Identify the skills and competencies which a dat® manager
should have.

40 CONCLUSION

Database managers are experts who develop andamaanganisations'
databases. They design data storage and retrigigdénss, debug
database problems, and implement database recasdy security
methods. They are also referred to as databasenati@iors and their
job titles could be operational researcher, dasaalisation analyst, test
automation developer, computer scientist, compsdgs support, web
designer, software developer among others. Datab@msagers can
work in organisations such as libraries, informatigentres, research
institutes, financial institutions, information tewlogy enterprises,
management consulting businesses, software firmsjexsities and
academic institutions, hospitals, and other heatfthcfacilities and
others. Some of the skills and competencies reduafea database
manager are evaluating data storage and accessreragquots;
developing and maintaining databases; upgradingbdate systems and
software as needed; developing emergency datagstaad retrieval
strategies; managing data backup operations; patiemeticulous
attention; logical approach to work among otherart? of the most
important duties and responsibilities of databas@nagers are
development and upgrade of databasestallation and security
software; evaluation of needs, create disaster recovery pktns The
categories of database users are casual;/native, gephisticated users,
standalone users, application programmers, andadised users.
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50 SUMMARY

This unit has exposed you to the database managerms of who he
is, what he does, and the skills and competen@g®blsesses. The unit
has also exposed you to users along with the skiltk competencies
they need to possess to be able to use databdsesvely. You have
also learned about the duties and responsibilitietatabase managers,
where they can work, their various job titles, eatianal qualifications
and requirement, the database users, and theis.tyy@w, you can
refresh your memory again by reading material d@eyou to take note
of some of the important issues you may have skippe

6.0 TUTOR-MARKED ASSIGNMENT
1. Who is a database user?
2. Describe the duties and responsibilities of thalate manager
3. What are the educational qualifications or requeeta of a
database manager?
4. Discuss the types of database users available.
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1.0 INTRODUCTION

This unit will introduce you to the challenges oéating and managing
library and information centre databases.

20 OBJECTIVES

At the end of this unit, you should be able to:

o describe the challenges of creating databasesbmaries and
information centres, and
o describe the challenges of managing databasedrariés and

information centres.
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3.0 MAINCONTENT

3.1 Challenges of Developing and Managing Databases in
Librariesand Information Centres

Creating effective library databases poses serohadienges. Because
the nature of digital material is less stable, Kyiaeproduced, and
remotely accessible by several users at the same, tdatabase
integration into traditional collections will be meodifficult than with
prior new media (e.g., video and audio tapes). bestruction and
administration of databases in libraries and infaron centres face
some severe obstacles or concerns. These dif@suficlude, but are not
limited to, the ones listed below, which are ddszilione by one.

3.1.1 Technical Architecture

The first issue is the technical architecture dray database system is
built on. To accommodate digital materials, libeariwill need to
improve and upgrade their current technical archites. The
architecture will include components such as:

a) High-speed local networks and Internet conoasti

b) Relational databases that can handle a widgeraf digital
forms;

C) Indexing and providing access to informationotigh full-text
search engines;

d) A wide range of servers, including Web senaad File Transfer
Protocol servers;

e) Electronic document management functions toraitthe overall
management of digital assets.

One thing to keep in mind concerning library dasEbaechnical

architecture is that they are monolithic systerkes the turn-key, single-
box OPACSs that librarians are most familiar withstead, they are a
collection of diverse systems and resources linkeda network and

integrated into a single interface, most likely Minterface or one of
its derivatives. For example, the resources supddiy the architecture
could include the following.

I Bibliographic databases with links to both printdadigital
resources

. Indexes and search engines

Iii. A collection of hyperlinks to online resources

Iv. Files and folders

V. Primary sources in a variety of digital formats

Vi. Photographic images
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Vii. Collections of numerical data, and
viii.  Electronic journals

Despite the fact that these materials are storedhany systems and
databases, they appear to users of a certain coityntarbe part of a
single system. In order for a coordinated databatategy to
interoperate and share resources, some commonastiznavill be
required. The issue is that there is a broad wariétvarious data
structures, search engines, interfaces, controltedabularies, and
document formats across many databases. Baseck athvirsification,
federating all databases within and without resudtn impossible effort.
Therefore, the first take or task is to find soursdsons for federating
specific databases in a system.

