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PREFACE

We are excited to introduce the third edition of Database Principles, which is designed to provide a
solid and practical foundation for the design, implementation and management of database systems.
This foundation is built on the notion that, while databases are very practical things, their successful
creation depends on understanding the important concepts that define them.

This edition is suitable for a first course in databases at undergraduate level and will also provide
essential material for conversion postgraduate courses. Providing comprehensive and practical coverage
of core database concepts, it is an ideal text not only for those studying database management systems
in the context of computer science, but also those on courses in the areas of business technology,
introductory data science and data analytics.

The Approach: Continued Emphasis on the Stages of Design

As the title suggests, Database Principles: Design, Implementation, and Management covers three
broad aspects of database systems. However, for several important reasons, special attention is given
to database design:

B The availability of excellent database software enables even database-inexperienced people to
create databases and database applications. Unfortunately, the ‘create without design’ approach
usually paves the way to any number of database disasters. In our experience, many, if not most,
database system failures are traceable to poor design and cannot be solved with the help of even
the best programmers and managers. Nor is better DBMS software likely to overcome problems
created or magnified by poor design. Using an analogy, even the best bricklayers and carpenters
can’t create a good building from a bad blueprint.

B Most difficult problems associated with database system management seem to be triggered
by poorly designed databases. It hardly seems worthwhile to use scarce resources to develop
excellent and extensive database system management skills in order to exercise them on crises
induced by poorly designed databases.

m Design provides an excellent means of communication. Clients are more likely to get what they
need when database system design is approached carefully and thoughtfully. In fact, clients may
discover how their organisations really function once a good database design is completed.

m Familiarity with database design techniques promotes one’s understanding of current database
technologies. For example, because data warehouses derive much of their data from operational
databases, data warehouse concepts, structures, and procedures make more sense when the
operational database’s structure and implementation are understood.

Because the practical aspects of database design are stressed, we have covered design concepts and
procedures in detail, making sure that the numerous end-of-chapter problems are sufficiently challenging
for students to develop real and useful design skills. We also make sure that students understand
the potential and actual conflicts between database design elegance, information requirements, and
transaction processing speed. For example, it makes little sense to design databases that meet design
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xiv Preface

elegance standards while they fail to meet end-user information requirements. Therefore, we explore
the use of carefully defined trade-offs to ensure that the databases are capable of meeting end-user
requirements while conforming to high design standards.

This edition retains the use of UML (Unified Modelling Language) notation for data modelling.
Continual development by the Object Management Group has led to UML becoming an International
Standard (UML 2.5.1 is available as the 2017 edition standard: ISO/IEC 19505-1 and 19505-2), which
is continually reviewed. In keeping with the second edition, UML has continued to be used to produce
entity relationship models within this third edition. However, as organisations still use both Chen and
Crow’s Foot notation approaches to data modelling in order to maintain legacy systems, it is important
that familiarity is maintained. Appendix E, Comparison of ER Modelling Notations, contains coverage
of both these notations.
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CHANGES TO THE THIRD EDITION

In this third edition, we have added some new features and continued to strengthen the already strong
database design coverage. Here are just a few of the highlights:

B To support the growth of Big Data and NoSQL technology, we have added a new Chapter 16: Big
Data and NoSQL. The chapter focuses in greater depth on the characteristics of Big Data and the
technologies that have been developed to support its use, including Hadoop and MongoDB.

B New and expanded coverage of data visualisation tools and techniques in Chapter 15, Databases
for Business Intelligence.

® New and updated Business Vignettes to provide topical discussion points in the classroom.
m Coverage of MongoDB with hands-on exercises for querying MongoDB databases (Appendix Q).

