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xiii

Introduction

Thirty-fiveyearsago,databaseswerefoundonlyinspecialresearchlaboratories,
wherecomputerscientistsstruggledwithwaystomakethemefficientanduseful,

publishingtheirfindingsincountlessresearchpapers.Todaydatabasesareaubiquitous
partoftheinformationtechnology(IT)industryandbusinessingeneral.Wedirectlyand
indirectlyusedatabaseseveryday—bankingtransactions,travelreservations,employment
relationships,websitesearches,onlineandofflinepurchases,andmostothertransactions
arerecordedinandservedbydatabases.
Asisthecasewithmanyfast-growingtechnologies,industrystandardshavelagged

behindinthedevelopmentofdatabasetechnology,resultinginmyriadcommercial
products,eachfollowingaparticularsoftwarevendor’svision.Moreover,anumber
ofdifferentdatabasemodelshaveemerged,withtherelationalmodelbeingthemost
prevalent.Databases:ABeginner’sGuideexaminesallofthemajordatabasemodels,
includinghierarchical,network,relational,object-oriented,andobject-relational.This
bookconcentratesheavilyontherelationalandobject-relationalmodels,however,
becausethesearethemainstreamoftheITindustryandwilllikelyremainsointhe
foreseeablefuture.
Themostsignificantchallengeinimplementingadatabaseiscorrectlydesigningthe

structureofthedatabase.Withoutathoroughunderstandingoftheproblemthedatabaseis
intendedtosolve,andwithoutknowledgeofthebestpracticesfororganizingtherequired
data,theimplementeddatabasebecomesanunwieldybeastthatrequiresconstantattention.



 xiv Databases:ABeginner’sGuide

Databases:ABeginner’sGuidefocusesonthetransformationofrequirementsintoa
workingdatamodelwithspecialemphasisonaprocesscallednormalization,which
hasproventobeaneffectivetechniquefordesigningrelationaldatabases.Infact,
normalizationcanbeappliedsuccessfullytootherdatabasemodels.And,inkeeping
withthenotionthatyoucannotdesignanautomobileifyouhaveneverdrivenone,the
StructuredQueryLanguage(SQL)isintroducedsothatthereadermay“drive”adatabase
beforedelvingintothedetailsofdesigningone.
I’vedrawnonmyextensiveexperienceasadatabasedesigner,administrator,and

instructortoprovideyouwiththisself-helpguidetothefascinatingandcomplexworld
ofdatabasetechnology.ExamplesareincludedusingbothMicrosoftAccessandOracle.
Publiclyavailablesampledatabasessuppliedbythesevendors(theMicrosoftAccess
NorthwinddatabaseandtheOracleHumanResourcesdatabaseschema)areusedinexample
figureswheneverpossiblesothatyoucantrytheexamplesdirectlyonyourowncomputer
system.Aselftestisprovidedattheendofeachchaptertohelpreinforceyourlearning.

Who Should Read This Book
Databases:ABeginner’sGuideisrecommendedforanyonetryingtobuildafoundation
indatabasedesignandmanagement,whetherforpersonalorprofessionaluse.Thebook
isdesignedspecificallyforthosewhoareneworrelativelynewtodatabasetechnology;
however,thoseofyouwhoneedarefresherinnormalizationanddatabasedesign
andmanagementwillalsofindthisbookbeneficial.Whetheryou’reanexperienced
developer,you’vehadsomedevelopmentexperience,you’readatabaseadministrator,or
you’renewtoprogramminganddatabases,Databases:ABeginner’sGuideprovidesa
strongfoundationthatwillbeusefultoanyofyouwantingtolearnmoreaboutdatabase
technology.Infact,anyofthefollowingindividualswillfindthisbookhelpfulwhen
tryingtounderstandandusedatabases:

● ThenovicenewtodatabasedesignandSQLprogramming

● Theanalystormanagerwhowantsabetterunderstandingofhowtodesign,
implement,andaccessdatabases

● Thedatabaseadministratorwhowantstolearnmoreaboutdatabasedesign

● Thetechnicalsupportprofessionalortesting/QAengineerwhomustperformadhoc
queriesagainstSQLdatabases

● Thewebdeveloperwritingapplicationsthatrequiredatabasesfordatapersistence
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● Thethird-generationlanguage(3GL)programmerembeddingSQLwithinan
application’ssourcecode

● AnyotherindividualwhowantstolearnhowtodesigndatabasesandwriteSQLcode
tocreateandaccessdatabaseswithinanRDBMS

Nomatterwhichcategoryyoufitinto,youmustrememberthatthebookisgeared
towardanyonewantingtolearnstandarddatabasedesigntechniquesthatworkonany
database,notonespecificvendor’sproduct.Thisletsyouapplytheskillsyoulearnin
thisbooktoreal-worldsituations,withoutbeinglimitedtoproductstandards.Youwill,
ofcourse,stillneedtobeawareofhowtheproductyouworkonimplementsdatabases,
particularlydialectsofSQL,butwiththefoundationprovidedinthesepages,you’ll
beabletomovefromoneRDBMStothenextandstillhaveasolidunderstandingof
databasedesigntheory.Asaresult,you’llfindthatthisbookisausefultooltoanyone
newtodatabases,particularlyrelationaldatabases,regardlessoftheproductused.You
willeasilybeabletoadaptyourknowledgetothespecificRDBMS.

What the Book Covers
Databases:ABeginner’sGuideisdividedintothreeparts.PartIintroducesyoutobasic
databaseconceptsandexplainshowtocreateandaccessobjectswithinyourdatabase
usingSQL.PartIIprovidesyouwithafoundationindatabasedevelopment,including
thedatabaselifecycle,logicaldesignusingthenormalizationprocess,transformingthe
logicaldesignintoaphysicaldatabase,anddataandprocessmodeling.PartIIIfocuses
ondatabaseimplementationwithemphasisondatabasesecurity,aswellastheadvanced
topicsofdatabasesforonlineanalyticalprocessing(OLAP)andintegratingobjectsand
XMLdocumentsintothedatabase,allowingyoutoexpandonwhatyoulearnedinPartsI
andII.Inadditiontothethreeparts,Databases:ABeginner’sGuidecontainsappendices
thatincludeanswerstotheself-testquestionsandsolutionstotheTryThisexercisesthat
appearthroughoutthebook.

Content Description
Thefollowingoutlinedescribesthecontentsofthebookandshowshowthebookis
brokendownintotask-focusedchapters:

Part I: Database Concepts
PartIintroducesyoutobasicdatabaseconceptsandexplainshowtocreateandaccess
objectswithinyourdatabaseusingSQL.

Chapter1:DatabaseFundamentals Thischapterintroducesfundamentalconcepts
anddefinitionsregardingdatabases,includingpropertiescommontodatabases,prevalent



 xvi Databases:ABeginner’sGuide

databasemodels,abriefhistoryofdatabases,andtherationaleforfocusingonthe
relationalmodel.

Chapter2:ExploringRelationalDatabaseComponents Thischapterexplores
theconceptual,logical,andphysicalcomponentsthatmakeuptherelationalmodel.
Conceptualdatabasedesigninvolvesstudyingandmodelingthedatainatechnology-
independentmanner.Logicaldatabasedesignistheprocessoftranslating,ormapping,
theconceptualdesignintoalogicaldesignthatfitsthechosendatabasemodel(relational,
object-oriented,object-relational,andsoon).Thefinaldesignstepisphysicaldatabase
design,whichinvolvesmappingthelogicaldesigntooneormorephysicaldesigns—each
tailoredtotheparticularDBMSthatwillmanagethedatabaseandtheparticularcomputer
systemonwhichthedatabasewillrun.

Chapter3:Forms-basedDatabaseQueries Thischapterprovidesanoverview
offormingandrunningdatabasequeriesusingtheforms-basedquerytoolinMicrosoft
Access,providingafoundationindatabasequeryconceptsforthedatabasedesigntheory
thatfollowsinlaterchapters.

Chapter4:IntroductiontoSQL ThischapterintroducesSQL,whichhasbecome
theuniversallanguageforrelationaldatabasesthatnearlyeveryDBMSinmodernuse
supports.Thereasonforitswideacceptanceisclearlythetimeandeffortthatwentinto
thedevelopmentoflanguagefeaturesandstandards,makingSQLhighlyportableacross
differentRDBMSproducts.

Part II: Database Development
PartIIprovidesyouwithafoundationindatabasedevelopment,includingthedatabase
lifecycle,logicaldesignusingthenormalizationprocess,transformingthelogicaldesign
intoaphysicaldatabase,anddataandprocessmodeling.

Chapter5:TheDatabaseLifeCycle Thischapterintroducestheframeworkinwhich
databasedesigntakesplace,ausefulprecursortotheparticularsofdatabasedesign.The
lifecycleofadatabase(orcomputersystem)isthetermweuseforalltheeventsthattake
placebetweenthetimewefirstrecognizetheneedforadatabase,continuingthroughits
developmentanddeployment,andfinallyendingwiththedayitisretiredfromservice.

Chapter6:DatabaseDesignUsingNormalization Inthischapter,youwilllearn
howtoperformlogicaldatabasedesignusingaprocesscallednormalization.Intermsof
understandingrelationaldatabasetechnology,thisisthemostimportanttopicinthisbook,
becausenormalizationteachesyouhowbesttoorganizeyourdataintotables.

Chapter7:DataandProcessModeling Inthischapter,wewilllookatentity-
relationshipdiagrams(ERDs)anddatamodelinginmoredetail.Thesecondpartofthe
chapterincludesahigh-levelsurveyofprocessdesignconceptsanddiagrammingtechniques.
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Chapter8:PhysicalDatabaseDesign Thischapterfocusesonthedatabase
designer’sphysicaldesignwork,whichistransformingthelogicaldatabasedesigninto
oneormorephysicaldatabasedesigns.

Part III: Database Implementation
PartIIIfocusesondatabaseimplementationwithemphasisondatabasesecurityaswellas
theadvancedtopicsofdatabasesforonlineanalyticalprocessing(OLAP)andintegrating
objectsandExtensibleMarkupLanguage(XML)documentsintothedatabase;thisallows
youtoexpandonwhatyoulearnedinPartsIandII.

Chapter9:ConnectingDatabasestotheOutsideWorld Thischapterbeginswith
alookattheevolutionofdatabasedeploymentmodels,meaningthewaysthatdatabases
havebeenconnectedwiththedatabaseusersandtheothercomputersystemswithinthe
enterprisecomputinginfrastructure(theinternalstructurethatorganizesallthecomputing
resourcesofanenterprise,includingdatabases,applications,computerhardware,and
thenetwork).Thechapterthenexploresthemethodsusedtoconnectdatabasesto
applicationsthatuseawebbrowserastheprimaryuserinterface,whichisthewaymany
modernapplicationsystemsareconstructed.Itconcludeswithalookatcurrentmethods
forconnectingdatabasestoapplications,namelyusingODBCconnections(formost
programminglanguages)andvariousmethodsforconnectingdatabasestoapplications
writteninJava(acommonlyusedobject-orientedlanguage).

Chapter10:DatabaseSecurity Thischapterpresentstheneedforsecurity,the
securityconsiderationsfordeployingdatabaseserversandclientsthataccessthose
servers,andmethodsforimplementingdatabaseaccesssecurity,concludingwitha
discussionofsecuritymonitoringandauditing.

Chapter11:DeployingDatabases Thischaptercoverssomeconsiderations
regardingthedevelopmentofapplicationsthatusethedatabasesystem.Theseinclude
cursorprocessing,transactionmanagement,performancetuning,andchangecontrol.

Chapter12:DatabasesforOnlineAnalyticalProcessing Thischapterpresentsthe
conceptsofdatabasesforanalyticalprocessing,includingdatawarehousesanddatamarts,
anoverviewofdataminingandotherdataanalysistechniques,alongwiththedesign
variationsrequiredforthesetypesofdatabases.

Chapter13:IntegratingXMLDocumentsandObjectsintoDatabases This
chapterexploresanumberofwaystointegrateXMLandobjectcontentintodatabases.

Part IV: Appendices
TheappendicesincludeanswerstotheSelfTestquestionsandsolutionstotheTryThis
exercisesthatappearthroughoutthebook.
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AppendixA:AnswerstoSelfTests ThisappendixprovidestheanswerstotheSelf
Testquestionslistedattheendofeachchapter.

AppendixB:SolutionstotheTryThisExercises Thisappendixcontainssolutions,
includingdiagramsandapplicableSQLcode,fortheTryThisexercisesthatappearin
nearlyeverychapterofthebook.

Chapter Content
Asyoucanseefromtheoutline,Databases:ABeginner’sGuideisorganizedinto
chapters.Eachchapterfocusesonasetofkeyskillsandconceptsandcontainsthe
backgroundinformationyouneedtounderstandtheconcepts,plustheskillsrequired
toapplytheseconcepts.Eachchaptercontainsadditionalelementstohelpyoubetter
understandtheinformationcoveredinthatchapter:

Ask the Expert
EachchaptercontainsoneortwoAsktheExpertsectionsthatprovideinformationon
questionsthatmightariseregardingtheinformationpresentedinthechapter.

Self Test
EachchapterendswithaSelfTest,asetofquestionsthattestyouontheinformationand
skillsyoulearnedinthatchapter.TheanswerstotheSelfTestsareincludedinAppendixA.

Try This Exercises
MostchapterscontainoneortwoTryThisexercisesthatallowyoutoapplytheinformation
thatyoulearnedinthechapter.Eachexerciseisbrokendownintostepsthatwalkyou
throughtheprocessofcompletingaparticulartask.Whereapplicable,theexercisesinclude
relatedfilesthatyoucandownloadfromourwebsiteatwww.mhprofessional.com.Click
ComputingandthenclicktheDownloadsSectionlinkontheleftsideofthepage.Onthe
downloadspage,scrolldowntothelistingforthisbookandselectthefilesyouwishto
download.ThefilesusuallyincludetheSQLstatementsordiagramsusedwithintheTry
Thisexercise.
TocompletemanyoftheTryThisexercisesinthisbook,you’llneedtohaveaccessto

anRDBMSthatallowsyoutoenterandexecuteSQLstatementsinteractively.Ifyou’re
accessinganRDBMSoveranetwork,checkwiththedatabaseadministratortomakesure
thatyou’relogginginwiththecredentialsnecessarytocreateadatabaseandschema.You
mightneedspecialpermissionstocreatetheseobjects.Alsoverifywhetheryoushould
includeanyparticularparameterswhencreatingthedatabase(forexample,logfilesize),
andwhetherrestrictionsonthenamesyoucanuseorotherrestrictionsapply.Besureto
checktheappropriatedocumentationbeforeworkingwithanydatabaseproduct.

www.mhprofessional.com
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KeySkills&Concepts
● PropertiesofaDatabase

● PrevalentDatabaseModels

● ABriefHistoryofDatabases

● WhyFocusonRelational?

Thischapterintroducesfundamentalconceptsanddefinitionsregardingdatabases,
includingpropertiescommontodatabases,prevalentdatabasemodels,abriefhistoryof
databases,andtherationaleforfocusingontherelationalmodel.

Properties of a Database
Adatabaseisacollectionofinterrelateddataitemsthataremanagedasasingleunit.This
definitionisdeliberatelybroadbecausesomuchvarietyexistsacrossthevarioussoftware
vendorsthatprovidedatabasesystems.Forexample,MicrosoftAccessplacestheentire
databaseinasingledatafile,soanAccessdatabasecanbedefinedasthefilethatcontains
thedataitems.OracleCorporationdefinesitsdatabaseasacollectionofphysicalfilesthat
aremanagedbyaninstanceofitsdatabasesoftwareproduct.Aninstanceisacopyofthe
databasesoftwarerunninginmemory.MicrosoftSQLServerandSybaseAdaptiveServer
Enterprise(ASE)defineadatabaseasacollectionofdataitemsthathaveacommon
owner,andmultipledatabasesaretypicallymanagedbyasingleinstanceofthedatabase
managementsoftware.Thiscanallbequiteconfusingifyouworkwithmultipleproducts,
because,forexample,adatabaseasdefinedbyMicrosoftSQLServerorSybaseASEis
exactlywhatOracleCorporationcallsaschema.
Adatabaseobjectisanameddatastructurethatisstoredinadatabase.Thespecific

typesofdatabaseobjectssupportedinadatabasevaryfromvendortovendorandfrom
onedatabasemodeltoanother.Databasemodelreferstothewayinwhichadatabase
organizesitsdatatopatterntherealworld.Themostcommondatabasemodelsare
presentedinthe“PrevalentDatabaseModels”sectionlaterinthischapter.
Afileisacollectionofrelatedrecordsthatarestoredasasingleunitbyanoperating

system.Giventheunfortunatelysimilardefinitionsoffilesanddatabases,howcanwe
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makeadistinction?AnumberofUnixoperatingsystemvendorscalltheirpasswordfiles
“databases,”yetdatabaseexpertswillquicklypointoutthat,infact,thesearenotactually
databases.Clearly,weneedabitmorerigorinourdefinitions.Theanswerliesinan
understandingofcertaincharacteristicsorpropertiesthatdatabasespossesswhicharenot
foundinordinaryfiles,includingthefollowing:

● Managementbyadatabasemanagementsystem(DBMS)

● Layersofdataabstraction

● Physicaldataindependence

● Logicaldataindependence

Thesepropertiesarediscussedinthefollowingsubsections.

The Database Management System
Thedatabasemanagementsystem(DBMS)issoftwareprovidedbythedatabasevendor.
SoftwareproductssuchasMicrosoftAccess,Oracle,MicrosoftSQLServer,SybaseASE,
DB2,Ingres,andMySQLareallDBMSs.IfitseemsoddtoyouthattheDBMSacronym
isusedinsteadofmerelyDMS,rememberthatthetermdatabasewasoriginallywrittenas
twowords,andbyconventionhassincebecomeasinglecompoundword.
TheDBMSprovidesallthebasicservicesrequiredtoorganizeandmaintainthe

database,includingthefollowing:

● Movesdatatoandfromthephysicaldatafilesasneeded.

● Managesconcurrentdataaccessbymultipleusers,includingprovisionstoprevent
simultaneousupdatesfromconflictingwithoneanother.

● Managestransactionssothateachtransaction’sdatabasechangesareanall-or-nothing
unitofwork.Inotherwords,ifthetransactionsucceeds,alldatabasechangesmadeby
itarerecordedinthedatabase;ifthetransactionfails,noneofthechangesitmadeare
recordedinthedatabase.

● Supportsaquerylanguage,whichisasystemofcommandsthatadatabaseuser
employstoretrievedatafromthedatabase.

● Providesprovisionsforbackingupthedatabaseandrecoveringfromfailures.

● Providessecuritymechanismstopreventunauthorizeddataaccessandmodification.
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Layers of Data Abstraction
Databasesareuniqueintheirabilitytopresentmultipleuserswiththeirowndistinctviews
ofthedatawhilestoringtheunderlyingdataonlyonce.Thesearecollectivelycalleduser
views.Auserinthiscontextisanypersonorapplicationthatsignsontothedatabasefor
thepurposeofstoringand/orretrievingdata.Anapplicationisasetofcomputerprograms
designedtosolveaparticularbusinessproblem,suchasanorder-entrysystem,apayroll-
processingsystem,oranaccountingsystem.
WhenanelectronicspreadsheetapplicationsuchasMicrosoftExcelisused,all

usersmustshareacommonviewofthedata,andthatviewmustmatchthewaythe
dataisphysicallystoredintheunderlyingdatafile.Ifauserhidessomecolumnsin
aspreadsheet,reorderstherows,andsavesthespreadsheet,thenextuserwhoopens
thespreadsheetwillviewthedatainthemannerinwhichthefirstusersavedit.An
alternative,ofcourse,isforeachusertosavehisorherowncopyinseparatephysical
files,butthenasoneuserappliesupdates,theotherusers’databecomesoutofdate.
Databasesystemspresenteachuseraviewofthesamedata,buttheviewscanbetailored
totheneedsoftheindividualusers,eventhoughtheyallcomefromonecommonlystored
copyofthedata.Becauseviewsstorenoactualdata,theyautomaticallyreflectanydata
changesmadetotheunderlyingdatabaseobjects.Thisisallpossiblethroughlayersof
abstraction,whichisshowninFigure1-1.
ThearchitectureshowninFigure1-1wasfirstdevelopedbyANSI/SPARC(American

NationalStandardsInstitute/StandardsPlanningandRequirementsCommittee)in
the1970sandquicklybecameafoundationformuchofthedatabaseresearchand
developmenteffortsthatfollowed.MostmodernDBMSsfollowthisarchitecture,which
iscomposedofthreeprimarylayers:thephysicallayer,thelogicallayer,andtheexternal
layer.Theoriginalarchitectureincludedaconceptuallayer,whichhasbeenomittedhere
becausenoneofthemoderndatabasevendorsimplementit.

Q: I’veheardtheterm“databank”used.Whatisthedifferencebetweenadatabankand
adatabase?

A: Adatabankandadatabasearethesamething.Databankismerelyanoldertermthatwas
usedbythescientistswhodevelopedearlydatabasesystems.Infact,thetermdatabankis
stillusedinafewhumanlanguages,suchasbancodedadosinPortuguese.

Ask the Expert
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The Physical Layer
Thephysicallayercontainsthedatafilesthatholdallthedataforthedatabase.Nearlyall
modernDBMSsallowthedatabasetobestoredinmultipledatafiles,whichareusually
spreadoutovermultiplephysicaldiskdrives.Withthisarrangement,thediskdrivescan
workinparallelformaximumperformance.AnotableexceptionamongtheDBMSsused
asexamplesinthisbookisMicrosoftAccess,whichstorestheentiredatabaseinasingle
physicalfile.Whilesimplifyingdatabaseuseonasingle-userpersonalcomputersystem,
thisarrangementlimitstheabilityoftheDBMStoscaletoaccommodatemanyconcurrent
usersofthedatabase,makingitinappropriateasasolutionforlargeenterprisesystems.
Inallfairness,MicrosoftAccesswasnotdesignedtobearobustenterpriseclassDBMS.I
haveincludeditindiscussionsinthisbooknotbecauseitcompeteswithproductssuchas
OracleandSQLServer,butbecauseit’sagreatexampleofapersonalDBMSwithauser
interfacethatmakeslearningdatabaseconceptseasyandfun.
Thedatabaseuserdoesnotneedtounderstandhowthedataisactuallystoredwithin

thedatafilesorevenwhichfilecontainsthedataitem(s)ofinterest.Inmostorganizations,
atechnicianknownasadatabaseadministrator(DBA)handlesthedetailsofinstalling
andconfiguringthedatabasesoftwareanddatafilesandmakingthedatabaseavailableto
users.TheDBMSworkswiththecomputer’soperatingsystemtomanagethedatafiles
automatically,includingallfileopening,closing,reading,andwritingoperations.Thedatabase
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usershouldnotberequiredtorefertophysicaldatafileswhenusingadatabase,whichis
insharpcontrastwithspreadsheetsandwordprocessing,wheretheusermustconsciously
savethedocument(s)andchoosefilenamesandstoragelocations.Manyofthepersonal
computer–basedDBMSsareexceptionstothistenetbecausetheuserisrequiredtolocate
andopenaphysicalfileaspartoftheprocessofsigningontotheDBMS.Conversely,
withenterpriseclassDBMSs(suchasOracle,SybaseASE,MicrosoftSQLServer,and
MySQL),thephysicalfilesaremanagedautomaticallyandthedatabaseuserneverneedsto
refertothemwhenusingthedatabase.

The Logical Layer
Thelogicallayerorlogicalmodelcomprisesthefirstoftwolayersofabstractioninthe
database:thephysicallayerhasaconcreteexistenceintheoperatingsystemfiles,whereas
thelogicallayerexistsonlyasabstractdatastructuresassembledfromthephysicallayeras
needed.TheDBMStransformsthedatainthedatafilesintoacommonstructure.Thislayer
issometimescalledtheschema,atermusedforthecollectionofallthedataitemsstoredin
aparticulardatabaseorbelongingtoaparticulardatabaseuser.Dependingontheparticular
DBMS,thislayercancontainasetoftwo-dimensionaltables,ahierarchicalstructure
similartoacompany’sorganizationchart,orsomeotherstructure.The“PrevalentDatabase
Models”sectionlaterinthischapterdescribesthepossiblestructuresinmoredetail.

The External Layer
Theexternallayerorexternalmodelisthesecondlayerofabstractioninthedatabase.
Thislayeriscomposedoftheuserviewsdiscussedearlier,whicharecollectively
calledthesubschema.Inthislayer,thedatabaseusers(applicationprogramsaswell
asindividuals)thataccessthedatabaseconnectandissuequeriesagainstthedatabase.
Ideally,onlytheDBAdealswiththephysicalandlogicallayers.TheDBMShandlesthe
transformationofselecteditemsfromoneormoredatastructuresinthelogicallayer
toformeachuserview.Theuserviewsinthislayercanbepredefinedandstoredinthe
databaseforreuse,ortheycanbetemporaryitemsthatarebuiltbytheDBMStoholdthe
resultsofasingleadhocdatabasequeryuntiltheyarenolongerneededbythedatabase
user.Anadhocqueryisaquerythatisnotpreconceivedandthatisnotlikelytobe
reused.ViewsarediscussedinmoredetailinChapter2.

Physical Data Independence
Theabilitytoalterthephysicalfilestructureofadatabasewithoutdisruptingexisting
usersandprocessesisknownasphysicaldataindependence.AsshowninFigure1-1,the
separationofthephysicallayerfromthelogicallayerprovidesphysicaldataindependence
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inaDBMS.Itisessentialthatyouunderstandthatphysicaldataindependenceisnota“have
orhavenot”property,butratheroneinwhichaparticularDBMSmighthavemoreorless
dataindependencethananother.Themeasure,sometimescalledthedegreeofphysicaldata
independence,ishowmuchchangecanbemadeinthefilesystemwithoutimpactingthe
logicallayer.Priortosystemsthatoffereddataindependence,eventheslightestchangeto
thewaydatawasstoredrequiredtheprogrammingstafftomakechangestoeverycomputer
programthatusedthedata,anexpensiveandtime-consumingprocess.
Allmoderncomputersystemshavesomedegreeofphysicaldataindependence.For

example,aspreadsheetonapersonalcomputerwillcontinuetoworkproperlyifcopied
fromaharddisktoafloppydiskoraUSBthumbdrive.Thefactthattheperformance
(speed)ofthesedevicesvariesmarkedlyisnotthepoint,butratherthatthedeviceshave
entirelydifferentphysicalconstructionandyettheoperatingsystemonthepersonal
computerwillautomaticallyhandlethedifferencesandpresentthedatainthefiletothe
application(thatis,thespreadsheetprogram,suchasMicrosoftExcel),andthereforeto
theuser,inexactlythesameway.However,onmostpersonalsystems,theusermuststill
rememberwhereheorsheplacedthefilesothatitcanbelocatedwhenneeded.
DBMSsexpandgreatlyonthephysicaldataindependenceprovidedbythecomputer

systeminthattheyallowdatabaseuserstoaccessdatabaseobjects(forexample,tables
inarelationalDBMS)withouthavingtoreferencethephysicaldatafilesinanyway.
TheDBMScatalogstorestheobjectdefinitionsandkeepstrackofwheretheobjectsare
physicallystored.Herearesomeexamplesofphysicalchangesthatcanbemadeina
data-independentmanner:

● Movingadatabasedatafilefromonedevicetoanotheroronedirectorytoanother

● Splittingorcombiningdatabasedatafiles

● Renamingdatabasedatafiles

● Movingadatabaseobjectfromonedatafiletoanother

● Addingnewdatabaseobjectsordatafiles

NotethatIhavemadenomentionofdeletingthings.Itshouldbeobvious,then,that
deletingadatabaseobjectwillcauseanythingthatusesthatobjecttofail.However,
everythingelseshouldbeunaffected,exceptperhapsavailability—someDBMSswill
requirethatthedatabaseorDBMSservicebeshutdownwhilemakingcertainphysical
layerchanges.
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Logical Data Independence
Theabilitytomakechangestothelogicallayerwithoutdisruptingexistingusers
andprocessesiscalledlogicaldataindependence.Figure1-1showsthatitisthe
transformationbetweenthelogicallayerandtheexternallayerthatprovideslogicaldata
independence.Aswithphysicaldataindependence,therearedegreesoflogicaldata
independence.Itisimportantthatyouunderstandthatmostlogicalchangesalsoinvolvea
physicalchange.Forexample,youcannotaddanewdatabaseobject(suchasatableina
relationalDBMS)withoutphysicallystoringthedatasomewhere;hence,acorresponding
changeismadeinthephysicallayer.Moreover,deletionofobjectsinthelogicallayerwill
causeanythingthatusesthoseobjectstofailbutshouldnotaffectanythingelse.
Herearesomeexamplesofchangesinthelogicallayerthatcanbesafelymadethanks

tologicaldataindependence:

● Addinganewdatabaseobject

● Addingdataitemstoanexistingobject

● Makinganychangeinwhichaviewcanbeplacedintheexternalmodelthatreplaces
(andprocessesthesameas)theoriginalobjectinthelogicallayer,suchascombining
orsplittingexistingobjects

Prevalent Database Models
AdatabasemodelisessentiallythearchitecturethattheDBMSusestostoreobjects
withinthedatabaseandrelatethemtooneanother.Themostprevalentofthesemodels
arepresentedhereintheorderoftheirevolution.Abriefhistoryofrelationaldatabases
appearsinthenextsectiontohelpputthingsinachronologicalperspective.

Flat Files
Flatfilesare“ordinary”operatingsystemfiles,inthatrecordsinafilecontainno
informationtocommunicatethefilestructureoranyrelationshipamongtherecordstothe
applicationthatusesthefile.Anyinformationaboutthestructureormeaningofthedata
inthefilemustbeincludedineachapplicationthatusesthefileormustbeknowntoeach
humanwhoreadsthefile.Inessence,flatfilesarenotdatabasesatallbecausetheydonot
meetanyofthecriteriapreviouslydiscussed.However,itisimportantthatyouunderstand
themfortworeasons:First,flatfilesareoftenusedtostoredatabaseinformation.Inthis
case,theoperatingsystemisstillunawareofthecontentsandstructureofthefiles,butthe
DBMShasmetadatathatallowsittotranslatebetweentheflatfilesinthephysicallayer
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andthedatabasestructuresinthelogicallayer.Metadata,whichliterallymeans“data
aboutdata,”isthetermusedfortheinformationthatthedatabasestoresinitscatalog
todescribethedatastoredinthedatabaseandtherelationshipsamongthedata.The
metadataforacustomer,forexample,mightincludeallthedataitemscollectedaboutthe
customer(suchasname,address,andaccountstatus),alongwiththelength,minimumand
maximumdatavalues,andabriefdescriptionofeachdataitem.Second,flatfilesexisted
beforedatabases,andtheearliestdatabasesystemsevolvedfromtheflatfilesystemsthat
precededthem.
Figure1-2showsasampleflatfilesystem,asubsetofthedataforfictionalcompany

NorthwindTraders,asupplierofinternationalfooditems(andaMicrosoftsample
database).Keepinmindthatthecolumntitles(CustomerID,CompanyName,andsoon)
areincludedforillustrationpurposesonly—onlythedatarecordswouldbestoredinthe
actualfiles.CustomerdataisstoredinaCustomerfile,witheachrecordrepresentinga
Northwindcustomer.EachemployeeofNorthwindhasarecordintheEmployeefile,and
eachproductsoldbyNorthwindhasarecordintheProductfile.Orderdata(ordersplaced
withNorthwindbyitscustomers)isstoredintwootherflatfiles.TheOrderfilecontains
onerecordforeachcustomerorderwithdataabouttheorders,suchasthecustomerIDof
thecustomerwhoplacedtheorderandthenameoftheemployeewhoacceptedtheorder
fromthecustomer.TheOrderDetailfilecontainsonerecordforeachlineitemonan
order(anordercancontainmultiplelineitems,oneforeachproductordered),including
datasuchastheunitpriceandquantity.
Anapplicationprogramisaunitofcomputerprogramlogicthatperformsaparticular

functionwithinanapplicationsystem.NorthwindTradershasanapplicationprogramthat
printsoutalistingofalltheorders.Thisapplicationmustcorrelatethedatabetweenthe
fivefilesbyreadinganorderandperformingthefollowingsteps:

 1.UsethecustomerIDtofindthenameofthecustomerintheCustomerfile.

 2.UsetheemployeeIDtofindthenameoftherelatedemployeeintheEmployeefile.

 3.UsetheorderIDtofindthecorrespondinglineitemsintheOrderDetailfile.

 4.Foreachlineitem,usetheproductIDtofindthecorrespondingproductnameinthe
Productfile.

Thisisrathercomplicatedgiventhatwearejusttryingtoprintasimplelistingofallthe
orders,yetthisisthebestpossibledatadesignforaflatfilesystem.
Onealternativedesignwouldbetocombinealltheinformationintoasingledata

filewithallthedataaboutthecustomer,employee,andordercombinedintoasingle
recordforeachorder.Althoughthiswouldgreatlysimplifydataretrieval,considerthe
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ramificationsofrepeatingallthecustomerdataoneverysingleorderlineitem.Youmight
notbeabletoaddanewcustomeruntilthecustomerhasanorderreadytoplace.Also,if
someonedeletesthelastorderforacustomer,youwouldlosealltheinformationaboutthe
customer.Buttheworstiswhencustomerinformationchangesbecauseyouhavetofind
andupdateeveryrecordinwhichthecustomerdataisrepeated.Youwillexplorethese
issuesinmoredetailwhenIpresentlogicaldatabasedesigninChapter7.

Customer File

Product File

Order File

Order Detail File

Employee File

Customer ID
6

26

Company Name
Company F

Company Z

Title
Vice President, Sales

Sales Manager

Sales Representative

Job Title
Purchasing Manager

Accounting Assistant

Contact Last Name
Pérez-Olaeta

Liu

Contact First Name
Francisco

Run

State
WI

FL

City
Milwaukee

Miami

Employee ID
2

5

9

First Name
Andrew

Steven

Anne

Last Name
Cencini

Thrope

Hellung-Larsen

Order ID
51

56

79

Product Code
NWTO-5

NWTDFN-7

NWTCM-40

NWTSO-41

NWTCA-48

NWTDFN-51

Quantity Per Unit
36 boxes

12 - 1 lb pkgs 

24 - 4 oz tins

12 - 12 oz cans

10 pkgs 

50 - 300 g pkgs

Category
Oil

Dried Fruit & Nuts

Canned Meat

Soups

Candy

Dried Fruit & Nuts

Product Name
Northwind Traders Olive Oil

Northwind Traders Dried Pears

Northwind Traders Crab Meat

Northwind Traders Clam Chowder

Northwind Traders Chocolate

Northwind Traders Dried Apples

Product ID
5

7

40

41

48

51

Quantity
15

21

2

20

14

8

Unit Price
$21.35 

$9.65 

$18.40 

$12.75 

$30.00 

$53.00

Product ID
5

41

40

48

7

51

Order ID
51

51

51

56

79

79

Shipping Fee
$60.00

$0.00

$0.00

Shipped Date
4/5/2006

4/3/2006

6/23/2006

Order Date
4/5/2006

4/3/2006

6/23/2006

Employee ID
9

2

2

Customer ID
26

6

6

List Price
$21.35

$30.00

$18.40

$9.65

$12.75

$53.00

Figure1-2  Flat file order system
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Anotheralternativeapproachoftenusedinflatfile–basedsystemsistocombine
closelyrelatedfiles,suchastheOrderfileandOrderDetailfile,intoasinglefile,with
thelineitemsforeachorderfollowingeachorderheaderrecordandaRecordType
dataitemaddedtohelptheapplicationdistinguishbetweenthetwotypesofrecords.In
thisapproach,theOrderIDwouldbeomittedfromtheOrderDetailrecordbecausethe
applicationwouldknowtowhichordertheOrderDetailrecordbelongsbyitsposition
inthefile(followingtheOrderrecord).Althoughthisapproachmakescorrelatingthe
orderdataeasier,itdoessobyaddingthecomplexityofmixingdifferentkindsofrecords
intothesamefile,soitprovidesnonetgainineithersimplicityorfasterapplication
development.
Overall,theworstproblemwiththeflatfileapproachisthatthedefinitionofthe

contentsofeachfileandthelogicrequiredtocorrelatethedatafrommultipleflatfiles
mustbeincludedineveryapplicationprogramthatrequiresthosefiles,thusaddingto
theexpenseandcomplexityoftheapplicationprograms.Thissameproblemprovided
computerscientistswiththeincentivetofindabetterwaytoorganizedata.