3.1.2 Building Digital Collections

The creation of digital collections will be one thle most challenging
aspects of database development. Obviously, angdatd library
database must eventually have a digital colleatiosufficient size to be
truly useful. Building digital collections in a @ddtase can be done in one
of three ways:

a. Digitisation, which entails transforming exigfi collections'
paper and other media to digital format (discuseatiore detail
below).

b. The purchase of original digital content depeld by academics

and publishers. Electronic books, journals, andaskt are
examples of such goods.

C. Giving references to Websites, other libranjleotions, or
publishers' servers to provide access to extemraeat not held
in-house.

3.1.3 Metadata

Another important aspect of library database depraknt is metadata.
Metadata is information about the content and ataretics of a certain
item in a library database. It is a concept tHatlians are familiar with
because it is one of the key ways they construeti@guing entries that
describe documents. Metadata is critical in diditakries since it is the
key to finding and using resources. Simple fuktteearches do not
scale in a big network, as anyone who has used A#tta, Excite, or

any of the other search engines on the Internésesa

3.1.4 Naming, I dentifiers and Persistence
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This problem has to do with metadata. In a digitatary, it's the

challenge of naming. Names are strings that umyquantify digital

objects and are included in the metadata of anymeat. In a library
database, names are just as important as ISBNsnaaetraditional

library. They are needed to uniquely identify dafjibbjects/data in a
database for purposes such as:

1) Citations

2) Recovery of information/data

3) To create connections between data/objects, and
4) Copyright management.

Any system of naming that is developed must be ltergn, lasting
indefinitely. This implies that the name cannot lb@und up with a
specific location. It is important to keep the ureghame and its location
separate. This is in stark contrast to URLs, wlaoh currently used to
identify objects on the Internet. URLs condense tiplel items that
should be kept separate into a single string. Tihejude the means of
accessing a document (for example, HTTP), a machmee and
document path (its location), and a document fama that may or may
not be unique (for example, how many index.htr@sfilo you have on
your Website?). URLs are not reliable names be¢amaetimes when
a file is relocated, it is frequently lost complgte

3.1.5 Growing Complexity in Landscape

Database market is growing and many informatioraoigations like
libraries are finding it difficult to assess andest a solution. There are
semantic databases, columnar databases, objeotenfidatabases, and
NoSQL databases. There are also several vend@asngfftheir spin on
each.

3.1.6 Limitson Scalability

Database servers, like any software, have scalakéind resource
utilisation limitations. Forward thinking libraries information centres
can be concerned with transaction processing cgpkoowing fully
that cataloguing components, database architectyperating systems,
and hardware setup are all affected by scalability.

3.1.7 Increasing Data Volumes

Libraries and information centres are making efforkeep up with the
increasing volume of data generated and collectédndings from
research reveal that libraries have generated whata in the last two
years than the entire human population. New inféionaand models
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will be generated, resulting in more new data wahiations. This cycle
continues, and the volume of data grows at an esquical or
astronomical rate. Consequent upon this, data fguananagement is
critical for libraries and information centres.

3.1.8 Data Security

Databases, which store crucial operating datatheraeinsung heroes of
many libraries' IT systems. Data security has kawkl lot of attention
recently, which is understandable. A data breachcost a library a lot
of money, loss of goodwill, and reputation. To avidiegal access, data
communication between application systems musebared. The most
important factor impeding the adoption of rapidlyoking Web
technology paradigms such as software as a se(®aaS) and data
distribution services is a lack of trust. This desb is usually solved by
database management systems (DBMS) or frameworkis iticlude
mechanisms for multi-tenancy (clients sharing vdtata with servers),
data access to check security clearance levelsdbaseroles (e.g.,
admin, general user, curator), data sharing witleolibraries or users,
and keeping vital data safe from unathorised users.