B An additional appendix containing coverage of Neo4j with hands-on exercises for querying graph
databases (Appendix R).
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BUSINESS VIGNETTE

THE RELATIONAL REVOLUTION -
AN HISTORICAL JOURNEY

Uniil the late 18705, databisses stored large amounts of data in structures that were inflexible and
difficult fo newigate. Programmens needed to know what clients wented to do with the data before
the database was designed. Adding or changing the way the data were stored or analysed was
fime-consuming and expensive.
in 1870, Edgar Ted' Codd, a mathematician employed by IBM, published &

article ntiiad ‘A Relational Mods! of Data for Large Shared Data Banks'. At the time, nﬂlmdy
resfised that Codd's thearies wouid spark 3 tschnological revolution on par with the development
of personal computers and the intsmet. Don Chamberin, co-inventar of SOL. the most popular
dmwrmuagetmy explains: TherewslhsguyTaﬂ Codd wha had some kind of

nmvwcuddmmaqmm udﬂmvﬁarllnhuwdascmdmﬂ\mdmmﬁimad
five-page programs to one fine. ‘And | said, “Wow," Chamberin recalls. The symposium comvinced
IBM 1o fund System R, & research project that built & prototype of & relational datanase, which
‘wouid sventually lead to the creation of SOL and DB2. IBM, however, kept System R on the hack
bumer for & rumber of years, which Tumed out 1o be a crucial decision, because the company
had 2 vested interestin IMS. 2 reilabie, mmmmm(mmmm\n 1968,

At about the same tim i, two the University of Galfornia
5t Berkeley, who had read Codd's work, Ingres. Th
betwean the two fight-knit groups fuslled & series of papers. Unaware of fhe market potential of
this research, IBM aliowed its staff to publish these papers. Among thase reading the papers was
Larmy Ellisan, wha had just founded a small company caled Software Development Laboratories.
Recruiting programmers from System R and Ingres, and securing funding from the CIA and the

WALK-THROUGH TOUR

CHAPTER 1

The Database Approach

IN THIS CHAPTER, YOU WILL LEARN:

The difference between data and information

What a datahase is, what the different types of datahases are, and why they are
valuable assets for decision making

The importance of database design

How modem databases evoived from file systems

About flaws in file system data mansgement

‘What the database system's main components are and how & datshass system
differs from a file sysiem

The main functions of & database management sysem [DBMS)

The role of open source database systems

® The importance of data governance and data quality

PREVIEW

Good decisions require good information, which is derived from raw facts known as
data. Data ars fikely to be managed most eficiently when they are stored in a database.
In this chapter, you leam what & databasa is, what it does and why it yields better
results than other dats management methods. You will also leam sbout diflersnt types
of datsbases and why database design is so important.

Dtabases evolved from computer file systems. Although fle system data
management is now largely outmoded, of
is impartant because they are the source of serious data management limitations. In
this chapter, you will also leam how the database system approach helps eliminate
most of the shortcomings of file system data management.

MNavy, Ellison was abis to market the first SOL-basad relational databass in 1979, wall before BB,
By 1983, the company | had released a portabie version
of the datsbase, had grossed over €3 910 000 annually, &nd had changed its name to Oracie.

Chapter Previews set the scene for the chapter and
provide an overview of the chapter’s contents.

Business Vignettes illustrate the part topics with a
genuine scenario and show how the subject integrates with
the real world.
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c H A I I E R 3 l The criticisms of fiekd definitions and naming conventions shown in the file structure of Figure 1.3

are not unique to file systems. Because such conventions will prove to be important later, they are
introducad aary. You will revisit field definitions and naming conventions when you lsarn about database
design in Chapter 5. Data Madeling with Entity Relationship Diagrams, and in Chapter &, Data Modelling

1 Advanced Concepts; and when you leam about database implementation ssues in Chapter 11,
Relational Model e e
cha l'acte ristics whether it involves a file system or a database — must ahways reflect the designer's documentation

needs and the end user's reporting and procassing requirements. Bath types of needs are bast sarved
by adhering to proper fiekd definitions and naming conventions.