The Hierarchical Model
Theearliestdatabasesfollowedthehierarchicalmodel,whichevolvedfromthefile
systemsthatthedatabasesreplaced,withrecordsarrangedinahierarchymuchlikean
organizationchart.Eachfilefromtheflatfilesystembecamearecordtype,ornodein
hierarchicalterminology—butthetermrecordisusedhereforsimplicity.Recordswere
connectedusingpointersthatcontainedtheaddressoftherelatedrecord.Pointerstold
thecomputersystemwheretherelatedrecordwasphysicallylocated,muchasastreet
addressdirectsyoutoaparticularbuildinginacity,aURLdirectsyoutoaparticularweb
pageontheInternet,orGPScoordinatespointtoaparticularlocationontheplanet.Each
pointerestablishesaparent-childrelationship,alsocalledaone-to-manyrelationship,in
whichoneparentcanhavemanychildren,buteachchildcanhaveonlyoneparent.This
issimilartothesituationinatraditionalbusinessorganization,whereeachmanagercan
havemanyemployeesasdirectreports,buteachemployeecanhaveonlyonemanager.
Theobviousproblemwiththehierarchicalmodelisthatsomedatadoesnotexactly
fitthisstricthierarchicalstructure,suchasanorderthatmusthavethecustomerwho
placedtheorderasoneparentandtheemployeewhoacceptedtheorderasanother.(Data
relationshipsarepresentedinmoredetailinChapter2.)Themostpopularhierarchical
databasewasInformationManagementSystem(IMS)fromIBM.
Figure1-3showsthehierarchicalstructureofthehierarchicalmodelfortheNorthwind

Tradersdatabase.YouwillrecognizetheCustomer,Employee,Product,Order,andOrder
Detailrecordtypesastheywereintroducedpreviously.Comparingthehierarchical
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structurewiththeflatfilesystemshowninFigure1-2,notethattheEmployeeandProduct
recordsareshowninthehierarchicalstructurewithdottedlinesbecausetheycannotbe
connectedtotheotherrecordsviapointers.Theseillustratethemostseverelimitation
ofthehierarchicalmodelthatwasthemainreasonforitsearlydemise:Norecordcan
havemorethanoneparent.Therefore,wecannotconnecttheEmployeerecordswiththe
OrderrecordsbecausetheOrderrecordsalreadyhavetheCustomerrecordastheirparent.
Similarly,theProductrecordscannotberelatedtotheOrderDetailrecordsbecausethe
OrderDetailrecordsalreadyhavetheOrderrecordastheirparent.Databasetechnicians
wouldhavetoworkaroundthisshortcomingeitherbyrelatingthe“extra”parentrecords
inapplicationprograms,muchaswasdonewithflatfilesystems,orbyrepeatingallthe
recordsundereachparent,whichofcoursewasverywastefulofthen-preciousdiskspace—
nottomentionthechallengesofkeepingredundantdatasynchronized.Neitherofthesewas
reallyanacceptablesolution,soIBMmodifiedIMStoallowformultipleparentsperrecord.
Theresultantdatabasemodelwasdubbedtheextendedhierarchicalmodel,whichclosely
resembledthenetworkdatabasemodelinfunction,asdiscussedinthenextsection.
Figure1-4showsthecontentsofselectedrecordswithinthehierarchicalmodeldesign

forNorthwind.Somedataitemswereeliminatedforsimplicity,butalookbackatFigure1-2
shouldmaketheentirecontentsofeachrecordclear,ifnecessary.Therecordforcustomer6
hasapointertoitsfirstorder(ID56),andthatorderhasapointertothenextorder(ID79).
YouknowthatOrder79isthelastorderforthecustomerbecauseitdoesnothaveapointer
toasubsequentorder.Lookingatthenextlayerinthehierarchy,Order79hasapointerto
itsfirstOrderDetailrecord(forProduct7),andthatrecordhasapointertothenextdetail
record(forProduct51).Asyoucansee,ateachlayerofthehierarchy,achainofpointers
connectstherecordsinthepropersequence.Oneadditionalimportantdistinctionexists
betweentheflatfilesystemandthehierarchicalmodel:Thekey(identifier)oftheparent

Customer

Product

Employee

Order Detail

Order

Figure1-3  Hierarchical model structure for Northwind
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recordisremovedfromthechildrecordsinthehierarchicalmodelbecausethepointers
handletherelationshipsamongtherecords.Therefore,thecustomerIDandemployee
IDareremovedfromtheOrderrecord,andtheproductIDisremovedfromtheOrder
Detailrecord.Leavingtheseinisnotagoodidea,becausethiscouldallowcontradictory
informationtoappearinthedatabase,suchasanorderthatispointedtobyonecustomer
andyetcontainstheIDofadifferentcustomer.

The Network Model
Thenetworkdatabasemodelevolvedataroundthesametimeasthehierarchicaldatabase
model.Acommitteeofindustryrepresentativeswasformedessentiallytobuildabetter
mousetrap.Acynicwouldsaythatacamelisahorsethatwasdesignedbyacommittee,
andthatmightbeaccurateinthiscase.Themostpopulardatabasebasedonthenetwork
modelwastheIntegratedDatabaseManagementSystem(IDMS),originallydevelopedby
Cullinane(laterrenamedCullinet).Theproductwasenhancedwithrelationalextensions,
namedIDMS/RandeventuallysoldtoComputerAssociates.
Aswiththehierarchicalmodel,recordtypes(orsimplyrecords)depictwhatwould

beseparatefilesinaflatfilesystem,andthoserecordsarerelatedusingone-to-many
relationships,calledowner-memberrelationshipsorsetsinnetworkmodelterminology.
We’llstickwiththetermsparentandchild,againforsimplicity.Aswiththehierarchical
model,physicaladdresspointersareusedtoconnectrelatedrecords,andanyidentification
oftheparentrecord(s)isremovedfromeachchildrecordtoavoidpossibleinconsistencies.
Incontrastwiththehierarchicalmodel,therelationshipsarenamedsotheprogrammercan
directtheDBMStouseaparticularrelationshiptonavigatefromonerecordtoanotherin
thedatabase,thusallowingarecordtypetoparticipateasthechildinmultiplerelationships.

Customer: 6

(To next customer)

Order: 56

Order: 79

Order Detail:
Product 48

Order Detail:
Product 7

Order Detail:
Product 51

(From previous customer)

Figure1-4  Hierarchical model record contents for Northwind
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Thenetworkmodelprovidedgreaterflexibility,but—asisoftenthecasewithcomputer
systems—withalossofsimplicity.
ThenetworkmodelstructureforNorthwind,asshowninFigure1-5,hasallthesame

recordsastheequivalenthierarchicalmodelstructureshowninFigure1-3.Byconvention,
thearrowheadonthelinespointsfromtheparenttothechild.NotethattheCustomer
andEmployeerecordsnowhavesolidlinesinthestructurediagrambecausetheycanbe
directlyimplementedinthedatabase.
InthenetworkmodelcontentsexampleshowninFigure1-6,eachparent-child

relationshipisdepictedwithadifferenttypeofline,illustratingthateachrelationshiphas
adifferentname.Thisdifferenceisimportantbecauseitpointsoutthelargestdownsideof
thenetworkmodel—complexity.Insteadofasinglepaththatcanbeusedforprocessing
therecords,nowmanypathsareused.Forexample,startwiththerecordforEmployee2
(SalesVicePresidentAndrewCencini)anduseittofindthefirstorder(ID56),andyou
landwithinthechainofordersthatbelongtoCustomer6(CompanyF).Althoughyou
actuallylandonthatcustomer’sfirstorder,youhavenowayofknowingthat.Tofind
alltheotherordersforthiscustomer,youmustfindawaytoworkforwardfromwhere
youaretotheendofthechainandthenwraparoundtothebeginningandforwardfrom
thereuntilyoureturntotheorderfromwhichyoustarted.Itistosatisfythisprocessing
needthatallpointerchainsinnetworkmodeldatabasesarecircular.Thus,youareableto
followpointersfromorder56tothenextorder(ID79),andthentothecustomerrecord
(ID6)andfinallybacktoorder56.Asyoumightimagine,thesecircularpointerchains
caneasilyresultinaninfiniteloop(aprocessthatneverends)shouldadatabaseusernot
keepcarefultrackofwhereheisinthedatabaseandhowhegotthere.Thestructureofthe
WorldWideWeblooselyparallelsanetworkdatabaseinthateachwebpagehaslinksto
otherrelatedwebpages,andcircularreferencesarenotuncommon.


Customer

Product

Employee

Order Detail

Order

Figure1-5  Network model structure for Northwind
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Theprocessofnavigatingthroughanetworkdatabasewascalled“walkingtheset,”
becauseitinvolvedchoosingpathsthroughthedatabasestructuremuchlikechoosing
walkingpathsthroughaforestwhenmultiplepathstothesamedestinationareavailable.
Withoutanup-to-datemap,itiseasytogetlost,or,worseyet,tofindadeadendwhere
youcannotgettothedesireddestinationrecordwithoutbacktracking.Thecomplexityof
thismodelandtheexpenseofthesmallarmyoftechniciansrequiredtomaintainitwere
keyfactorsinitseventualdemise.

The Relational Model
Inadditiontocomplexity,thenetworkandhierarchicaldatabasemodelsshareanother
commonproblem—theyareinflexible.Youmustfollowthepreconceivedpathsthrough
thedatatoprocessthedataefficiently.Adhocqueries,suchasfindingalltheorders
shippedinaparticularmonth,requirescanningtheentiredatabasetolocatethemall.
Computerscientistswerestilllookingforabetterway.Onlyafeweventsinthehistoryof
computerdevelopmentweretrulyrevolutionary,buttheresearchworkofE.F.(Ted)Codd
thatledtotherelationalmodelwasclearlythat.
Therelationalmodelisbasedonthenotionthatanypreconceivedpaththrougha

datastructureistoorestrictiveasolution,especiallyinlightofever-increasingdemands
tosupportadhocrequestsforinformation.Databaseuserssimplycannotthinkofevery

Customer: 6

(To next
customer)

Order: 56

Order: 79

Order Detail:
Product 28

Employee: 2
(Other

Employee
2 Orders)

Order Detail:
Product 7

Order Detail:
Product 51

(From previous
customer)

Figure1-6  Network model record for Northwind
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possibleuseofthedatabeforethedatabaseiscreated;therefore,imposingpredefined
pathsthroughthedatamerelycreatesa“datajail.”Therelationalmodelallowsusersto
relaterecordsasneededratherthanaspredefinedwhentherecordsarefirststoredinthe
database.Moreover,therelationalmodelisconstructedsuchthatqueriesworkwithsets
ofdata(forexample,allthecustomerswhohaveanoutstandingbalance)ratherthanone
recordatatime,aswiththenetworkandhierarchicalmodels.
Therelationalmodelpresentsdatainfamiliartwo-dimensionaltables,muchlike

aspreadsheetdoes.Unlikeaspreadsheet,thedataisnotnecessarilystoredintabular
formandthemodelalsopermitscombining(joininginrelationalterminology)tablesto
formviews,whicharealsopresentedastwo-dimensionaltables.Inshort,itfollowsthe
ANSI/SPARCmodelandthereforeprovideshealthydosesofphysicalandlogicaldata
independence.Insteadoflinkingrelatedrecordstogetherwithphysicaladdresspointers,
asisdoneinthehierarchicalandnetworkmodels,acommondataitemisstoredineach
table,justaswasdoneinflatfilesystems.
Figure1-7showstherelationalmodeldesignforNorthwind.AlookbackatFigure1-2

willconfirmthateachfileintheflatfilesystemhasbeenmappedtoatableintherelational
model.AsyouwilllearninChapter6,thisone-to-onecorrespondencebetweenflatfiles
andrelationaltableswillnotalwaysholdtrue,butitisquitecommon.InFigure1-7,lines
aredrawnbetweenthetablestoshowtheone-to-manyrelationships,withthesingleline
enddenotingthe“one”sideandthelineendthatsplitsintothreeparts(calleda“crow’s
foot”)denotingthe“many”side.Forexample,youcanseethat“one”customerisrelatedto
“many”ordersandthat“one”orderisrelatedto“many”orderdetailsmerelybyinspecting
thelinesthatconnectthesetables.Thediagrammingtechniqueshownhere,calledthe
entity-relationshipdiagram(ERD),iscoveredinmoredetailinChapter7.
InFigure1-8,threeofthefivetableshavebeenrepresentedwithsampledatain

selectedcolumns.Inparticular,notethattheCustomerIDcolumnisstoredinboththe

Customer

Product

Employee

Order Detail

Order

Figure1-7  Relational model structure for Northwind
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CustomertableandtheOrdertable.WhenthecustomerIDofarowintheOrdertable
matchesthecustomerIDofarowintheCustomertable,youknowthattheorderbelongs
tothatparticularcustomer.Similarly,theEmployeeIDcolumnisstoredinboththe
EmployeeandOrdertablestoindicatetheemployeewhoacceptedeachorder.
Theelegantsimplicityoftherelationalmodelandtheeasewithwhichpeoplecan

learnandunderstandithasbeenthemainfactorinitsuniversalacceptance.Therelational
modelisthemainfocusofthisbookbecauseitisubiquitousintoday’sinformation
technologysystemsandwilllikelyremainsoformanyyearstocome.

The Object-Oriented Model
Theobject-oriented(OO)modelactuallyhaditsbeginningsinthe1970s,butitdidnot
seesignificantcommercialuseuntilthe1990s.Thissuddenemergencecamefromthe
inabilityofthen-existingrelationaldatabasemanagementsystems(RDBMSs)todealwith
complexdatatypessuchasimages,complexdrawings,andaudio-videofiles.Thesudden
explosionoftheInternetandtheWorldWideWebcreatedasharpdemandformainstream
deliveryofcomplexdata.
Anobjectisalogicalgroupingofrelateddataandprogramlogicthatrepresentsa

real-worldthing,suchasacustomer,employee,order,orproduct.Individualdataitems,
suchascustomerIDandcustomername,arecalledvariablesintheOOmodelandare

Customer Table

Order Table

Employee Table

Customer ID
6

26

Company Name
Company F
Company Z

Title
Vice President, Sales
Sales Manager
Sales Representative

Job Title
Purchasing Manager
Accounting Assistant

Contact Last Name
Pérez-Olaeta
Liu

Contact First Name
Francisco
Run

State
WI
FL

City
Milwaukee
Miami

Employee ID
2
5
9

First Name
Andrew
Steven
Anne

Last Name
Cencini
Thrope
Hellung-Larsen

Order ID
51
56
79

Shipping Fee
$60.00
$  0.00
$  0.00

Shipped Date
4/5/2006
4/3/2006

6/23/2006

Order Date
4/5/2006
4/3/2006

6/23/2006

Employee ID
9
2
2

Customer ID
26

6
6

Figure1-8  Relational table contents for Northwind
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storedwithineachobject.Youmightalsoseevariablesreferredtoasinstancevariables
orproperties,butIwillstickwiththetermvariablesforconsistency.InOOterminology,
amethodisapieceofapplicationprogramlogicthatoperatesonaparticularobject
andprovidesafinitefunction,suchascheckingacustomer’screditlimitorupdatinga
customer’saddress.AmongthemanydifferencesbetweentheOOmodelandthemodels
alreadypresented,themostsignificantisthatvariablescanbeaccessedonlythrough
methods.Thispropertyiscalledencapsulation.
ThestrictdefinitionofobjectusedhereappliesonlytotheOOmodel.Thegeneral

termdatabaseobject,asusedearlierinthischapter,referstoanynameditemthatmight
bestoredinanon-OOdatabase(suchasatable,index,orview).AsOOconceptshave
foundtheirwayintorelationaldatabases,sohastheterminology,althoughoftenwithless
precisedefinitions.
Figure1-9showstheCustomerobjectasanexampleofOOimplementation.The

circleofmethodsaroundthecentralcoreofvariablesremindsusofencapsulation.In
fact,youcanthinkofanobjectmuchlikeanatomwithanelectronfieldofmethodsanda
nucleusofvariables.EachcustomerforNorthwindwouldhaveitsowncopyoftheobject
structure,calledanobjectinstance,muchaseachindividualcustomerhasacopyofthe
customerrecordstructureintheflatfilesystem.

Company ID
Company Name
Contact Name
Address
City
Country
Phone
...

Add Customer

Update Contact

Update Address

Print
Mailing Label

Change Status

List Customer

Check Credit Limit

Update Contact

Customer Object

Methods
Variables

Figure1-9  The anatomy of an object



 Chapter1: DatabaseFundamentals 21

Ataglance,theOOmodellookshorriblyinefficientbecauseitseemsthateach
instancerequiresthatthemethodsandthedefinitionofthevariablesberedundantly
stored.However,thisisnotatallthecase.Objectsareorganizedintoaclasshierarchy
sothatthecommonmethodsandvariabledefinitionsneedonlybedefinedonceandthen
inheritedbyothermembersofthesameclass.Variablesalsobelongtoclasses,andthus
newdatatypescanbeeasilyincorporatedbysimplydefininganewclassforthem.
TheOOmodelalsosupportscomplexobjects,whichareobjectscomposedofone

ormoreotherobjects.Usually,thisisimplementedusinganobjectreference,whereone
objectcontainstheidentifierofoneormoreotherobjects.Forexample,aCustomerobject
mightcontainalistofOrderobjectsthatthecustomerhasplaced,andeachOrderobject
mightcontaintheidentifierofthecustomerwhoplacedtheorder.Theuniqueidentifierfor
anobjectiscalledtheobjectidentifier(OID),thevalueofwhichisautomaticallyassigned
toeachobjectasitiscreatedandistheninvariant(thatis,thevalueneverchanges).The
combinationofcomplexobjectsandtheclasshierarchymakesOOdatabaseswellsuited
formanagingnonscalardatasuchasdrawingsanddiagrams.
OOconceptshavesuchbenefitthattheyhavefoundtheirwayintonearlyeveryaspect

ofmoderncomputersystems.Forexample,theMicrosoftWindowsRegistry(thedirectory
thatstoressettingsandoptionsforsomeWindowsoperatingsystems)hasaclasshierarchy,
andmostcomputer-aideddesign(CAD)applicationsuseanOOdatabasetostoretheirdata.

The Object-Relational Model
AlthoughtheOOmodelprovidessomesignificantbenefitsinencapsulatingdatato
minimizetheeffectsofsystemmodifications,thelackofadhocquerycapabilityhas
relegatedittoanichemarketinwhichcomplexdataisrequired,butadhocqueryability
isnot.However,somevendorsofrelationaldatabasesnotedthesignificantbenefitsofthe
OOmodel,particularlyitsabilitytoeasilymapcomplexdatatypes,andaddedobject-like
capabilitytotheirrelationalDBMSproductswiththehopesofcapitalizingonthebest
ofbothmodels.Althoughobjectpuristshaveneverembracedthisapproach,thetactic
appearstohaveworkedtoalargedegree,withpureOOdatabasesgaininggroundonlyin
nichemarkets.Theoriginalnamegiventothistypeofdatabasewasuniversaldatabase,
andalthoughthemarketingfolkslovedtheterm,itnevercaughtonintechnicalcircles,so
thepreferrednameforthemodelbecameobject-relational(OR).Throughevolution,the
Oracle,DB2,andInformixdatabasescanallbesaidtobeORDBMSstovaryingdegrees.
TounderstandtheORmodelfully,youneedamoredetailedknowledgeofthe

relationalandOOmodels.However,keepinmindthattheORDBMSprovidesablend
ofdesirablefeaturesfromtheobjectworld,suchasthestorageofcomplexdatatypes,
withtherelativesimplicityandease-of-useoftherelationalmodel.Mostindustryexperts
believethatobject-relationaltechnologywillcontinuetogainmarketshare.
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A Brief History of Databases
Spaceexplorationprojectsledtomanysignificantdevelopmentsinthescienceand
technologyindustries,includinginformationtechnology.AspartoftheNASAApollo
moonproject,NorthAmericanAviation(NAA)builtahierarchicalfilesystemnamed
GeneralizedUpdateAccessMethod(GUAM)in1964.IBMjoinedNAAtodevelop
GUAMintothefirstcommerciallyavailablehierarchicalmodeldatabase,called
InformationManagementSystem(IMS),releasedin1966.
Alsointhemid1960s,GeneralElectricinternallydevelopedthefirstdatabasebased

onthenetworkmodel,underthedirectionofprominentcomputerscientistCharlesW.
Bachman,andnameditIntegratedDataStore(IDS).In1967,theConferenceonData
SystemsLanguages(CODASYL),anindustrygroup,formedtheDatabaseTaskGroup
(DBTG)andbeganworkonasetofstandardsforthenetworkmodel.Inresponseto
criticismofthe“single-parent”restrictioninthehierarchicalmodel,IBMintroduceda
versionofIMSthatcircumventedtheproblembyallowingrecordstohaveone“physical”
parentandmultiple“logical”parents.
InJune1970,E.F.(Ted)Codd,anIBMresearcher(lateranIBMfellow),published

aresearchpapertitled“ARelationalModelofDataforLargeSharedDataBanks”in
CommunicationsoftheACM,theJournaloftheAssociationforComputingMachinery,
Inc.(ThepublicationcanbeeasilyfoundontheInternet.)In1971,theCODASYLDBTG
publisheditsstandards,whichweremorethanthreeyearsinthemaking.Thisbeganfive
yearsofheateddebateoverwhichmodelwasthebest.
TheCODASYLDBTGadvocatesarguedthefollowing:

● Therelationalmodelwastoomathematical.

● Anefficientimplementationoftherelationalmodelcouldnotbebuilt.

● Applicationsystemsneedtoprocessdataonerecordatatime.

Therelationalmodeladvocatesarguedthefollowing:

● NothingascomplicatedastheDBTGproposalcouldpossiblybethecorrectwayto
managedata.

● Set-orientedqueriesweretoodifficultintheDBTGlanguage.

● Thenetworkmodelhadnoformalunderpinningsinmathematicaltheory.

Thedebatecametoaheadatthe1975ACMSIGMOD(SpecialInterestGroupon
ManagementofData)conference.CoddandtwoothersdebatedagainstBachmanand
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twoothersoverthemeritsofthetwomodels.Attheend,theaudiencewasmoreconfused
thanever.Inretrospect,thishappenedbecauseeveryargumentprofferedbythetwosides
wascompletelycorrect!However,interestinthenetworkmodelwanedmarkedlyinthe
late1970s.Itwastheevolutionofdatabaseandcomputertechnologythatfollowedthat
provedtherelationalmodelwasthebetterchoice,offeringthesesignificantdevelopments:

● QuerylanguagessuchastheStructuredQueryLanguage(SQL)emergedandwerenot
somathematical.

● Experimentalimplementationsoftherelationalmodelprovedthatreasonable
efficiencycouldbeachieved,althoughitwasneverasefficientasanequivalent
networkmodeldatabase.Also,computersystemscontinuedtodropinprice,and
flexibilitywasconsideredmoreimportantthanefficiency.

● ProvisionswereaddedtoSQLtopermitprocessingofasetofdatausingarecord-at-
a-timeapproach.

● Advancedtoolsmadetherelationalmodeleveneasiertouse.

● Codd’sresearchledtothedevelopmentofanewdisciplineinmathematicsknownas
relationalcalculus.

Inthemid-1970s,databaseresearchanddevelopmentwasatfullsteam.Ateamof
15IBMresearchersinSanJose,California,underthedirectionofFrankKing,workedfrom
1974to1978todevelopaprototyperelationaldatabasecalledSystemR.SystemRwas
builtcommerciallyandbecamethebasisforHPALLBASEandIDMS/SQL.LarryEllison
andacompanythatlaterbecameknownasOracleindependentlyimplementedtheexternal
specificationsofSystemR.ItisnowcommonknowledgethatOracle’sfirstcustomerwas
theCentralIntelligenceAgency(CIA).Withsomerewriting,IBMdevelopedSystemRinto
SQL/DSandthenintoDB2,whichremainsitsflagshipdatabasetothisday.
ApickupteamofUniversityofCalifornia,Berkeley,studentsunderthedirectionof

MichaelStonebrakerandEugeneWongworkedfrom1973to1977todeveloptheIngres
DBMS.Ingresalsobecameacommercialproductandwasquitesuccessful.Ingreswaslater
soldtoComputerAssociates,butitemergedagainasanindependentcompanyin2005.
In1976,PeterChenpresentedtheentity-relationship(ER)model.Hisworkbolstered

themodelingweaknessesintherelationalmodelandbecamethefoundationofmany
modelingtechniquesthatfollowed.IfCoddisconsideredthe“father”oftherelational
model,thenChenshouldbeconsideredthe“father”oftheERD.ERDsareexplored
inChapter7.
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Sybase,whichhadasuccessfulRDBMSdeployedonUnixservers,enteredintoa
jointagreementwithMicrosofttodevelopthenextgenerationofSybase(tobecalled
System10)withaversionavailableonWindowsservers.Forreasonsnotpubliclyknown,
therelationshipsouredbeforetheproductswerecompleted,buteachpartywalkedaway
withalltheworkdevelopeduptothatpoint.MicrosoftfinishedtheWindowsversionand
marketedtheproductasMicrosoftSQLServer,whereasSybaserushedtomarketwith
SybaseSystem10.TheproductsweresosimilarthatSQLServerinstructorswereknown
tousetheSybasemanualsinclassratherthanfirst-generationMicrosoftdocumentation.
Theproductlineshavedivergedconsiderablyovertheyears,butMicrosoftSQLServer’s
Sybaserootsarestillevidentintheproduct.
Relationaltechnologytookthemarketbystorminthe1980s.Object-orienteddatabases,

whichfirstappearedinthe1970s,werealsocommerciallysuccessfulduringthe1980s.
Inthe1990s,object-relationalsystemsemerged,withInformixbeingthefirsttomarket,
followedrelativelyquicklybyOracleandDB2.
Notonlydidtherelationaltechnologyofthedaymovearound,butsodidthepeople

involved.MichaelStonebrakerleftUCBerkeleytofoundIllustra,anobject-relational
databasevendor,andhebecamechiefscienceofficerofInformixwhenitmergedwith
Illustra.HelaterwentontofoundCohera,StreamBaseSystems,andVertica,andheis
currentlyafacultymemberatMIT.BobEpstein,whoworkedontheIngresprojectwith
Stonebraker,movedtothecommercialcompanyalongwiththeIngresproduct.From
therehewenttoBritton-Lee(laterabsorbedbyNCR)toworkonearlydatabasemachines
(computersystemsspecializedtorunonlydatabases)andthentostartupSybase,where
hewasthechiefscienceofficerforanumberofyears,andheiscurrentlyinvolvedin
environmentalissuesandwearablecomputers.Databasemachines,incidentally,diedonthe
vinebecausetheyweresoexpensivecomparedtothecombinationofanRDBMSrunning
onageneral-purposecomputersystem.TheSanFranciscoBayAreawasanexcitingplace
fordatabasetechnologistsinthaterabecauseallthegreatrelationalproductsstartedthere,
moreorlessinparallelwiththeexplosivegrowthofSiliconValley.Othershavemovedon,
butDB2,Oracle,andSybasearestilllargelybasedintheBayArea.

Why Focus on Relational?
Theremainderofthisbookfocusesontherelationalmodel,withsomecoverageof
theOOandobject-relationalmodels.Asidefromtherelationalmodelbeingthemost
prevalentofallthedatabasemodelsinmodernbusinesssystems,otherimportantreasons
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warrantthisfocus,especiallyforthoseofyouwhoarelearningaboutdatabasesforthe
firsttime:

● Definition,maintenance,andmanipulationofdatastoragestructuresiseasy.

● Dataisretrievedthroughsimpleadhocqueries.

● Dataiswellprotected.

● Well-establishedANSI(AmericanNationalStandardsInstitute)andISO(International
OrganizationforStandardization)standardsexist.

● Manyvendorsofferaplethoraofproducts.

● Conversionbetweenvendorimplementationsisrelativelyeasy.

● RDBMSsarematureandstableproducts.

 Chapter 1 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.ThelogicallayeroftheANSI/SPARCmodelprovideswhichofthefollowing?

 A Physicaldataindependence

 B Parent-childrelationships

 C Logicaldataindependence

 D Encapsulation

 2.TheexternallayeroftheANSI/SPARCmodelprovideswhichofthefollowing?

 A Physicaldataindependence

 B Parent-childrelationships

 C Logicaldataindependence

 D Encapsulation

 3.Whichofthefollowingisnottrueregardinguserviews?

 A Applicationprogramsreferencethem.

 B Peoplequeryingthedatabasereferencethem.

✓
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 C Theycanbetailoredtotheneedsofthedatabaseuser.

 D Dataupdatesareshowninadelayedfashion.

 4.Thedatabaseschemaiscontainedinthe____________layeroftheANSI/SPARCmodel.

 5.Userviewsarecontainedinthe____________layeroftheANSI/SPARCmodel.

 6.Whenapplicationprogramsuseflatfilesystems,wheredothefiledefinitionsreside?

 7.Whichofthefollowingistrueregardingthehierarchicaldatabasemodel?

 A ItwasfirstdevelopedbyPeterChen.

 B Dataandmethodsarestoredtogetherinthedatabase.

 C Eachnodemayhavemanyparents.

 D Recordsareconnectedusingphysicaladdresspointers.

 8.Whichofthefollowingistrueregardingthenetworkdatabasemodel?

 A ItwasfirstdevelopedbyE.F.Codd.

 B Dataandmethodsarestoredtogetherinthedatabase.

 C Eachnodemayhavemanyparents.

 D Recordsareconnectedusingcommonphysicaladdresspointers.

 9.Whichofthefollowingistrueoftherelationaldatabasemodel?

 A ItwasfirstdevelopedbyCharlesBachman.

 B Dataandmethodsarestoredtogetherinthedatabase.

 C Recordsareconnectedusingphysicaladdresspointers.

 D Recordsareconnectedusingcommondataitemsineachrecord.

 10.Whichofthefollowingistrueregardingtheobject-orientedmodel?

 A ItwasfirstdevelopedbyCharlesBachman.

 B Dataandmethodsarestoredtogetherinthedatabase.

 C Dataispresentedastwo-dimensionaltables.

 D Recordsareconnectedusingcommondataitemsineachrecord.
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 11.Whichofthefollowingistrueregardingtheobject-relationalmodel?

 A Itservesonlyanichemarketandmostexpertsbelieveitwillstaythatway.

 B Recordsareconnectedusingphysicaladdresspointers.

 C Itwasdevelopedbyaddingobject-likepropertiestotherelationalmodel.

 D Itwasdevelopedbyaddingrelational-likepropertiestotheobject-orientedmodel.

 12.Accordingtoadvocatesoftherelationalmodel,whichofthefollowingdescribethe
problemswiththeCODASYLmodel?

 A Itistoomathematical.

 B Itistoocomplicated.

 C Set-orientedqueriesaretoodifficult.

 D Ithasnoformalunderpinningsinmathematicaltheory.

 13.AccordingtoadvocatesoftheCODASYLmodel,whichofthefollowingdescribethe
problemswiththerelationalmodel?

 A Itistoomathematical.

 B Set-orientedqueriesaretoodifficult.

 C Applicationsystemsneedrecord-at-a-timeprocessing.

 D ItislessefficientthanCODASYLmodeldatabases.

 14.Theabilitytoaddanewobjecttoadatabasewithoutdisruptingexistingprocessesis
anexampleof____________.

 15.Thepropertythatmostdistinguishesarelationaldatabasetablefromaspreadsheetis
theabilitytopresentmultipleuserswiththeirown____________.
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KeySkills&Concepts
● ConceptualDatabaseDesignComponents

● Logical/PhysicalDatabaseDesignComponents

Thischapterexplorestheconceptual,logical,andphysicalcomponentsthatmakeup
therelationalmodel.Conceptualdatabasedesigninvolvesstudyingandmodelingthe
datainatechnology-independentmanner.Theconceptualdatamodelthatresultscanbe
theoreticallyimplementedonanydatabaseorevenonaflatfilesystem.Thepersonwho
performsconceptualdatabasedesignisoftencalledadatamodeler.Logicaldatabase
designistheprocessoftranslating,ormapping,theconceptualdesignintoalogical
designthatfitsthechosendatabasemodel(relational,object-oriented,object-relational,
andsoon).Aspecialistwhoperformslogicaldatabasedesigniscalledadatabase
designer,butoftenthedatabaseadministrator(DBA)performsallorpartofthisdesign
step.Thefinaldesignstepisphysicaldatabasedesign,whichinvolvesmappingthe
logicaldesigntooneormorephysicaldesigns,eachtailoredtotheparticularDBMSthat
willmanagethedatabaseandtheparticularcomputersystemonwhichthedatabasewill
run.ThepersonwhoperformsphysicaldatabasedesignisusuallytheDBA.Theprocesses
involvedindatabasedesignarecoveredinChapter5.
Thesectionsthatfollowexplorethecomponentsofaconceptualdatabasedesign,and

thenthecomponentsoflogicalandphysicaldesigns.

Conceptual Database Design Components
Figure2-1showstheconceptualdatabasedesignforNorthwind.Thisdiagramissimilarto
Figure1-7inChapter1,butafewitemshavebeenaddedtoillustratekeypoints.Thelabeled
items(Entity,Attribute,Relationship,BusinessRule,andIntersectionData)arethebasic
componentsthatmakeupaconceptualdatabasedesign.Eachispresentedinsectionsthat
follow,exceptforintersectiondata,whichispresentedin“Many-to-ManyRelationships.”

Entities
Anentity(orentityclass)isaperson,place,thing,event,orconceptaboutwhichdatais
collected.Inotherwords,entitiesarethereal-worldthingsinwhichwehavesufficient
interesttocaptureandstoredataaboutinadatabase.Anentityisrepresentedasarectangle
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onthediagram.Justaboutanythingthatcanbenamedwithanouncanbeanentity.However,
toavoiddesigningeverythingontheplanetintoourdatabase,werestrictourselvestoentities
ofinteresttothepeoplewhowilluseourdatabase.Eachentityshownintheconceptual
model(Figure2-1)representstheentireclassforthatentity.Forexample,theCustomerentity
representsthecollectionofallNorthwindcustomers.Theindividualcustomersarecalled
instancesoftheentity.
Anexternalentityisanentitywithwhichourdatabaseexchangesdata(sendingdata

to,receivingdatafrom,orboth)butaboutwhichwecollectnodata.Forexample,most
businessesthatsetupcreditaccountsforcustomerspurchasecreditreportsfromoneor
morecreditbureaus.Theysendacustomer’sidentifyinginformationtothecreditbureau
andreceiveacreditreport,butallthisdataisaboutthecustomerratherthanthecredit
bureauitself.Assumingthereisnocompellingreasonforthedatabasetostoredataabout

Figure2-1  Conceptual database design for Northwind
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thecreditbureau,suchasthemailingaddressofitsoffice,thecreditbureauwillnot
appearintheconceptualdatabasedesignasanentity.Infact,externalentitiesareseldom
shownindatabasedesigns,buttheycommonlyappearindataflowdiagramsasasource
ordestinationofdata.DataflowdiagramsarediscussedinChapter7.

Attributes
Anattributeisaunitfactthatcharacterizesordescribesanentityinsomeway.Theseare
representedontheconceptualdesigndiagramshowninFigure2-1asnamesinsidethe
rectanglethatrepresentstheentitytowhichtheybelong.Theattributeorattributesthat
appearatthetopoftherectangle(abovethehorizontalline)formtheuniqueidentifier
fortheentity.Auniqueidentifier,asthenamesuggests,providesauniquevalueforeach
instanceoftheentity.Forexample,theCustomerIDattributeistheuniqueidentifierfor
theCustomerentity,soeachcustomermusthaveauniquevalueforthatattribute.Keepin
mindthatauniqueidentifiercancomprisemultipleattributes,butwhenthishappens,itis
stillconsideredjustoneuniqueidentifier.
Wesayattributesareaunitfactbecausetheyshouldbeatomic,meaningtheycannotbe

brokendownintosmallerunitsinanymeaningfulway.Anattributeisthereforethesmallest
namedunitofdatathatappearsinadatabasesystem.Inthissense,Addressshouldbe
consideredasuspectattributebecauseitcouldeasilybebrokendownintoAddressLine1,
AddressLine2,andperhapsAddressLine3,asiscommonlydoneinbusinesssystems.This
changewouldaddmeaningbecauseitmakesiteasiertoprintaddresslabels,forexample.
Ontheotherhand,databasedesignisnotanexactscienceandjudgmentcallsmustbemade.
AlthoughitispossibletobreaktheBusinessPhoneattributeintocomponentattributes,such
asCountryCode,AreaCode,Prefix,Suffix,andExtension,wemustaskourselveswhether
suchachangeaddsmeaningorvalue.Thereisnorightorwronganswerhere,sowemustrely
onthepeoplewhowillbeusingthedatabase,orperhapsthosewhoarefundingthedatabase
project,tohelpuswithsuchdecisions.Alwaysrememberthatanattributemustdescribeor
characterizetheentityinsomeway(forexample,size,shape,color,quantity,location).

Relationships
Relationshipsaretheassociationsamongtheentities.Becausedatabasesareallabout
storingrelateddata,therelationshipsbecomethegluethatholdsthedatabasetogether.
Relationshipsareshownontheconceptualdesigndiagram(Figure2-1)aslinesconnecting
oneormoreentities.Eachendofarelationshiplineshowsthemaximumcardinalityofthe
relationship,whichisthemaximumnumberofinstancesofoneentitythatcanbeassociated
withtheentityontheoppositeendoftheline.Themaximumcardinalitymaybeone
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(thelinehasnospecialsymbolonitsend)ormany(thelinehasacrow’sfootontheend).
Justshortoftheendofthelineisanothersymbolthatshowstheminimumcardinality,which
istheminimumnumberofinstancesofoneentitythatcanbeassociatedwiththeentityon
theoppositeendoftheline.Theminimumcardinalitymaybezero,denotedwithacircle
drawnontheline,orone,denotedwithashortperpendicularlineortickmarkdrawnacross
therelationshipline.Manydatamodelersusetwoperpendicularlinestomean“oneandonly
one,”asIhavedoneinFigure2-1.
Learningtoreadrelationshipstakespractice,andlearningtodefineanddrawthem

correctlytakesalotofpractice.Thetrickistothinkabouttheassociationbetweenthe
entitiesinonedirection,andthenreverseyourperspectivetothinkaboutitintheopposite
direction.FortherelationshipbetweenCustomerandOrder,forexample,wemustask
twoquestions:Eachcustomercanhavehowmanyorders?followedbyEachordercan
havehowmanycustomers?Relationshipsmaythusbeclassifiedintothreetypes:one-to-
one,one-to-many,andmany-to-many,asdiscussedinthefollowingsections.Somepeople
willsaymany-to-oneisalsoarelationshiptype,butinreality,itisonlyaone-to-many
relationshiplookedatwithareverseperspective.Relationshiptypesarebestlearnedby
example.Gettingtherelationshipsrightisessentialtoasuccessfuldesign.

Q: Youstatedthatrelationshipsintheconceptualdesignarebetweenoneormore
entities.However,I’vealwaysbeentoldthatrelationshipsinanRDBMSarebetween
onlytwotables.Howcanthisbe?

A: Aconceptualdatabasedesignisusuallycreatedatahigherlevelofabstractionthanthe
physicaldatabase.Asyouwilllearnlaterinthischapter,thereferentialconstraintsplaced
intherelationaldatabasecansupportonlyrelationshipsbetweentwotables,exceptfora
specialcasecalledrecursiverelationshipsthatinvolveonlyonetable.However,nothing
stopsadesignerfrombeingmoregeneralinaconceptualdesignandshowingarelationship
betweenmorethantwoentities.Forexample,therelationshipbetweenOrderandProduct
showninFigure2-1mightberepresentedinaconceptualdesignasonebetweenOrder,
Product,andShippingWarehouse(thelocationthatstockstheproductontheorderline
item).Sucharelationshipwouldhavetoberesolvedduringlogicaldesign,justasthe
intersectiondatashowninFigure2-1mustbe(itmusteventuallybestoredinatable).Have
nofearifthisseemsconfusing;itwillallbecomemoreclearasyoulearnaboutdatabase
designinupcomingchapters.Inreality,relationshipsinvolvingmorethantwoentitiesare
reasonablyrare,andanadvancedtopic,sotheyarenotusedinthisbook.