3.1.9 Decentralised Data Management

As there are advantages associated with decepttad@ta management,
there are also drawbacks. How will the data beiliged? What is the
best decentralisation method? What is the right wrho of
decentralisation? The inherent absence of cerdgthksiowledge of the
complete database is a key issue in developing @perating a
distributed database.

3.1.10 Preservation

Another important issue is the preservation of tdiginformation and
the ability to access it indefinitely. The realussin the preservation of
digital materials or database data is technicalolelssence. The
deterioration of paper in the paper age is analsgtu technical
obsolescence in the digital age. Libraries in the-digital era had to
worry about things like climate control and bookatdification, but
preserving digital information will necessitate stant innovation.
When it comes to digital materials, there are thidd&erent sorts of
“preservation” to consider: In terms of obsolesegribe preservation of
storage media such as tapes, hard drives, andyfldiges has a very
short life period. The data on them can be refrédloekeep the bits
valid, but this is only possible if the media atdl surrent. After two to
five years, the media used to store digital matet@comes obsolete,
and is replaced by new technology. Access to contermpreserved

181



LIS318 DATABASE DESIGN AND MANAGEMENT

through preserving access to the content of doctsnerdependent of
version. While files can be transferred from oneygital storage
medium to another, what happens when the formatsvhith the
information is stored become obsolete (e.g., Adbbmbat PDF)? This
IS a greater issue than replacing old storage tdobgy. The use of
digital technology to preserve fixed-media itemstaéds replacing
conventional preservation media, such as microfprmgh digital
technology. There are currently no universally ptee criteria for the
use of digital media as a preservation medium,iaisdunclear if digital
material is capable of long-term preservation. Begk and exchange
digitally preserved materials reliably, digital pegvation standards will
be required.

3.1.11 Management of Cloud-Based Databases

The Cloud has become one of the most popular esipresn the
computer sector in recent years. In addition to ueaal on-premises
mode of deployment, libraries and their users ddsirbe able to access
their data from a cloud database or from the serg€n cloud database
provider. Cloud computing allows users to efficigntdistribute
resources, scale effectively, and ensure high a&visity. Database
managers in libraries and information centres fagether challenge:
managing cloud and on-premises databases.

3.1.12Growth of Structured and Unstructured Data

For years, the amount of data created and gatheredeen increasing
at an unparalleled rate. Those who work with amytmay be
enthralled by big data's promise of insight andrmss intelligence, but
database managers must contend with the challeafewanaging
overall growth and data types from an increasinmimer of database
platforms available and managed in libraries aharmation centres.

40 CONCLUSION

The development and management of databases iaridibr and

information centres now pose several challenges. reflected in our

discussion in this unit, these challenges include dre not limited to

technical infrastructure, building digital collemtis, metadata, naming,
identifier and persistent, increasing complicatiorihe landscape, limit
on scalability, growing data volumes, data safelgcentralised data
management, and preservation.

5.0 SUMMARY
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In this unit, we have examined the various cingiés associated with
the development and management of databases irthmiibraries and

information centres. Now, you can read the mdtallaover again to

refresh your memory.

6.0 TUTOR-MARKED ASSIGNMENT

Databases are beneficial to libraries and inforomatientres. However,
improper management can result in the loss of dath information.
Discuss this with relevance to the challenges ofagang databases in
libraries and information centres.
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3.1.1 What is the rationale behind the knowledfea
DBMS (Database Management System)?
3.1.2 What can a DBMS do for an Application?
3.1.3 Structured Query Language (SQL)
3.1.4 Data Models
3.1.5 Levels of Abstraction in a Database Manag&
System(DBMS)

3.1.6 Centralised and Decentralised Databastei@ys
3.1.7 Queries in Database Management

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In this unit, you will be introduced to practicumuilding and
maintaining databases in libraries and informatientres.