IN THIS CHAPTER, YOU WILL LEARN:

Online Content Appendices Ato P are svailabls on the online platform Bccompanying
= That the ralational database model takas 2 logical view of data this beck.
= That the relational modl's basic components ara relations implemanted through

taies in a relational DBMS

= How relations are organised in tables compased of rows fuples) and columns
{attributes)
Key terminciogy used in describing relations
Alingk 1l yole o fhe cletw diconary, siid B8 sysiedi cataloghs No naming convention an fit all requirsments for all systems. Some words or phrases are rasarved for
How data redundancy is handied in the reiatianal database madel the DBMSs inismal use. Far exampls. the name ORDER genaraies an e in some DBMSs. Similary,
Why indexing is important your DEMS ahyphen () o sublract. Therefors, the field CLS-NAME would
be interpretsd as 2 command to sublract the NAME fisld from the GUS fisld. Because naither field exists,
you would get-an eor message. On the other hand, CUS_NAME would wark fine because it uses an
underscore.

NOTE

PREVIEW

in Chapter 2, Data Models, you learnt that the relational data model’s structural 2

Data Redundancy

and dats indspendence allow you to examing the model's logical structurs without
cansidering the physical aspects of data storage and retrieval. You also leamt that the
ERM may be used to depict entities and their relationships graphicaly through an ERD.
In this chapter, you will lsam some important datails sbout the relational model's logical
structure and more about how the ERD can be used to design a relational database.

You will learn how the relstional database's basic data components fit into &
logical construct known as a table. You will discover that one important reason for the:
relatianal database model's simplicity is that its tables can be treated as logical rather
than physical units. You will also Jeam haw the independent tables within the database
‘can be related to one another.

After learning about tables, their companents and their relationships, you are
introduced to the basic concepts that shape the design of tables. Because the tabie is
‘such an integral part of relational database design, fearn i
of well-designed and poorly designed tables.

Finally, you are introduced to some basic concepts that will become your gateway
ta the next few chapters. For example. you will sxamine different kinds of relationships
and the way In which those relationships might be handled in the relational datsbase
‘environment.

The file system's structure and lack of security make it difficult to combine data from multiple sources.
The organisational structure promotes the storage of the same basio data in different locations.
(Database professionals use the term islands of information for such scattered data locations ) As
it is unikely that data stord in differsrt locations will slways be updated consistently, the isands of
information often contain difierent versions of the same data. For example, in Figures 1.3 and 1.4, the
agent names and phone numbers accur in both the CUSTOMER and the AGENT files. You need anly
one comect copy of the agent names and phone numbers. Having them oocur in more than one place

it dat Data ‘exists when the same data are stored unnecessarily at
different places.

Uncontrolled data redundancy sets the stage for:

® Data inconsistency. Diata inconsistency exists when difierant and confiicting versions of the same
data appear In different places. For sxample, suppose you change an agent's phone number or
address in the AGENT file. I you forget ta make comespanding changes in the CUSTOMER file,
the files contain different data for the same agent. Reports will yield inconsistent results depending
on which version of the data is used

W Poor data sscunity. Having multiple copies of data increases the chances of a copy of the data
being susceptible to unauthorised access.

Learning Objectives appear at the start of each chapter Online Content boxes draw attention to relevant material
to help you monitor your understanding and progress on the online platform for this book.

through each chapter. Each chapter also ends with a Notes highlight important facts about the concepts
summary section that recaps the key content for revision introduced in the chapter.

pUrposes.
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WU B Levels of data abstraction

Degrae of
Abstraction

Extemal High Enchuser views Hardware and software

‘Canceptual Global view of data Hardwars and software
(independent of database model)

internal Speciiic database model Hardware

Prysical Low Stemge and access mathods Neither hardwars nor softiare.

SUMMARY

® A data model is a frelatively) simple abstraction of & compiex real-worid data smvironment
Datahase designers use data madels 1o communicate with applications programmens and end
users. The basic data-modsliing components ars entities, attributss, relationships and constraints.
Business rules are used to identify and define the basic modelling companents within a specific
real-world environment.

® The hisrarchical and network data models were early models that are no longer used, but some of
the concapts are found in current dats modsis.