Ask the Expert
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One-to-One Relationships
Aone-to-onerelationshipisanassociationinwhichaninstanceofoneentitycanbe
associatedwithatmostoneinstanceoftheotherentity,andviceversa.InFigure2-1,the
relationshipbetweentheCustomerandAccountReceivableentitiesisone-to-one.This
meansthatacustomercanhaveatmostoneassociatedaccountreceivable,andanaccount
canhaveatmostoneassociatedcustomer.Therelationshipisalsomandatoryinboth
directions,meaningthatacustomermusthaveatleastoneaccountreceivableassociated
withit,andanaccountreceivablemusthaveatleastonecustomerassociatedwithit.
Puttingthisalltogether,wecanreadtherelationshipbetweentheCustomerandAccount
Receivableentitiesas“onecustomerhasoneandonlyoneassociatedaccountreceivable,
andoneaccountreceivablehasoneandonlyoneassociatedcustomer.”
Anotherimportantconceptistransferability.Arelationshipissaidtobetransferableif

theparentcanbechangedovertime—or,saidanotherway,ifthechildcanbereassignedto
adifferentparent.Inthiscase,therelationshipbetweenCustomerandAccountReceivable
isobviouslynottransferablebecausewewouldnevertakeonecustomer’saccountand
transferittoanothercustomer(itwouldbehorriblybadaccountingpracticetodoso).
Unfortunately,nowidelyacceptedsymbolisavailableforshowingtransferabilityondata
models,butitisanimportantconsiderationinsomecases,particularlywithone-to-one
relationshipsthataremandatoryinbothdirections.
One-to-onerelationshipsaresurprisinglyrareamongentities.Inpractice,one-to-one

relationshipsthataremandatoryinbothdirectionsandnottransferablerepresentadesign
flawthatshouldbecorrectedbycombiningthetwoentities.Afterall,isn’tanaccount
receivablemerelymoreinformationaboutthecustomer?We’renotgoingtocollectdata
aboutanaccountreceivable;instead,theinformationintheAccountReceivableentityis
simplymoredatawecollectaboutthecustomer.Ontheotherhand,ifwebuyourfinancial
softwarefromanindependentsoftwarevendor(acommonpractice),thesoftwarewould
almostcertainlycomewithapredefineddatabasethatitsupports,sowemayhaveno
choicebuttolivewiththissituation.Wewon’tbeabletomodifythevendor’sdatabase
designtoaddcustomerdataofinteresttous,andatthesametime,wewon’tbeabletoget
thevendor’ssoftwaretorecognizeanythingthatwestoreinourowndatabase.
Figure2-2showsadifferent“flavor”ofone-to-onerelationshipthatisoptional

(somesayconditional)inbothdirections.Supposewearedesigningthedatabaseforan
automobiledealership.Thedealershipissuesautomobilestosomeemployees,typically
salesstaff,forthemtodriveforafiniteperiodoftime.Theyobviouslydon’tissueall
theautomobilestoemployees(iftheydid,theywouldhavenonetosell).Wecanread
therelationshipbetweentheEmployeeandAutomobileentitiesasfollows:“Atany
pointintime,eachemployeecanhavezerooroneautomobilesissuedtohimorher,
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andeachautomobilecanbeassignedtozerooroneemployee.”NotetheclauseAtany
pointintime.Ifanautomobileistakenbackfromoneemployeeandthenreassignedto
another,thiswouldstillbeaone-to-onerelationship.Thisisbecausewhenweconsider
relationships,wearealwaysthinkingintermsofasnapshottakenatanarbitrarypoint
intime.Also,fromtheprecedingdescription,itisobviousthattherelationshipis
transferable.

One-to-Many Relationships
Aone-to-manyrelationshipisanassociationbetweentwoentitiesinwhichanyinstance
ofthefirstentitymaybeassociatedwithoneormoreinstancesofthesecond,andany
instanceofthesecondentitymaybeassociatedwithatmostoneinstanceofthefirst.
Figure2-1showstwosuchrelationships:betweentheCustomerandOrderentities,and
betweentheEmployeeandOrderentities.TherelationshipbetweenCustomerandOrder,
whichismandatoryinonlyonedirection,isreadasfollows:“Atanypointintime,each
customercanhavezerotomanyorders,andeachordermusthaveoneandonlyone
owningcustomer.”
One-to-manyrelationshipsarequitecommon.Infact,theyarethefundamental

buildingblockoftherelationaldatabasemodelinthatallrelationshipsinarelational
databaseareimplementedasiftheyareone-to-many.Itisrareforthemtobeoptional
onthe“one”sideandevenmorerareforthemtobemandatoryonthe“many”side,but
thesesituationsdohappen.ConsidertheexamplesshowninFigure2-3.Whenacustomer
accountcloses,werecordthereasonitwasclosedusinganaccountclosurereasoncode.
Becausesomeaccountsareopenatanypointintime,thisisanoptionalcode.Weread
therelationshipthisway:“Atanygivenpointintime,eachaccountclosurereasoncode
valuecanhavezero,one,ormanycustomersassignedtoit,andeachcustomercanhave
eitherzerooroneaccountclosurereasoncodeassignedtothem.”Letusnextsuppose
thatasamatterofcompanypolicy,nocustomeraccountcanbeopenedwithoutfirst
obtainingacreditreport,andthatallcreditreportsarekeptinthedatabase,meaning

Employee
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First Name
Last Name
Job Title

Automobile

VIN
Make
Model
Year
Color
Employee ID (FK)

Figure2-2  Employee-automobile relationship
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thatanycustomermayhavemorethanonecreditreportinthedatabase.Thismakesthe
relationshipbetweentheCustomerandCreditReportentitiesone-to-many,andmandatory
inbothdirections.Wereadtherelationshipthus:“Atanygivenpointintime,each
customercanhaveoneormanycreditreports,andeachcreditreportbelongstooneand
onlyonecustomer.”

Many-to-Many Relationships
Amany-to-manyrelationshipisanassociationbetweentwoentitiesinwhichanyinstance
ofthefirstentitymaybeassociatedwithzero,one,ormoreinstancesofthesecond,and
viceversa.BackinFigure2-1,therelationshipbetweenOrderandProductismany-to-
many.Wereadtherelationshipthus:“Atanygivenpointintime,eachordercontainszero
tomanyproducts,andeachproductappearsonzerotomanyorders.”
Thisparticularrelationshiphasdataassociatedwithit,asshowninthediamond

inFigure2-1.Datathatbelongstoamany-to-manyrelationshipiscalledintersection
data.Thedatadoesn’tmakesenseunlessyouassociateitwithbothentitiesatthesame
time.Forexample,Quantitydoesn’tmakesenseunlessyouknowwho(whichcustomer)
orderedwhat(whichproduct).IfyoulookbackinChapter1atFigure1-7,youwill
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Account Closure Reason Code
Description

Customer
Customer ID
Company Name
Address
City
State / Province
Country / Region
Business Phone
Account Closure Reason Code (FK)

Credit Report
Credit Report Number
Report Date
Credit Score
Notes
Customer ID (FK)

Figure2-3  One-to-many relationships
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recognizethisdataastheOrderDetailtablefromNorthwind’srelationalmodel.So
whyisn’tOrderDetailjustshownasanentity?Theanswerissimple:Itdoesn’tfitthe
definitionofanentity.Wearenotcollectingdataaboutthelineitemsontheorder;
instead,thelineitemsontheorderaremerelymoredataabouttheorder.
Many-to-manyrelationshipsarequitecommon,andmostofthemwillhave

intersectiondata.Thebadnewsisthattherelationalmodeldoesnotdirectlysupport
many-to-manyrelationships.Thereisnoproblemwithhavingmany-to-manyrelationships
inaconceptualdesign,becausesuchadesignisindependentofanyparticulartechnology.
However,ifthedatabaseisgoingtoberelational,somechangeshavetobemadeas
youmaptheconceptualmodeltothecorrespondinglogicalmodel.Thesolutionisto
maptheintersectiondatatoaseparatetable(anintersectiontable)andthemany-to-
manyrelationshiptotwo,one-to-manyrelationships,withtheintersectiontableinthe
middleandonthe“many”sideofbothrelationships.Figure1-7showsthisoutcome,
withtheOrderDetailtableholdingtheintersectiondataandparticipatingintwoone-to-
manyrelationshipsthatreplacetheoriginalmany-to-manyrelationship.Theprocessfor
recognizinganddealingwiththemany-to-manyproblemiscoveredindetailinChapter6.

Recursive Relationships
Sofar,you’velearnedaboutrelationshipsbetweeninstancesofdifferententities.However,
relationshipscanexistbetweenentityinstancesofthesametype.Thesearecalledrecursive
relationships.Anyoneoftherelationshiptypesalreadypresented(one-to-one,one-to-many,
ormany-to-many)canbearecursiverelationship.Figure2-4andthefollowinglistshow
examplesofeach:

● One-to-one Ifweweretotrackwhichemployeesweremarriedtootheremployees,
wewouldexpecteachtobemarriedtoeitherzerooroneotheremployeeatanyone
pointintime.
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Figure2-4  Recursive relationship examples
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TryThis2-1

● One-to-many Itiscommontotracktheemployment“foodchain”ofwhoreportsto
whom.Inmostorganizations,peoplehaveonlyonesupervisorormanager.Therefore,
wenormallyexpecttoseeeachemployeereportingtozerooroneotheremployee,and
employeeswhoaremanagersorsupervisorstohaveoneormoredirectreports.

● Many-to-many Inmanufacturing,acommonrelationshiphastodowithparts
thatmakeupafinishedproduct.IfyouthinkabouttheCD-ROMdriveinapersonal
computer,forexample,youcanimaginethatitcomprisesmultipleparts,andyet,the
entireassemblyshowsasonlyoneitemonthepartslistforyourcomputer.Soanypart
canbemadeofmanyotherparts,andatthesametimeanypartcanbeacomponentof
manyotherparts.

Business Rules
Abusinessruleisapolicy,procedure,orstandardthatanorganizationhasadopted.
Businessrulesareveryimportantindatabasedesignbecausetheydictatecontrolsthat
mustbeplaceduponthedata.InFigure2-1,youcanseeabusinessrulethatstatesthat
orderswillbeacceptedonlyfromcustomerswhodonothaveanoverduebalance.Most
businessrulescanbeenforcedthroughmanualproceduresthatemployeesaredirected
tofolloworlogicplacedintheapplicationprograms.However,eachofthesecanbe
circumvented—employeescanforgetorcanchoosenottofollowamanualprocedure,and
databasescanbeupdateddirectlybyauthorizedpeople,bypassingthecontrolsincluded
intheapplicationprograms.Thedatabasecanservenicelyasthelastlineofdefense.
Businessrulescanbeimplementedinthedatabaseasconstraints,whichareformally
definedrulesthatrestrictthedatavaluesinthedatabaseinsomeway.Moreinformation
onconstraintscanbefoundinthe“Constraints”sectionlaterinthischapter.Notethat
businessrulesarenotnormallyshownonaconceptualdatamodeldiagram;theone
showninFigure2-1ismerelyforillustration.Itisfarmorecommontoincludethemin
atextdocumentthataccompaniesthediagram.

  Exploring the Northwind Database
FortheremainderofthischapterandallofChapter3,IuseMicrosoftAccess2007
andtheNorthwinddatabasetoillustrateconcepts.InthisTryThisexercise,youwill
connecttotheNorthwindsampledatabase,eitheronyourowncomputerorusing
MicrosoftOfficeOnline,andbecomefamiliarenoughwithnavigatingwithinMicrosoft
AccesstobeabletofollowalongwiththeexamplesusedinthischapterandinChapter3.
BeawarethatAccess2007hasacompletelydifferentlookandfeelcomparedwith
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priorversions,soyoumayfinditdifficulttofollowalongusinganearlierversion.
However,thesolutionissimplebecauseallyouneedforMicrosoftOfficeOnlineisaweb
browserandareasonablyfastInternetconnection.
TheselectionofMicrosoftAccessfortheseconceptualillustrationsismerely

amatterofconvenienceandnotanendorsementofthisproductoveranyother.Infact,
asIcoverSQLinChapter4,IwilluseotherRDMSproductsfordemonstration,
includingOracle.

Step by Step
 1.IfyouhaveMicrosoftAccess2007available,downloadandinstalltheNorthwind

sampledatabasebyfollowingthesesteps:

 a. StartAccess2007fromyourStartmenuwithnodatabasesopen.

 b. OntheleftsideoftheGettingStartedpanel,clickSampleundertheheadingFrom
MicrosoftOfficeOnline.

 c. ClicktheNorthwind2007icon.

 d. Inthelower-rightcornerofthepanel,clicktheDownloadbuttonandrespondto
anyadditionalprompts.

 e. Onceconnectedtothedatabase,ascreenliketheoneshowninFigure2-5willbe
displayed.

 2.IfyoudonothaveMicrosoftAccess2007available,youcanaccessitviaMicrosoft
OfficeOnlineusingonlyyourwebbrowserbyfollowingthesesteps:

 a. TypetheURLhttp://office.microsoft.com/en-us/products/intoyourbrowserand
thenpressENTER.

 b. Inthecenterpartofthescreen,findandclickthelinkthatreadsTryOffice2007
Online.

 c. Onthenextpage,clickLaunchTestDriveandrespondtoanyadditionalprompts.
Theprocessofloadingthesoftwareandestablishingyourdatabaseconnection
maytakeseveralminutes.

 d. OntheTutorialMenupage,clickOfficeAccess2007.
(continued)

http://office.microsoft.com/en-us/products/
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 e. OntheleftmarginoftheGettingStartedpanel,clickSampleundertheheading
FromMicrosoftOnline.

 f. Inthelower-rightcornerofthepanel(youmayhavetoexpandyourbrowserto
fullscreentoseeit),clicktheDownloadbuttonandrespondtoanyadditional
prompts.Inparticular,notethefollowing:

● Youmaygetoneormoremessagesaboutrunningadd-onsfromthewebsite.
Thesewillappearnearthetopofthescreen,justbelowthelinewiththegold
star,usuallywithalightyellowbackgroundcolor(similartotheSecurity
WarningmessageshowninFigure2-5).

Figure2-5  Northwind database startup screen
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● YouwillhavetorespondtotheSecurityWarningshownonFigure2-5.Just
clicktheOptionsbuttononthemessagelineandchoosetheoptionthat
enablesthecontent.

● Whenyoufirstopenthedatabase,youmaybepromptedtologin.Ifthis
occurs,justclicktheCanceloption.

 g. Onceconnectedtothedatabase,ascreenliketheoneshowninFigure2-5willbe
displayed.

 3.Ontheribbon(theareaalongthetopofthepanelthatcontainsoptions),clickDatabase
Tools,andthenchoosetheRelationshipsoption.TheRelationshipspanelisdisplayed,
showing18tablesandtherelationshipsbetweenthem.Youwillseeaverybusy
diagram,butifyoufollowthelines,youcaneasilyseeeachrelationship.

 4.ClosetheRelationshipspanelbyclickingtheXimmediatelytotherightofthe
Relationshipstab.

 5.ExpandtheNavigationPane(alongtheleftmarginofthepanel)byclickingthe>>icon
nearthetopofthepane.Thedatabasecontainsanumberofscreens,reports,andother
objectsusedtodemonstratetheprogrammingfacilitieswithinMicrosoftAccess2007.
However,weareinterestedonlyinthedatabaseobjects(applicationprogrammingis
beyondthescopeofthisbook).ExpandtheSupportingObjectstoseealistofallthe
tablesincludedintheNorthwinddatabase.Foreachtable,youcanright-clickitsname
andselecteitherOpentoseethetablecontents(rowsofdata)orDesignViewtoseethe
definitionofthetable.Don’tbeconcernedifyoudon’tunderstandeverythingyouare
lookingat—thesepanelsaredescribedinmoredetailinupcomingsections.

 6.CloseMicrosoftAccess2007(orOffice2007Onlineandyourbrowserwindow).

Try This Summary
YouhavesuccessfullyaccessedtheNorthwindsampledatabasethatwillbeusedto
demonstrateconceptsfortheremainderofthischapteraswellasinthenextchapter.
YounavigatedtotheRelationshipspanelandtotheSupportingObjectslistinthe
NavigationPane.
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Logical/Physical Database Design Components
ThelogicaldatabasedesignisimplementedinthelogicallayeroftheANSI/SPARC
modeldiscussedinChapter1.ThephysicaldesignisimplantedintheANSI/SPARC
physicallayer.However,weworkthroughtheDBMStoimplementthephysicallayer,
makingitdifficulttoseparatethetwolayers.Forexample,whenwecreateatable,we
includeaclauseinthecreatetablecommandthattellstheDBMSwherewewanttoplace
it.TheDBMSthenautomaticallyallocatesspaceforthetableintherequestedoperating
systemfile(s).BecausesomuchofthephysicalimplementationisburiedintheDBMS
definitionsofthelogicalstructures,Ihaveelectednottotrytoseparatethemhere.During
logicaldatabasedesign,physicalstorageproperties(fileortablespacename,storage
location,andsizinginformation)canbeassignedtoeachdatabaseobjectaswemapthem
fromtheconceptualmodel,ortheycanbeomittedatfirstandaddedlaterinaphysical
designstepthatfollowslogicaldesign.Fortimeefficiency,mostDBAsperformthetwo
designsteps(logicalandphysical)inparallel.

Tables
Theprimaryunitofstorageintherelationalmodelisthetable,whichisatwo-dimensional
structurecomposedofrowsandcolumns.Eachrowcorrespondstooneoccurrenceof
theentitythatthetablerepresents,andeachcolumncorrespondstooneattributeforthat
entity.Theprocessofmappingtheentitiesintheconceptualdesigntotablesinthelogical
designiscallednormalizationandiscoveredindetailinChapter6.Often,anentityinthe
conceptualmodelmapstoexactlyonetableinthelogicalmodel,butthisisnotalwaysthe
case.Forreasonsyouwilllearnwiththenormalizationprocess,entitiesarecommonlysplit
intomultipletables,andinrarecases,multipleentitiescanbecombinedintoonetable.
Figure2-6showsalistingofpartoftheNorthwindOrderstable.
Youmustrememberthatarelationaltableisalogicalstoragestructureandusually

doesnotexistintabularforminthephysicallayer.WhentheDBAassignsatableto
operatingsystemfilesinthephysicallayer(calledtablespacesinmostRDBMSs),itis
commonformultipletablestobeplacedinasingletablespace.However,largetablescan
beplacedintheirowntablespaceorsplitacrossmultipletablespaces,andthisiscalled
partitioning.Thisflexibilitytypicallydoesnotexistinpersonalcomputer-basedRDBMSs
suchasMicrosoftAccess.
EachtablemustbegivenauniquenamebytheDBAwhocreatesit.Themaximum

lengthforthesenamesvariesalotamongRDBMSproducts,fromaslittleas18characters
toasmanyas255.Tablenamesshouldbedescriptiveandshouldreflectthenameofthe
real-worldentitytheyrepresent.Byconvention,someDBAsalwaysnameentitiesinthe
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singularandtablesintheplural,andyouwillseethisconventionusedintheNorthwind
database.(Ipreferthatbothbenamedinthesingular,butobviouslyotherlearned
professionalshavecounteropinions.)Thepointhereisthatyoushouldestablishnaming
standardsattheoutsetsothatnamesarenotassignedinahaphazardmanner,asthis
leadstoconfusionlater.Asacaseinpoint,MicrosoftAccesspermitsembeddedspaces
intableandcolumnnames,whichiscountertoindustrystandards.Moreover,Microsoft
Access,SybaseASE,andMicrosoftSQLServerallowmixed-casenames,suchas
OrderDetails,whereasOracle,DB2,MySQLonWindows,andothersforceallnamesto
beuppercaselettersunlesstheyareenclosedindoublequotes.Becausetablenamessuch
asORDERDETAILSarenotveryreadable,theuseofanunderscoretoseparatewords,
perindustrystandards,isamuchbetterchoice.Youmaywanttosetstandardsthatforbid
theuseofnameswithembeddedspacesandnamesinmixedcasebecausesuchnamesare
nonstandardandmakeanyconversionbetweendatabasevendorsthatmuchmoredifficult.

Figure2-6  Northwind Orders table (partial listing)
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Columns and Data Types
Asmentioned,eachcolumninarelationaltablerepresentsanattributefromtheconceptual
model.Thecolumnisthesmallestnamedunitofdatathatcanbereferencedinarelational
database.Eachcolumnmustbeassignedauniquename(withinthetable)andadatatype.
Adatatypeisacategoryfortheformatofaparticularcolumn.Datatypesprovideseveral
valuablebenefits:

● Restrictingthedatainthecolumntocharactersthatmakesenseforthedatatype
(forexample,allnumericdigitsoronlyvalidcalendardates).

● Providingasetofbehaviorsusefultothedatabaseuser.Forexample,ifyousubtract
anumberfromanothernumber,yougetanumberasaresult;butifyousubtractadate
fromanotherdate,yougetanumberrepresentingtheelapseddaysbetweenthetwo
datesasaresult.

● AssistingtheRDBMSinefficientlystoringthecolumndata.Forexample,numbers
canoftenbestoredinaninternalnumericformatthatsavesspace,comparedwith
merelystoringthenumericdigitsasastringofcharacters.

Figure2-7showsthetabledefinitionoftheNorthwindOrderstablefromMicrosoft
Access2007(thesametablelistedinFigure2-6).Thedatatypeforeachcolumnappears
inthesecondcolumn.Thedatatypenamesareusuallyself-evident,butifyoufindanyof
themconfusing,youcanviewdefinitionsofeachintheMicrosoftAccesshelppages.

Q: Youhavementionedbothfilesandtablespaces.Aretheythesamething?

A: Youcanthinkofatablespaceasalogicalfilethatformsalayerofabstractionbetweenthe
physicalandlogicallayers,therebyprovidingbetterlogicaldataindependence.
Atablespacehasoneormorephysicalfilesassignedtoit.Andinsteadofassigningtables
tophysicalfiles,youassignthemtotablespaces.Thisprovidesgreatflexibilityinhandling
thephysicalfilesthatmakeupthedatabase.Forexample,whentablespacesbegintofillup,
oneoptiontheDBAhasistoaddanotherfileonadifferentdevice(suchasadiskdrive).

Ask the Expert
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NOTE
If you compare Figure 2-6 with Figure 2-7, you will notice that the Employee Name and 
Customer Name are shown in Figure 2-6 instead of Employee ID and Customer ID as 
specified in definition in Figure 2-7. This is not an error, but rather a feature of Microsoft 
Access that is explained in the “Referential Constraints” section later in this chapter.

ItismostunfortunatethatindustrystandardslaggedbehindRDBMSdevelopment.
Mostvendorsdidtheirownthingformanyyearsbeforesittingdownwithothervendors
todevelopstandards,andthisisclearlyevidentinthewidevariationofdatatypeoptions
acrossthemajorRDBMSproducts.TodayANSI/ISOSQLstandardscoverrelational
datatypes,andthemajorvendorssupportallormostofthestandardtypes.However,
eachvendorhasitsown“extensions”tothestandards,largelyinsupportofdatatypesit

Figure2-7  Table definition of the Northwind Orders table (Microsoft Access 2007)
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developedbeforestandardsexisted,butalsotoaddfeaturesthatdifferentiateitsproduct
fromcompetitors’offerings.Onecouldsay(injest)thatthegreatestthingaboutdatabase
standardsisthattherearesomanytochoosefrom.Intermsofindustrystandardsfor
relationaldatabases,MicrosoftAccessisprobablytheleastcompliantofthemostpopular
products.Giventhemanylevelsofstandardscomplianceandallthevendorextensions,
theDBAmusthaveadetailedknowledgeofthedatatypesavailableontheparticular
DBMSthatisinusetodeploythedatabasesuccessfully.And,ofcourse,greatcaremust
betakenwhenconvertinglogicaldesignsfromonevendor’sproducttoanother’s.
Table2-1showsdatatypesfromdifferentRDBMSvendorsthatareroughlyequivalent.

Asalways,thedevilisinthedetails,meaningthatthesearenotidenticaldatatypes,merely
equivalent.Forexample,theVARCHARtypeinOraclecanbeupto4000charactersin
length(2000charactersinversionspriortoOracle8i),buttheequivalentMEMOtypein
MicrosoftAccesscanbeuptoagigabyteofcharacters(roughly1billioncharacters)!

Constraints
Aconstraintisaruleplacedonadatabaseobject(typicallyatableorcolumn)that
restrictstheallowabledatavaluesforthatdatabaseobjectinsomeway.Thesearemost
importantinrelationaldatabasesinthatconstraintsarethewayweimplementboththe
relationshipsandbusinessrulesspecifiedinthelogicaldesign.Eachconstraintisassigned
auniquenametopermitittobereferencedinerrormessagesandsubsequentdatabase
commands.ItisagoodhabitforDBAstosupplytheconstraintnamesbecausenames
generatedautomaticallybytheRDBMSareneververydescriptive.

DataType MicrosoftAccess MicrosoftSQLServer Oracle
Fixed-length  
character

TEXT CHAR CHAR

Variable-length  
character

MEMO VARCHAR VARCHAR

Long text MEMO TEXT CLOB or LONG 
(deprecated)

Integer INTEGER or  
LONG INTEGER

INTEGER or  
SMALLINT or TINYINT

NUMBER

Decimal NUMBER DECIMAL or NUMERIC NUMBER

Currency CURRENCY MONEY or SMALLMONEY None, use NUMBER

Date/time DATE/TIME DATETIME or SMALLDATETIME DATE or TIMESTAMP

Table2-1  Equivalent Data Types in Major RDBMS Products
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Primary Key Constraints
Aprimarykeyisacolumnorasetofcolumnsthatuniquelyidentifieseachrowinatable.
Auniqueidentifierintheconceptualdesignisthusimplementedasaprimarykeyinthe
logicaldesign.ThesmalliconthatlookslikeadoorkeytotheleftoftheOrderIDfield
nameinFigure2-7indicatesthatthiscolumnhasbeendefinedastheprimarykeyofthe
Orderstable.Whenyoudefineaprimarykey,theRDBMSimplementsitasaprimarykey
constrainttoguaranteethatnotworowsinthetablewilleverhaveduplicatevaluesinthe
primarykeycolumn(s).Notethatforprimarykeyscomposedofmultiplecolumns,each
columnbyitselfmayhaveduplicatevaluesinthetable,butthecombinationofthevalues
foralltheprimarykeycolumnsmustbeuniqueamongallrowsinthetable.
PrimarykeyconstraintsarenearlyalwaysimplementedbytheRDBMSusingan

index,whichisaspecialtypeofdatabaseobjectthatpermitsfastsearchesofcolumn
values.Asnewrowsareinsertedintothetable,theRDBMSautomaticallysearchesthe
indextomakesurethevaluefortheprimarykeyofthenewrowisnotalreadyinusein
thetable,rejectingtheinsertrequestifitis.Indexescanbesearchedmuchfasterthan
tables;therefore,theindexontheprimarykeyisessentialintablesofanysizesothatthe
searchforduplicatekeysoneveryinsertdoesn’tcreateaperformancebottleneck.

Referential Constraints
TounderstandhowtheRDBMSenforcesrelationshipsusingreferentialconstraints,you
mustfirstunderstandtheconceptofforeignkeys.Whenone-to-manyrelationshipsare
implementedintables,thecolumnorsetofcolumnsthatisstoredinthechildtable(the
tableonthe“many”sideoftherelationship),toassociateitwiththeparenttable(thetable
onthe“one”side),iscalledaforeignkey.Itgetsitsnamefromthecolumn(s)copiedfrom
another(foreign)table.IntheOrderstableshowninFigure2-6,theEmployeeIDcolumn
isaforeignkeytotheEmployeestable,andtheCustomerIDcolumnisaforeignkeyto
theCustomerstable.
Inmostrelationaldatabases,theforeignkeymusteitherbetheprimarykeyofthe

parenttableoracolumnorsetofcolumnsforwhichauniqueindexisdefined.Thisagain
isforefficiency.Mostpeoplepreferthattheforeignkeycolumn(s)havenamesidenticalto
thecorrespondingprimarykeycolumn(s),butagaintherearecounteropinions,especially
becauselike-namedcolumnsarealittlemoredifficulttouseinquerylanguages.Itisbest
tosetsomestandardsupfrontandstickwiththemthroughoutyourdatabaseproject.
Eachrelationshipbetweenentitiesintheconceptualdesignbecomesareferential

constraintinthelogicaldesign.Areferentialconstraint(sometimescalledareferential
integrityconstraint)isaconstraintthatenforcesarelationshipamongtablesinarelational
database.EnforcesmeansthattheRDBMSautomaticallycheckstoensurethateachforeign
keyvalueinachildtablealwayshasacorrespondingprimarykeyvalueintheparenttable.
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MicrosoftAccessprovidesanicefeatureforforeignkeycolumns,butittakesabit
ofgettingusedto.Whenyoudefineareferentialconstraint,youcandefineanautomatic
lookupoftheparenttablerows,aswasdonethroughouttheNorthwinddatabase.In
Figure2-7,thethirdcolumninthetableislistedasCustomerID.However,inFigure2-6,
youwillnoticethatthethirdcolumnoftheOrderstabledisplaysthecustomernameandis
listedasCustomer.IfyouclickintheCustomercolumnforoneoftherows,apull-down
menuappearstoallowtheselectionofavalidcustomer(fromtheCustomerstable)tobe
theparent(owner)oftheselectedOrderstablerow.Similarly,theEmployeeIDcolumn
ofthetabledisplaystheemployeename.Thisisaconvenientandeasyfeatureforthe
databaseuser,anditpreventsanonexistentcustomeroremployeefrombeingassociated
withanorder.However,ithidestheforeignkeyinsuchawaythatFigure2-6isn’tvery
usefulforillustratinghowreferentialconstraintsworkunderthecovers.Figure2-8lists
theOrderstablewiththelookupsremovedsoyoucanseetheactualforeignkeyvaluesin
theEmployeeIDandCustomerIDcolumns.
WhenweupdatetheOrderstable,asshowninFigure2-8,theRDBMSmustenforce

thereferentialconstraintswehavedefinedonthetable.Thebeautyofdatabaseconstraints

Figure2-8  Northwind Orders table (with foreign key values displayed)
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isthattheyareautomaticandthereforecannotbecircumventedunlesstheDBAremoves
ordisablesthem.
HerearetheparticulareventsthattheRDBMSmusthandlewhenenforcingreferential

constraints:

● Whenyoutrytoinsertanewrowintothechildtable,theinsertrequestisrejectedif
thecorrespondingparenttablerowdoesnotexist.Forexample,ifyouinsertarow
intotheOrderstablewithanEmployeeIDvalueof12345,theRDBMSmustcheck
theEmployeestabletoseeifarowforEmployeeID12345alreadyexists.Ifitdoesn’t
exist,theinsertrequestisrejected.

● Whenyoutrytoupdateaforeignkeyvalueinthechildtable,theupdaterequestis
rejectedifthenewvaluefortheforeignkeydoesnotalreadyexistintheparenttable.
Forexample,ifyouattempttochangetheEmployeeIDforOrder48from4to12345,
theRDBMSmustagainchecktheEmployeestabletoseeifarowforEmployeeID
12345alreadyexists.Ifitdoesn’texist,theupdaterequestisrejected.

● Whenyoutrytodeletearowfromaparenttable,andthatparentrowhasrelated
rowsinoneormorechildtables,eitherthechildtablerowsmustbedeletedalong
withtheparentroworthedeleterequestmustberejected.MostRDBMSsprovidethe
optionofautomaticallydeletingthechildrows,calledacascadingdelete.Atfirst,you
probablywonderedwhyanyonewouldeverwantautomaticdeletionofchildrows.
ConsidertheOrdersandOrderDetailstables.Ifanorderistobedeleted,whynot
deletetheorderandthelineitemsthatbelongtoitinoneeasystep?However,with
theEmployeetable,youclearlywouldnotwantthatoption.Ifyouattempttodelete
Employee4fromtheEmployeetable(perhapsbecausethepersonisnolongeran
employee),theRDBMSmustcheckforrowsassignedtoEmployeeID4intheOrders
tableandrejectthedeleterequestifanyarefound.Itwouldmakenobusinesssenseto
haveordersautomaticallydeletedwhenanemployeeleftthecompany.

Inmostrelationaldatabases,anSQLstatementisusedtodefineareferentialconstraint.
SQLisintroducedinChapter4.SQListhelanguageusedinRDBMSstocommunicate
withthedatabase.Manyvendorsalsoprovidegraphicaluserinterface(GUI)panelsfor
definingdatabaseobjectssuchasreferentialconstraints.InSQLServer,forexample,these
GUIpanelsarelocatedwithintheSQLServerManagementStudiotool,andinOracle,a
toolnamedSQLDeveloperhasthesecapabilities.ForMicrosoftAccess,Figure2-9shows
theRelationshipspanelthatisusedfordefiningreferentialconstraints.
Forsimplicity,onlytheOrderstableanditstwoparenttables,EmployeesandCustomers,

areshowninFigure2-9.Thereferentialconstraintsareshownasboldlineswiththenumeric
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symbol1neartheparenttable(the“one”side)andthemathematicalsymbolforinfinity
(asidewaysfigure8)nearthechildtable(the“many”side).Theseconstraintsaredefined
simplybydraggingthenameoftheprimarykeyintheparenttabletothenameoftheforeign
keyinthechildtable.Apop-upwindowisthenautomaticallydisplayedtoallow
thedefinitionofoptionsforthereferentialconstraint,asshowninFigure2-10.
AtthetopoftheEditRelationshipspanel,thetwotablenamesappearwiththeparent

tableontheleftandthechildtableontheright.Ifyouforgetwhichiswhich,the
RelationshipTypefieldatthebottomofthepanelshouldremindyou.Undereachtable

Figure2-9  Microsoft Access 2007 Relationships panel
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namearerowsforselectionofthecolumnnamesthatmakeuptheprimarykeyand
foreignkey.Figure2-10showstheprimarykeycolumnIDintheCustomerstable
andforeignkeycolumnCustomerIDintheOrderstable.Thecheckboxesprovide
someoptions:

● EnforceReferentialIntegrity Ifthisboxischecked,theconstraintisenforced;
uncheckingtheboxturnsoffconstraintenforcement.

● CascadeUpdateRelatedFields Ifthisboxischecked,anyupdatetotheprimary
keyvalueintheparenttablewillcauseautomaticcorrespondingupdatestotherelated
foreignkeyvalues.Anupdateofprimarykeyvaluesisararesituation.

● CascadeDeleteRelatedRecords Iftheboxischecked,adeleteofaparent
tablerowwillcausetheautomaticcascadingdeletionoftherelatedchildtable
rows.Thinkcarefullyhere.Therearetimeswhenyoushouldusethis,suchasthe
constraintbetweenOrdersandOrderDetails,andtimeswhentheoptioncanlead
tothedisastrousunwantedlossofdata,suchasdeletinganemployee(perhaps
accidentally)andhavingalltheordersthatemployeehandledautomaticallydeleted
fromthedatabase.

Intersection Tables
Thediscussionofmany-to-manyrelationshipsearlierinthischapterpointedoutthat
relationaldatabasescannotimplementtheserelationshipsdirectlyandthatanintersection
tableisformedtoestablishthem.Figure2-11showstheimplementationoftheOrder
DetailsintersectiontableinMicrosoftAccess.

Figure2-10  Microsoft Access 2007 Edit Relationships panel
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Themany-to-manyrelationshipbetweenordersandproductsintheconceptualdesign
becomesanintersectiontable(OrderDetails)inthelogicaldesign.Therelationshipis
thenimplementedastwo,one-to-manyrelationshipswiththeintersectiontableonthe
“many”sideofeach.TheprimarykeyoftheOrderDetailstablecouldbeformedusing
thecombinationofOrderIDandProductID,withOrderIDbeingaforeignkeyto
theOrderstableandProductIDbeingaforeignkeytotheProductstable.Inthiscase,
however,thedesignerchosetoaddasingleuniquekeyvalue,ID,astheprimarykeyof
theOrderDetailstable.Thisarrangementisknownasasurrogatekey,becausethe
so-callednaturalkeyhasbeenreplacedwithanotherone.Takeamomenttoexamine

Figure2-11  Order Details intersection table (Microsoft Access 2007)
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thecontentsoftheintersectiontableandthetworeferentialconstraints.Understanding
thisarrangementisfundamentaltounderstandinghowrelationaldatabaseswork.Hereare
somepointstoconsider:

● EachrowintheOrderDetailsintersectiontablebelongstotheintersectionofone
productandoneorder.ItwouldnotmakesensetoincludeProductNameinthistable
becausethatnameisthesameeverytimetheproductappearsonanorder.Also,it
wouldnotmakesensetoincludeCustomerIDinOrderDetailsbecausealllineitems
onthesameorderbelongtothesamecustomer.

● EachProductstablerowmayhavemanyrelatedOrderDetailsrows(oneforeach
orderlineitemonwhichtheproductwasordered),buteachOrderDetailsrowbelongs
tooneandonlyoneProductstablerow.

● EachOrderstablerowmayhavemanyrelatedOrderDetailsrows(oneforeachline
itemforthatparticularorder),buteachOrderDetailsrowbelongstooneandonlyone
Orderstablerow.

Integrity Constraints
Asmentioned,businessrulesfromtheconceptualdesignbecomeconstraintsinthelogical
design.Anintegrityconstraintisaconstraintthatpromotestheaccuracyofthedatain
thedatabase.Thekeybenefitisthattheseconstraintsareinvokedautomaticallybythe
RDBMSandcannotbecircumvented(unlessyouareaDBA)nomatterhowyouconnect
tothedatabase.ThemajortypesofintegrityconstraintsareNOTNULLconstraints,
CHECKconstraints,andconstraintsenforcedwithtriggers.