20 OBJECTIVES
At the end of this unit, you should be able to:
e describe the building and maintaining of databaseBbraries
and information centres and also
e discuss the procedures involved in building and nta#ming
databases in libraries and information centres.
3.0 MAINCONTENT
3.1 TheNature of the Practicum
A practicum provides opportunity to work in a schodorary,

information centre or media centre and obtain @sifnal experience.
The practicum is all about you trying to practisalithe contents you
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have learned theoretically in class. Now, it mdito respond to the
practicum question one after another.

3.1.1 What is the rationale behind the knowledge of a DBMS
(Database M anagement System)?

Assume you wish to create a university departmetélzhse. It must
keep track of the following data.

Entities: Students, professors, classes, and olass are examples of
entities.

Relationships: Who is responsible for what? Whachea what and
where? Who instructs whom?

Now, construct a database for a named universipadment of your

choice, following the steps of constructing a datbthat you have
learned.

3.1.2What can aDBM S do for an Application?

1. Guard against incorrect inputs e.g., of data;
— for instance, a student that registdoe 30 courses instead of
20

2. Support concurrent access from multiple users;

— like more than 1500 library users dan using the portal

OPAC system concurrently

3. Allow the library database manager to simply mypdifata
schema
— After sometime, add TA info to courses

4. Effective database activities or tasks.
— Search for library users that borrow the highastber of
books out of the library and the one that has eebthe lowest
number of books.

SELF-ASSESSMENT EXERCISE
Create a database to show any of the examplesl sthove.

3.1.3 Structured Query Language (SQL)

In SQL, the create statement/query is adopted sigdea database or
objects such as tables, stored procedures, viewptaers.

SELF-ASSESSMENT EXERCISE
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Use the CREATE query to design a database on MS. S§how the
steps involved to create the database tables.

3.1.4 Data M odels

A data model is a set of concepts that can be tasdéscribe data.

The Entity-Relationship (ER) model is a type of igntelationship
model.

Relationship Model A schema is a data description. The most
extensively used data model is the relational model

- A relation is a table with records in rows amduenns.
— Each relationship has a schema that descrilregsdlumns and
fields.

The whole table shows an explanation of the Studelation. The
Students schema is the column heads — Students $8idg, Name:
String, Login: String, age: Integer,... ).

SELF-ASSESSMENT EXERCISE

Draw a table to indicate this a typical relatiomabdel using the
example in the bracket above.

3.1.5 Levels of Abstraction in Database Management System
(DBMYS)

Many perspectives, one conceptual schema, andlorsicpl schema —
The logical structure is defined by the conceptsethema. Physical
schema outlines the file and indexing used in i@tatables. Views
describe how program (users) see the data in edsbi¢ using a B+ tree
index.

Tables of relationships, but not explicitly stored.
SELF-ASSESSMENT EXERCISE

With the background above, draw a database manaesystem
reflecting the levels of abstractions and the cphed and physical
schema.

3.1.6 Centralised and Decentralised Database System

Study a library or information centre of your chaiovhich of the
centralised or decentralised database systemsbwilappropriate for
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such a library. Draw a hypothetical design to bacg your
recommendation.

3.1.7 Queriesin Database M anagement

Sample queries on university database: — What es nime of the
student with
ID 1234567

The key benefit of using a relational database iEasy to specify
gueries using a query:

Structured Query Language (SQL)

SELECT S.name
FROM Students S
WHERE S.sid = 123456

4.0 CONCLUSION

The practicum exercise is to refresh our memory tangracticalise the
theoretical aspect of what we have learned .

5.0 SUMMARY

You have been introduced to practicum on some @ftdpics we have
explored in this unit. Why do we need a DBMS (DatdbManagement
System) in the practicum? What can a database rear&ag system
(DBMS) accomplish for an application? , SQL, Dateoddls: An
Overview of a Relational Model, Levels of Abstractiin a Database
Management System, and Sample Queries in a Datédbasagement
System.

6.0 TUTOR-MARKED ASSIGNMENT
Draw a database management system for a named| swhdibrary
showing the example indicated above.
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