= The relational moded is the current datzhase standard. In the
the end usar perceives the data as baing stored in tables. Tables are related to ach other by
means of commeon values in comman attributes. The entity relationship (ER] model is a popular
graphical tool for data modelling that complements the relational model. The ER model alows
database designers to visuslly present different views of the data as seen by database designers.
programmers and end usars and to integrate the data into & common framework.

= The object-orientated data modsl (DODM) usss objects as the basic modeliing structure, An
‘abject resembles an entity in that it includes the facts that define it. But uniike an entity, the object
also includes information about relationships between the facts as well as relationships with other
abjects, thus giving its data mare meaning,

® The relational model has adopted many object-orientated (D0 extznsions to become the extended
relational data model [ERDM). At this point, the OODM is iargely used in specialised enginesring
‘and scientific appbcations, whie the ERDM is primariy geared to business appiications. Although
the mast likely future scenario is an incraasing merger of OODM and ERDM technologies, both are
avershadowed by the need to develop intemet acoess strategies for databases.

® NoSOL detabases are a new generation of databases that do not uss the relationsi model and
are geared 1o support the very spacific needs of Big Data organissfions. NoSOL datahass offer

that provide hig iy, awvailability and fautt w sacrificing data

‘consistency and shifing the burden of maintaining relationships and data integrity o the program
code.

= Data modelling requirements are a function of different data views fglobal vs local) and the
bevel of data ab The Standards Institute Standards Planning and
Requirements Committee {(ANSVSPARC) describes three levels of dats abstraction: extermal.
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8 User queries can be written as relational agebraic expressions. |n order to write such as an
expression, the folowing steps shoukd be taken:
® Listall the stirbutes we need 1o give the answer.
@ Select al the relations we need, based on the list of atributes.
@ Specify the relational operators and the Intermediate results that are nesded.

® Relational caloulus is 2 formal language based upon a branch of mathematical logic called
redicate calculus.

® Tupie reistional calculus allows users 1o describe what they want, rather than haw 10 computa it
and underlines the appearance of Stnuctured Query Language [S0L). Exprassions in tuple
relational calculus retum tuples for which a given predicate s true.

® Domain relstional calculus is differsnt from tuple relational calculus as #t uses domain varisbles
that take on valuss from an attribute domain.

Summary of relational operators

SELEGT o | Sewets a sussst of tuples frem a relation

PROJECT 11| Selects a subset of columns from a relaton.

DIFFERENCE - | Selects tuples in Rstation! but not in Relation2”

INTERSECT U | Selects tugies in Retationt o In Relation".

UNION 11| Sefects tuples in Retation and Relabion2, excuding duploste tuples”.

CARTESWAN PRODUCT | X | Computes ol ihe possible combinatiors of tuples.

THETA JOIN @ | Abows two relations o be combined using one of the comparison opersion

=}, When the cperator is ~ the opacor is known as a0

NATURAL JGIN [} | A version of the EQUIIOIN which selects 1nose luples wheee
Flelation] Tuple.¥ = Retation2Tuple Y. ¥ is & sel of commen attrbates lo
both reiations which must share the same domain. Duplicate columns are
removed.

OUTERION T | Based on the (-JOIN 20d natural JOIN, ihe OUTERIOI In adifion selects
&l the tupies in Relation that have no comesponding valuss in the relstion
Retationz.

DIVIDE = | Seects tupies in Aeation! that match every 1ow in Relation2

EXISTENTIAL 3| Aformuls must be trus for af ieast ane instance

UNIVERSAL ¥ | The formusa must be true for all instences

* 1t case of thes cperators, ralstions Fust be union-commatisle.

conceptual and intemal. There is alse a fourth level of data abstraction (the physical level). This
lowest level of data ahsiraction Is concemed exclusively with physical storage methods.