NOT NULL Constraints
Asyoudefinecolumnsindatabasetables,youhavetheoptionofspecifyingwhethernull
valuesarepermittedforthecolumn.Anullvalueinarelationaldatabaseisaspecialcode
thatcanbeplacedinacolumnthatindicatesthatthevalueforthatcolumninthatrowis
unknown.Anullvalueisnotthesameasablank,anemptystring,orazero—itisindeed
aspecialcodethathasnoothermeaninginthedatabase.
AuniformwaytotreatnullvaluesisspecifiedintheANSI/ISOSQLStandard.

However,therehasbeenmuchdebateovertheusefulnessoftheoptionbecausethe
databasecannottellyouwhythevalueisunknown.IfyouleavethevalueforJobTitle
nullintheNorthwindEmployeestable,forexample,youdon’tknowwhetheritisnull
becauseitistrulyunknown(youknowemployeesmusthaveatitle,butyoudonotknow
whatitis),itdoesn’tapply(perhapssomeemployeesdonotgettitles),oritisunassigned
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(theywillgetatitleeventually,buttheirmanagerhasn’tfiguredoutwhichtitletousejust
yet).Theotherdilemmaisthatnullvaluesarenotequaltoanything,includingothernull
values,whichintroducesthree-valuedlogicintodatabasesearches.Withnullsinuse,
asearchcanreturntheconditiontrue(thecolumnvaluematches),false(thecolumnvalue
doesnotmatch),orunknown(thecolumnvalueisnull).Thedeveloperswhowritethe
applicationprogramshavetohandlenullvaluesasaspecialcase.You’llseemoreabout
nullswhenSQLisintroducedinChapter4.
InMicrosoftAccess,theNOTNULLconstraintiscontrolledbytheRequiredoption

onthetabledesignpanel.Figure2-12showsthedefinitionoftheDiscountcolumnofthe
OrderDetailstable.Notethatthecolumnisrequired(thatis,itcannotbenull)becausethe
RequiredoptionissettoYes.InSQLdefinitionsoftables,yousimplyincludethekeyword
NULLorNOTNULLinthecolumndefinition.Watchoutfordefaults!InOracle,ifyouskip
thespecification,thedefaultisNULL,whichmeansthecolumnmaycontainnullvalues.

Figure2-12  Order Details table definition panel, Discount column
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ButinsomeimplementationsofDB2,MicrosoftSQLServer,andSybaseASE,itisjustthe
opposite:ifyouskipthespecification,thedefaultisNOTNULL,meaningthecolumnmay
notcontainnullvalues.

CHECK Constraints
ACHECKconstraintusesasimplelogicstatementtovalidateacolumnvalue.Theoutcome
ofthestatementmustbealogicaltrueorfalse,withanoutcomeoftrueallowingthecolumn
valuetobeplacedinthetable,andavalueoffalsecausingthecolumnvaluetoberejected
withanappropriateerrormessage.InFigure2-12,noticethat<=1And>=0appearsinthe
ValidationRuleoptionfortheDiscountcolumn.Thisrulepreventsdiscountsfrombeing
greaterthan100percent(inputas1.00)orlessthan0percent.Althoughthesyntaxofthe
optionwillvaryforotherdatabases,theconceptremainsthesame.InOracleSQL,itwould
bewrittenthisway:

CHECK(DISCOUNT<=1ANDDISCOUNT>=0)

Constraint Enforcement Using Triggers
Someconstraintsaretoocomplicatedtobeenforcedusingthedeclarations.Forexample,
thebusinessrulecontainedinFigure2-1(Customerswithoverdueamountsmaynotbook
neworders)fallsintothiscategorybecauseitinvolvesmorethanonetable.Weneedto
preventnewrowsfrombeingaddedtotheOrderstableiftheAccountReceivablerow
forthecustomerhasanoverdueamountthatisgreaterthanzero.Asmentioned,itmay
bebesttoimplementbusinessrulessuchasthisoneintheapplicationlogic.However,if
wewanttoaddaconstraintthatwillbeenforcednomatterhowthedatabaseisupdated,a
triggerwilldothejob.Atriggerisamoduleofprogramminglogicthat“fires”(executes)
whenaparticulareventinthedatabasetakesplace.Inthisexample,wewantthetriggerto
firewheneveranewrowisinsertedintotheOrderstable.Thetriggerobtainstheoverdue
amountforthecustomerfromtheAccountReceivabletable(orwhereverthecolumnis
physicallystored).Ifthisamountisgreaterthanzero,thetriggerwillraiseadatabaseerror
thatstopstheinsertrequestandcausesanappropriateerrormessagetobedisplayed.
InMicrosoftAccess,triggerscanbewrittenasmacrosusingtheMicrosoftVisual

BasicforApplications(VBA)language.SomeRDBMSsprovideaspeciallanguage
forwritingprogrammodulessuchastriggers:PL/SQLinOracleandTransactSQL
inMicrosoftSQLServerandSybaseASE.InotherRDBMSs,suchasDB2,ageneric
programminglanguagesuchasCmaybeused.
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Views
Aviewisastoreddatabasequerythatprovidesadatabaseuserwithacustomizedsubset
ofthedatafromoneormoretablesinthedatabase.Saidanotherway,aviewisavirtual
table,becauseitlookslikeatableandforthemostpartbehaveslikeatable,yetitstores
nodata(onlythedefiningqueryisstored).Theuserviewsformtheexternallayerinthe
ANSI/SPARCmodel.Duringlogicaldesign,eachviewiscreatedusinganappropriate
methodfortheparticulardatabase.InmanyRDBMSs,aviewisdefinedusingSQL.
InMicrosoftAccess,viewsarenotdirectlysupported.However,Accesssupportsan
equivalenttypeofobjectcalledaquerythatiscreatedusingtheQuerypanel.Figure2-13
showstheMicrosoftAccessdefinitionofasimpleviewthatlistsordersplacedby
customerswholiveinWashingtonstate.

Figure2-13  Microsoft Access 2007 view definition: list all orders for customers in 
Washington state
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TheviewinFigure2-13displaysonlytwocolumnsfromtheCustomerstablealong
withonlythreecolumnsfromtheOrderstable.Furthermore,theviewspecifiesthe
matching(joining)oftheCustomersandOrderstablesandfilterstherowssothatonly
ordersforWashingtonstatecustomersareincludedbyvirtueofthevalueintheCriteria
propertyfortheState/Provincecolumn(=‘WA’).WeexploretheMicrosoftAccessQuery
panelindetailinChapter3.Figure2-14showstheresultsofthequerywhenitisrun
againstthedatabase.AlthoughtwocustomersarelocatedinWashington,onlyoneof
themhasplacedorders,andonlytwosuchordersappearcurrentlyinthetable.
Viewsserveanumberofusefulfunctions:

● Hidingcolumnsthattheuserdoesnotneedtosee(orshouldnotbeallowedtosee)

● Hidingrowsfromtablesthatauserdoesnotneedtosee(orshouldnotbeallowedtosee)

● Hidingcomplexdatabaseoperationssuchastablejoins

● Improvingqueryperformance(insomeRDBMSs,suchasMicrosoftSQLServer)

Figure2-14  Results from running the query shown in Figure 2-13
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 Chapter 2 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Examplesofanentityare

 A Acustomer

 B Acustomerorder

 C Anemployee’spaycheck

 D Acustomer’sname

 2.Examplesofanattributeare

 A Anemployee

 B Anemployee’sname

 C Anemployee’spaycheck

 D Analphabeticallistingofemployees

 3.Whichofthefollowingdenotesthecardinalityof“zero,one,ormore”onarelationship
line?

 A Aperpendiculartickmarkneartheendofthelineandacrow’sfootatthelineend

 B Acircleneartheendofthelineandacrow’sfootattheendoftheline

 C Twoperpendiculartickmarksneartheendoftheline

 D Acircleandaperpendiculartickmarkneartheendoftheline

 4.Validtypesofrelationshipsinarelationaldatabaseare

 A One-to-many

 B None-to-many

 C Many-to-many

 D One-to-one

✓
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 5.Ifaproductcanbemanufacturedinmanyplants,andaplantcanmanufacturemany
products,thisisanexampleofwhichtypeofrelationship?

 A One-to-one

 B One-to-many

 C Many-to-many

 D Recursive

 6.Whichofthefollowingareexamplesofrecursiverelationships?

 A Anorganizationalunitmadeupofdepartments

 B Anemployeewhomanagesotheremployees

 C Anemployeewhomanagesadepartment

 D Anemployeewhohasmanydependents

 7.Examplesofabusinessruleare

 A Areferentialconstraintmustrefertotheprimarykeyoftheparenttable.

 B Anemployeemustbeatleast18yearsold.

 C Adatabasequeryeliminatescolumnsanemployeeshouldnotsee.

 D Employeesbelowpaygrade6arenotpermittedtomodifyorders.

 8.Arelationaltable

 A Iscomposedofrowsandcolumns

 B Mustbeassignedadatatype

 C Mustbeassignedauniquename

 D Istheprimaryunitofstorageintherelationalmodel

 9.Acolumninarelationaltable

 A Mustbeassignedadatatype

 B Mustbeassignedauniquenamewithinthetable

 C Isderivedfromanentityintheconceptualdesign

 D Isthesmallestnamedunitofstorageinarelationaldatabase
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 10.Adatatype

 A AssiststheDBMSinstoringdataefficiently

 B Providesasetofbehaviorsforacolumnthatassiststhedatabaseuser

 C Maybeselectedbasedonbusinessrulesforanattribute

 D Restrictscharactersallowedinadatabasecolumn

 11.Aprimarykeyconstraint

 A Mustreferenceoneormorecolumnsinasingletable

 B Mustbedefinedforeverydatabasetable

 C Isusuallyimplementedusinganindex

 D Guaranteesthatnotworowsinatablehaveduplicateprimarykeyvalues

 12.Areferentialconstraint

 A Musthaveprimarykeyandforeignkeycolumnsthathaveidenticalnames

 B Ensuresthataprimarykeydoesnothaveduplicatevaluesinatable

 C Definesamany-to-manyrelationshipbetweentwotables

 D Ensuresthataforeignkeyvaluealwaysreferstoanexistingprimarykeyvaluein
theparenttable

 13.Areferentialconstraintisdefined

 A UsingtheRelationshipspanelinMicrosoftAccess

 B UsingSQLinmostrelationaldatabases

 C Usingthereferentialdatatypefortheforeignkeycolumn(s)

 D Usingadatabasetrigger

 14.Majortypesofintegrityconstraintsare

 A CHECKconstraints

 B One-to-onerelationships

 C NOTNULLconstraints

 D Constraintsenforcedwithtriggers
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 15.____________tablesareusedtoresolvemany-to-manyrelationships.

 16.Anentityintheconceptualdesignbecomesa(n)____________inthelogicaldesign.

 17.Anattributeintheconceptualdesignbecomesa(n)____________inthelogicaldesign.

 18.ItemsintheexternalleveloftheANSI/SPARCmodelbecome____________inthe
logicalmodel.

 19.Arelationshipintheconceptualdesignbecomesa(n)____________inthelogical
design.

 20.Aprimarykeyconstraintisimplementedusinga(n)____________inthelogicaldesign.
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Chapter 3
Forms-based  
Database Queries 



 64 Databases:ABeginner’sGuide

KeySkills&Concepts
● QBE:TheRootsofForms-basedQueries

● GettingStartedinMicrosoftAccess

● TheMicrosoftAccessRelationshipsPanel

● CreatingQueriesinMicrosoftAccess

Withanodtowardthetheorythatsaysyoucannotdesignacarifyouhavenever
drivenone,thischapteroffersabrieftourofdatabasequeriesbeforedelvinginto

thedetailsofdatabasedesign.Thischapterprovidesanoverviewofformingandrunning
databasequeriesusingtheforms-basedquerytoolinMicrosoftAccess.Itisnotatallmy
intenttoprovideacomprehensiveguidetoMicrosoftAccess;IammerelyusingMicrosoft
Accessasavehicletopresentdatabasequeryconceptsthatwillprovideafoundation
forthedatabasedesigntheorythatfollowslaterinthisbook.However,Iwillattemptto
provideenoughbasicinformationaboutusingMicrosoftAccesstoallowyoutofollow
alongonyourowncomputerasyouexploreforms-basedqueries.

QBE: The Roots of Forms-based Queries
Aforms-basedquerylanguageusesaGUIpanelforthecreationofaquery.Thedatabase
userdefinesqueriesbyenteringsampledatavaluesdirectlyintoaquerytemplateto
representtheresultthatthedatabaseistoachieve.Analternativequerymethodusesa
command-basedquerylanguage,inwhichqueriesarewrittenastextcommands.SQLis
theubiquitouscommand-basedquerylanguageforrelationaldatabasesandisdiscussed
inChapter4.Theemphasiswithbothforms-basedandcommand-basedquerylanguages
isonwhattheresultshouldberatherthanhowtheresultsareachieved.Thedifference
betweenthetwoisinthewaytheuserdescribesthedesiredresult—similartothe
differencebetweenusingMicrosoftWindowsExplorertocopyafileversususingthe
MS-DOScopycommand(intheDOScommandwindow)todothesamething.
Thefirstwell-knownforms-basedquerytoolwasQueryByExample(QBE),which

wasdevelopedbyIBMinthe1970s.Personalcomputers,MicrosoftWindows,the
mouse,andmanyothermoderncomputingamenitieswereunheardofatthistime,but
theinterfacewasstillgraphicalinnature.Aformwasdisplayed,anddatabaseuserstyped
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sampledataandsimplecommandsinboxes,wheretodaytheywouldclickanonscreen
buttonusingamouse.SQL,alsoinitiallydevelopedbyIBM,wasnewinthe1970s.
Experiencehasshownusthatbothmethodsareusefultoknow.Forms-basedqueries

lendthemselveswelltoindividualswhoaremoreaccustomedtoGUIenvironmentsthan
totouch-typingcommands.However,databaseusersfamiliarwithcommandsyntax
andpossessingreasonabletypingskillscanentercommand-basedqueriesmorequickly
thantheirGUIequivalents,andcommand-basedqueriescanbedirectlyusedwithina
programminglanguagesuchasJavaorC.

Getting Started in Microsoft Access
ThequeriesusedinthischapterallfeaturetheNorthwindsampledatabaseavailablefrom
MicrosoftforusewithAccessorSQLServer.Youwillhavethebestlearningexperience
ifyoutrythequeriespresentedinthischapterasyouread.Obviously,thesampledatabase
isrequired,andyoushoulduseMicrosoftAccess2007becausesubstantialdifferences
existbetweenitanditspreviousversions,includingthesampledatabase.Fortunately,
you’llfinditrelativelysimpleeithertodownloadandinstalltheNorthwinddatabase(if
youalreadyhaveAccess2007installed)ortoconnecttoMicrosoftAccess2007remotely
usingMicrosoftOfficeOnline.JustfollowthestepsintheTryThisexerciseinChapter2
(ifyouhavenotalreadydoneso).Keepinmindthatitiseasytoupdatethedatabase
accidentallywhenusingMicrosoftAccess,andnosimple“undo”functionisavailable.

Q: Youhavementionedbothcommand-basedandforms-basedqueries.Itisnotclearto
mewhichoneIshouldfocusonlearning.

A: Whichoneyoulearnfirstdependsalotonwhatyouwanttodowiththedatabase,andyou
mayeventuallywanttoknowboth.Command-basedqueriesareessentialifyouwantto
embedtheminanotherprogramminglanguage(youcannotembedaforms-basedquery
inanotherlanguage).However,whenformingadhocqueries,humansgenerallypreferan
interactivepoint-and-clickGUIovertextcommandsthatrequiremoretyping.Inthe1970s,
IBMconductedacontrolledstudytodeterminewhetherQBEorSQLwaspreferredby
databaseusersoftheday.IBMlearnedthatmostuserspreferredtousethemethodthey
learnedfirst—humannature,itseems.

Ask the Expert
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However,ifthishappens,youcanjustdownloadthedatabaseagainandthenpickup
whereyouleftoff.
WhenyoulaunchMicrosoftAccess2007(whetherlocallyorusingMicrosoftOffice

Online),astartuppanelsimilartotheoneshowninFigure3-1isdisplayed.
IfyouhavealreadydownloadedandusedtheNorthwinddatabase,itshouldbelisted

undertheOpenRecentDatabaseheadingontherightsideofthepanel.Simplyclickthe
listedfilenametoopenthedatabase.Ifthedatabaseisnotlisted,youcandownloadit
byclickingSampleundertheFromMicrosoftOfficeOnlineheadingontheleftsideof
thepanel.ApanelsimilartotheoneshowninFigure3-2willbedisplayed.Clickthe
Northwind2007icontoselectit,andthenclicktheDownloadbuttoninthelower-right
cornerofthepanel.
YouwillknowthatyouhavesuccessfullyconnectedtotheNorthwinddatabasewhen

youseethemainMicrosoftAccess2007panelwiththeStartupScreentabforNorthwind
Tradersdisplayed,asshowninFigure3-3.Beforeweexploretheoptionsavailableon
thispanel,let’stidythingsupabit.Thesampledatabasecomeswithapplicationcode

Figure3-1  Microsoft Access 2007 startup panel
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(VisualBasicmacros)thatcannotberununtilyourespondtothesecuritywarningthatis
displayedonthepanel.Youcanfollowtheinstructionsonthescreentoenablethecontent
ifyouwish,butwewon’tbeusinganyoftheapplicationcontentinthischapter,soyou
canalsosimplyclosethemessagebyclickingtheClosebutton(theX)tothefarright
oftheSecurityWarningmessage.(DonotclicktheXattheupper-rightcornerofyour
screen;thatwillcloseMicrosoftAccessandyouwillhavetostartallover.)Youcanalso
closetheNorthwindTradersStartupScreen.Todoso,clicktheClosebuttontotheright
oftheStartupScreentab,orright-clickthetabandchooseClose.Tidyingupthepanel
shouldmaketheoptionsavailableonitthatmuchmoreapparent.

NOTE
Like most PC-based database tools, Access provides not only a database, but a 
complete programming environment that supports the creation of screens, reports, and 
application logic in the form of macros. The development of applications using Access is 
well beyond the scope of this book. This chapter focuses on those components that are 
directly related to defining data structures and managing the data stored in them.

Figure3-2  Microsoft Access 2007 sample database panel
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TheareaalongthetopofthepanelthatcontainsalltheoptionsyoucanuseinAccess
iscalledtheribbon.ThisuserinterfaceisnewwithOffice2007(andAccessispartofthe
Officesuiteofapplications)andisaradicaldeparturefrompreviousversionsthatused
aseriesofdrop-downmenus.Ifyouareaccustomedtousingtheoldinterface,ittakesa
whiletoadapttothisnewone.TheOfficebuttonintheupper-leftcornerprovidesoptions
commontoallMicrosoftOfficeapplications,suchasopeningandsavingfiles.Youcan
clickittogettoadrop-downmenuofoptions.Onthetoplineoftheribbon(totherightof
theOfficebutton)istheQuickAccessToolbar,whichhasoptionsforSave,Undo,Repeat
Typing,Print,PrintPreview,andOpenaFolder.Afinaloptionallowsyoutocustomize
thetoolbar.Theiconsarereasonablyintuitive,butyoucanallowyourcursorpointerto
hoverovereachoneforasecondortwoandseethenamesoftheoptions.Theseoptions
arealsocommontoallMicrosoftOffice2007applicationsand,asthenamesuggests,
provideaquickwaytogettooptionsaccessibleviatheOfficebutton.

Figure3-3  Microsoft Access 2007 main panel, Home ribbon
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DirectlybelowtheQuickAccessToolbararetabsforthemajorgroupingsofribbon
optionsavailablewithinAccess.Inpreviousversions,thesewereusedtoopendrop-
downmenus;inOffice2007,theyaretabsthatchangetheribbonofoptionsthatappears
immediatelybelow.Figure3-3showstheHomeribbon,forexample.ManyoftheHome
ribbonoptionsarerelatedtobuildingapplicationcomponentswithinAccess(forms,
reports,andsoforth),whicharebeyondthescopeofdatabasework.However,youwill
usetheViewoptionoften,becauseitallowsyoutoswitchbetweentheDesignView,
whichshowsthemetadatathatdefinesadatabaseobject,andtheDatasheetView,which
showsthedatathatisstoredinthedatabaseobjectinrowsandcolumns.
TheCreateribbon,showninFigure3-4,providesoptionsforcreatingtables,forms,

reports,andothertypesofobjects.Wewon’tbeusingformsorreports,becausetheseare
applicationprogrammingfunctionsratherthandatabasefunctions.Asyoucansee,the
Tablesgroupofoptionsallowsyoutocreaterelationaltablesusingvarioustools.The
Othergroupattherightsideoftheribboncontainsoptionsforqueries.Theseoptions
letyoucreate,run,andstoredatabasequeries,whichcloselyresemblewhatmostother
DBMSsandtheISO/ANSISQLstandardcallviews.
Figure3-5showstheExternalDataribbon,whichcontainsoptionsforimportingand

exportingtoandfromexternalsources,includingmostoftheotherOfficeapplications.
Whileyouwillfindtheseoptionsveryusefulinpractice,wewon’tneedthemforthistour
offeaturesbecauseweareusingasampledatabasethatisalreadypopulatedforus.
TheDatabaseToolsribbon,showninFigure3-6,containsvarioustoolsthatassistin

managingthedatabase.Themostimportantoftheseintermsofdatabasedesignisthe
Relationshipsoption,whichyouwillstudyinthenextsection.First,though,weneedto
coveranotherimportantnavigationfeatureinAccess.

Figure3-4  Access main panel, Create ribbon
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YoumighthavenoticedtheNavigationPanealongtheleftsideofthepanelswehave
examinedthusfar.ThisisanessentialfeatureofAccessbecauseitprovidesacommon
methodoforganizing,listing,andopening(accessing)theobjectsstoredinthedatabase.
Whenyouexpanditbyclickingthedoublearrowhead(thatpointstotheright),you’llsee
apanelsimilartowhatisshowninFigure3-7.
ThedefaultorganizationoftheNavigationPanecategorizestheobjectsbyareas

withintheNorthwindTradersapplication,whichisn’tallthatusefulfordatabasework.If
youright-clickthetopofthepane(wherethenameNorthwindTradersappears),andclick
CategoryandthenObjectType,theNavigationPanewillbeorganizedbydatabaseobject
type,asshowninFigure3-8.Youcanexpandanycategoryasneededtoviewthelist
ofobjectsinthatcategory,andofcourseminimizethecategoriesthatarenotofcurrent
interest.

Figure3-5  Access main panel, External Data ribbon

Figure3-6  Access main panel, Database Tools ribbon
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IfyouhaveusedolderversionsofAccess,thelistofobjecttypesshowninFigure3-8
shouldlookfamiliar,becauseitappearedonthemainpanelofthoseolderversions.
Briefly,thetypesshowncanbedefinedasfollows:

● Tables Relationaltables.Theseholdtheactualdatabasedatainrowsandcolumns.

● Queries Storeddatabasequeries.Thesearecalledviewsinnearlyallotherrelational
databases.

● Forms GUIformsfordataentryand/ordisplaywithinMicrosoftAccess.

● Reports Reportsbasedondatabasequeries.

Figure3-7  Access main panel with expanded Navigation Pane
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● Macros Setsofactionsthateachperformaparticularoperation,suchasopeninga
formorprintingareport.

● Modules CollectionsofVisualBasicprogramminglanguagecomponentsthatare
storedasaunit.

Asnotedearlier,MicrosoftAccessisnotonlyadatabase,butalsoacomplete
developmentenvironmentforbuildingandrunningapplications.Theenterprise-class
databaseproductsthatusuallyrunonlarger,sharedcomputersystemscalledservers
typicallydonotcomewithapplication-developmentenvironments.Learningtobuild
applicationprogramsiswelloutsidethescopeofthisbook,sowewillnotdealwiththe
Forms,Reports,Macros,andModulestypesatall.WewillfocusonlyontheTablesand
QueriestypesinMicrosoftAccess.

Figure3-8  Navigation Pane organized by object type
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Maintenanceoftheobjectsinthedatabasecanbeperformedfromthispanel,
includingthefollowingtasks:

● Toaddanewobject,usetheCreateribbonandclicktheappropriateicon.For
example,youcancreateanewtablebyclickingtheTableorTableDesignicononthe
Createribbon.

● Todeleteanexistingobject,right-clickitsnameintheNavigationPaneandchoose
theDeleteoption.

● Toopenanobject,double-clickitsnameintheNavigationPane.

● Todisplaythedefinition(design)ofanobject,right-clickitsnameintheNavigation
PaneandchoosetheDesignViewoption.

The Microsoft Access Relationships Panel
MicrosoftAccessprovidestheRelationshipspanel,showninFigure3-9,forthedefinition
andmaintenanceofreferentialconstraintsbetweentherelationaltables.Todisplaythis
panel,clicktheEditRelationshipsoptionontheDatabaseToolsribbon.

NOTE
If you are following along with your own copy of the Northwind database, the panel 
will show a lot more tables and relationships. I simplified and reorganized my copy to 
make Figure 3-9 more understandable for the reader. You may also notice the Manager 
ID column in the Employees table in the figure, which I added to illustrate a recursive 
relationship, which is covered later in this chapter.

TheRelationshipspanelgraphicallydisplaystables,shownasrectangles,andone-
to-manyrelationships,shownaslinesbetweentherectangles.Technically,theseare
referentialconstraints(relationshipsbeingonlyaconceptualterm),butbecauseMicrosoft
callsthemrelationshipsonthispanel,Iwillalsousethistermforconsistency.Thesymbol
1showsthe“one”sideofeachrelationship,whereastheinfinitysymbol(similartothe
number8layingonitsside)showsthe“many”sideofeachrelationship.Youmayalso
noticeanarrowheadontheendofsomeofthelines,whichdenoterelationshipsthathave
alookup(asdiscussedinChapter2)defined.
Therelationshipscanbemaintainedasfollows:

● Toaddtablesthatarenotdisplayed,clicktheShowTableicon(thetableandabold
yellowplussign)ontheribbon,andselectthetablesfromthepop-upwindow.
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● Toremoveatablefromthedisplay,clickitsothatitisselectedandthenpressDELETE.
Notethatthisdoesnotdeletethetableoranyrelationshipsinwhichthetable
participates;itmerelyremovesthetablefromthepanel.

● Toaddarelationship,dragtheprimarykeyinonetabletothematchingforeignkey
inanother.Forrecursiverelationships,thetablemustbeaddedtothedisplayasecond
time,andtherelationshipmustbecreatedbetweenonedisplayedcopyofthetableand
theother.Thislooksoddatfirst,butitservestofacilitatethedrag-and-dropmethod
ofcreatingtherelationship.Atableshownmultipletimesonthepanelstillexistsonly
onetimeinthedatabase.

Figure3-9  The Microsoft Access Relationships panel
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● Todeletearelationship,clickthenarrowpart(themiddlesection)ofitslineandpress
DELETE.SelectingrelationshipscanbetrickyinMicrosoftAccessbecauseclicking
onlythenarrowpartofthelinewillwork,andyoumighthavetostretchshortlinesby
movingatableonthepaneltoexposethenarrowpartoftheline.

● Toeditarelationship,double-clickthenarrowpartofitsline.Apop-upwindow
canbeusedtochangevariousoptionsabouttherelationship,includingtoggling
enforcementoftherelationshipasareferentialconstraintonandoff(thatis,enabling
anddisablingtheconstraint).Whenaconstraintisdisabled,theDBMSwillnot
preventinserts,updates,anddeletesfromcreating“orphan”foreignkeyvalues
(foreignkeyvaluesthathavenomatchingprimarykeyvaluesintheparenttable).
TheDBMSwillnot,however,permitaconstrainttobeenablediforphanforeignkey
valuesexistinthechildtable.

ToclosetheRelationshipspanel,youcaneitherclicktheClosebutton(X)atthe
upper-rightcornerofthepanelorright-clicktheRelationshipstabandchooseClose.

The Microsoft Access Table Design View
Atablecanbeselectedbydouble-clickingitsnameontheNavigationPane.Thedefault
display,calledtheDatasheetView,isshowninFigure3-10.Thedatainthetableis
displayedinthefamiliartabularform,andthedatacanbeupdatedifdesired,including
theinsertionanddeletionofrows.Becareful,becausethereisnoundofeature—onceyou
movethecursorfromonerowtoanother,anychangesyouhavemadecannotbeeasily
reversed.
YoucangettotheDesignView,whichshowsthedefinitionofthetable,intwoways.

Youcanright-clickthetabwiththenameofthetableandchooseDesignView.Oryou
canselecttheHomeribbon(ifnotalreadyselected),clicktheViewicon,andchoosethe
DesignViewoption.Figure3-11showstheDesignViewfortheEmployeestable.
TheDesignViewforatabledisplaysinformationsuchasthefollowing:

● FieldName Thenameofthecolumn.

● DataType Thedatatypeforthecolumn.

● Description Adescriptionofthecolumn,typicallyprovidedbyaDBA.

● FieldSize Asubtypewithinthedatatype.Forexample,LongIntegerandShort
IntegerapplytothemoregeneralNumberdatatype.
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● Required Indicateswhetherthecolumnisoptional(thatis,whetheritmayhave
nullvalues).

● Indexed Indicateswhetherthecolumnhasanindex.

● PrimaryKey Denotedwithasmallkeyiconnexttothefieldname(ornames)that
makeuptheprimarykey.

Hopefully,yourecognizedthateverythingonthispanelismetadata.Manymore
optionsareavailablebutnotnotedhere,andMicrosoftAccessisverycleverabouthiding
andexposingoptionssothatonlytheapplicableonesaredisplayed.Noticethathelptext
automaticallydisplaysintheblueareainthelower-rightcornerofthepanelasyoumove
thecursorfromoneoptiontoanother.

Figure3-10  Datasheet View (Employees table)
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Creating Queries in Microsoft Access
Asmentioned,MicrosoftAccessqueriescloselyresemblewhatmostDBMSscallviews,
becauseaviewisdefinedintheSQLstandardasastoreddatabasequery.Akeysimilarity
isthatAccessqueries,likeviews,donotstoreanydata;instead,thedataisstoredinthe
tables.However,Accessquerieshavesomecapabilitiesnotfoundinviews,suchasthe
abilitytotailoraquerytoperforminsertstoorupdatesofdatarowsinthedatabase.On
theNavigationPane,expandingtheQueriescategorylistsallthequeriesstoredinthis
database,asshowninFigure3-12.
AlthoughMicrosoftAccessoffersseveralwaystocreateanewquery,theQuery

Designoptionistheeasiestforbeginnerstounderstand.WhenyouclicktheQueryDesign
icon(intheOtherareaoftheCreateribbon),AccessdisplaystheShowTabledialogbox,
asshowninFigure3-13.

Figure3-11  Design View (Employees table)
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Foreverynewquery,AccessopenstheShowTabledialogboxtoallowyoutoselect
thetablesand/orqueriesonwhichthequerywillbebased(thatis,thetablesorqueriesthat
aretobethesourceofthedatathatwillbedisplayed).Astablesandqueriesareadded,they
appearontheQueryDesignpanel,whichallowsfortheentryofthespecificationforthe
desiredquery.Figure3-14showstheQueryDesignpanelwiththeCustomerstableadded.
TheQueryDesignpanelhasthefollowingcomponents:

● Intheopenareaatthetopofthepanel(lightbluebackground),agraphicalrepresentation
ofthequery’ssourcetables,queries,andtheirrelationshipsforthequeryareshown.Any
relationshipsdefinedforthetablesareautomaticallyinheritedhere.

Figure3-12  Northwind database Queries listing

Figure3-13  Show Table dialog box
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● Inthegridareainthelowerpartofthepanel,eachcolumnrepresentsacolumnofdata
thatistobereturnedintheresultsetwhenthequeryisexecuted.Rowsinthegridarea
definevariousoptionstobeappliedtothecorrespondingcolumns.Usageexamples
areprovidedinthesectionsthatfollow:

● Field Thespecificationforthesourceofthecolumn.Thisisnormallyatable
orquerycolumnname,butitcanalsobeaconstantoranexpressionsimilarto
calculationsusedinspreadsheets.

● Table Thesourcetableorquerynameforthecolumn.

● Sort Thespecificationforanysortsequencingforthecolumn(Ascending,
Descending,orNone).

● Show Acheckboxthatcontrolsdisplayofthecolumn.Iftheboxisnotchecked,
thecolumncanbeusedinformingthequerybutdoesnotappearinthequeryresults.

● Criteria Thespecificationthatdetermineswhichrowsofdataaretoappearin
thequeryresults.Allconditionsplacedonthesamelinemustbemetforarowof
datatobedisplayedinthequeryresults.Conditionsplacedonsubsequentlines
(labeled“or”onthepanel)arealternativesetsofconditionsthatwillalsocause

Figure3-14  Query Design panel (with Customers table added)
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amatchingdatarowtobedisplayedintheresults.Theusageofthesewillnot
likelymakesenseuntilyouseetheexamplesthatfollow,butinshort,conditions
placedononelineareconnectedwithalogicalANDoperator,andeachnewline
ofcriteriaisconnectedusingalogicalORoperatorwithalltheotherlines.Said
anotherway,anyrowthatmatchesthespecificationsthatappearonanyoneofthe
criterialineswillbedisplayedinthequeryresults.

TheCriteriaentryisthemostcomplicatedandthusrequiresabitmoreexplanation.
Conditionsareusuallywrittenusingacomparisonoperatorandoneormoredatavalues.
However,theequalto(=)operatormaybeomitted.Forexample,ifyouwanttoselectonly
rowsinwhichacolumnvalueisequalto0,youcanenter=0orjust0.Charactervaluesare
enclosedineithersingleordoublequotes,butifyouleavethemout,Accesswillassume
theyaretherebasedonthedatatypeofthecolumn.Forexample,ifyouwanttoselectonly
rowscontainingacolumnvalueofM,youcanentertheconditioninanyofthefollowing
ways:M,‘M’,“M”,=M,=‘M’,or=“M”.Whenyouenterdates,youmightnoticethat
Accessdelimitsdatevaluesusingthepoundsign(#),butyouneednotworryaboutdoing
soyourself.Asyoumightguess,youcanuseothercomparisonoperationsinadditionto
equalto(=).Thefollowingtableshowsallthesupportedcomparisonoperators:

Operator Description
= Equal to

< Less than

<= Less than or equal to

> Greater than

>= Greater than or equal to

<> Not equal to

Oncethespecificationiscomplete,clickingtheRunicon(theexclamationpoint)runs
thequeryanddisplaystheresultsusingtheDatasheetViewliketheoneshowninFigure
3-10.TogobacktotheQueryDesignpanel,simplyclicktheDesignViewicon(theruler,
pencil,andtriangleiconintheViewsgroupoftheHomeribbon).Formostqueries,data
updatescanbeentereddirectlyintheDatasheetViewtable,andtheyareapplieddirectly
tothesourcetablesforthequery.Ifacolumninthequeryresultscannotbemappedtoa
singletablecolumn—perhapsbecauseitwascalculatedinsomeway—thenitcannotbe
updatedinthequeryresults.
Ifallthisseemsconfusing,that’sbecausethebestwaytolearnhowtocreatequeries

inMicrosoftAccessisbytryingthemforyourself.Therefore,theremainderofthis
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TryThis3-1

chapterwilluseaseriesofTryThisexercisestodemonstratethepowerfulfeaturesof
theMicrosoftAccessQueriestool.Toreducetheamountofworkrequiredtocomplete
eachone,theseexercisesbuildononeanother.Eachexerciseoffersadescriptionofthe
resultdesiredandthestepsrequiredtocreatethespecificationforthequeryontheQuery
Designpanel.Thisisfollowedbyafigurecontainingtwoscreenshots,thefirstshowing
thecompletedQueryDesignpanelandtheothershowingtheresultswhenthequeryis
executed.

 List All Customers
InthisTryThisexercise,youwillsimplylisttheentireCustomerstable(allrowsand
allcolumns).

Step by Step
 1.OntheCreateribbon,clickQueryDesign.

 2.PerformthefollowingactionsintheShowTabledialogbox:

 a. ClickCustomerstoselecttheCustomerstable.

 b. ClicktheAddbutton.

 c. ClicktheClosebutton.

 3.OntheQueryDesignpanel,double-clicktheasteriskintheCustomerstabletemplate
(nearthetopofthepanel).

 4.ClicktheRuniconontheribbon(theexclamationpoint)torunyourquery.The
completedpanelisshownatthetopofFigure3-15withthequeryresultsshownbelow.

 5.Togetreadyforthenextexercise,dothefollowingonthequeryresultspanel(bottom
ofFigure3-15):

 a. ReturntotheQueryDesignpanelbyclickingtheViewicon(thetriangle,ruler,
andpencil)justbelowtheOfficebutton.

 b. OntheQueryDesignpanel(topofFigure3-15),cleartheexistingquery
specificationbyclickingtheslimgraystripjustabovethefieldnameCustomers*
(whichchangestheentirecolumntoablackbackground).ThenpressDELETEto
removethecolumn.

(continued)
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TryThis3-2 Choose Columns to Display
Insteadofdisplayingallcolumns,hereyou’llspecifyonlytheonesthatyouwanttosee.
YouwilllisttheID,Company(companyname),City,State/Province,andCountry/Region
columnsforallcustomers(allrowsintheCustomerstable).

Step by Step
 1.YoushouldalreadyhavetheQueryDesignpanelopenwiththeCustomerstableadded

tothequery.

Figure3-15  Try This 3-1 (List All Customers), query design (top) and query results (bottom)
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 2.Foreachdesiredcolumn(ID,Company,City,State/Province,andCountry/Region),
double-clickthecolumnnameinthetableshownatthetopoftheform.Analternative
methodistodrag-and-dropthecolumnnamefromthetableshownatthetopofthe
formtothegridinthelowerpartoftheform.

 3.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-16withthequeryresultsshownbelow.

 4.Togetreadyforthenextexercise,returntotheQueryDesignpanelbyclickingthe
Viewicon(thetriangle,ruler,andpencil)justbelowtheOfficebutton.

Figure3-16  Try This 3-2 (Choose Columns to Display), query design (top) and query  
results (bottom)
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TryThis3-3 Sorting Results
InanyRDBMS,rowsarereturnedinnoparticularorderunlessyourequestotherwise.
MicrosoftAccessusestheSortspecificationtodeterminetheorderinwhichrows
arereturnedinqueryresults.YouwillmodifyTryThis3-2sothatrowsaresortedin
ascendingorderbyCity,State/Province,andCountry/Region.

Step by Step
 1.YoushouldalreadyhavetheQueryDesignpanelopenwiththequeryyoucreatedin

TryThis3-2displayed.

 2.OntheSortrowintheCitycolumn,clickintheblankspaceandselectAscendingfrom
thepull-downlist(seeFigure3-17).

 3.DothesamefortheState/Provincecolumn.AsimplealternativemethodistotypeA
(forascending)inthesortspecificationandpressENTER.

 4.DothesamefortheCountry/Regioncolumn.

 5.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-17withthequeryresultsshownbelow.

 6.Togetreadyforthenextexercise,returntotheQueryDesignpanelbyclickingthe
Viewicon(thetriangle,ruler,andpencil)justbelowtheOfficebutton.
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TryThis3-4 Advanced Sorting
LookingattheresultsofTryThis3-3,youcanseethatallthecitiesarelistedinascending
sequenceandthatsortingbyState/ProvinceandthenbyCountry/Regionhadlittle
effectandwouldmatteronlyiftwocitieswiththesamenameexistedindifferentstates/
provincesandcountries/regions.Spokenlanguagenotalwaysbeinglogicallyprecise,
thisisunlikelytobewhatweintendedwhenwesaidwewantedthedatasortedbyCity,

Figure3-17 Try This 3-3 (Sorting Results), query design (top) and query results (bottom)

(continued)
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State/Province,andCountry/Region.Instead,welikelywantedalltherowsforaCountry/
Regiontobetogether,andforeachCountry/Region,alltherowsinaState/Provinceto
betogether,andforeachState/Province,allthecitiestobelistedinascendingsequence
byname.IfwehadsaidsortbyCitywithinState/ProvincewithinCountry/Region,our
intentwouldhavebeenclearer.NowweneedawaytosortbyCountry/Regionfirst,
State/Provincesecond,andCitylast,butCityisdisplayedbeforeState/Province,and
State/ProvincebeforeCountry/Region.MicrosoftAccesssortingworksonthecolumns
inthequeryfromlefttoright.Howcanweaccomplishourgoal?WecanplacetheState/
ProvinceandCitycolumnsinthequeryasecondtime,usethesecondcopiesforsorting,
butomitthemfromthequeryresultsusingtheShowcheckbox.
InthisTryThisexercise,youmodifyTryThis3-3sothatrowsaresortedasdiscussed.

Step by Step
 1.YoushouldalreadyhavetheQueryDesignpanelopenwiththequeryyoucreatedin

TryThis3-3displayed.

 2.RemovethesortspecificationsontheexistingCitycolumnbydoingthefollowing:

 a. ClickintheSortrowofthequeryspecificationforthecolumn.

 b. Clickthedownward-facingarrowtodisplaythepull-downmenu.

 c. Selectthe(NotSorted)optionfromthelist.

 3.DothesamefortheState/Provincecolumn.

 4.AddtheState/Provincecolumntothequeryspecificationasecondtimebydouble-
clickingitsnameintheCustomerstable.

 5.DothesamefortheCitycolumn.

 6.AddtheascendingsortspecificationtotheState/ProvinceandCitycolumnsthatyou
justadded(theonestotherightoftheCountry/Regioncolumn).

 7.RemovethecheckmarkintheShowrowfortheState/ProvinceandCitycolumnsthat
youjustadded.Thiswillpreventthedatainthemfromdisplayingasecondtimein
yourqueryresults.

 8.Sincethisexerciseisabitcomplicated,IsuggestyoucompareyourQueryDesign
panelwiththeoneshowninFigure3-18tomakesureyoudideverythingcorrectly.
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 9.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-18withthequeryresultsshownbelow.Notethatmostlanguages
arereadfromlefttoright,sowenaturallyexpecttabularlistingstobesortedmoving
fromlefttoright,startingwiththeleftmostcolumn.Itisunusual,andperhapspoor
humanengineering,tosortcolumnsanotherway.Butshouldyoueverneedtodoso,
younowknowhow.

 10.Togetreadyforthenextexercise,dothefollowing:

 a. ReturntotheQueryDesignpanelbyclickingtheViewicon(thetriangle,ruler,
andpencil)justbelowtheOfficebutton.

 b. TosimplifytheupcomingTryThisexercises,putthequeryspecificationbackto
thewayitwasattheendofTryThis3-3.

Figure3-18 Try This 3-4 (Advanced Sorting), query design (top) and query results (bottom)

(continued)
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TryThis3-5

 c. RemovetheadditionalState/ProvinceandCountry/Regionscolumnsyouaddedto
thesortspecificationbyclickingtheslimgraystripabovethefieldname(which
changestheentirecolumntoablackbackground)andpressingDELETEtoremove
thecolumn.

 d. AddtheAscendingsortspecificationtotheremainingCityandState/Province
columnsbyclickingintheSortrowforeach,typingtheletterA,andpressing
ENTER.ThisshouldaddAscendingtoeachcolumn.

 Choosing Rows to Display
Thusfaryouhavebeendisplayingall26rowsintheCustomerstableineveryquery.If
youdonotwanttoseealltherows,displayingthemcouldbeconfusing,anditiswasteful
ofsystemresources,especiallyifyouaresortingthem.Supposeyouwanttoseerows
onlyforcustomersinSanFrancisco,CA.YoucanaddconditionsusingtheCriterialine
ontheQueryDesignpaneltofiltertherowssothatonlythoseyouwantareincluded.You
shouldrecallthatforarowtobedisplayedintheresults,alltheconditionsonatleastone
oftheCriterialinesneedstoevaluatetoTrue.Inthiscase,Northwindhascustomersin
bothSanFranciscoandLosAngeles,soitisimportanttoincludeconditionsnotonlyfor
thestate,butalsoforthecity.(OnecouldarguethattheconditionontheState/Province
columnisunnecessarybecausenootherstateshaveacitynamedSanFrancisco,butit
isfarbetterwhenwritingdatabasequeriestoincludeadditionalconditionsbecausethey
oftenhelptheDBMSprocessthequerymoreefficiently;plustheyavoidunnecessary
surprises,shouldthequerybereusedlaterforanotherpurpose,suchasselectingacitythat
doesnothaveauniquename.)
Inthisexercise,youmodifythequeryspecificationfromTryThis3-3tofilterthe

resultstoincludeonlycustomersfromSanFrancisco.

Step by Step
 1.YoushouldbestartingwithaqueryspecificationmatchingtheoneshowninFigure3-17.

 2.OntheCriteriarowintheCitycolumn,typeSanFrancisco.NotethatMicrosoft
Accesspaysnoattentiontothecasewhenselectingdatainqueries,soyoucanalso
enterSANFRANCISCOorsanfranciscoandachievethesameresult.Notethat
characterconstantsusedinanRDBMSarenormallyenclosedinquotationmarks.
However,MicrosoftAccessknowsthattheCitycolumnhasacharacterdatatype,soit
willaddthequotesautomatically,shouldyouleavethemout.
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 3.Onthesamerow,typeCAintheState/Provincecolumn.Itisimportanttoenterthe
CityandState/Provincecriteriaonthesamelinebecauseyouwantrowsreturnedonly
wheretheCityisSanFranciscoandtheState/ProvinceisCA.

 4.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-19withthequeryresultsshownbelow.

 5.Togetreadyforthenextexercise,simplyreturntotheQueryDesignpanelbyclicking
theViewiconjustbelowtheOfficebutton.

Figure3-19 Try This 3-5 (Choosing Rows to Display), query design (top) and query results 
(bottom)
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TryThis3-6 Compound Row Selection
SupposeyounowwanttoselectallcustomersinthestateofWashingtoninadditionto
thoseinSanFrancisco.YoumustaddthenewcriteriaonadifferentlineoftheQuery
Designpanel.
InthisTryThisexercise,youmodifyTryThis3-5toincludetheadditionalcustomers.

Step by Step
 1.YoushouldbestartingwiththequeryspecificationfromTryThis3-5,asshownin

Figure3-19.

 2.OntheOrrow,enterWAintheState/Provincecolumn.Notethatforarowtoappear
inthequeryresults,itmusthaveavalueofeitherCAorWAintheState/Province
column,andifthestateisCA,itmustalsohaveavalueofSanFranciscointheCity
column.CriteriaonthesamelineareconnectedwithalogicalANDwhilethecriteria
linesthemselvesareconnectedwithalogicalOR.

 3.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-20withthequeryresultsshownbelow.

 4.Togetreadyforthenextexercise,simplyreturntotheQueryDesignpanelbyclicking
theViewiconjustbelowtheOfficebutton.
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TryThis3-7 Using Not Equal
Thusfarwehavelookedatsearchcriteriathatassumestheequalto(=)comparison
operator.However,severalothercomparisonoperatorscanbeused,asshownearlierin
thischapter.Suppose,forexample,youwanttolistallthecustomerswhoareinneither
California(CA)norWashington(WA).Theeasiestwaytodothisistousethenotequalto
(<>)operator.

Figure3-20 Try This 3-6 (Compound Row Selection), query design (top) and query results 
(bottom)

(continued)
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Asqueriesbecomemorecomplex,you’lloftenfindthatyoucanwritethesame
queryspecificationinmultipleways,andthatisthecasehere.Onewayistotype<>CA
AND<>WAinasingleState/Provincecolumn.AnotherwayistoaddtheState/Province
columntothequeryasecondtime,uncheckingtheShowboxlikeyoudidinTryThis3-4,
andtyping<>CAinoneoftheState/Provincecolumnsand<>WAonthesameCriteria
rowintheotherState/Provincecolumn.
Inthisexercise,youwillmodifythequeryfromTryThis3-6tofindallthecustomers

whoareinneitherCalifornia(CA)norWashington(WA).

Step by Step
 1.YoushouldbestartingwithaqueryspecificationmatchingtheoneshowninFigure3-20.

 2.ClearalltheexistingconditionsontheCriterialinesbyselectingeachone(dragging
yourcursoroverthemwhileyouholddowntheleftbuttononyourmouseorother
pointingdevice)andthenpressingDELETE.

 3.OnoneoftheCriteriarowsintheState/Provincecolumn,enterthiscondition:<>CA
AND<>WA.NotethatAccessmayreformatitsomewhatifyouselectsomethingelse
ontheQueryDesignpanel,buttheresultwillstillbelogicallythesame.

 4.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-21withthequeryresultsshownbelow.

 5.Togetreadyforthenextexercise,dothefollowing:

 a. ReturntotheQueryDesignpanelbyclickingtheViewiconjustbelowtheOffice
button.

 b. ClicktheCustomerstableatthetopoftheQueryDesignpanel(therectanglethat
showsthetablenamealongwithalistingofsomeofthecolumnnames)andthen
pressDELETE.Thiswillclearouttheformsoitcontainsnotables,columns,orcriteria.
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Figure3-21 Try This 3-7 (Using Not Equal), query design (top) and query results (bottom)
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TryThis3-8 Joining Tables
Inthisexercise,youwanttodisplaythreecolumnsfromtheCustomerstablealong
withthreecolumnsfromtheOrderstableforeachorderthecustomerhasplacedwith
Northwind.Inrelationaldatabases,combiningdatafrommorethanonetableiscalled
joining.Becausetherelationshipbetweenordersandcustomersisone-to-many,whenever
acustomerhasmultipleorders,thesameinformationaboutthecustomerwillberepeated
inthequeryresultsforeachrowreturned.
Understandingjoinsisessentialtounderstandingrelationaldatabases.Justasone-

to-manyrelationships(implementedinthedatabaseasreferentialconstraints)arethe
fundamentalbuildingblocksforrelationaldatabases,joinsarethefundamentalbuilding
blocksforrelationaldatabasequeries.

Step by Step
 1.YoushouldbestartingwithanemptyQueryDesignpanel(notables,columns,criteria,

andsoon,aredisplayed).Ifthisisnotthecase,select(click)eachtableshownand
pressDELETEtoremoveitfromthequery.

Q: InTryThis3-7,youtyped<>CAAND<>WAwhenselectingallthecustomerswho
wereneitherinCalifornianorWashington.Isn’tORthecorrectlogicaloperatorhere?

A: UsingORinthiscaseisabsolutelyincorrect!Whenyou’refirststartingoutwriting
databasequeries,itmightseemoddtousetheANDlogicaloperatorhere,butifyouused
ORinstead,you’dendupselectingeveryrowintheCustomerstable(exceptthosewith
aNULLvalueintheState/Provincecolumn).Here’swhy.Ifthecriteriawere<>CAOR
<>WA,thenalltheWashingtonrowswouldbeselectedbecauseWAisnotequaltoCA(the
conditionontheleftsideoftheORwouldevaluatetoTrue),alltheCaliforniarowswould
beselectedbecauseCAisnotequaltoWA(theconditionontherightsideoftheORwould
evaluatetoTrue),andallotherrowswithanon-nullState/Provincevaluewouldbeselected
becausetheconditionsonbothsidesoftheORwouldevaluatetoTrue.

Ask the Expert
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 2.ClicktheShowTableicon(withtheyellowplussign)todisplaytheShowTabledialog
box,liketheoneshowninFigure3-13.

 3.SelectthenameoftheCustomerstable,andthenclickAddtoaddittothequery.

 4.DothesamefortheOrderstable,andthenclosetheAddTabledialogbox.Noticethe
lineconnectingthetwotablesontheQueryDesignpanel.ThistellsyouthatAccess
alreadyknowshowtomatchuprowsinthesetwotables(foreignkeyCustomerID
intheOrderstablematchedtoprimarykeyIDintheCustomerstable)basedonthe
metadatasuppliedbythedatabasedesignerontheRelationshipspanel.Inotherwords,
thisqueryinheritedtherelationshipbetweenthetwotablesfromtheonespecifiedata
muchearliertimeontheRelationshipspanel.Ifthejoinconditionwerenotincluded,
youwouldgetaCartesianproductasaresult(everyrowinonetablecombinedwith
everyrowintheother—theproductofmultiplyingthetwotablestogether)unless
youaddedtheconditionbydraggingyourpointerfromtheforeignkeycolumntothe
primarykeycolumn(themethodinAccessformanuallyaddingajoincondition).
Youclearlydonotwantyourqueryresultstolooklikeeverycustomerplacedevery
singleorder,soMicrosoftAccesshashelpedyoudotherightthingbyautomatically
inheritingthejoincondition.

 5.IntheCustomerstable,double-clicktheID,Company,City,andState/Province
columnstoaddthemtothequeryspecification.

 6.IntheOrderstable,double-clickOrderDate,ShippedDate,andShippingFeetoadd
thesecolumnstothequeryspecification.Noticethatyoudon’thavetoselectthe
CustomerIDcolumneventhoughthejoincriteriawilluseittofindthematchingrow
intheCustomerstable.

 7.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-22withthequeryresultsshownbelow.Notetherecordcountatthe
bottomofthequeryresults.Eventhoughonly29customersexist,theresultscontain
48rows.Thisisbecause48ordershavebeenplaced.Whenacustomerplacesmultiple
orders,thecompanyID,name,city,andstate/provinceisrepeatedoneachorder.And
customerswhohavenoordersarenotincludedatallbecause,bydefault,thisquery
usesaninnerjoin—whereonlymatchedrowsaredisplayed.You’lltryanouterjoin,
whereunmatchedrowsareincluded,inTryThis3-10.

 8.Togetreadyforthenextexercise,simplyreturntotheQueryDesignpanelbyclicking
theViewiconjustbelowtheOfficebutton.

(continued)
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Figure3-22 Try This 3-8 (Joining Tables), query design (top) and query results (bottom)
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TryThis3-9 Limiting Join Results
InTryThis3-8,youjoinedtheCustomersandOrderstables,buttheresultscontain
allordersandallcustomerswhohaveorders.However,ifyoudon’twanttoseeall
theorders,youcanuseconditionstolimittherowsinthequeryresults,justasyou
didinearlierexercises.InthisTryThisexercise,youwilllimittherowstoinclude
onlycustomersinCalifornia(CA)andonlyorderswithanorderdateofApril1,2006,
(4/1/2006)orlater.AsinTryThis3-8,youwilluseaninnerjoin,meaningthatCalifornia
customerswhohavenoordersonorafterApril1,2006,willnotappearintheresults.

Step by Step
 1.YoushouldbestartingwiththequeryspecificationfromTryThis3-8,asshownin

Figure3-22.

 2.OntheCriteriarow,enterCAintheState/Provincecolumn.

 3.OnthesameCriteriarow,enter>=4/1/2006intheOrderDatecolumn.Youmight
noticethatAccesschangestheconditionbyenclosingthedatevalueinpoundsigns
(>=#4/1/2006#).ThisismerelythewayAccessdelimitsadatevalue—mostRDBMSs
usesinglequotesaroundbothcharacterstringsanddatevalues,sothisisatypical
behavior.

 4.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-23withthequeryresultsshownbelow.

 5.Togetreadyforthenextexercise,returntotheQueryDesignpanelbyclickingthe
ViewiconjustbelowtheOfficebutton.

(continued)
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TryThis3-10  Outer Joins
AsdescribedinTryThis3-9,thejointechniqueyouhaveusedthusfaristheinner
join.NotethatsomecustomersinCaliforniahaveplacednoorders,sodataforthose
customersdidnotappearintheTryThis3-9results.Ifyouwanttoincludeallcustomers
inCaliforniaintheresults,regardlessofwhethertheyhaveplacedordersornot,youmust
useanouterjoin(alsocalledaninclusivejoin).Anouterjoinreturnsallrowsfromone
(orboth)ofthetables,regardlessofwhethermatchingrowsarefoundinthejoinedtables.
AnydatatobedisplayedfromthetablewherenomatchingrowisfoundissettoNULLin
thequeryresults.(ForMicrosoftAccess,NULLcolumnsappearblank.)Forexample,for

Figure3-23 Try This 3-9 (Limiting Join Results), query design (top) and query results (bottom)
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thecustomerwhohasnoorders,allthecolumnsfromtheOrderstablewouldbeNULL
intheresults.Keepinmindthatthereturneddatarowsarestillfilteredbyothersearch
criteria(forexample,onlycustomersfromCalifornia;onlyorderswithorderdatesgreater
thanorequalto4/1/2006),butwhetherthefilteringoccursbefore,during,orafterthe
joinoperationisimmaterial,solongastheunwantedrowsareeliminatedfromthequery
results.Remember,youonlydescribetheresultyouwant,nothowitisachieved.
Threetypesofouterjoinscanbeused,and,unfortunately,theindustryhassettledon

potentiallyconfusingnamesforthem:

● LeftOuterJoin Anouterjoinforwhichallrowsarereturnedfromtheleft-hand
tableinthejoin,anddatafromanymatchingrowsfoundintheright-handtableis
alsoreturned.

● RightOuterJoin Anouterjoinforwhichalltherowsarereturnedfromtheright-
handtableinthejoin,anddatafromanymatchingrowsfoundintheleft-handtableis
alsoreturned.

● FullOuterJoin Anouterjoinforwhichallrowsarereturnedfrombothtables,
regardlessofwhethermatchingdataisfoundbetweenthem.MicrosoftAccessdoes
notcurrentlysupportthistypeofjoin.

Theconfusionmentionedcomesfromtheuseofleftandrightinthenamesofthe
jointypes.Allyouhavetodoisreversetheorderofthetablesinanyexistingquery,and
youareessentiallyswitchingitfromaleftouterjointoarightouterjoin,orviceversa.
However,MicrosoftAccessdoesnotmakethisdistinction,soallitsjoinsaresimply
calledouterjoins.Instead,AccessusesadialogboxnamedJoinProperties,shownin
Figure3-24,tospecifythetypeofjoinyouwanttouse,withaninnerjoinasthedefault.

Figure3-24 Join Properties dialog box

(continued)
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InthisTryThisexercise,youwillchangethequeryfromTryThis3-9intoanouter
joinsothatallCaliforniacustomersaredisplayed,regardlessofwhethertheyhave
orderedsince4/1/2006.

Step by Step
 1.YoushouldbestartingwiththequeryspecificationfromTrythis3-9,asshownin

Figure3-23.

 2.ToaccesstheJoinPropertiesdialogbox(showninFigure3-24),double-click
somewhereinthemiddleofthelinebetweenthetwotablesdisplayedontheQuery
Designpanel,orasanalternative,right-clicktheline.AswiththeRelationshipspanel,
itcanbetrickytogetthecursorpointerinexactlytherightplaceontheline,but
practiceandabitofpatiencealwaysprevails.

 3.IntheJoinPropertiesdialogbox,selecttheoptionsIncludeALLRecordsFrom
‘Customers’AndOnlyThoseRecordsFrom‘Orders’WhereTheJoinedFieldsAre
Equal.Itismostlikelyoption2,butifyouaddedthetablestothequeryinthereverse
order,itcouldhaveendedupasoption3.ClickOKtoclosethedialogbox.

 4.SinceyouhaveaconditiononOrderDatefromtheOrderstable,youneedtochangeit
toallowfornullvalues.Forcustomerswhohavenoorders,thevalueintheOrderDate
columnwillbeNULL.AddtheconditionORISNULL(whichcanalsobewrittenas
OrIsNull)totheconditionontheOrderDatecolumn.

 5.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-25withthequeryresultsshownbelow.Noticethearrowontheline
betweenthetwotablesthatpointstowardtheOrderstables.ThisisthewayAccess
alertsyoutothefactthatthejoinisanouterjoin.

 6.Togetreadyforthenextexercise,returntotheQueryDesignpanelbyclickingthe
ViewiconjustbelowtheOfficebutton.
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TryThis3-11  Microsoft Access SQL
SQLisdiscussedinChapter4;however,sinceMicrosoftAccessautomaticallygenerates
SQLforqueriesdefinedontheQueryDesignpanel,aquickpreviewofSQLisinorder.In
thisTryThisexercise,youwilldisplaytheSQLforthequerycreatedinTryThis3-10.

Figure3-25 Try This 3-10 (Outer Joins), query design (top) and query results (bottom)

(continued)
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Step by Step
 1.YoushouldbestartingwithaqueryspecificationfromTryThis3-10,asshownin

Figure3-25.

 2.OntheQueryDesignpanel,clickthearrowbelowtheViewicon(undertheOffice
button)toexpandtheoptions.SelecttheSQLViewoption,asshowninthetopof
Figure3-26.OryoucouldclicktheSQLicononthestatusbaratthelower-rightcorner
ofthepanel.OneofthenewfeaturesofOffice2007istheadditionofzoomandview/
windowswitchingfunctionstothestatusbarthatappearsatthebottomofthevarious
applicationpanels.

 3.TheSQLforthecurrentquerywillbedisplayedasshowninthelowerpartof
Figure3-26.TheSELECTkeywordisfollowedbyalistofthecolumnstobe
displayedinthequeryresults.TheFROMkeywordisfollowedbythetwotables
andtheirouterjoincondition.AndlastistheWHEREkeyword,followedbythe
conditionsthatlimitrowstoCaliforniacustomersandorderdatesthatareeither
NULLor4/1/2006orlater.Thisisagreatproductfeaturebecauseyoucanuseitnot
onlytohelpyoulearnSQL,butonceyouknowSQL,youcanworkbackandforth
betweentheQueryDesignViewandtheSQLViewtodevelopyourqueriesquickly.
(Incidentally,AccessSQListheleaststandards-compliantofallthemodernRDBMSs
becauseobjectnamescanhaveembeddedspaces.)

 4.Togetreadyforthenextexercise,dothefollowing:

 a. ReturntotheQueryDesignpanelbyclickingtheViewiconbelowtheOffice
button.

 b. Clearalltheselectedcolumnsandcriteriabydraggingyourmousepointeroverthe
slimgraystripsaboveeachcolumn(justabovetheField:label).Thecolumnswill
displayasblack(reversevideo)astheyareselected.ThenpressDELETEtoremove
themfromthequery.

 c. ChangethejoinbetweentheCustomersandOrderstablesbacktoaninnerjoin.
Todothis,double-clickthethinpartofthelinebetweenthetwotablesdisplayed
ontheQueryDesignpaneltodisplaytheJoinPropertiesdialogbox.Thenselect
option1andclickOK.
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TryThis3-12  Multiple Joins and Calculated Columns
Whenyouneedinformationfrommorethantwotablesinthesamequeryresult,youcan
simplyaddmoretables,andthereforemorejoinoperations,tothequery.Thebeautyof
relationaldatabasesisthatyouneednotbeconcernedwithwhichjoinisbestprocessed
firstandothersuchimplementationdetails.YoucantrusttheRDBMStomakethose
decisionsforyou.

Figure3-26 Try This 3-11 (Microsoft Access SQL), query design (top) and generated SQL 
query (bottom)

(continued)
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ForthisTryThis,consideranotherscenario:Youwanttoknowthetotalvaluein
dollarsofitemsorderedbyFloridacustomers.Lookingatthetablesyouhaveavailable,
yourealizethatyouneedtheCustomerstable,soyoucanfilterbytheState/Province
column,andtheOrderDetailstable,becauseitcontainsthedatayouneedtocalculate
thetotalvalueofeachitemordered—namely,thequantityorderedandtheunitpriceof
eachitem.However,thereisnowaytojointhesetablesdirectlyinameaningfulway.If
youlookattheRelationshipspanel(seeFigure3-9),thesolutionbecomesobvious:you
needtheOrderstableaswell.ThenyoucanusetheCustomerstabletofindtheFlorida
customers,jointhoserowstotheOrderstablematchingtheIDcolumn(theprimarykey)
withtheCustomerIDcolumnintheOrderstable(theforeignkey)tofindtheordersfor
Floridacustomers,andfinallyjointhoserowstotheOrderDetailstabletofindtheline
itemsonthoseorders.(Ofcourse,thereisnoguaranteetheRDBMSwillactuallyprocess
thejoinsinthissequence,buttheendresultwillbethesameregardless.)Itshouldbe
clearfromthisexamplethatanoveralldiagramofallyourtablesandrelationshipsisan
essentialdocumentbecauseitgivesyoutheroadmapyouneedwhenformingqueries.
Thisexamplealsorequiresacalculatedcolumn(alsocalledaderivedcolumn),which

isformedbymultiplyingthevaluesintheUnitPriceandQuantitycolumnsineach
row.Justaboutanyformulathatyoucanuseinaspreadsheetcanbeusedinarelational
databasequery.

Step by Step
 1.YoushouldbestartingwithaqueryspecificationthatjoinstheCustomersandOrders

tableswithajoinspecification(alinebetweenthem)andnototherconditions,likethe
oneshowninTryThis3-8(Figure3-22).BecertainthatthejoinbetweenCustomers
andOrdersisaninnerjoinandthatnocolumnsarecurrentlyincludedinthequery
specification.

 2.AddtheOrderDetailstabletothequerybyclickingtheShowTableiconandselecting
thetablefromthelistintheShowTabledialogbox.

 3.IntheCustomerstable,addtheCompanyandState/Provincecolumnstothequeryby
double-clickingtheirnames.Alternatively,youcandrag-and-dropthecolumn’sname
tothecolumnsinthequeryspecification.
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 4.IntheOrderDetailstable,addUnitPriceandQuantitycolumnstothequery.

 5.Toaddthecalculatedcolumn,enterthefollowingintotheFieldrowoftheempty
columntotherightoftheQuantitycolumn:ExtendedPrice:[UnitPrice]*Quantity.
Thefirstpartoftheentryisalabelforthenewcolumn.Everycolumninyourresults
musthaveauniquename,andifyoudon’tnameit,MicrosoftAccesswill.Default
columnnamesareusuallynotverymeaningfulandsometimesarejustplainugly,so
itisalwaysbesttosupplyacolumnlabel(name)forcalculatedcolumns.Notethat
thespacesoneachsideofthemultiplicationoperator(*)infieldspecificationsdonot
matter,soyoucouldhaveleftthemout.However,youmustleavethespaceasisinthe
UnitPricecolumnbecausethatistheactualcolumnnameand,asaresult,mustalso
enclosethecolumnnameinsquarebracketsasshownbecauseoftheembeddedspace.
ChancesarethatMicrosoftAccesswillrewriteyourcolumnspecificationbyremoving
thespacesandplacingsquarebracketsaroundtheothercolumnname,sodon’tbe
surprisedifyouseewhatyouenteredchangeonthepanelwhenyoumovethecursorto
anotherlocation.

 6.TolimitthequeryonlytocustomersinFlorida(FL),enterFLintheCriteriarowfor
theState/Provincecolumn.

 7.AddanascendingsorttotheCompanycolumneitherbytypingtheletterAintheSort
rowforthecolumnandpressingENTER,orbyclickinginthatlocationandselecting
Ascendingfromthelist.

 8.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-27withthequeryresultsshownbelow.

 9.Togetreadyforthenextexercise,returntotheQueryDesignpanelbyclickingthe
ViewiconjustbelowtheOfficebutton.

(continued)
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TryThis3-13  Aggregate Functions
InreviewingtheTryThis3-12results,youprobablynoticedthatsevenrowswere
returnedcoveringordersfortwodifferentcustomersinFlorida.Allthedetailsarehere,
butataglance,itisdifficulttoeasilygetasenseofthetotalamountthateachcustomer
hasorderedfromNorthwind.WhatyoureallyneedtodoissumuptheExtendedPrice
columnforeachcustomer.Inrelationaldatabases,thisisdonewiththeSUMfunction.

Figure3-27 Try This 3-12 (Multiple Joins and Calculated Columns), query design (top) and 
query results (bottom)
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Afunctionisaspecialtypeofprogramthatreturnsasinglevalueeachtimeitis
invoked,namedforthemathematicalconceptofafunction.Becauseyouwillusethe
functiontooperateonacolumn,itwillbeinvokedforeachrowandthereforereturna
singlevalueforeachrowthequeryhandles.Sometimesthetermcolumnfunctionisused
toremindyouthatthefunctionisbeingappliedtoatableorviewcolumn.Anexampleof
anordinarycolumnfunctionisROUND,whichcanbeusedtoroundnumbersinvarious
ways.Specialclassesoffunctionsthatcombinemultiplerowstogetherintoonerow
arecalledaggregatefunctions.Thefollowingtableshowsaggregatefunctionsthatare
commonlyusedinrelationaldatabases:

FunctionName Description
AVG Calculates the average value for a column

COUNT Counts the number of values found in a column

MAX Finds the maximum value in a column

MIN Finds the minimum value in a column

SUM Sums (totals up) the values in a column

Ifyouuseanaggregatefunctionbyitselfinaquery,yougetonerowbackforthe
entirequery.Thismakessense,becausethereisnowayfortheRDBMStoknowwhat
otherresultyoumightwant.So,ifyouwanttheaggregateresulttobeforgroupsofrows
inthequery,youneedtoincludeaGROUPBYspecificationtotelltheRDBMStogroup
therowsbythevaluesinoneormorecolumns,andtoapplytheaggregatefunctionto
eachgroup.Thisismuchlikeaskingforsubtotalsinsteadofagrandtotalforalistof
numbers.
Forthisexercise,youwanttheRDBMStoprovideatotalofthecalculatedcolumn

ExtendedPriceforeachcustomer.Inotherwords,youwanttogrouptherowsby
customer,andforeachgroup,displayasinglerowcontainingthecompanyname,stateor
province,andtotalorderdollaramount.
Thestate/provinceisactuallyunnecessarybecauseonlyFloridacustomersare

includedinthequery.However,itremainsheretoillustrateanimportantconceptthat
mostnewcomerstorelationaldatabaseshaveadifficulttimeunderstanding:Ifyouselect
theCompany,State/Province,andcalculatedTotalPricecolumns,tellingtheRDBMS
theformulaforcalculatingthetotalpriceandaskingittogrouptherowsintheresultby
Company,thereisahiddenlogicproblemthatwillcauseanerrortobereturnedbythe
RDBMS.YouhaveessentiallyaskedtheRDBMStoreturnthevalueofState/Province
foreveryrowinthequeryresults,but,atthesametime,toaggregaterowsbyCompany

(continued)
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andprovidethecalculatedtotalforeachaggregate.Itisillogicaltoaskforsomerows
tobeaggregatedandothersnot.Tomakemattersworse,theresultingerrormessageis
rathercryptic.Smallwonderthatweoftenhearaggregatefunctionscalled“aggravating”
functions.Rememberthisrule:Wheneveraqueryincludesanaggregatefunction,then
everycolumninthequeryresultsmusteitherbeformedusinganaggregatefunctionor
benamedintheGROUPBYcolumnlist.InMicrosoftAccess,theTotalsicon(theGreek
letterSigma)ontheribbontoggles(hidesandexposes)alinecalledTotalontheQuery
Viewpanel.Itisthetotallinethatletsyouspecifyaggregatefunctionsandgroupingsfor
ourquery.

Step by Step
 1.YoushouldbestartingwithaqueryspecificationfromTryThis3-12asshownin

Figure3-27.

 2.RemovetheUnitPriceandQuantitycolumnsbyclickingintheslimgraystripabove
thefieldnameandpressingDELETE.

 3.ChangethelabelontheExtendedPricecolumntoTotalPrice.Thiscolumnnamewill
makemoresenseintheresults.

 4.ClicktheTotalsiconontheribbontoexposetheTotallineinthequeryspecification.
Bydefault,eachcolumnwillinitiallyhaveGroupByspecifiedonthatline.

 5.IntheTotalPricecolumn,clickintheTotallineandusethepull-downlisttoselectthe
Sumfunction.

 6.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshownat
thetopofFigure3-28withthequeryresultsshownbelow.

 7.Tocompletethisexercise,closetheQueryDesignpaneleitherbyclickingtheClose
buttonintheupper-rightcornerofthepanel(beingcarefulnottoclickthebuttonat
theupper-rightofyourMicrosoftAccessscreen,becausethatwillcompletelyclose
theAccessdatabase),orright-clickingthetabthatshowsthequeryname(mostlikely
Query1)andchoosingClose.Whenaskedaboutsavingthequery,clickNO.
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TryThis3-14  Self-Joins
Whentableshavearecursiverelationshipbuiltintothem,youmustuseaself-join
(joiningatabletoitself)toresolvetherelationship.Unfortunately,the2007versionofthe
Northwinddatabasedoesnothavearecursiverelationshipbuiltin,soyouwilladdoneto
helpfacilitateademonstrationofthisimportantconcept.

Figure3-28 Try This 3-13 (Aggregate Functions), query design (top) and query results 
(bottom)

(continued)
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InthisTryThisexercise,youwillfirstaddaManagerIDcolumnintheEmployees
table.Nextyouwilladdsomedatatothecolumnsothatallemployeesexcepttheoneat
thetopofthemanagementhierarchyhavethemanager’sIDassignedintheManagerID
column.Finally,youwillcreateaquerythatliststheID,firstname,lastname,andjob
titleforeachemployeealongwiththemanager’sname.Togetthemanager’sname,you
willhavetojointheEmployeestabletoitselfsothatAccesscanmatchtheManagerID
(foreignkey)totherowintheEmployeestablethatcontainsthemanager’sname.

Step by Step
 1.ToaddtheManagerIDtotheEmployeestable,dothefollowing:

 a. OpentheDesignViewpanelfortheEmployeestable,showninFigure3-11.Todo
so,expandtheNavigationPanealongtheleftedgeoftheAccessmainpanel,find
theEmployeestableinthelistofobjects,right-clickitsname,andclickDesign
Viewonthepop-upmenu.

 b. Scrolldownthroughthefielddefinitions(therowsintheupperpartoftheDesign
Viewpanel)untilyoureachthefirstonewheretheFieldNameisblank.Enter
ManagerIDintheFieldNamecolumnandselectNumberfromthedrop-down
listintheDataTypecolumn.Thecompletedentryshouldlookliketheoneshown
inFigure3-29.

Figure3-29 Employees table (design view) with Manager ID column added
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 2.TopopulatethenewlyaddedManagerIDcolumnwithdata,dothefollowing:

 a. ClicktheViewiconintheribbontodisplaytherowsandcolumnsofdatainthe
Employeestable,similartotheoneshowninFigure3-10.

 b. Scrolltotherightusingthescrollbaratthebottomofthepanelsothatthe
ManagerIDcolumnisvisible.Itshouldbethenexttolastone.(Youmaynotice
thattherightmostcolumndisplayedisforaddinganewfield[column]tothetable.
YoucouldhaveaddedthenewManagerIDcolumnusingthisfacility,butIvery
muchpreferusingtheDesignViewtomaketabledefinitionchangesbecausemany
moreoptionsareavailable.)

 c. TypeinthedatavaluesintheManagerIDcolumn,asshowninFigure3-30.Notice
thatnovaluesareincludedinthesecondandlastrowsonthepanel.Thesecond
rowisforSalesVicePresidentAndrewCencini,whoisthemostseniormanager
currentlyinthetable(hismanagerisnotcurrentlyinthetablesoyouleavehis
manager’sIDblank,whichisactuallyanullvalue).Thelastrowisforaddingnew
employeestothetable,andsinceyouarenotaddingnewemployees,butmerely
updatingtheexistingones,youmustleaveallvaluesinthislastrowblank.

Figure3-30 Employees table (Datasheet View) with Manager ID values added

(continued)
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 3.Youcould(andprobablyshould)usetheRelationshipspaneltoaddtherelationship
fromtheManagerIDcolumntotheprimarykeycolumntodefineManagerIDasa
foreignkey,butsincethecolumnwasaddedsimplyforthesakeofademonstration,
youcanskipthatstep.

 4.CreateanewquerybyopeningtheCreateribbonandthenclickingtheQuery
Designicon.

 5.WhentheShowTabledialogboxopens,addtheEmployeestabletothequerytwice.
Thismayseemoddatfirst,butthisistheonlywaytotellMicrosoftAccessthatyou
wanttomatcheachrowintheEmployeestablewithadifferentrow(themanager’s
row)inthesametable.NotethatthetablesarenamedEmployeesandEmployees_1on
thepanel,eventhoughbotharereallytworepresentationsoftheexactsametable.