Summary Each chapter ends with a comprehensive
summary that provides a thorough recap of the issues in
each chapter, helping you to assess your understanding and
revise key content.
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FURTHER READING

Codd, EF_ The Capabiitiss of sistionsl Datatisse Marsgenmant Systams. 1M Ressarch Report, 3132, 1981

Dete, .. The Distabase Reistionsl Madsl, A Relraspective Aview and Anslysis: 8 Mistariesl Azeeunt and
Assagsment of EF. Codd's Confribution fo the Feld of Databaze Technology. Addiscn Wesdey, 2000,

Date, .. An infrockuction fo Datahase Systems, 8th edition. Addison Wesiey, 2003,

Date, .1 Date o Distabase: Wilings 2000-2006. Apress, 2005

Online Content Answers to selected Review Questions and Problems for this chapler
are availzbie on the anline platiom sccompanying this book.

REVIEW QUESTIONS
1 Discuss each of the following terms:
a dam
b field
€ record
d file

What is data redundancy and which characteristics of the file system can lead to it?
Discuss the lack of data independence in file systems.

What is a DBMS, and what are its functions?

Wihat is structural independence, and why is it important?

Explain the difference between data and information.

What is the role of a DBMS, and what are its advantages?

List and describe the different types of databases.

What are the main components of & database system?

What is metadata?

W e NE W oa W

=

11 Explain why datebase design is important.
12 What are the potential costs of implementing a database system?

13 Use examples to compare and contrast structured and unstructured data. Which type is more
prevalent in & typical business envianment?

14 What are the six lavals on which the quality of data can ba examined?

15 Explain what is meant by data govemnance.

Further Reading allows you to explore the subject further,
and acts as a starting point for projects and assignments.
Review Questions help reinforce and test your knowledge
and understanding, and provide a basis for group
discussions and activities.

KEY TERMS
dosse el jon saEct
dttereree ot sale epresion
oomIoN predcae i setthesey
i thetajoin
equiain relatcnallgeteaic expression gl elational s
INTERSECT relatcnal cheme (]
o e SESTRIT ni-cmmpanhie
eftauterjin gt outer jin

Key Terms are listed at the end of the chapter and
explained in full in a Glossary at the end of the book,
enabling you to find explanations of key terms quickly.
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Given the file structure shown in Figure P1.1, answer Problems 1-4.
1 How many racosds does the file contain, and how many fields ars thers per racord?

2 What problem would you encounter if you wanted ta produce @ listing by city? How would you
sotve this problem by altering the file structure?

LT RE The file structure for Problems 1-4.

Online Content The 1 In this problem set
In & Microsoft Access datebase named Chil1_Problems, available on the online
piatform for tris book.

Holly B. Naidu | 33-5-59200506 | 180 Boulevard D, Phoenix, 64700 | €131780975.00

2520 JansD.Grant | 0181-836.8908 | 218 Ciark Bivd, London, NW3 | €9767037.00
TRY

2554 MenziF_Zub | 0181-227-1245 | 124 River Dr., Durban, 4001 2545800500

2507 Holly B Naigu | 33.5-50200506 | 180 Bowlevard Dr, Phoenix, 64700 | £16.887181.00

2740 MennF.Zuu | 0181-227-1245 | 124 River Dr,, Durban, 4001 €078 124,00

25-20 Holly B Naics__| 33-5-59200506 | 180 Boulevard O, Phosnix, 64700 | €20014 865.00

317p Willam ¥ Moor | 39-064585859 | Via Valgia Sivifla 23, Roms, 00178 | £44516677.00

3 If you wanted to produce a fisting of the fils contents by last nams, area code, city, county o
postal cod. how would you alter the file structure?

4 What data redundancies do you detsct, and how could thoss radundancies lead to anomalies?

LS8 Thefile structure for Problems 5-8

Humicane | 101 | Jahn . Dlamini EE £65.00 133 31-20-6226060

1

1 Hurricane [ 105 | David F. Schwann [ GT €40.00 162 0191-234-1123
1 Huricane | 110 | Anne R Ramoras | €T €40.00 14.3 34-004412463
2 Cosst 101__| John D. Diamini EE €65.00 19.8 31-20-6226060
3 Coast 108 | JuneH. Ndlovu EE €65.00 175 0161664 7812
3 Satelits [ 110 [ Anne A Ramoras [ GT €4z.00 116 34-934412463
3 Satelite [ 105 | David F. Schwann | €T €6.00 234 0191-234-1123
3 Satelite 123 | Mary D. Chen EE €55.00 19.1 0181-233-5432
3 Satsiite  [112 | Allecla A Smith BE €85.00 207 0181-678-6879

Problems become progressively more complex as
students draw on the lessons learnt from the completion of
preceding problems.
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To my son, Kona, of whom | am so proud - keep following your dreams.