 6.YoucanminimizetheNavigationPaneandclosetheEmployeestable(DesignView)if
youwant(toreducethevisualclutteronthescreen).

 7.IntheEmployeestable(ontheleft),scrolldownuntiltheManagerIDcolumnis
visible.Clickitsnameand(whileholdingdownthemousebutton)drag-and-dropthe
nameontotheIDcolumnintheEmployees_1table.ThistellsAccesshowtojointhe
Employeestabletoitself.Thetableontheleftrepresentstheemployeesandtheoneon
therightiswhereyouwillfindeachemployee’smanager.Don’tbeoverlyconcerned
ifthisstillseemsconfusing—wewillrevisitrecursiverelationshipsinsubsequent
chaptersinthisbook.

 8.YouwantAndrewCencini’srowtodisplay,butsincehehasnomanagerinthetable,
youneedtochangethejointoanouterjointoseehisrow.Double-clickintheline
betweenthetwotables,selectOption2intheJoinPropertiesdialogbox,andclickOK.

 9.FromtheEmployeestable,selecttheID,FirstName,LastName,andJobTitle
columnsbydouble-clickingeach.

 10.FromtheEmployees_1table,selecttheLastNamecolumnbydouble-clickingitsname.

 11.Atthispoint,youhavetwocolumnsinthequerynamedLastName.Youneedto
changeoneofthemtoavoidconfusionandtocomplywiththeRDBMSprincipalthat
everycolumnhasauniquename.IntheLastNamecolumnfromtheEmployees_1
table(therightmostcolumninthequeryspecification),clickjusttotheleftofthe
columnnameandenterManager:,whichassignsanaliasnametothequerycolumn.

 12.ClicktheRuniconontheribbontorunyourquery.Thecompletedpanelisshown
atthetopofFigure3-31withthequeryresultsshownbelow.Yourresultsshouldbe
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similar,butsinceyoudidn’tspecifyasortorder,theorderofrowsinyourresultsmay
bedifferent.

 13.Tocompletethisexercise,closetheQueryDesignpanelbyeitherclickingontheClose
boxintheupper-rightcornerofthepanel,orright-clickingthetabthatshowsthequery
name(mostlikelyQuery1)andchoosingClose.Whenaskedaboutsavingthequery,
clickNO.YoucanthencloseMicrosoftAccessifyouwant.

Figure3-31 Try This 3-14 (Self-Joins), query design (top) and query results (bottom)

(continued)
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Try This Summary
Inthe14TryThisexercisesinthischapter,youexploredMicrosoftAccessqueriesina
mannerintendedtodemonstratethebasicfeaturesthatyouwillusethemost.Obviously
therearemanymorefeaturestoexplore.ButitistimetomoveontoSQL,thetopicofthe
nextchapter.

 Chapter 3 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Aforms-basedquerylanguage

 A WasfirstdevelopedbyIBMinthe1980s

 B Describeshowaqueryshouldbeprocessedratherthanwhattheresultsshouldbe

 C ResemblesSQL

 D UsesaGUI(graphicaluserinterface)

 E Wasshowntobeclearlysuperiorincontrolledstudies

 2.TheobjecttypesinMicrosoftAccessthatrelatestrictlytodatabasemanagement
(asopposedtoapplicationdevelopment)are

 A Tables

 B Queries

 C Forms

 D Macros

 E Modules

 3.WhenatableisdeletedfromtheMicrosoftAccessRelationshipspanel,whathappensnext?

 A Itisimmediatelydeletedfromthedatabase.

 B Itremainsunchangedinthedatabaseandismerelyremovedfromthe
Relationshipspanel.

✓
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 C Itremainsinthedatabase,butalldatarowsaredeleted.

 D Relationshipsbelongingtothetablearealsodeleted.

 4.RelationshipsontheMicrosoftAccessRelationshipspanelrepresent____________in
thedatabase.

 5.AcolumnintheresultsofaMicrosoftAccessquerycanbeformedfrom

 A Atablecolumn

 B Aquerycolumn

 C Aconstant

 D Acalculation

 E Alloftheabove

 6.Whenaquerywithnocriteriaincludedisexecuted,theresultis

 A Anerrormessage

 B Norowsbeingdisplayed

 C Alltherowsinthetablebeingdisplayed

 D Noneoftheabove

 7.Whensequencing(sorting)ofrowsisnotincludedinadatabasequery,therows
returnedbythequeryarein____________order.

 8.Inaquery,thesearchcriteriaREGIONNOT=“CA”ORREGIONNOT=“NV”will
display

 A Anerrormessage

 B Alltherowsinthetable

 C OnlytherowsinwhichRegionisequalto“CA”or“NV”

 D AlltherowsinthetableexceptthoseinwhichRegionisNULL

 E AlltherowsinthetableexceptthoseinwhichtheRegionis“CA”or“NV”

 9.CriteriaondifferentlinesinaMicrosoftAccessqueryareconnectedwiththe________
logicaloperator.
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 10.ThejoinconnectorbetweentablesinaMicrosoftAccessquerymay

 A Bemanuallycreatedbydraggingacolumnfromonetableorviewtoacolumnof
anothertableorview

 B BeinheritedfromthemetadatadefinedontheRelationshipspanel

 C Bealteredtodefineleft,right,andfullouterjoins

 D CauseaCartesianproductifnotdefinedbetweentwotablesorviewsinthequery

 E Alloftheabove

 11.Whenanouterjoinisused,columndatafromtables(orviews)inwhichnomatching
rowswerefoundwillcontain____________.

 12.Anaggregatefunction

 A Combinesdatafrommultiplecolumnstogether

 B Combinesdatafrommultiplerowstogether

 C Maybeappliedtotablecolumnsbutnottocalculatedcolumns

 D Requiresthateverycolumninaquerybeeitheranaggregatefunctionornamed
intheGROUPBYlistforthequery

 E Alloftheabove

 13.Self-joinsinaqueryareamethodofresolvinga____________.

 14.Thecolumnnameofacalculatedcolumninthequeryresultsis____________when
notprovidedinthequerydefinition.

 15.Tablesmaybejoined

 A Usingonlytheprimarykeyinonetableandaforeignkeyinanother

 B Usinganycolumnineithertable(theoretically)

 C Onlytothemselves

 D Onlytoothertables

 E OnlyusingtheCartesianproductformula
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Chapter 4
Introduction to SQL
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KeySkills&Concepts

● ABriefHistoryofSQL

● GettingStartedwithOracleSQL

● Where’stheData?

● DataQueryLanguage(DQL):TheSELECTStatement

● DataManipulationLanguage(DML)Statements

● DataDefinitionLanguage(DDL)Statements

● DataControlLanguage(DCL)Statements

ThischapterintroducesStructuredQueryLanguage(SQL),whichhasbecomethe
universallanguageforrelationaldatabasesinthatnearlyeveryDBMSinmodernuse
supportsit.Thereasonforthiswideacceptanceisclearlythetimeandeffortthatwent
intothedevelopmentoflanguagefeaturesandstandards,makingSQLhighlyportable
acrossdifferentRDBMSproducts.
InthischapterIuseOracleanditssampleHR(HumanResources)schematodemonstrate

SQL.Aschemaisthecollectionofdatabaseobjectsthatbelongtoaparticulardatabaseuser
(theHRuserinthiscase).OracleDatabase10gExpressEdition(10gXE),whichrequires
nolicensefee,canbedownloadedatnochargefromwww.oracle.com/technology/software/
products/database/index.html.Oracle10gXEincludesahumanresources(HR)sample
schemathatIuseintheexamplesandTryThisexercisesinthischapter.Youwilllearnmore
ifyoutrytheSQLstatementsyourself,soitshouldbewellworthyourefforttodownloadand
installthesoftware.Documentationspecificto10gXEcanbefoundatwww.oracle.com/pls/
xe102/homepage.

NOTE
Because Oracle provides 10g XE without charging a license fee, significant restrictions 
are imposed regarding how the product may be used. If you plan to use it for purposes 
beyond merely learning SQL and trying out Oracle, you should carefully read the 
licensing information provided with the product.

Exceptasnoted,everycommandandfeaturedemonstratedinthischaptermeets
currentSQLstandardsandthereforeshouldworkcorrectlyinanyDBMSthatsupportsSQL.

www.oracle.com/technology/software/products/database/index.html
www.oracle.com/technology/software/products/database/index.html
www.oracle.com/pls/xe102/homepage
www.oracle.com/pls/xe102/homepage


 Chapter4: IntroductiontoSQL 119

However,withouttheOracleHRsampleschema,youwillhavetocreatesampletables
liketheonesOracleprovidesandpopulatethemwithdatatoruntheexactstatements
includedinthischapter.Byconvention,alltheSQLstatementsareshowninuppercase.
However,OracleisnotcasesensitiveforeitherSQLcommandsordatabaseobjectnames,
soyoucantypethecommandsinuppercase,lowercase,ormixedcaseasyoufollow
alongonyourowncomputer.ButdokeepinmindthatdatainOracleiscasesensitive,so
wheneveryoutypeadatavaluethatistobestoredinthedatabaseoristobeusedtofind
datainthedatabase,youmusttypeitinthepropercase.

NOTE
Oracle has released Database 11g. However, as of this writing, the Express Edition (XE) 
is available only in the Database 10g version, and that is the version available on the 
Oracle Database Software Downloads web page. If a newer version of XE becomes 
available, you may find it listed on the web page, and it will most likely work just fine 
for the purposes of following along with the examples and Try This exercises in this 
book—although, of course, the user interface might be different.

Asstatedinthepreviouschapter,SQLisacommand-basedlanguage.SQLstatementsare
formedinclausesusingkeywordsandparameters.Thekeywordsusedareusuallyreserved
wordsfortheDBMS,meaningtheycannotbeusedforthenamesofdatabaseobjects.
Theclausesusuallyhavetoappearinaprescribedsequence.SQLstatementsshouldbe
terminatedwithasemicolon(;).Theprogramyouusetoconnecttothedatabaseandinteract
withitiscalledanSQLclient.OtherclientsareavailablefromOracle,includingSQL*Plus,
iSQL*Plus,andSQLDeveloper,butIuseOracleApplicationExpressinthischapterbecause
itcomeswithOracle10gXEandthereforeisreadyforuseassoonas10gXEisinstalled.
SomeSQLclientswillnotrunanSQLstatementunlessitendswithasemicolonora

slash(theslashbeinganOracleextensiontothestandard).But,mostoftheGUIorweb-
basedclientssuchasOracleApplicationExpressdonotrequireaterminationcharacter,
becauseabuttonoriconisclickedtotelltheclientwhenyouarereadytorunthe
statement.BeyondtherestrictionsIhavementioned,SQLisfreeform,withoneormore
spacesseparatinglanguageelementsandlinebreakspermittedbetweenanytwoelements
(butnotinthemiddleofanelement).
SQLstatementscanbedividedintothefollowingcategories:

● DataQueryLanguage(DQL) Statementsthatquerythedatabasebutdonotalter
anydataordatabaseobjects.ThiscategorycontainstheSELECTstatement.Notall
vendorsmakeadistinctionhere;manylumpDQLintoDML,asdefinednext.

● DataManipulationLanguage(DML) Statementsthatmodifydatastoredin
databaseobjects(thatis,tables).ThiscategorycontainstheINSERT,UPDATE,
andDELETEstatements.
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● DataDefinitionLanguage(DDL) Statementsthatcreateandmodifydatabase
objects.WhereasDMLandDQLworkwiththedatainthedatabaseobjects,DDL
workswiththedatabaseobjectsthemselves.Inotherwords,DDLmanagesthedata
containerswhereasDMLmanagesthedatainsidethecontainers.Thiscategory
includestheCREATE,ALTER,andDROPstatements.

● DataControlLanguage(DCL) Statementsthatmanageprivilegesthatdatabase
usershaveregardingthedatabaseandobjectsstoredinit.Thiscategoryincludesthe
GRANTandREVOKEstatements.

Representativestatementsineachofthesecategoriesarepresentedinthesectionsthat
follow.Butfirst,we’llcoveralittlebitofthehistoryofthelanguage.

A Brief History of SQL
TheforerunnerofSQL,whichwascalledQUEL,firstemergedinthespecificationsfor
System/R,IBM’sexperimentalrelationaldatabase,inthelate1970s.However,twoother
products,withvariousnamesfortheirquerylanguages,beatIBMtothemarketplace
withthefirstcommercialrelationaldatabaseproducts:RelationalSoftware’sOracleand
RelationalTechnology’sIngres.IBMreleasedSQL/DSin1982,withthequerylanguage
namedStructuredEnglishQueryLanguage(SEQUEL).However,whenIBMlearned
thatSEQUELwasatrademarkownedbyHawkerSiddeleyAircraftCompanyoftheUK,
thenamewaschangedtoSQL.Asaresultofthenamechange,youwillhearthename
pronouncedbothasaword(sequel)andasastringofletters(S-Q-L),andwhilethelateris
generallypreferred,bothareconsideredcorrect.
SQLstandardscommitteeswereformedbyANSI(AmericanNationalStandards

Institute)in1986andISO(InternationalOrganizationforStandardization)in1987.Two
yearslater,thefirststandardspecification,knownasSQL-89,waspublished.Thestandard
wasexpandedthreeyearslaterintoSQL-92,whichweighedinatroughly600pages.The
thirdgeneration,publishedin1999,wascalledSQL-99,orSQL3.Additionalrevisions
werepublishedin2003(SQL:2003)and2006(SQL:2006),andworkcontinuesonthe
SQLstandard.Therevisionspublishedin1999andlaterincorporatemanyoftheobject
featuresrequiredforSQLtooperateonanobject-relationaldatabase,aswellaslanguage
extensionstomakeSQLcomputationallycomplete(addinglooping,branching,andcase
constructs)andadditionalfeaturessuchasExtensibleMarkupLanguage(XML).Most
currentRDBMSproductscomplywiththestandardtoonedegreeoranother.
NearlyeveryvendorhasaddedextensionstoSQL,partlybecausetheywanted

todifferentiatetheirproducts,andpartlybecausemarketdemandspressedtheminto
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implementingfeaturesbeforestandardsexistedforthem.Onecaseinpointissupport
fortheDATEandTIMESTAMPdatatypes.Datesarehighlyimportantinbusinessdata
processing,butthedevelopersoftheoriginalRDBMSproductswerecomputerscientists
andacademics,notbusinesscomputingspecialists,sosuchaneedwasunanticipated.As
aresult,theearlySQLdialectsdidnothaveanyspecialsupportfordates.Ascommercial
productsemerged,vendorsrespondedtopressurefromtheirbiggestcustomersby
hurriedlyaddingsupportfordates.Unfortunately,thisledtoeachdoingsoinitsownway.
WheneveryoumigrateSQLstatementsfromonevendortoanother,bewareoftheSQL
dialectdifferences.SQLishighlycompatibleandportableacrossvendorproducts,but
completedatabasesystemscanseldombemovedwithoutsomeadjustments.

Getting Started with Oracle SQL
Asmentioned,Oracleprovidesseveraldifferentclienttools(SQLclients)formanaging
theformationandexecutionofSQLstatementsandthepresentationofresults.Theseare
calledclienttoolsbecausetheynormallyrunonthedatabaseuser’sworkstationandare
capableofconnectingremotelytodatabasesthatrunonothercomputersystems,which
areoftensharedservers.Itisnotunusualfortheclienttoolsalsotobeinstalledonthe
serveralongsidethedatabaseforeasyadministration,allowingtheDBAloggedintothe
servertoaccessthedatabasewithouttheneedforaclientworkstation.However,forthe
PersonalandExpresseditionsofOracle,thedatabaseitself,alongwiththeclienttools,is
installedonanindividualuser’sworkstationorhandhelddevice.
TheexamplesandTryThisexercisesinthischapterfocusonOracle.However,ifyou

useadifferentRDBMS,clienttoolswillbeavailableforitaswell,usuallyprovidedby
theRDBMSvendor.Forexample,MicrosoftSQLServerhasbothaGUItool(SQLServer
ManagementStudio)andacommand-linetool(OSQL)available.Mostcommercial
DBMSproductshaveexpresseditionsthatyoucaninstallandusewithoutpurchasing
alicense,andopensourceproducts,suchasMySQLandPostgreSQL(aderivativeof
Ingres)alsoexist.However,asmentioned,ifyouuseadifferentproduct,youwillbeon
yourowntocreatetablesresemblingtheOracleHRsampleschemaandtopopulatethem
withdata.
OnceyouhaveinstalledOracle10gXE,youcanstartApplicationExpressby

choosingStart|Programs|OracleDatabase10gExpressEdition|GoToDatabaseHome
Page.(IfyouareusingWindowsVista,theProgramsoptionwillappearasAllPrograms.)
Yourdefaultwebbrowser(usuallyMicrosoftInternetExplorer,butyoumayhaveanother
defaultsuchasMozillaFirefox)willlaunchandaloginpageliketheoneshownin
Figure4-1willbedisplayed.
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Figure4-1  Oracle Application Express Login page

TryThis4-1 Unlock the HR Account and Log in as HR
TheHRuseraccountislockedbydefault,soyouwillneedtologinasSYSTEM(the
masteraccountforanOracledatabase)andunlockitbeforeyoucanuseit.Youwillneedthe
passwordyouprovidedwhenyouinstalledOracle10gXEinordertologinasSYSTEM.
KeepinmindthatwhileOracleuseraccountsarenotcasesensitive,Oraclepasswordsare.
InthisTryThisexerciseyouwillunlocktheHRaccountandassignapasswordtoit,and
thenloginastheHRuser.

Step by Step
 1.IfyoudonotalreadyhaveOracleApplicationExpressrunning,launchitfromyour

Startmenu.

 2.EnterSYSTEMintheUsernamefieldontheLoginpage.

 3.InthePasswordfield,enterthepasswordyouchosefortheSYSTEMaccountwhen
youinstalled10gXE.

 4.ClicktheLoginbuttontoopenthemainApplicationExpresspage,showninFigure4-2.
Theoptionsavailableareexplainedlaterinthissection.
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 5.ClickthearrownexttotheAdministrationiconandchooseDatabaseUsers.Thelist
ofcurrentdatabaseuseraccountswilldisplaynext,andinalllikelihood,theonlyone
listedwillbeHR.

 6.ClicktheiconfortheHRusertodisplaytheManagerDatabaseUserpageforthat
account,asshowninFigure4-3.

 7.ChooseapasswordfortheHRaccountandenteritinthePasswordandConfirm
Passwordfields.

 8.Usingthepull-downmenuintheAccountStatusfield,chooseUnlocked.

Figure4-2  Application Express main page

(continued)
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 9.ClicktheAlterUserbutton.Youwillbereturnedtothepreviouspage(thelistofuser
accounts)withaconfirmationmessagedisplayedacrossthepageinagraybox.

 10.ClicktheLogoutlinkneartheupper-rightcornerofthepage.Apageconfirming
thelogoutwillbedisplayed.

 11.ClicktheLoginlinktoreturntotheLoginpageshowninFigure4-1.

 12.EntertheUsername(HR)andthepasswordyouselectedintheappropriatefieldsand
clicktheLoginbutton.TheApplicationsExpressmainpage,showninFigure4-2,will
againbedisplayed.

Figure4-3  Manage Database User page
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Try This Summary
InthisTryThisexerciseyouunlockedtheHRuseraccountthatcamewithyourOracle
10gXEdatabase,assignedapasswordtoit,andthenloggedinastheHRuser.Youare
nowpreparedtousetheHRsampleschematoexploreSQL.

OntheApplicationExpressmainpage(Figure4-2),youshouldseefour(orperhaps
five)icons,eachofwhichprovidesasetoffunctions.Hereisabriefoverviewofeach
option:

● Administration ThisoptionprovidestoolsforadministeringtheDBMS(including
storageandmemorysettings),formanaginguseraccounts(asyoualreadyusedin
unlockingtheHRaccount),andformonitoringthedatabasetoidentifyanddealwith
performanceissues.

● ObjectBrowser Thisoptionprovidestoolstocreateandbrowsedatabaseobjects
(tables,views,indexes,andsoforth).TheObjectBrowserisusedinthenexttopicin
thischaptertoexploretheobjectsintheHRschema.

● SQL TheSQLoptionprovidesthreeSQLtools:SQLCommands,whichisused
extensivelyinthischaptertoeditandsubmitSQLstatementsandviewtheresults;
SQLScripts,whichletsyouedit,save,andexecutescriptscontainingmultipleSQL
commands;andQueryBuilder,agraphicalquerytoolsimilarinconcepttotheAccess
QuerytoolthatwasdiscussedindetailinChapter3.

● Utilities Thisoptionprovidestoolsformovingdatabetweendatabasetablesand
externalfiles,generatingDDLstatementsforexistingdatabaseobjects,generating
avarietyofreports,andmanagingtherecyclebinthat10gXEprovidesfordropped
databaseobjects.

● ApplicationBuilder ThisoptionisnotshowninFigure4-2becauseitisnot
availabletoallusers.However,ithasbeenenabledfortheHRuser,soyouwilllikely
seeitonthemainpage.TheApplicationBuilderprovidestoolsforthedevelopment
andmanagementofweb-basedapplicationsthatusethedatabase.Sincethisoption
isaboutapplicationprogramminginsteadofdatabasemanagement,itisbeyondthe
scopeofthisbook.

Ofallthetoolsprovidedin10gXE,theSQLCommandstoolisusedalmost
exclusivelyinthischapter.Fromthemainpage,selectthearrownexttotheSQLicon
andthenchooseSQLCommandstoopenthepageshowninFigure4-4.Thepageisquite
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simpletouse.YoutypeSQLcommandsintheemptyareaintheupperhalfofthepage,
clicktheRunbuttonandthequeryresultsaredisplayedinthelowerhalfofthepage.
Youshould,however,beawareofsomeotheroptionsonthepage:

● TheAutocommitcheckbox(abovetheareawhereSQLcommandsareentered)
determineswhetherornotchangestothedatabaseareautomaticallycommitted.
Autocommitiscoveredinmoredetailinthe“TransactionSupport(COMMITand
ROLLBACK)”sectionlaterinthischapter.

● TheDisplaysetting(nexttotheAutocommitbox)determinesthemaximumnumber
ofrowsthatwillappearintheresultsetsdisplayedinthelowerhalfofthepage.The
defaultis10,whichmeansyouwillseeonlythefirst10rowsoftheresultsofany
SQLcommandthatyourun.Youwillneedtosetthisvaluehigherforsomeofthe
examplespresentedlaterinthischapter.

● TheSavebuttonallowsyoutosaveaquery,givingitanamethatcanbeusedtofindit
atalatertimewhenyouwanttoreuseit.

Figure4-4  Oracle 10g XE SQL Commands page
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● TheExplainoptionprovidesanexplanationofhowtheSQLenginewillrunthequery.
Wewilllookatitfurtherinthe“PerformanceTuning”sectioninChapter11.

● TheDescribeoptiontellsyouhowtousetheOracleDESCRIBEcommandto
viewthedefinitionofobjectsstoredinthedatabase.Thenextsectionlooksatthe
DESCRIBEcommand.

● TheSavedSQLoptionallowsyoutofindandretrieveSQLcommandsthatyoustored
usingtheSavebutton.

● TheHistoryoptionprovidesalistofSQLstatementsyouhavepreviouslyrun,
allowingyoutoselectoneofthemforreuse.

Where’s the Data?
AlthoughthefocusofthischapterisSQL,youcannotwriteSQLstatementswithout
havingatleastabasicunderstandingofthetablesthatholdthedatayouwanttoaccess.
WhenusingagraphicalquerytoolsuchastheAccessQuerytoolortheOracle10gXE
QueryBuilder,databaseobjectsanddefinitionsarepresentedtoyougraphicallyasyou
createthequery.However,whenyouareusingSQLcommandsandyouneedtoreference
thedatabaseobjectdefinitions,youmustdosousingaseparatetool.Thebasicmethods
fordoingthisareeitherbyusingcatalogviews(specialviewsprovidedbytheRDBMS
thatpresentdatabasemetadatathatdocumentsthedatabasecontents),orbyusinga
graphicaltoolspecificallydesignedtopresentthedatabasemetadata.Idiscusseachof
theseinthesectionsthatfollow.

Finding Database Objects Using Catalog Views
Oracleprovidesacomprehensivesetofcatalogviewsthatcanbequeriedtoshowthe
namesanddefinitionsofalldatabaseobjectsavailabletoadatabaseuser.Mostother
RDBMSshaveasimilarcapability,butofcoursethenamesoftheviewsvary.Byissuing
aSELECTstatementagainstanyoftheseviews,youcandisplayinformationaboutyour
databaseobjects.Forcompleteinformationontheavailablecatalogviews,consultthe
Oracle10gDatabaseReference,availableviathe“Reference”linkatwww.oracle.com/
pls/db102/homepage.Herearethemostusefulviews:

● USER_TABLES Containsonerowofinformationforeachtableintheuserschema.
Thisviewcontainsalotofcolumns,buttheoneofmostinterest,TABLE_NAME,
isthefirstcolumnintheview.Onceyouknowthetablenames,theDESCRIBE
commandcanbeusedoneachtorevealmoreinformationaboutthetabledefinitions.

www.oracle.com/pls/db102/homepage
www.oracle.com/pls/db102/homepage
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Figure4-5showsanexampleofselectingeverythingfromtheUSER_TABLESview.
HereistheSQLstatement:

SELECT*
FROMUSER_TABLES;

NOTE
The SQL SELECT statement, shown in Figure 4-5, is described in more detail a little 
further along in this chapter.

● USER_TAB_COLUMNS Containsonerowofinformationforeachcolumnofthe
tablescontainedinthecurrentuserschema.LiketheUSER_TABLESview,itcontains
alotofcolumns,butthemostusefulonesareTABLE_NAME,COLUMN_NAME,
DATA_TYPE,DATA_LENGTH,DATA_PRECISION,DATA_SCALE,NULLABLE,
andDATA_DEFAULT.IfyoureadthediscussionofdatatypesinChapter2,the
contentsofthesecolumnsshouldbeself-evidentbasedontheirnames.

Figure4-5  Selecting all columns from USER_TABLES
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● USER_VIEWS Containsonerowofinformationforeachviewintheuserschema,
containing,amongotherthings,thenameoftheviewandthetextoftheSQL
statementthatformstheview.Notethatcatalogviewsarenotincludedbecausethey
belongtoadifferentschemacalledSYS.

AsanalternativetowadingthroughtheUSER_TAB_COLUMNSviewtofindthe
definitionofanindividualtableorview,OracleprovidestheDESCRIBEcommand.The
syntaxisverysimple:justtypethekeywordDESCRIBEfollowedbythetableorviewname
andrunthecommand.ThiscommandisparticulartoOracle,butitworksonallofOracle’s
SQLclients.Figure4-6showstheDESCRIBEcommandrun(usingtheSQLCommands
page)fortheEMPLOYEEStableintheHRschema.Thecommandisverysimple:

DESCRIBEEMPLOYEES

Figure4-6  DESCRIBE command run for the EMPLOYEES table



130 Databases:ABeginner’sGuide

TryThis4-2

Viewing Database Objects Using the Object Browser
ForthoselessinclinedtotypeSQLcommands,OracleprovidesseveralGUItools,including
theObjectBrowserincludedin10gXE’sApplicationExpress.ForothereditionsofOracle,
theSQLDeveloperproductprovidessimilarcapabilities,andanumberoftoolsarealso
availablefromthird-partysoftwarevendors.MostotherRDBMSvendorsalsoprovide
graphicaltools,suchastheSQLServerManagementStudiofromMicrosoft.

  Using the Application Express Object 
Browser

InthisTryThisexercise,youwillusetheObjectBrowserinApplicationExpress.

Step by Step
 1.IfyoudonothaveApplicationExpressrunning,startitandlogintotheHRuser

account;ifyoudoalreadyhaveitrunning,clicktheHomelinkneartheupper-right
cornerofthepagetogotothemainpage.

 2.ClicktheObjectBrowsericononthemainpage.Youcanalsousethearrownextto
theicontoactivatethepull-downmenuandselecttheBrowseandTablesoptions.
(Browsingtablesisthedefaultwhenyousimplyclicktheicon.)

 3.Thetablesdefinedinthecurrentschema(HR)arelistedalongtheleftmargin.Click
theEMPLOYEEStable.Themetadataforthetableisretrievedfromthecatalogviews
bytheObjectBrowserandgraphicallydisplayedinthemainpartofthepage,asshown
inFigure4-7.Notealltheoptionsdisplayedabovethetablemetadatathatpermitan
authorizedusertoalterthetabledefinitionortolookatthedatacontainedinthetable.

 4.ClicktheHomelink(neartheupper-rightcornerofthepage)toreturntothemainpage.

Try This Summary
InthisTryThisexercise,youusedtheApplicationExpressObjectBrowsertoviewthe
definitionoftheEMPLOYEEStable(thesametableforwhichtheDESCRIBEcommand
wasshowninFigure4-6).KeepinmindthattheObjectBrowserisdesignedprimarily
fordisplayingandallowingchangestoobjectdefinitions(themetadata)ratherthanthe
actualdatastoredinthedatabasetables.Inthenextsection,wewilllookattheSELECT
statementindetailandhowitcanbeusedtoviewthedatastoredindatabasetables.
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Data Query Language (DQL):  
The SELECT Statement
TheSELECTstatementretrievesdatafromthedatabase.Followingaretheclausesof
thestatement,whicharedemonstratedinthefollowingsections:

● SELECT Liststhecolumnsthataretobereturnedintheresults

● FROM Liststhetablesorviewsfromwhichdataistobeselected

Figure4-7  Application Express Object Browser with EMPLOYEES table metadata displayed



132 Databases:ABeginner’sGuide

● WHERE Providesconditionsfortheselectionofrowsintheresults

● ORDERBY Specifiestheorderinwhichrowsaretobereturned

● GROUPBY Groupsrowsforvariousaggregatefunctions

AlthoughitiscustomaryinSQLtowritekeywordsinuppercase,thisisnotnecessary
inmostimplementations.TheRDBMSSQLinterpreterwillusuallyrecognizekeywords
writteninuppercase,lowercase,ormixedcase.InOracleSQL,alldatabaseobjectnames
(tables,views,synonyms,andsoon)maybewritteninanycase,butOracleautomatically
changesthemtouppercaseduringprocessingbecauseallOracledatabaseobjectnames
arestoredinuppercaseinOracle’smetadataunlessthenamesareenclosedindouble-
quotes.BecarefulwithotherversionsofSQL,however.Forexample,bothSybaseASE
andMicrosoftSQLServercanbesettoacase-sensitivemode,whereobjectnames
writtenindifferentcasesaretreatedasdifferentobjects.Also,MySQLiscase-sensitive
onplatformsthatarecase-sensitive,suchasUnixandLinux.Incase-sensitivemode,the
followingwouldbeconsidereddifferenttables:EMPLOYEES,Employees,employees.
ThetopicsthatfollowprovidedescriptionsandexamplesofwaystousetheSELECT

statementtoretrievedatafromthedatabase.Thisisnotintendedtobeanexhaustive
surveyofthecapabilitiesoftheSELECTstatement,butratheranoverviewtoacquaint
youwithitsextensivecapabilities.Thefiguresusedtoillustratetheexamplesallusethe
Oracle10gXEHRsampleschemaandtheSQLCommandsoptionwithinApplication
Express.SQLisbestlearnedbytryingit,soIurgeyoutotrytheseexamplesasyouread.

Listing All Rows and Columns
Theasterisk(*)symbolmaybeusedinplaceofacolumnlisttoselectallcolumnsina
tableorview.Thisisausefulfeatureforlistingdataquickly,butitshouldbeavoidedin
statementsthatwillbereused,becauseanynewcolumnwillbeautomaticallyselected
thenexttimethestatementisrun,whichcompromiseslogicaldataindependence.Note
alsothatinSQLsyntax,tables,views,andsynonyms(analiasforatableorview)are
allreferencedinthesameway.Thisisbecausethenamesofthesecomeforthesame
namespace,meaningthatanameofatable,forexample,mustbeuniqueamongalltables,
views,andsynonymsdefinedinparticularschema.Figure4-8showsanSQLstatement
thatusestheSELECT*clausetolistallrowsandcolumnsintheEMPLOYEEStable
alongwithpartofthequeryresults.HereistheSQLstatement:

SELECT*
FROMEMPLOYEES;
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ThisisthesimplestformoftheSELECTstatement,usingonlytheSELECTand
FROMclauses.NotethatIchangedtheDisplaysettingontheSQLCommandspage
fromthedefaultof10toamuchhighervalue(100,000)becausetheEMPLOYEEStable
contains107rowsand,usingthedefault,onlythefirst10rowswouldappearinthequery
results.Nocomputerscreenislargeenoughtoshowaresultsetthislarge,soyou’llhave
tousethescrollbaralongtherightedgeofthepagetoscrollthroughalltherowsinthe
resultset.

Limiting Columns to Display
Tospecifythecolumnstobeselected,provideacomma-separatedlistfollowingthe
SELECTkeywordinsteadofanasterisk.KeepinmindthatthelistintheSELECT
clauseactuallyprovidesexpressionsthatdescribethecolumnsdesiredinthequeryresults,
andalthoughmanytimestheseexpressionsaremerelycolumnnamesfromtablesorviews,

Figure4-8  Using SELECT * to list all rows and columns of the EMPLOYEES table
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theymayalsobeanyconstantorformulathatSQLcaninterpretandformintodatavalues
forthecolumn.Exampleslaterinthischaptershowyouhowtouseformulasandconstants
toformquerycolumns.Figure4-9showstheSQLforselectingtheLAST_NAME,
FIRST_NAME,HIRE_DATE,andSALARYcolumnsfromtheEMPLOYEEStablealong
withpartialqueryresults.HereistheSQLstatement:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES;

Sorting Results
JustaswithMicrosoftAccessqueries,withSQLthereisnoguaranteeastothesequence
oftherowsinthequeryresultsunlessthedesiredsequenceisspecifiedinthequery.In
SQL,providingacomma-separatedlistfollowingtheORDERBYkeyworddoesthis.

Figure4-9  Selecting four columns from the EMPLOYEES table



 Chapter4: IntroductiontoSQL 135

Figure4-10showstheSQLfromtheprecedingexamplewithrowsequencingadded.Here
istheSQLstatement:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES
ORDERBYLAST_NAME,FIRST_NAME;

Notethefollowingpoints:

● Ascendingsequenceisthedefaultforeachcolumn,butthekeywordASCcanbe
addedafterthecolumnnameforascendingsequence,andDESCcanbeaddedfor
descendingsequence.

● Thecolumn(s)namedintheORDERBYlistdonothavetobeincludedinthequery
results(thatis,theSELECTlist).However,thisisnotthebesthumanengineering.

Figure4-10  EMPLOYEES table query with ORDER BY clause added
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● Insteadofcolumnnames,therelativepositionofthecolumnsintheresultscanbe
listed.Thenumberprovidedhasnocorrelationwiththecolumnpositioninthesource
tableorview,however.ThisoptionisfrowneduponinformalSQLbecausesomeone
changingthequeryatalatertimemightshufflecolumnsaroundintheSELECT
listandnotrealizethat,indoingso,theyarechangingthecolumnsusedforsorting
results.Inthisexample,anotherORDERBYclausecanbeusedtoachievethesame
queryresults:ORDERBY1,2.

Choosing Rows to Display
SQLusestheWHEREclausefortheselectionofrowstodisplay.WithoutaWHERE
clause,allrowsfoundinthesourcetablesand/orviewsaredisplayed.WhenaWHERE
clauseisincluded,therulesofBooleanalgebra,namedforlogicianGeorgeBoole,are
usedtoevaluatetheWHEREclauseforeachrowofdata.Onlyrowsforwhichthe
WHEREclauseevaluatestoalogicaltruearedisplayedinthequeryresults.
Asyouwillseeintheexamplesthatfollow,individualtestsofconditionsmust

evaluatetoeithertrueorfalse.Theconditionaloperatorssupportedarethesameas
thosepresentedinChapter3(=,<,<=,>,>=,and<>).Ifmultipleconditionsaretested
inasingleWHEREclause,theoutcomesoftheseconditionscanbecombinedtogether
usinglogicaloperatorssuchasAND,OR,andNOT.Parenthesescanbe(andshouldbe)
addedtocomplexstatementsforclarityandtocontroltheorderinwhichtheconditions
areevaluated.Arathercomplicatedorderofprecedenceisusedwhenmultiplelogical
operatorsappearinonestatement.However,itisfarsimplertorememberthatconditions
insideapairofparenthesesarealwaysevaluatedfirst,andtoincludeenoughsetsof
parenthesessotherecanbenodoubtastotheorderinwhichtheconditionsareevaluated.

A Simple WHERE Clause
Figure4-11showsasimpleWHEREclausethatselectsonlyrowswhereSALARYis
equalto11000.TheSQLstatementusedis

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES
WHERESALARY=11000
ORDERBYLAST_NAME,FIRST_NAME;

The BETWEEN Operator
SQLprovidestheBETWEENoperatortoassistinfindingrangesofvalues.Theend
pointsareincludedinthereturnedrows.Figure4-12showstheuseoftheBETWEEN
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operatortofindallrowswhereSALARYisgreaterthanorequalto10000andSALARY
islessthanorequalto11000.HereistheSQLstatement:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES
WHERESALARYBETWEEN10000AND11000
ORDERBYLAST_NAME,FIRST_NAME;

Here’sanalternativewaytowriteanequivalentWHEREclause:

WHERESALARY>=10000
ANDSALARY<=11000

The LIKE Operator
Forsearchingcharactercolumns,SQLprovidestheLIKEoperator,whichcomparesthe
characterstringinthecolumntoapattern,returningalogicaltrueifthecolumnmatchesthe
pattern,andfalseifnot.Theunderscorecharacter(_)canbeusedasapositionalwildcard,
meaningitmatchesanycharacterinthatpositionofthecharacterstringbeingevaluated.
Thepercentsign(%)canbeusedasanonpositionalwildcard,meaningitmatchesany

Figure4-11  SELECT with a simple WHERE clause
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numberofcharactersforanylength.NotethatMicrosoftAccessusesasimilarfeature,
butthewildcardcharactersaredifferent(theymatchthoseinDOSandVisualBasic):
Thequestionmark(?)isthepositionalwildcard,andtheasterisk(*)isthenonpositional
wildcard.Thefollowingtableprovidessomeexamples:

Pattern Interpretation
%Now Matches any character string that ends with Now

Now% Matches any character string that begins with Now

%Now% Matches any character string that contains Now (whether at the beginning, 
the middle, or the end)

N_w Matches any string of exactly three characters, where the first character is N 
and the third character is w

%N_w% Matches any string that contains the character N followed by any character, 
which is in turn followed by the character w and continues with any number 
of characters

Figure4-12  SELECT using the BETWEEN operator
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Figure4-13showstheuseoftheLIKEoperatortodisplayonlyrowswherethe
FIRST_NAMEcolumnstartswiththetextPete.HereistheSQLstatement:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES
WHEREFIRST_NAMELIKE'Pete%'
ORDERBYLAST_NAME,FIRST_NAME;

Compound Conditions Using OR
Asstatedearlier,multipleconditionscanbecombinedusingtheORoperator.Figure4-14
showsaWHEREclausethatselectsrowshavingeitheraFIRST_NAMEcolumnbeginning
withPeteoraSALARYcolumnthatisbetween10000and20000inclusive.TheSQL
statementis:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES

WHEREFIRST_NAMELIKE'Pete%'
ORSALARYBETWEEN10000AND11000
ORDERBYLAST_NAME,FIRST_NAME;

Figure4-13  SELECT using the LIKE operator
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Notethatintheprecedingexample,threerowswerereturnedwhenwesearchedonly
onnamesbeginningwithPete.However,becauseweusedtheORoperatorinthelatest
example,wegetnotonlythethreerowsmatchingPetebutalsoeightmorerowsthat
matchthesalaryrangeprovidedbutnotthePetecriteria.
Figure4-15changestheORoperatorintheprecedingexample(Figure4-14)tothe

ANDoperator.Notethatonlyonerowisreturnednow,becausebothconditionsmustbe
trueforarowtoappearinthequeryresults,andthereisonlyonesuchrowinthetable.
TheSQLstatementis:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES

WHEREFIRST_NAMELIKE'Pete%'
ANDSALARYBETWEEN10000AND11000
ORDERBYLAST_NAME,FIRST_NAME;

Figure4-14  SELECT with compound conditions using the OR operator
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The Subselect
AverypowerfulfeatureofSQListhesubselect(orsubquery),which,asthename
implies,referstoaSELECTstatementthatcontainsasubordinateSELECTstatement.
Thiscanbeaveryflexiblewayofselectingdata.
Let’sassumethatwewanttolistallemployeeswhoworkinsales.Thedilemma

isthattheDEPARTMENTStableinthesampleHRschemacontainsseveralsales
departments,includingSales,GovernmentSales,andRetailSales.Wecouldplace
literalsforthosethreedepartmentnamesortheircorrespondingdepartmentIDsin
theWHEREclauseofourSELECTstatement.However,theproblemwethenface
ismaintenanceofthequeryifasales-relateddepartmentissubsequentlyaddedor
eliminated.AsaferapproachistouseanSQLquerytofindtheapplicabledepartment
IDswhenthequeryisrunandthenusethatlistofIDstofindtheemployees.Thequery
tofindthedepartmentIDsissimpleenough:

SELECTDEPARTMENT_ID
FROMDEPARTMENTS
WHEREDEPARTMENT_NAMELIKE'%Sales%';

Figure4-15  SELECT with compound conditions using the AND operator
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IfweplacetheprecedingSELECTstatementintheWHEREclauseofaquerythat
liststheemployeeinformationofinterest,wearriveatthequeryshowninFigure4-16.
NotethatSQLsyntaxrequiresthesubselecttobeenclosedinapairofparentheses:

SELECTLAST_NAME,FIRST_NAME,HIRE_DATE,SALARY
FROMEMPLOYEES
WHEREDEPARTMENT_IDIN
(SELECTDEPARTMENT_ID
FROMDEPARTMENTS
WHEREDEPARTMENT_NAMELIKE'%Sales%')
ORDERBYLAST_NAME,FIRST_NAME;

Thestatementusedinthisexampleissaidtocontainanoncorrelatedsubselect
becausetheinnerSELECT(thatis,theoneinsidetheWHEREclause)canberunfirstand
theresultsusedwhentheouterSELECTisrun.Therealsoissuchathingasacorrelated

Figure4-16  SELECT with a subselect
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subselect(orsubquery),wheretheouterquerymustbeinvokedmultipletimes—oncefor
eachrowfoundintheinnerquery.Considerthisexample:

SELECTLAST_NAME,FIRST_NAME,SALARY,DEPARTMENT_ID
FROMEMPLOYEESA
WHERESALARY>
(SELECTAVG(SALARY)
FROMEMPLOYEESB
WHEREA.DEPARTMENT_ID=B.DEPARTMENT_ID);

Thisqueryfindsallemployeeswhosesalaryisabovetheaveragesalaryfortheir
department.TheinnerSELECTfindstheaveragesalaryforeachdepartment.Theouter
SELECTisthenexecutedforeachrowreturnedfromtheinnerSELECT(thatis,foreach
department)tofindallemployeesforthatdepartmentwhosesalaryisabovetheaverage
forthatdepartment.YoumayrecognizetheAVGfunction,whichwasintroducedbackin
Chapter3.WewillreviewusingaggregatefunctionsinanupcomingSQLexample.

Joining Tables
AsyoulearnedinChapter3,youneedtojointables(orviews)wheneveryouneeddata
frommorethanonetableinyourqueryresults.InSQL,youspecifyjoinseitherbylisting
thetablesorviewstobejoinedinacomma-separatedlistintheFROMclauseofthe
SELECTstatementorbyusingthenewerJOINclauseinconjunctionwiththeFROM
clause.Inthissection,youwillexplorethoseoptionsindetail.

The Cartesian Product
Whenspecifyingjoins,itisimportanttotelltheRDBMShowtomatchrowsinthetables
(orviews)beingjoined.However,SQLdoesnotremindyoutodoso.Ifyouforget,

Q: Areanyperformanceissuesassociatedwithsubselects?

A: Yes,performanceissuescanbeassociatedwithsubselects.Ingeneral,themorerowsthe
innerSELECTreturns,thehighertheriskofaperformanceproblem.Thisisespeciallytrue
withcorrelatedsubselectsbecausetheouterSELECTmustberunforeveryrowreturned
bythesubselect.

Ask the Expert
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youwillgetaCartesianproduct(namedforFrenchmathematicianRenéDescartes),as
showninthisSQLstatementandFigure4-17:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEES,DEPARTMENTS;

Wheneveryouwriteanewquery,youshouldapplya“reasonableness”testtothe
results.TheSQLqueryinFigure4-17looksfineonthesurface,butifyouscrollto
thebottomoftheresultset,youwillseethat2889rowsarereturnedbythequery.When
youconsiderthatthereareonly107employees,yourealizesomethingishorriblywrong.
Howcouldthequerypossiblyresultin2889rowssimplybyjoiningemployeesand
departments?Theanswer:thisqueryfailedtoincludeajoinspecificationineitherthe
WHEREclauseorJOINclause,sotheRDBMScreatedaCartesianproduct,joiningeach
employeewitheverydepartment,and27departmentstimes107employeesyields2889
(27*107)rows.Oops!

Figure4-17  Join resulting in a Cartesian product
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The Inner Join of Two Tables
Figure4-18showsthecorrection,whichinvolvesaddingaWHEREclausethattellsthe
DBMStomatchtheDEPARTMENT_IDcolumnintheEMPLOYEEStable(theforeign
key)totheDEPARTMENT_IDcolumnintheDEPARTMENTStable(theprimarykey).
ThecorrectedSQLstatementisshownhere:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEES,DEPARTMENTS
WHEREEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID;

Thisgetsamuchmorereasonableresult,with106rows.Ifyouscrollthroughthe
results,youcanseethateachemployeeisonlylistedonce.Youmaynoticethatonerowis
missing,since107employeesexist.Thereasonforthisandthemodificationtothequery
sothatall107employeesaredisplayediscoveredinnexttopic,“TheOuterJoin.”

Figure4-18  Inner join of two tables using the WHERE clause
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PlacingthejoinconditionintheWHEREclausewastheoriginaljoinmethodinSQL.
However,aJOINclausehasbeenaddedtotheSQLstandardandisnowthepreferred
methodforwritingjoinconditions.TheJOINclausenotonlyimprovesreadabilityby
separatingthejoinconditionfromconditionsintendedtofilterunwantedrowsoutofthe
resultset,butitisalsomoreflexible,asyouwillseeinupcomingexamples.Figure4-19
showstheSQLstatementfromFigure4-18rewrittentousetheJOINclause.Notethatthe
queryresultsareexactlythesame.HereisthemodifiedSQLstatement:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEESJOINDEPARTMENTS
ONEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID;

The Outer Join
ThequeriesshowninFigures4-18and4-19returnedonly106employees,andyet107rows
existintheEMPLOYEEStable.Thisresultisbecauseweperformedaninnerjoin.Rows
werereturnedonlywhenamatchingdepartmentrowwasfoundforanemployee—and

Figure4-19  Inner join of the two tables using the JOIN clause
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thereisoneemployee(KimberelyGrant)whoisnotassignedtoadepartment.Wecan
correctthisproblembychangingourinnerjointoanouterjoin.Usinganouterjoin,we
canretrieveallrowsfromtheEMPLOYEEStable,evenifnomatchingrowisfoundinthe
DEPARTMENTStableforsomeemployees.
Thesyntaxforouterjoinscanbealittleconfusing,becausethreevariationsexist:left,

right,andfullouterjoins.However,ifyourememberthatthemodifiermerelyindicates
whichtableintheJOINclauseistohaveallrowsreturned(regardlessofwhetherthere
arematchingrowsintheothertable),youwillnolongerbeconfused.Aleftouterjoin(the
mostcommonform)returnsallrowsfromthetablenamedtotheleftof(before)theJOIN
keyword;arightouterjoinreturnsallrowsfromthetablenamedtotherightof(after)
theJOINkeyword;andafullouterjoinreturnsallrowsfrombothtables.Figure4-20
showsthejoinusedinFigure4-19changedintoaleftouterjoinsothatallemployeesare

Figure4-20  Left outer join of the EMPLOYEES and DEPARTMENTS tables
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includedintheresults,includingthoseforwhichnodepartmenthasbeenassignedusing
thisSQLstatement:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEESLEFTOUTERJOINDEPARTMENTS
ONEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID;

Limiting Join Results
TheWHEREclausecanbeeasilyusedtoaddconditionstolimitrowsreturnedfrom
aquerythatalsoinvolvesjoins.Figure4-21showsamodificationtothequeryfrom
Figure4-20suchthatonlyemployeeswhoworkindepartmentswithSalesinthe
departmentnamearereturned.HereisthemodifiedSQL:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEESLEFTOUTERJOINDEPARTMENTS
ONEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID
WHEREDEPARTMENT_NAMELIKE'%Sales%';

Q: IhaveseenOracleSQLwithanouterjoinspecifiedintheWHEREclauseusingaplus
signenclosedinparentheses.WhywastheSQLwrittenthatway?

A: ThisisOracleproprietarysyntaxforouterjoins.Likemostvendors,Oraclewasforcedby
marketdemandtoaddouterjoinsupportbeforesyntaxwasincludedintheSQLstandard.
OracleaddedsupportfortheSQLstandard’sOUTERJOINsyntaxinOracle9iRelease2.
Priortothatrelease,theonlywaytospecifyanouterjoinwasbyusingproprietarysyntax
thatrequiredthesymbol(+)tobeaddedtothejoincondition(ontherightsideforaleft
outerjoinandontheleftsideforarightouterjoin).Theouterjoininthepreviousexample
wouldthusbewrittenthisway:

SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEES,DEPARTMENTS
WHEREEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID(+);

NotonlyshouldyounolongerbewritingnewSQLstatementsusingthissyntaxbecause
itworksonlywithOracleSQL,butyoualsoshouldmakeeveryefforttoconvertexisting
SQLtostandardOUTERJOINsyntaxbecauseitisonlyamatteroftimebeforeOracle
dropssupportfortheproprietarysyntax.Asacaseinpoint,SQLServer’sproprietaryouter
joinsyntax(usinganasterisktotheleftorrightoftheequalsigninthejoincondition)was
deprecatedasofSQLServer2005,causinglotsofproblemsforthosewantingtoconvertto
thenewerrelease,unlesstheyranthenewdatabaseincompatibilitymode.

Ask the Expert
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The Self-Join
Whenatablehasarecursiverelationship,youneedtojointhetabletoitselfinorder
tofollowtherelationshipinyourqueryresults.TheEMPLOYEEStablehassucha
relationshipinthattheMANAGER_IDcolumncontainstheEMPLOYEE_IDvalueofthe
employeetowhomeachemployeereports.Inourexample,everyemployeehasamanager
inthetableexceptfortheownerofthecompany(StevenKing),sothequeryiswritten
usinganouterjoin,asshowninFigure4-22.Bytheway,itisverycommoninrecursive
relationshipsforsomerowsnottohaveparents;otherwise,youwouldneverbeableto
insertthefirstrowintothetable.HereistheSQLstatement:

SELECTA.EMPLOYEE_ID,A.LAST_NAME,A.FIRST_NAME,
B.FIRST_NAME||''||B.LAST_NAMEASMANAGER_NAME
FROMEMPLOYEESALEFTOUTERJOINEMPLOYEESB
ONA.MANAGER_ID=B.EMPLOYEE_ID;

Figure4-21  Outer join with WHERE clause condition added
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Notethatweaddedanotherwrinkletothisexamplebyconcatenatingthefirstandlast
namesofthemanagerwithaspaceinbetweentoformtheMANAGER_NAMEcolumn
intheresults.TheSQLstandardconcatenationoperatoris||,butSQLServerrequires
+instead.ThecolumnnameisassignedusingthekeywordASfollowedbythedesired
name.(ActuallythekeywordASisoptionalinOracleSQL,soyoucanjustleaveaspace
afterthecolumnexpressionandaddthedesiredcolumnname.However,it’sbetterto
includeitalways,becausesomeSQLimplementationsrequireit.)Ifacolumnnamewere
notassignedinthismanner,theRDBMSwouldhavetomakeoneup(everycolumninthe
resultsetmusthaveavalidcolumnname),soitisbettertoassignoneanytimeacolumn
inaqueryisformedusinganexpressioninsteadofasimplecolumnname.

Aggregate Functions
AsyouwillrecallfromChapter3,aggregatefunctionscombinethevaluesinmultiple
rows.Inthissection,youwillexplorethemindetail.

Figure4-22  SELECT containing a self-join
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Simple Aggregate Functions
InFigure4-23,aggregatefunctionsareusedtofindtheminimum,maximum,andaverage
salariesforallemployeesalongwithacountofthetotalnumberofemployees.Hereisthe
SQLstatementused:

SELECTMIN(SALARY),MAX(SALARY),AVG(SALARY),COUNT(*)
FROMEMPLOYEES;

BecausenoGROUPBYclauseisusedtogrouprows,theentiretableisconsidered
onegroup,soonlyonerowisreturnedintheresultset.Youmayhavenoticedthevalue
returnedbytheAVG(SALARY)function—theSQLenginedoesnotroundresultsunless
youaskitto,soaROUNDfunctionisaddedtoitinthenextexampletoimprovethe
readabilityoftheresults.

Mixed Aggregate and Normal Columns (Error)
IfyouaddDEPARTMENT_IDtothequerywithoutaddingaGROUPBYclause,the
queryreturnsanerrormessage,asshowninFigure4-24,(notasingle-groupgroup
function)whichisrathercryptic.Whatitistryingtopointoutisthatthequerycontains
onlyasinglegroup(theentiretable)becausethereisnoGROUPBYclause,anditalso

Figure4-23  SELECT with simple aggregate functions
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includesatleastonecolumnexpressionthatisnotagroupfunction.Inthiscase,itis
tellingyouthatDEPARTMENT_IDistheonethatisnotagroupfunction.
NotethatIaddedaROUNDfunctiontotheAVG(SALARY)columntoroundthe

averagetotwodecimalplacestomaketheresultsmorereadablethanthoseshownin
Figure4-23.TheROUNDfunctionisnotanaggregatefunction—itmerelyroundsa
singlecolumnvalue.However,itisperfectlyacceptabletoapplyafunctiontotheresults
ofanotherfunction,whichisknownasnestingfunctions.Thereseemstobenolimitto
thecleverthingswecandowithSQL:

SELECTDEPARTMENT_ID,MIN(SALARY),MAX(SALARY),
ROUND(AVG(SALARY),2),COUNT(*)
FROMEMPLOYEES;

Aggregate Functions with GROUP BY
ThequeryinFigure4-24isillogical,becauseitessentiallyaskstheRDBMStodisplay
everyvalueofDEPARTMENT_IDbut,atthesametime,displayonlyonerowcontaining
thevaluesfortheothercolumns(thosecolumnsbeingformedwithaggregatefunctions).
Toremedythesituation,wemusttelltheRDBMSthatwewanttogrouptherowsby
DEPARTMENT_ID,andforeachgroupdisplaytheDEPARTMENT_IDalongwith

Figure4-24  Error caused by mixing aggregate functions and normal columns without 
grouping
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theaggregatecolumnresults(theminimum,maximum,andaveragesalariesforthe
departmentandthecountofthenumberofemployeesinthedepartment).Thecorrected
queryisshownhereandinFigure4-25:

SELECTDEPARTMENT_ID,MIN(SALARY),MAX(SALARY),
ROUND(AVG(SALARY),2),COUNT(*)
FROMEMPLOYEES
GROUPBYDEPARTMENT_ID;

TheGROUPBYclausereturnsonlyonerowperdepartment,butthoserowswill
notnecessarilybeindepartmentIDsequence—andlookingatFigure4-25,youcansee
thattherowsarenotinanyparticularsequence.Thelessonhereisalwaystoinclude
anORDERBYwhenyouwanttherowsinthequeryresultsreturnedinaparticular
sequence.

Figure4-25  SELECT with aggregate functions and a GROUP BY clause
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Data Manipulation Language (DML)
TheDataManipulationLanguage(DML)statementtypesinSQLareINSERT,UPDATE,
andDELETE.Thesecommandsallowyoutoadd,change,andremoverowsofdatain
thetables.Beforeyoulookateachofthesestatementtypes,youneedtounderstand
theconceptoftransactionsandhowtheRDBMSsupportsthem.

Transaction Support (COMMIT and ROLLBACK)
IntermsoftheRDBMS,atransactionisaseriesofoneormoreSQLstatementsthatare
treatedasasingleunit.Atransactionmustcompletelyworkorcompletelyfail,meaningthat
anydatabasechangesatransactionmakesmustbemadepermanentwhenthetransaction
successfullycompletes.Ontheotherhand,thesechangesmustbeentirelyremovedfromthe
databaseifthetransactionfailsbeforecompletion.Forexample,youcouldstartatransaction
atthebeginningofaprocessthatcreatesaneworder,andthen,attheendoftheprocess
whenalltheorderinformationhasbeenentered,completethetransaction.Itisimportant
thatotherdatabaseusersdonotseefragmentsofanorderuntilithasbeencompletely
enteredandconfirmed.
SQLprovidessupportfortransactionswiththeCOMMITandROLLBACKstatements.

Somevariationoccursinthesyntaxandhandlingofthesecommandsacrossdifferent
RDBMSvendors.MostvendorsrequirenoargumentwiththeCOMMITorROLLBACK
statement,sothestatementissimplythekeywordfollowedbythesemicolonthatends
everySQLstatement.

Q: IrecallthattheORDERBYclauseprovidesalistofcolumnnamestobeusedin
sequencingtherowsinaquery’sresultset.CanIuseittosortoncolumnsformed
usingfunctionsandotherexpressions?

A: Yes,youcanuseresultsetcolumnsformedusingexpressionsintheORDERBYclause.
SimplyrepeattheentireexpressionintheORDERBYclause.Forexample,ifyouwanted
tochangethequeryshowninFigure4-25todisplaytherowsindescendingsequenceby
themaximumsalaryinthedepartment,youcandosobyaddingthisORDERBYclause:

ORDERBYMAX(SALARY)DESC

Ask the Expert
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InOracle,atransactionisimplicitlystartedforadatabaseusersessionassoonas
theusersubmitsastatementthatchangesanydata(thatis,anINSERT,UPDATEor
DELETEstatement,butnotaSELECTstatement).Atanytime,thedatabaseusercan
issueaCOMMIT,whichmakesallthedatabasechangescompleteduptothatpoint
permanentandthereforevisibletoanyotherdatabaseuser.Theusercanalsoissue
aROLLBACK,whichreversesanychangesmadetothedatabase.TheCOMMITand
ROLLBACKstatementsnotonlyendonetransaction,buttheyalsosetthestagefor
anewone.Thereisonemorewrinkletoremember:InOracle,anautomaticcommit
occurswhentheuserdisconnectsfromthedatabaseandbeforeanyDDLstatement
(coveredlaterinthischapter).
Analternativetoimplicittransactionsisautocommitmode,whichessentiallyputs

eachSQLstatementinitsowntransaction.Whenautocommitisactive,anystatement
thatmodifiesdataisautomaticallycommittedassoonasthestatementissuccessfully
completed.EarlierinthechapterIdescribedtheAutocommitcheckboxintheApplication
Expressclientthattogglesthedatabasesessioninoroutofautocommitmode.Another
waytochangethemodeinOracleisbyrunningtheSETAUTOCOMMITONand
SETAUTOCOMMITOFFcommands.However,thesecommandsarenotsupportedin
theOracleApplicationExpressclient,presumablybecauseofexplicitsupportusingthe
Autocommitcheckbox.
Bycontrast,inSybaseASEandMicrosoftSQLServer,autocommitisthedefault

mode.ThedatabaseusermustissueaBEGINTRANSACTIONstatementtoexplicitly
startatransaction.Onceatransactionisstarted,changesmadetothedatabasecanbe
madepermanentwithaCOMMITTRANSACTIONstatementortheycanbereversed
usingaROLLBACKTRANSACTIONstatement.SomeRDBMSs,suchasMicrosoft
AccessandMySQL,donotprovidetransactionsupportatall.

The INSERT Statement
TheINSERTstatementinSQLisusedtoaddnewrowsofdatatotables.AnINSERT
statementcanalsoinsertrowsviaaview,providedthefollowingconditionsaremet:

● Iftheviewjoinsmultipletables,thecolumnsreferencedbytheINSERTstatementmust
allbefromthesametable.Saidanotherway,anINSERTcanaffectonlyonetable.

● Theviewmustincludeallthemandatorytablecolumnsinthebasetable.Ifcolumns
withNOTNULLconstraintsdonotappearintheview,itisimpossibletoprovide
valuesforthosecolumnsandthereforeimpossibletousetheviewtoperform
anINSERT.
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TheINSERTstatementtakestwobasicforms:onewherecolumnvaluesareprovided
inthestatementitself,andtheotherwherevaluesareselectedfromatableorviewusing
asubselect.Let’shavealookatthosetwoforms.

INSERT with VALUES Clause
TheformoftheINSERTstatementthatincludestheVALUESclausecancreateonlyone
roweachtimeitisrun,becausethevaluesforthatonerowofdataareprovidedinthe
statementitself.Figure4-26showsanexamplethataddsanewrowtotheEMPLOYEES
table.HereistheSQLstatement:

INSERTINTOEMPLOYEES
(EMPLOYEE_ID,FIRST_NAME,LAST_NAME,EMAIL,PHONE_NUMBER,HIRE_DATE,
JOB_ID,SALARY,COMMISSION_PCT,MANAGER_ID,DEPARTMENT_ID)
VALUES(921,'Werdna','Leppo','leppo@whatever.com',null,SYSDATE,
'IT_PROG',15000,0.0,103,60);

NotethecolumnlistfollowingtheINSERTkeyword.Thiscomma-separatedlistis
optional,butifprovided,itmustalwaysbeenclosedinapairofparentheses.Ifyouomit
thelist,thecolumnvaluesmustbeprovidedinthecorrectorder(thatis,thesameasthe
orderinwhichthecolumnsarephysicallyorderedinthetable),andyoucannotskipany

Figure4-26  INSERT using the VALUES clause
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columnvalues.Thestatementmaymalfunctionifanyoneaddscolumnstothetable,even
optionalones,soitisalwaysagoodideatoprovidethecolumnlist,eventhoughitis
moreworktocreateone.FollowingthecolumnlististhekeywordVALUESandthena
listofthevaluesforthecolumns.Thiscomma-separatedlistmustalsobeenclosedina
pairofparentheses.TheitemsintheVALUESlisthaveaone-to-onecorrespondencewith
thecolumnlist(ifonewasprovided)orwiththecolumnsdefinedinthetableorview(if
acolumnlistwasnotprovided).Thekeywordnull(orNULL)maybeusedtoassignnull
valuestocolumnsinthelist.SYSDATEisapseudo-columnprovidedinOracledatabases
thatalwayscontainsthecurrentdateandtime.

INSERT with Subquery
TheformofINSERTstatementthatincludesasubquerycreatesonerowinthetargettable
foreachrowretrievedfromthesourcetableorview.Asubqueryisusedtoretrievethe
informationthatwillbeinserted.Intheexamplethatfollows,rowsinanimaginarytable
calledEMPLOYEE_INPUTareusedtoinsertdataintotheEMPLOYEEStable:

INSERTINTOEMPLOYEES
(EMPLOYEE_ID,FIRST_NAME,LAST_NAME,EMAIL,PHONE_NUMBER,
HIRE_DATE,JOB_ID)
SELECTEMPLOYEE_ID,FIRST_NAME,LAST_NAME,
EMAIL,PHONE_NUMBER,SYSDATE,JOB_ID
FROMEMPLOYEE_INPUT;

IfyouwanttotrythisINSERTstatement,youcanfindthestatementsusedtocreate
theEMPLOYEE_INPUTtableinthe“DataDefinitionLanguage(DDL)Statements”
sectionabitfurtheralonginthischapter.

The UPDATE Statement
TheUPDATEstatementinSQLisusedtoupdatethedatavaluesfortable(orview)
columnslistedinthestatement.AWHEREclausecanbeincludedtolimitthescopeof
thestatementtorowsmatchingitsconditions;otherwise,thestatementattemptstoupdate
everyrowinthetable(orview)namedinthestatement.Figure4-27showsanexample
oftheUPDATEstatementthatchangesthephonenumberforemployee921.Hereisthe
SQLstatement:

UPDATEEMPLOYEES
SETPHONE_NUMBER='301.555.1212'
WHEREEMPLOYEE_ID=921;

Foreachcolumntobeupdated,aSETclauseisusedtonamethecolumnandthe
newvalueforthecolumn.Thenewvalueprovidedcanbeaconstant,anothercolumn
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name,oranyotherexpressionthatSQLcanresolvetoacolumnvalue.IftheSETclause
referencesmultiplecolumns,thecolumnnamesandvaluesmustbeinacomma-separated
list.TheUPDATEstatementmayincludeaWHEREclausetolimittherowsaffectedby
thestatement.IftheWHEREclauseisomitted,theUPDATEstatementwillattemptto
updateeveryrowinthetable(orview).Ifyouforgetthiskeypoint,rememberourfriend
theROLLBACKstatement,whichcanbackouttheresultsoftheupdate(unlessyouare
inautocommitmode,ofcourse).

The DELETE Statement
TheDELETEstatementremovesoneormorerowsfromatable.Thestatementcanalso
referenceaview,butonlyiftheviewisbasedonasingletable(inotherwords,views
thatjoinmultipletablescannotbereferenced).ADELETEstatementdoesnotreference
columnsbecausethestatementautomaticallyclearsallcolumndataforanyrowsdeleted.
AWHEREclausecanbeincludedtolimittherowsaffectedbytheDELETEstatement;
iftheWHEREclauseisomitted,thestatementattemptstodeletealltherowsin

Figure4-27  UPDATE statement for the EMPLOYEES table
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thereferencedtable.Figure4-28showsanexampleofaDELETEstatementthatdeletes
employee921fromtheEMPLOYEEStable.HereistheSQLstatement:

DELETEFROMEMPLOYEES
WHEREEMPLOYEE_ID=921;

Data Definition Language (DDL) Statements
DataDefinitionLanguage(DDL)statementsdefinethedatabaseobjectsbutdonotinsert
orupdateanydatastoredwithinthoseobjects.(DMLstatementsservethatpurpose.)In
SQL,threebasiccommandsareusedwithinDDL:

● CREATE Createsanewdatabaseobjectofthetypenamedinthestatement

● DROP Drops(destroys)anexistingdatabaseobjectofthetypenamedinthestatement

● ALTER Changesthedefinitionofanexistingdatabaseobjectofthetypenamed
inthestatement

Figure4-28  DELETE statement for the EMPLOYEES table



160 Databases:ABeginner’sGuide

ThesectionsthatfollowexaminethemostcommonlyusedDDLstatementtypes.You’ll
findalotofvarietyinDDLstatementsavailableacrossRDBMSvendors,soconsultthe
vendor’sdocumentationformoredetails.

The CREATE TABLE Statement
TheCREATETABLEstatementaddsanewtabletothedatabase.Hereisanexample
thatcreatestheEMPLOYEE_INPUTtablewiththesamecolumndefinitionsasthe
EMPLOYEEStable:

CREATETABLEEMPLOYEE_INPUT(
EMPLOYEE_IDNUMBER(6)NOTNULL,
FIRST_NAMEVARCHAR2(20)NULL,
LAST_NAMEVARCHAR2(25)NOTNULL,
EMAILVARCHAR2(25)NOTNULL,
PHONE_NUMBERVARCHAR2(20)NULL,
HIRE_DATEDATENOTNULL,
JOB_IDVARCHAR2(10)NOTNULL,
SALARYNUMBER(8,2)NULL,
COMMISSION_PCTNUMBER(2,2)NULL,
MANAGER_IDNUMBER(6)NULL,
DEPARTMENT_IDNUMBER(4)NULL)
;

Notethatacomma-separatedlistofcolumnsisprovided,alongwiththedatatype
andNULLorNOTNULLspecificationforeach.YoumayrecallfromChapter2thata
widevarietyofdatatypesissupportedacrossRDBMSvendors.Thedatatypesshown
hereapplytoOracle.BecarefulwithNULLandNOTNULLspecifications.Inmost
RDBMSs,includingOracle,NULListhedefault.However,inothers,thedefaultmight
beNOTNULL.Itisthereforesafer,butofcoursemorework,alwaystospecifyeither
NULLorNOTNULL.Incidentally,mostRDBMSsrequirethatprimarykeycolumns
bespecifiedasNOTNULL.You’llseehowtocreateaprimarykeyconstraintonthe
EMPLOYEE_IDcolumnofthistableinthe“PrimaryKeyConstraints”sectionalittle
furtheralonginthischapter.
ManyvendorextensionstotheCREATETABLEstatementexistbeyondthebasic

columnlistusedinourexample.Forexample,inOracle,theSTORAGEclausecanbe
includedtospecifytheamountofphysicalspacethatistobeallocatedtothetable,
andaTABLESPACEclausecanbeincludedtospecifythetablespacethatwillhold
thetable’sdata.
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The ALTER TABLE Statement
TheALTERTABLEstatementcanbeusedtochangemanyaspectsofthedefinitionofa
databasetable.Again,awidevariationinimplementationexistsacrossRDBMSvendors,
butgenerallyspeaking,thefollowingtypesofchangescanbemadeusingtheALTER
TABLEstatement:

● Addingcolumnstothetable

● Removingcolumnsfromthetable

● Alteringthedatatypeforexistingtablecolumns

● Changingphysicalstorageattributesofthetable

● Adding,removing,oralteringconstraints

Becausetheimplementationofconstraintsisthewayweenforcebusinessrulesin
thedatabase,wewilltakeacloserlookatthemhere.Itisimportantthatyounamethe
constraints,becauseinmostSQLimplementationsthenamesappearintheerrormessages
generatedwhenconstraintviolationstakeplace.

Referential Constraints
HereisanexampleofareferentialconstraintdefinitionusingtheALTERTABLEstatement:

ALTERTABLEEMPLOYEE_INPUT
ADDCONSTRAINTEMP_INPUT_DEPT_FK
FOREIGNKEY(DEPARTMENT_ID)
REFERENCESDEPARTMENTS(DEPARTMENT_ID);

Inthisexample,areferentialconstraintnamedEMP_DEPT_FKisaddedtothe
EMPLOYEEStabletodefinetheDEPARTMENT_IDcolumnasaforeignkeytothe
primarykeycolumn(DEPARTMENT_ID)oftheDEPARTMENTStable.Thisistheway
youimplementtherelationshipsyou’veidentifiedinthelogicaldatabasedesign.

Primary Key Constraints
Primarykeyconstraintsensurethatthecolumn(s)designatedastheprimarykeyfor
thetableneverhaveduplicatevalues.MostRDBMSs,Oracleincluded,create
auniqueindextoassistinenforcementofprimarykeyconstraints.Anindexisa
specialdatabaseobjectcontainingthekeyvaluefromoneormoretablecolumns
andpointerstothetablerowsthatmatchthekeyvalue.Indexescanbeusedforfast
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searchingofatablebasedonthekeyvalue.Hereisthedefinitionoftheprimarykey
constraintfortheEMPLOYEEStable:

ALTERTABLEEMPLOYEE_INPUT
ADDCONSTRAINTEMPLOYEES_PK
PRIMARYKEY(EMPLOYEE_ID)
USINGINDEX;

Unique Constraints
Inadditiontoenforcingprimarykeys,youcanforceuniquenessofothercolumn(s)inatable
usingauniqueconstraint.Atablemayhaveonlyoneprimarykeyconstraint,butinaddition
itmayhaveasmanyuniqueconstraintsasnecessary.MostRDBMSs,includingOracle,usea
uniqueindextoassistwiththeenforcementofuniqueconstraints.Forexample,youcanuse
auniqueconstrainttoensurethatnotwoemployeeshavethesamee-mailaddressasfollows:

ALTERTABLEEMPLOYEE_INPUT
ADDCONSTRAINTEMPLOYEES_UNQ_EMAIL
UNIQUE(EMAIL);

Thesameconstraintcanberemovedusingthisstatement:

ALTERTABLEEMPLOYEE_INPUT
DROPCONSTRAINTEMPLOYEES_UNQ_EMAIL;

Check Constraints
Checkconstraintscanbeusedtoenforceanybusinessrulethatcanbeappliedtoasingle
columninatable.Theconditionincludedintheconstraintmustalwaysbetruewhenever
thecolumndatainthetableischangedorelsetheSQLstatementfailsandanerrormessage
isdisplayed.Thefollowingexampleimplementsacheckconstraintthatensuresthatthe
SALARYcolumnintheEMPLOYEEStableisalwaysgreaterthanzero:

ALTERTABLEEMPLOYEES
ADDCONSTRAINTEMPLOYEES_CHK_SALARY_MIN
CHECK(SALARY>0);

Thesameconstraintcanberemovedwiththisstatement:

ALTERTABLEEMPLOYEES
DROPCONSTRAINTEMPLOYEES_CHK_SALARY_MIN;

The CREATE VIEW Statement
Becauseaviewismerelyastoredquery,anyquerythatcanberunusingaSELECT
statementcanbesavedasaviewinthedatabase.Viewnamesmustbeuniqueamongall
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thetables,views,andsynonymsinthedatabaseschema.InOracle,theORREPLACE
optioncanbeincludedsothatanexistingviewofthesamenamewillbereplaced.
ThefollowingexamplecreatesaviewforthequeryshowninFigure4-21:

CREATEORREPLACEVIEWSALES_EMPLOYEESAS
SELECTEMPLOYEE_ID,LAST_NAME,FIRST_NAME,DEPARTMENT_NAME
FROMEMPLOYEESLEFTOUTERJOINDEPARTMENTS
ONEMPLOYEES.DEPARTMENT_ID=DEPARTMENTS.DEPARTMENT_ID
WHEREDEPARTMENT_NAMELIKE'%Sales%';

RunningthefollowingSQLstatementwillselectthedatafromtheview,whichwill
yieldtheexactsameresultsasthoseshowninFigure4-21:

SELECT*
FROMSALES_EMPLOYEES;

The CREATE INDEX Statement
TheCREATEINDEXstatementcreatesanindexononeormoretablecolumns.
Asmentioned,indexesprovidefastsearchingofatablebasedononeormorekey
columns.Indexesonforeignkeyscanalsogreatlyimprovetheperformanceofjoins.
TheRDBMSautomaticallymaintainstheindexwhenrowsareaddedtoordeleted
fromthedatabase,orwhenindexedcolumnvaluesareupdated.However,indexes
takestoragespaceandtheirmaintenancetakesprocessingresources.Thefollowing
examplecreatesanindexontheDEPARTMENT_IDcolumnintheEMPLOYEE_
INPUTtable:

CREATEINDEXEMPLOYEE_INPUT_IX_DEPT_ID
ONEMPLOYEE_INPUT(DEPARTMENT_ID);

Ifthecolumnvaluesintheindexwillalwaysbeunique,theUNIQUEkeywordcan
beplacedbetweentheCREATEandINDEXkeywords.Asanalternative,aunique
constraintcanbeaddedtothetable,whichindirectlycreatestheuniqueindex.Unique
indexesareusuallymoreefficientthannonuniqueones.

The DROP Statement
TheDROPstatementisusedtoremovedatabaseobjectsfromthedatabasewhenthey
arenolongernecessary.Fortabledeletions,theCASCADECONSTRAINTSclause
(shortenedtoCASCADEinsomeSQLimplementations)canbeaddedtoremove
automaticallyanyreferentialconstraintsinwhichthetableparticipates.Whenatableis
dropped,mostobjectsdependingonthetable(indexesandconstraints)arealsodropped.
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InmostRDBMSs,however,viewsdependentonadroppedtableremainbutaremarked
invalidsotheycannotbeuseduntilthetableisre-created.HerearetheDROPstatements
thatremovetheobjectscreatedintheprecedingexamples:

DROPVIEWSALES_EMPLOYEES;
DROPINDEXEMPLOYEE_INPUT_IX_DEPT_ID;
DROPTABLEEMPLOYEE_INPUTCASCADECONSTRAINTS;

NOTE
You may find that you have to run these statements one at a time. This appears to be a 
quirk in the Oracle XE client.