To Craig, my best friend and patient husband. Thank you for supporting my crazy busy life = without
you nothing would be possible. In memory of my father, Frank Crockett, who inspired me to be the
person | am today. To my mother, Norma Crockett, who is the angel in my life. Thank you for always
being there for me.

To my mother- and father-in-law Jackie and Bill Smith who have provided me with much love and
support.

In memory of Leslie Crockett, a true gentleman and much-loved uncle.
To my family and friends, all of whom have painted rainbows in my life.

Much love and aloha to you all.

Keeley Crockett
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BUSINESS VIGNETTE

THE RELATIONAL REVOLUTION -
AN HISTORICAL JOURNEY

Until the late 1970s, databases stored large amounts of data in structures that were inflexible and
difficult to navigate. Programmers needed to know what clients wanted to do with the data before
the database was designed. Adding or changing the way the data were stored or analysed was
time-consuming and expensive.

In 1970, Edgar ‘Ted’ Codd, a mathematician employed by IBM, published a groundbreaking
article entitled ‘A Relational Model of Data for Large Shared Data Banks’. At the time, nobody
realised that Codd’s theories would spark a technological revolution on par with the development
of personal computers and the internet. Don Chamberlin, co-inventor of SQL, the most popular
database query language today, explains: ‘There was this guy Ted Codd who had some kind of
strange mathematical notation, but nobody took it very seriously.’

Then Ted Codd organised a symposium, and Chamberlin listened as Codd reduced complicated
five-page programs to one line. ‘And | said, “Wow,”’ Chamberlin recalls. The symposium convinced
IBM to fund System R, a research project that built a prototype of a relational database, which
would eventually lead to the creation of SQL and DB2. IBM, however, kept System R on the back
burner for a number of years, which turned out to be a crucial decision, because the company
had a vested interest in IMS, a reliable, high-end database system that had been released in 1968.

At about the same time as System R started up, two professors from the University of California
at Berkeley, who had read Codd’s work, established a similar project called Ingres. The competition
between the two tight-knit groups fuelled a series of papers. Unaware of the market potential of
this research, IBM allowed its staff to publish these papers. Among those reading the papers was
Larry Ellison, who had just founded a small company called Software Development Laboratories.
Recruiting programmers from System R and Ingres, and securing funding from the CIA and the
Navy, Ellison was able to market the first SQL-based relational database in 1979, well before IBM.

By 1983, the company (Software Development Laboratories) had released a portable version
of the database, had grossed over €3 910 000 annually, and had changed its name to Oracle.
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|

Spurred on by competition, IBM finally released SQL/DS, its first relational database, in 1980.!
In 2008, a group of leading database researchers met in Berkeley and issued a report declaring
that the industry had reached an exciting turning point and was on the verge of another database
revolution.?

In 2010, Oracle acquired MySQL as part of its acquisition of Sun. It has since maintained the
free open-source MySQL Community Edition while providing several versions (Standard Edition,
Enterprise Edition and Cluster Edition) for commercial customers. In 2019, the release of MySQL
Document Store brought together the SQL and the NoSQL languages, enabling developers to link
SQL relational tables to schema-less NoSQL databases.® Oracle’s latest offering is Oracle Database
19¢c, where the ‘c’ represents cloud; new versions now come out every year.

In our historical journey, we must also mention PostgreSQL, developed in1986 as part of the
POSTGRES project at the University of California at Berkeley. PostgreSQL* is a free, open source,
object-relational database that extends the traditional SQL language by allowing creation of new
datatypes and functions, and the ability to write code in different programming languages. It is a
strong competitor to MySQL, given that it has had over 33 years of active development.

Analysts, journalists and business leaders continually see new developments with data
acquisition and its management, such as the explosion of unstructured data, the growing
importance of business intelligence, and the emergence of cloud technologies, which may require
the development of new database models. Although traditional relational databases meet rigorous
standards for data integrity and consistency, they do not scale unstructured data as well as new
database models such as NoSQL. NoSQL is also known as a non-relational database, which
allows the storage and retrieval of unstructured data using a dynamic schema. A key question
asked by database developers today is whether they need a NoSQL database or an SQL database
for their application. For example, Twitter and Facebook, which do not require high levels of data
consistency and integrity, have adopted NoSQL databases. In 2019, businesses are opting for
SQL and NoSQL multiple database combinations, which suggests that one size does not fit all.

As of March 2019, the most popular database management systems worldwide were Oracle,
MySQL, Microsoft SQL and PostgreSQL.° So, what is the future? Disruptive database technologies
are required for business to remain competitive and the key is real-time data. Alternative database
models such as cloud database platforms, which have the capability for real-time data analytics,
are for certain. Big data has a role to play as additional data sources must be processed using
data pipelines, all in accordance with the new General Data Protection Regulation (GDPR) data
regulations. The relational model will survive, but it will also adapt at unprecedented speed.

1 ‘IBM and Oracle Trade Barbs over Databases’, https://phys.org/news/2007-05-ibm-oracle-barbs-
databases.html

2 Rakesh Agrawal et al.,'The Claremont Report on Database Research’, http://db.cs.berkeley.edu/claremont/
claremontreport08.pdf.

3 MySAQL Editions, www.mysgl.com/products/

4 PostgreSQL, www.postgresqgl.org/about/

5 Top 10 Databases for 2019, The Database Journal, www.databasejournal.com/features/oracle/slideshows/
top-10-2019-databases.html
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CHAPTER 1

IN THIS CHAPTER, YOU WILL LEARN:

B The difference between data and information

What a database is, what the different types of databases are, and why they are
valuable assets for decision making

The importance of database design

How modern databases evolved from file systems

About flaws in file system data management

What the database system’s main components are and how a database system
differs from a file system

The main functions of a database management system (DBMS)

The role of open source database systems
B The importance of data governance and data quality

PREVIEW

Good decisions require good information, which is derived from raw facts known as
data. Data are likely to be managed most efficiently when they are stored in a database.
In this chapter, you learn what a database is, what it does and why it yields better
results than other data management methods. You will also learn about different types
of databases and why database design is so important.

Databases evolved from computer file systems. Although file system data
management is now largely outmoded, understanding the characteristics of file systems
is important because they are the source of serious data management limitations. In
this chapter, you will also learn how the database system approach helps eliminate
most of the shortcomings of file system data management.
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KB} pATA vs INFORMATION

To understand what drives database design, you need to understand the difference between data and
information. Data are raw facts. The word raw indicates that the facts have not yet been processed
to reveal their meaning. For example, suppose that you want to know what the users of a computer
lab think of its services. Typically, you would begin by surveying users to assess the computer lab’s
performance. Figure 1.1, Panel (a), shows the Web survey form that enables users to respond to
your questions. When the survey form has been completed, the form’s raw data are saved to a data
repository, such as the one shown in Figure 1.1, Panel (b). Although you now have the facts in hand,
they are not particularly useful in this format — reading page after page of zeros and ones is not likely to
provide much insight. Therefore, you transform the raw data into a data summary like the one shown
in Figure 1.1, Panel (c). It is now possible to get quick answers to questions such as, ‘What is the
composition of our lab’s customer base?’ In this case, you can quickly determine that most of your
customers are second-year undergraduates (38 per cent) and first-year undergraduates (32 per cent).

And, because graphics can enhance your ability to extract meaning from data quickly, you show the
data summary bar graph in Figure 1.1, Panel (d).

m Transforming raw data into information

(a) Initial survey screen (b) Raw data
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