Data Control Language (DCL) Statements
Adatabaseprivilegeistheauthorizationtodosomethinginthedatabase.Thedatabase
usergrantingtheprivilegeiscalledthegrantor,andthedatabaseuserreceivingthe
privilegeiscalledthegrantee.Privilegesfallintotwobroadcategories:

● Systemprivileges Permitthegranteetoperformageneraldatabasefunction,such
ascreatingnewuseraccountsorconnectingtothedatabase

● Objectprivileges Permitthegranteetoperformspecificactionsonspecificobjects,
suchasselectingfromtheEMPLOYEEStableorupdatingtheDEPARTMENTStable

Toreducethetediumofmanagingprivileges,mostRDBMSssupportstoringagroup
ofprivilegedefinitionsasasinglenamedobjectcalledarole.Rolesmaythenbegranted
toindividualusers,whoinheritalltheprivilegescontainedintherole.RDBMSsthat
supportrolesalsotypicallycomewithanumberofpredefinedroles.Oracle,forexample,
hasarolecalledDBAthatcontainsallthehigh-poweredsystemandobjectprivilegesa
databaseuserneedsinadministeringadatabase.

The GRANT Statement
PrivilegesaregiventousersinSQLusingtheGRANTstatement.Thefollowingexamples
showthesyntaxforgrantingasystemprivilegeandanobjectprivilegetodatabase
users.Theuseraccountgrantingtheprivilegemustpossesstheprivilege,somanyofthe
examplesherewillnotrununlessyouareconnectedtothedatabaseusingtheSYSTEM
account.
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ThefollowingstatementgrantstheCREATEVIEWprivilegetouserHR:

GRANTCREATEVIEWTOHR;

Thefollowingstatementgrantstheselect,insert,andupdateprivilegesonthe
EMPLOYEEStableintheHRschematouserHR_ADMIN.Notethatyoumustqualify
thetablenamewiththeschemanameifyouareloggedinasadifferentuser,suchas
SYSTEM.Youmustalwaysqualifyobjectsthatbelongtoanotherschema(user)when
youreferencetheminSQL.Here’sthestatement:

GRANTSELECT,INSERT,UPDATE
ONHR.EMPLOYEESTOHR_ADMIN;

NOTE
User account HR_ADMIN must exist for this statement to run. If you want to try it out, 
you may use the Administration icon on the main page and choose Database Users | 
Create User to create the account. I do not cover creating user accounts in this chapter 
because no standard SQL syntax exists for doing so, which means that every vendor 
offers a proprietary solution.

MostRDBMSsthatsupportprivilegesalsoallowforgivingthegranteepermissionto
granttheprivilegetoothers.InOracle,theclausefordoingsoisWITHADMINOPTION
forsystemprivilegesandWITHGRANTOPTIONforobjectprivileges.However,I
stronglyrecommendagainstdoingso.Itissimplytooeasytolosecontrolofprivileges
whenyouallowpeoplewhohaveaprivilegetointurngrantittoothers.

The REVOKE Statement
GrantedprivilegescanbewithdrawnusingtheREVOKEstatement.Forobjectprivileges,
ifWITHGRANTOPTIONisexercisedbytheuser,therevokecascadesandeveryone
downstreamlosestheprivilegeaswell.Thisisnotnecessarilytrueforsystemprivileges—
consultyourRDBMSmanualsfordetails.Betteryet,ifyouneveruseWITHGRANT
OPTIONandWITHADMINOPTION,youwillneverhavetoworryaboutthisproblem.
Theprivilegesshownintheprecedingsectioncanberevokedwiththesecommands:

REVOKECREATEVIEWFROMHR;

REVOKESELECT,INSERT,UPDATE
ONHR.EMPLOYEESFROMHR_ADMIN;
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 Chapter 4 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.SQLmaybedividedintothefollowingsubsets:

 A DataSelectionLanguage(DSL)

 B DataControlLanguage(DCL)

 C DataQueryLanguage(DQL)

 D DataDefinitionLanguage(DDL)

 2.SQLwasfirstdevelopedby____________.

 3.Aprogramusedtoconnecttothedatabaseandinteractwithitiscalleda(n)_________.

 4.ASELECTwithoutaWHEREclause

 A Selectsallrowsinthesourcetableorview

 B Returnsnorowsintheresultset

 C Resultsinanerrormessage

 D Listsonlythedefinitionofthetableorview

 5.InSQL,roworderinqueryresults

 A IsspecifiedusingtheSORTEDBYclause

 B Isunpredictableunlessspecifiedinthequery

 C Defaultstodescendingwhensequenceisnotspecified

 D Maybespecifiedonlyforcolumnsinthequeryresults

 6.TheBETWEENoperator

 A Includestheend-pointvalues

 B Selectsrowsaddedtoatableduringatimeinterval

 C Canberewrittenusingthe<=andNOT=operators

 D Canberewrittenusingthe<=and>=operators

 7.TheLIKEoperatoruses____________aspositionalwildcardsand____________as
nonpositionalwildcards.

✓
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 8.Asubselect

 A Maybecorrugatedornoncorrugated

 B Allowsfortheflexibleselectionofrows

 C Mustnotbeenclosedinparentheses

 D MaybeusedtoselectvaluestobeappliedtoWHEREclauseconditions

 9.AjoinwithoutaWHEREclauseorJOINclause

 A Resultsinanerrormessage

 B Resultsinanouterjoin

 C ResultsinaCartesianproduct

 D Returnsnorowsintheresultset

 10.Ajointhatreturnsallrowsfrombothtableswhetherornotmatchesarefoundisknown
asa(n)____________.

 11.Aself-join

 A Involvestwodifferenttables

 B Canbeeitheraninnerorouterjoin

 C Resolvesrecursiverelationships

 D Mayuseasubselecttofurtherlimitreturnedrows

 12.AnSQLstatementcontaininganaggregatefunction

 A MustcontainaGROUPBYclause

 B Mayalsoincludeordinarycolumns

 C MaynotincludebothGROUPBYandORDERBYclauses

 D Mayalsoincludecalculatedcolumns

 13.A(n)____________causeschangesmadebyatransactiontobecomepermanent.

 14.AnINSERTstatement

 A Mustcontainacolumnlist

 B MustcontainaVALUESlist
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 C Maycreatemultipletablerows

 D Maycontainasubquery

 15.AnUPDATEstatementwithoutaWHEREclause

 A Resultsinanerrormessage

 B Updatesnorowsinatable

 C Updateseveryrowinatable

 D ResultsinaCartesianproduct

 16.ADELETEstatementwithacolumnlist

 A Resultsinanerrormessage

 B Deletesdataonlyinthelistedcolumns

 C Deleteseverycolumninthetable

 D Canbeusedtodeletefromaview

 17.ACREATEstatement

 A IsaformofDML

 B Createsnewuserprivileges

 C Createsadatabaseobject

 D MaybereversedlaterusingaDROPstatement

 18.AnALTERstatement

 A Maybeusedtoaddaconstraint

 B Maybeusedtodropaconstraint

 C Maybeusedtoaddaview

 D Maybeusedtodropatablecolumn

 19.The____________modecauseseachSQLstatementtocommitassoonasitcompletes.

 20.Databaseprivileges

 A MaybechangedwithanALTERPRIVILEGEstatement

 B Maybeeithersystemorobjectprivileges

 C ArebestmanagedwhenassembledintogroupsusingGROUPBY

 D AremanagedusingGRANTandREVOKE
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Chapter 5
The Database  
Life Cycle 
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KeySkills&Concepts
● TheTraditionalLifeCycle

● NontraditionalLifeCycles

● TheProjectTriangle

Beforedelvingintotheparticularsofdatabasedesign,you’llfinditusefultounderstand
theframeworkinwhichthedesigntakesplace.Thelifecycleofadatabase(or

computersystem)comprisesalltheeventsthatoccurfromthetimeyoufirstrecognizethe
needforadatabase,throughitsdevelopmentanddeployment,andfinallyendingwiththe
daythedatabaseisretiredfromservice.
Mostbusinessesthatdevelopcomputersystemsfollowaformalprocessthatensures

thatdevelopmentrunssmoothly,thatitiscosteffective,andthattheoutcomeisacomplete
computersystemthatmeetsexpectations.Databasesareneverdesignedandimplemented
inavacuum—othercomponentsofthecompletesystemarealwaysdevelopedalongwith
thedatabase,suchastheuserinterface,applicationprograms,andreports.Allthework
tobeaccomplishedoverthelongtermistypicallydividedintoprojects,witheachproject
havingitsownfinitelistofgoals(sometimescalleddeliverables),anexpectedtimeframe
forcompletion,andaprojectmanagerorleaderwhowillbeheldaccountablefordeliveryof
theproject.Tounderstandthedatabaselifecycle,youmustalsounderstandthelifecycleof
theentiresystems-developmenteffortandthewayprojectsareorganizedandmanaged.This
chaptertakesalookatbothtraditionalandnontraditionalsystems-developmentprocesses.
Notalldatabasesarebuiltbybusinessesusingformalprojectsandfunding.However,

thedisciplinesoutlinedinthischaptercanassistyouinthinkingthroughyourdatabase
projectandaskingthetoughquestionsbeforeyouembarkonanextendedeffort.

The Traditional Life Cycle
Thetraditionalmethodfordevelopingcomputersystemsfollowsaprocesscalledthe
systemdevelopmentlifecycle(SDLC),whichdividestheworkintothephasesshownin
Figure5-1.ThereareperhapsasmanyvariationsoftheSDLCasthereareauthors,project
managementsoftwarevendors,andcompaniesthathaveelectedtocreatetheirown
methodologies.However,theyallhavethebasiccomponents,andinthatsense,areall
cutfromthesamecloth.Icouldarguethemeritsofonevariationversusanother,butthat
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Feasibility study 
Form project team

Collect requirements 
Analyze requirements

Design screens/forms/reports 
Document business rules 
Design story boards or screen 
flows

Specify logical system software 
Specify logical hardware

Specify physical system software 
Specify physical hardware

Construct application software 
Build application development 
and test environments

Create production environment 
Install application components 
Train users 
Rollout to users

Respond to reported problems 
Apply mandated changes 
Respond to change requests

Database ActivitiesPhases Project Activities

Review DBMS options 
Assign database specialist to teamPlanning

Requirements 
Gathering

Collect and analyze user views 
Identify preliminary entities

Conceptual 
Design

Develop conceptual data model 
Update enterprise conceptual model

Logical Design
Develop logical data model 
Perform normalization

Physical Design
Physical database design

Construction

Create development/test databases 
Test any required data conversion

Implementation 
and Rollout

Create production databases 
Perform required data conversion

Ongoing 
Support

Database performance tuning 
Database software patches 
Schema changes to support 
application changes

Figure5-1  Traditional system development life cycle (SDLC)
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wouldmerelyconfusematterswhenallyouneedisabasicoverview.Agoodtextbook
onsystemsanalysiscanprovidegreaterdetailshouldyouneedit.Figure5-1shows
thetraditionalSDLCstepsintheleftcolumn,thebasicprojectactivitiesinthemiddle
column,andthedatabasestepsthatsupporttheprojectactivitiesintherightcolumn.Each
stepisexploredfurtherinthesectionsthatfollow.Notethattheprocessisnotalways
unidirectional—attimes,missingorincompleteinformationisdiscoveredandrequires
thatyoutogobackonephaseandadjusttheworkdonethere.Thedottedlinespointing
backtopriorphasesinFigure5-1serveasremindersthatacertainamountofreworkis
normalandexpectedduringaprojectfollowingtheSDLCmethodology.

Planning
Duringtheplanningphase,theorganizationmustreachahigh-levelunderstandingof
wheretheycurrentlyare,wheretheywanttobe,andareasonableapproachorplanfor
gettingfromoneplacetotheother.Planningoftenoccursoveralongertimeperiodthan
anyoneindividualproject,andtheoverallinformationsystemsplanfortheorganization
formsthebasisfromwhichprojectsshouldbelaunchedtoachievetheoverallobjectives.
Forexample,along-rangeobjectiveintheplanmightbe“Increaseprofitsby15percent.”
Insupportofthatobjective,aprojecttodevelopanapplicationsystemanddatabaseto
trackcustomerprofitabilitymightbeproposed.
Onceaparticularprojectisproposed,afeasibilitystudyisusuallylaunchedto

determinewhethertheprojectcanbereasonablyexpectedtoachieve(orhelpachieve)
theobjectiveandwhetherpreliminaryestimatesoftime,staff,andmaterialsrequired
fortheprojectfitwithintherequiredtimeframeandavailablebudget.Oftenareturn
oninvestment(ROI)orsimilarcalculationisusedtomeasuretheexpectedvalueofthe
proposedprojecttotheorganization.Ifthefeasibilitystudymeetsmanagementapproval,
theprojectisplacedontheoverallschedulefortheorganizationandtheprojectteam
isformed.Thecompositionoftheprojectteamwillchangeoverthelifeoftheproject,
withpeopleaddedandreleasedasparticularskillandstaffinglevelsareneeded.Theone
consistentmemberoftheprojectteamwillbetheprojectmanager(orprojectleader),who
isresponsiblefortheoverallmanagementandexecutionoftheproject.
Manyorganizationsassignadatabasespecialist(databaseadministratorordata

modeler)toprojectsattheirinception,asshowninFigure5-1.Inadata-drivenapproach,
wheretheemphasisisonstudyingthedatainordertodiscovertheprocessingthatmust
takeplacetotransformthedataasrequiredbytheproject,earlyassignmentofsomeone
skilledatanalyzingthedataisessential.Inaprocess-drivenapproach,wheretheemphasis
isonstudyingtheprocessesrequiredtodiscoverwhatthedatashouldbe,adatabase
specialistislessessentialduringtheearliestphasesoftheproject.Industryexperience
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suggeststhattheverybestresultsareobtainedbyapplyingbothaprocess-drivenanda
data-drivenapproach.However,thereisseldomtimeandstafftodoso,sothenext-best
resultsforaprojectinvolvingdatabasescomefromthedata-drivenapproach.Processes
stillneedtobedesigned,butifwestudythedatafirst,therequiredprocessesbecome
apparent.Forexample,indesigningourcustomerprofitabilitysystem,ifwehavecustomer
salesdataandknowthatcustomerswhoplacefewer,largerordersaremoreprofitable,then
wecanconcludethatweneedaprocesstorankcustomersbyordervolumeandsize.On
theotherhand,ifallweknowisthatweneedaprocessthatrankscustomers,itmaytake
considerablymoreworktoarriveatthecriteriaweshouldusetorankthem.
ThedatabaseactivitiesinthisphaseinvolvereviewingDBMSoptionsanddetermining

whetherthetechnologiescurrentlyinusemeettheoverallneedsoftheproject.Most
organizationssettleonone,orperhapstwo,standardDBMSproductsthattheyusefor
allprojects.Atthispoint,thegoalsoftheprojectshouldbecomparedwiththecurrent
technologytoensurethattheprojectcanreasonablybeexpectedtobesuccessfulusing
thattechnology.IfanewerversionoftheDBMSisrequired,orifacompletelydifferent
DBMSisrequired,theplanningphaseisthetimetofindout,sotheacquisitionand
installationoftheDBMScanbestarted.

Requirements Gathering
Duringtherequirements-gatheringphase,theprojectteammustgatheranddocumenta
high-level,yetprecise,descriptionofwhattheprojectistoaccomplish.Thefocusmust
beonwhatratherthanhow;thehowisdevelopedduringthesubsequentdesignphases.It
isimportantfortherequirementstoincludeasmuchascanbeknownabouttheexisting
andexpectedbusinessprocesses,businessrules,andentities.Themoreworkthatisdone
intheearlystagesofaproject,themoresmoothlythesubsequentstageswillproceed.On
theotherhand,withoutsometolerancefortheunknown(thatis,thosegrayareasthathave
nosolidanswers),analysisparalysiscanoccur,whereintheentireprojectstallswhile
analystsspintheirwheelslookingforanswersandclarificationsthatarenotforthcoming.
Fromadatabasedesignperspective,theitemsofmostinterestduringrequirements

gatheringareuserviews.Recallthatauserviewisthemethodemployedforpresenting
asetofdatatothedatabaseuserinamannertailoredtotheneedsofthatpersonor
application.Atthisphaseofdevelopment,userviewstaketheformofexistingor
proposedreports,forms,screens,webpages,andthelike.
Manytechniquescanbeusedingatheringrequirements.Themorecommonlyused

techniquesarecomparedandcontrastedhere:conductinterviews,conductsurvey,
observation,anddocumentreview.Noparticulartechniqueisclearlysuperiortoanother,
anditisbesttofindablendoftechniquesthatworkswellfortheparticularorganization
ratherthanrelyononeovertheothers.Forexample,whetheritisbettertoconductasurvey
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andfollowupwithinterviewswithkeypeople,ortostartwithinterviewsandusethe
interviewfindingstoformulateasurvey,isoftenaquestionofwhatworksbestgiventhe
organization’scultureandoperatingmethods.Witheachtechniquedetailedinthefollowing
subsections,someadvantagesanddisadvantagesarelistedtoassistindecision-making.

Conduct Interviews
Interviewingkeyindividualswhohaveinformationaboutwhattheprojectisexpectedto
accomplishisapopularapproach.Oneofthecommonerrors,however,istointerview
onlymanagement.Ifyoudonotincludethosewhoareactuallygoingtousethenew
application(s)anddatabase(s),theprojectmayendupdeliveringsomethingthatisnot
practical,becausemanagementmaynotfullyunderstandallthedetailsoftherequirements
necessarytorunthebusinessoftheorganization.Inparticular,youneedtostartadialog
withoneormoresubjectmatterexperts(SMEs)—professionalswhohaveexpertiseinthe
fieldoftheapplicationbutwhousuallydonothavetechnicalcomputersystemknowledge.
Theadvantagesofrequirementsgatheringusinginterviewsincludethefollowing:

● Theinterviewercangetanswerstoquestionsthatwerenotasked.Sidetopicsoften
comeupthatprovideadditionalusefulinformation.

● Theinterviewercanlearnalotfromthebodylanguageoftheinterviewee.Itisfar
easiertodetectuncertaintyandattemptsatdeceptioninpersonratherthaninwritten
responsestoquestions.

Thedisadvantagesincludethefollowing:

● Interviewstakeconsiderablymoretimethanothermethods.

● Poorlyskilledinterviewerscan“telegraph”theanswerstheyareexpectingbytheway
theyaskthequestionsorbytheirreactionstotheanswersreceived.

Conduct a Survey
Anotherpopularapproachistowriteasurveyseekingresponsestokeyquestions
regardingtherequirementsforaproject.Thesurveyissenttoallthedecision-makersand
potentialusersoftheapplication(s)anddatabase(s)theprojectisexpectedtodeliver,and
responsesareanalyzedforitemstobeincludedintherequirements.
Theadvantagesofrequirementsgatheringusingsurveysincludethefollowing:

● Alotofgroundcanbecoveredinashorttime.Oncethesurveyiswritten,ittakes
littleadditionalefforttodistributeittoawideraudienceifnecessary.

● Questionsarepresentedinthesamemannertoeveryparticipant.
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Thedisadvantagesincludethefollowing:

● Surveystypicallyhaveverypoorresponserates.Consideryourselffortunateif
10percentrespondwithouthavingtobeproddedorthreatenedwithconsequences.

● Unbiasedsurveyquestionsaremuchmoredifficulttocomposethanyoumightimagine.

● Theprojectteamdoesnotgetthebenefitofthenonverbalcluesthataninterview
provides.

Observation
Observingthebusinessoperationandthepeoplewhowillbeusingthenewapplication(s)
anddatabase(s)isanotherpopulartechniqueforgatheringrequirements.
Theadvantagesofrequirementsgatheringusingobservationincludethefollowing:

● Assumingyouwatchinanunobtrusivemanner,yougettoseepeoplefollowing
normalprocessesineverydayuse.Notethatthesemaynotbetheprocessesthat
managementbelievesarebeingfollowed,oreventhoseinexistingdocumentation.
Instead,youmayobserveadaptationsthatweremadesothattheprocessesactually
workorsotheyaremoreefficient.

● Youmayobserveeventsthatpeoplewouldnotthink(ordare)tomentioninresponse
toquestionnairesorinterviewquestions.

Thedisadvantagesincludethefollowing:

● Ifthepeopleknowtheyarebeingwatched,theirbehaviorschange,andyoumaynot
getanaccuratepictureoftheirbusinessprocesses.ThisisoftentermedtheHawthorne
effectafteraphenomenonfirstnoticedintheHawthornePlantofWesternElectric,
whereproductionimprovednotbecauseofimprovementsinworkingconditionsbut
ratherbecausemanagementdemonstratedinterestinsuchimprovements.

● Unlessenormousperiodsoftimearededicatedtoobservation,youmayneverseethe
exceptionsthatsubvertexistingbusinessprocesses.Tobendanoldanalogy,youend
uppavingthecowpathwhilecowsarewanderingonthehighwayontheothersideof
thepastureduetoaholeinthefence.

● Traveltovariousbusinesslocationscanaddconsiderablytoprojectexpense.

Document Review
Thistechniqueinvolveslocatingandreviewingallavailabledocumentsfortheexisting
businessunitsandprocessesthatwillbeaffectedbythenewprogram(s)anddatabase(s).
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Theadvantagesofrequirementsgatheringusingdocumentreviewincludethefollowing:

● Documentreviewistypicallylesstimeconsumingthananyoftheothermethods.

● Documentsoftenprovideanoverviewofthesystemthatisbetterthoughtout
comparedwiththeintroductoryinformationyoureceiveinaninterview.

● Picturesanddiagramsreallyareworthathousandwordseach.

Thedisadvantagesarethefollowing:

● Thedocumentsmaynotreflectactualpractices.Documentsoftendealwithwhat
shouldhappenratherthanwhatreallyhappens.

● Documentationisoftenoutofdate.

Conceptual Design
Theconceptualdesignphaseinvolvesdesigningtheexternalsoftheapplication(s)
anddatabase(s).Infact,manymethodologiesusethetermexternaldesignforthis
projectphase.Thelayoutofreports,screens,forms,webpages,andotherdataentry
andpresentationvehiclesarefinalizedduringthisphase.Inaddition,theflowofthe
externalapplicationisdocumentedintheformofaflowchart,storyboard,orscreenflow
diagram.Thishelpstheprojectteamunderstandthelogicalflowofthesystem.Process
diagrammingtechniquesarediscussedfurtherinChapter7.
Duringthisphase,thedatabasespecialist(DBAordatamodeler)assignedtothe

projectupdatestheenterpriseconceptualdatamodel,whichisusuallymaintainedinthe
formofanentity-relationshipdiagram(ERD).Neworchangedentitiesdiscoveredare
addedtotheERD,andanyadditionalorchangedbusinessrulesarealsonoted.Theuser
views,entities,andbusinessrulesareessentialforthesuccessfullogicaldatabasedesign
thatfollowsinthenextphase.

Logical Design
Duringlogicaldesign,thebulkofthetechnicaldesignoftheapplication(s)anddatabase(s)
includedintheprojectiscarriedout.Manymethodologiescallthisphaseinternaldesign,
becauseitinvolvesthedesignoftheinternalsoftheprojectthatthebusinessuserswill
neversee.
Theworktobeaccomplishedbytheapplication(s)issegmentedintomodules

(individualunitsofapplicationprogrammingthatwillbewrittenandtestedtogether),
andadetailedspecificationiswrittenforeachunit.Thespecificationshouldbecomplete
enoughthatanyprogrammerwiththeproperprogrammingskillscanwritethemodule
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andtestitwithlittleornoadditionalinformation.Diagramssuchasdataflowdiagrams
orflowcharts(anoldertechnique)areoftenusedtodocumentthelogicflowbetween
modules.ProcessmodelingiscoveredinmoredetailinChapter7.
Fromthedatabaseperspective,themajoreffortinthisphaseisnormalization,a

techniquedevelopedbyE.F.(Ted)Coddfordesigningrelationaldatabasetablesthatare
bestfortransaction-basedsystems(thatis,thosethatinsert,update,anddeletedatainthe
relationaldatabasetables).Normalization,thesinglemostimportanttopicinthisentire
book,iscoveredingreatdetailinChapter6.Oncenormalizationiscompleted,theoverall
logicaldatamodelfortheenterprise(assumingoneexists)isupdatedtoreflectanynewly
discoveredentities.

Physical Design
Duringthephysicaldesignphase,thelogicaldesignismappedorconvertedtotheactual
hardwareandsystemssoftwarethatwillbeusedtoimplementtheapplication(s)and
database(s).Fromtheprocessside,littleornothingneedstobedoneiftheapplication
specificationswerewritteninamannerthatcanbedirectlyimplemented.However,much
workisrequiredtospecifythehardwareonwhichtheapplication(s)anddatabase(s)will
beinstalled,includingcapacityestimatesfortheprocessors,diskdevices,andnetwork
bandwidthonwhichthesystemwillrun.
Onthedatabaseside,thenormalizedrelationsthatweredesignedinthepriorlogical

designphaseareimplementedintherelationalDBMS(s)tobeused.Inparticular,
DataDefinitionLanguage(DDL)iscodedorgeneratedtodefinethedatabaseobjects,
includingtheSQLclausesthatdefinethephysicalstorageofthetablesandindexes.
Preliminaryanalysesofrequireddatabasequeriesareconductedtoidentifyanyadditional
indexesthatmaybenecessarytoachieveacceptabledatabaseperformance.Anessential
outcomeofthisphaseistheDDLforcreationofthedevelopmentdatabaseobjectsthatthe
developerswillneedfortestingtheapplicationprogramsduringtheconstructionphase
thatfollows.PhysicaldatabasedesigniscoveredinmoredetailinChapter8.

Construction
Duringtheconstructionphase,theapplicationdeveloperscodeandtesttheindividual
programmingunits.Testedprogramunitsarepromotedtoasystemtestenvironment,
wheretheentireapplicationanddatabasesystemisassembledandtestedfromendto
end.Figure5-2showstheenvironmentsthataretypicallyusedasanapplicationsystem
isdeveloped,tested,andimplemented.Eachenvironmentisacompletehardwareand
softwareenvironmentthatincludesallthecomponentsnecessarytoruntheapplication
system.Oncesystemtestingiscompleted,thesystemispromotedtoaqualityassurance
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(QA)environment.Mostmedium-andlarge-sizeorganizationshaveaseparateQA
departmentthatteststheapplicationsystemtoensurethatitconformstothestated
requirements.Someorganizationsalsohavebusinessuserstestthesystemtomakesure
italsomeetstheirneeds.Thesoonererrorsarefoundinacomputersystem,theless
expensivetheyaretorepair.AfterQAhaspassedtheapplicationsystem,itispromoted
toastagingenvironment.Thestagingenvironmentmustbeasnearaduplicateofthe
productionenvironmentaspossible.Inthisenvironment,stresstestingisconductedto
ensurethattheapplicationanddatabasewillperformreasonablywhendeployedintolive
productionuse.Oftenfinalusertrainingisconductedhereaswell,becauseitwillbemost
liketheliveenvironmentuserswillsoonuse.
ThemajorworkoftheDBAisalreadycompletebythetimeconstructionbegins.

However,aseachpartoftheapplicationsystemismigratedfromoneenvironmentto
thenext,thedatabasecomponentsneededbytheapplicationmustalsobemigrated.
Hopefully,ascriptiswrittenthatdeploysthedatabasecomponentstothedevelopment
environment,andthatscriptisreusedineachsubsequentenvironment.However,
complicationscanoccurwhenanexistingdatabaseisbeingenhancedoranolderdata
storagesystemisbeingreplaced,becausedatamustbeconvertedfromtheoldstorage
structurestothenew.Datatranscendssystems.Therefore,dataconversionbetweenold
andnewversionsofsystemsisquitecommonplace,rangingfromsimplyaddingnew
tablesandcolumnstocomplexconversionsthatrequireextensiveprogrammingeffortsin
andofthemselves.

Implementation and Rollout
Implementationistheprocessofinstallingthenewapplicationsystem’scomponents
(applicationprograms,formsorwebpages,reports,databaseobjects,andsoon)into
thelivesystemandcarryingoutanyrequireddataconversions.Rolloutistheprocess
ofplacinggroupsofbusinessusersonthenewapplication.Sometimesanewproject

Live use of the
application(s) 
and database(s)

Development System Test QA Test Staging Production

Programming 
Unit testing

System testing Quality assurance 
testing 
User acceptance 
testing

Stress testing 
User training 
Support trouble- 
shooting

Figure5-2  Development hardware/software environments
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isimplementedcoldturkey,meaningeveryuserstartsonthenewversionatthesame
time.However,withmorecomplicatedapplicationsorthoseinvolvinglargenumbersof
users,aphasedimplementationisoftenusedtoreducerisk.Theoldandnewversionsof
theapplicationmustruninparallelforatimewhilegroupsofusers—oftenpartitioned
byphysicalworklocationorbydepartment—aretrainedandmigratedovertothenew
application.Thismethodisoftenhumorouslyreferredtoasthechickenmethod(in
contrasttothecoldturkeymethod).

Ongoing Support
Onceanewapplicationsystemanddatabasehavebeenimplementedinaproduction
environment,supportoftheapplicationisoftenturnedovertoaproductionsupportteam.
Thisteammustbepreparedtoisolateandrespondtoanyissuesthatmayarise,which
couldincludeperformanceissues,abnormalorunexpectedresults,completefailures,
ortheinevitablerequestsforenhancements.Withenhancements,itisbesttocategorize
andprioritizethemandthenfoldthemintofutureprojects.However,genuineerrors
foundintheexistingapplicationordatabase(calledbugsinITslang)mustbefixedmore
immediately.Eachbugfixbecomesamini-project,wherealltheSDLCphasesmust
berevisited.Attheveryleast,documentationmustbeupdatedaschangesaremade.As
notedinFigure5-2,thestagingenvironmentprovidesanidealplaceforthevalidation
oferrorsandtheirfixesandmakesitpossibletofixerrorsinparallelwiththenextmajor
enhancementtotheapplicationsystem,whichmayhavealreadybeenstartedinthe
developmentenvironment.
Assumingnogrosserrorsweremadeduringdatabasedesign,thedatabasesupport

requiredduringthisphaseisusuallyminor.Herearesomeofthetasksthatmayberequired:

● Patchesmustbeappliedwhentheproblemsturnouttobebugsinthevendor’s
RDBMSsoftware.

● Performancetuning,suchasmovingdatafilesoraddingindexes,maybenecessaryto
circumventperformanceproblems.

● Spacemustbemonitoredandstorageaddedasthedatabasegrows.

● Someapplicationbugfixesmayrequirenewtablecolumnsoralterationstoexisting
columns.Iftestingwasdonewell,grosserrorsthatrequireextensivedatabasechanges
simplydonotoccur.Someapplicationchangesarerequiredbystatutoryorregulatory
changesbeyondthecontroloftheorganization,andthosechangescanleadto
extensivemodificationstoapplication(s)anddatabase(s).
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Nontraditional Life Cycles
InresponsetothebeliefthatSDLCprojectstaketoomuchtimeandconsumetoomany
resources,somenontraditionalmethodshavecomeintoroutineuseinsomeorganizations.
ThetwomostprevalentoftheseareprototypingandRapidApplicationDevelopment(RAD).

Prototyping
Prototypinginvolvesrapiddevelopmentoftheapplicationusingiterativesetsofdesign,
development,andimplementationstepsasamethodofdetermininguserrequirements.
Extensivebusinessuserinvolvementisrequiredthroughoutthedevelopmentprocess.
Initsextremeform,theprototypingprocessstartswithameetingconductedduringthe
businessdaytoreviewthelatestiterationoftheapplication,followedbythedevelopment
teamworkingthroughtheeveningandoftenlateintothenight.Thenextiterationisthen
reviewedduringthefollowingworkday.
Someprototypingtechniquescarryallthewaythroughtoaproductionversionofthe

applicationanddatabase.Inthisvariation,iterationshaveincreasinglevelsofdetailadded
tothemuntiltheybecomecompletelyfunctionalapplications.Ifyouchoosethispath,
keepinmindthatprototypingneverends,andevenafterimplementationandrollout,any
futureenhancementsfallrightbackintomoreprototyping.Themostcommondownsideto
thisimplementationtechniqueisdevelopmentteamburnout.

Q: I’vebeenhearingabouttheRationalUnifiedProcess(RUP)lately.Howdoesthatfitin
withSDLC?

A: TheRationalUnifiedProcessisaniterativesoftwaredevelopmentprocessframework
originallydevelopedbytheRationalSoftwareCorporation,whichbecameadivisionof
IBMin2003.OrganizationsthatusetheRationaltoolsetforapplicationdevelopment
usuallyalsousethecompanionprocessframework.RUPisintendedtobetailoredbythe
organizationusingit,sonotwoimplementationsarethesame.UnlikeanSDLC,RUPhas
iterationsdesignedintotheframework.WhilethephasesinRUP(Inception,Elaboration,
Construction,andTransition)havesomewhatdifferentnamesthanSDLCphases,thetasks
arecategorizedintosixengineeringdisciplinesthatalignnicelywiththeclassicSDLC
(BusinessModeling,Requirements,AnalysisandDesign,Implementation,Test,and
Deployment).

Ask the Expert
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Anothervariationofprototypingrestrictstheefforttothedefinitionofrequirements.
Oncerequirementsandtheuser-facingpartsoftheconceptualdesign(thatis,userviews)
aredetermined,atraditionalSDLCmethodologyisusedtocompletetheproject.IBM
introducedaversionofthismethodologycalledJointApplicationDesign(JAD),which
washighlysuccessfulinsituationswhereuserrequirementscouldnotbedetermined
usingmoretraditionaltechniques.Thebiggestexposureforthisvariantofprototyping
isinnotsettingandmaintainingexpectationswiththebusinesssponsorsoftheproject.
Theprototypeismoreorlessafaçade,muchlikeamoviesetwherethebuildingslook
realfromthefrontbuthavenosubstancebeyondthat.Nontechnicalaudienceshaveno
understandingofwhatittakestodevelopthelogicanddatastoragestructuresthatform
theinnerworkingsoftheapplication,andtheybecomemostdisappointedwhenthey
realizethatwhatlookedlikeacomplete,functionalapplicationsystemwasreallyjustan
emptyshell.However,whendonecorrectly,thistechniquecanberemarkablysuccessful
indetermininguserrequirementsthatdescribepreciselytheapplicationsystemthe
businessuserswantandneed.

Rapid Application Development
RapidApplicationDevelopment(RAD)isasoftwaredevelopmentprocessthatallows
functioningapplicationsystemstobebuiltinaslittleas60to90days.Compromisesare
oftenmadeusingthe80/20rule,whichassumesthat80percentoftherequiredworkcan
becompletedin20percentofthetime.Complicatedexceptionhandling,forexample,can
beomittedintheinterestofdeliveringaworkingsystemsooner.Iftheprocessisrepeated
onthesamesetofrequirements,thesystemisultimatelybuiltouttomeet100percentof
therequirementsinamannersimilartoprototyping.
RADisnotusefulincontrollingprojectschedulesorbudgets,andinfactitrequires

aprojectmanagerwhoishighlyskilledatmanagingschedulesandcontrollingcosts.Itis
mostusefulinsituationsforwhicharapidscheduleismoreimportantthanproductquality
(measuredintermsofconformingtoallknownrequirements).

The Project Triangle
Themotivationbehindthegrowthofnontraditionaldevelopmentprocessesispressure
frombusinessmanagementtodevelopbetterbusinessapplicationsmorequicklyand
atlessexpense.Saidsimply,theywantfastdeliveryofhighqualityandinexpensive
applicationsoftwaresystems.However,despitetheclaimsofsomeofthevendorsselling
developmenttoolsandmethodologies,allthreeobjectivessimplycannotbemaximized.
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TryThis5-1

Figure5-3showsagraphicalrepresentationofthedilemmausingtheprojecttriangle.
Thethreepointsofthetrianglerepresentthethreeobjectives:quality,deliverytime,
andcost(oftenknownasgood,fast,andcheap).Thelinesbetweenthepointsremindus
thattheobjectivesareinterrelated.Infact,mostexpertsagreeonlytwooftheobjectives
canbeoptimized,andwhentheyare,thethirdobjectivealwayssuffers.Thecommonly
understoodruleisthatyoumustpicktwoandoptimizeyourprojectaccordingly.Ithas
alsobeengenerallyproventhattheruleappliestohumanendeavorsandnottomatters
ofpuretechnology.Forexample,youcancreateanewvideoformatthatrendershigher
qualityimagesfasterandlessexpensively.However,ifyoulaunchedaprojecttodesign
suchanewformat,theprojecttaskscouldnotbeoptimizedforallthreeobjectives.
Thisruledidn’tstartwiththesoftwareindustry.Infact,someclaimthatitisanold

Hollywoodmaximaboutfilmmaking.Whileeveryproducerwantsahigh-qualityfilm,
madequickly,andfinishedonbudget,itsimplycannotbedone.Agoodmoviemade
quicklyisn’tcheap.Amoviemadequicklyandcheaplywon’tbegood.Andamoviethat
isgoodandcheaplymadecan’tbemadequickly.Applyingtheanalogytoapplication
developmentprojects,threechoicesemerge:

● Designanddevelopthesystemquicklyandtoahighstandard,butexpecthighercosts.

● Designanddevelopthesystemquicklywhileminimizingcosts,butexpectthe
outcometomeetalowerstandardofquality.

● Designanddevelopthesystemtoahighstandardwhileminimizingcosts,butexpect
theprojecttotakemuchlonger.

 Project Database Management Tasks
InthisTryThisexercise,youwillassigntypicalprojectmanagementdatabasemanagement
taskstoSDLCprojectphases.Youmayhavetodoalittleresearchonyourowntounderstand
theparticularsofoneormoretasks,butthatwillonlyenhanceyourlearningexperience.

Delivery 
TimeCost

Quality

Figure5-3  The project triangle
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Step by Step
 1.MakealistoftheSDLCprojectphases:

 a. Planning

 b. RequirementsGathering

 c. ConceptualDesign

 d. LogicalDesign

 e. PhysicalDesign

 f. Construction

 g. ImplementationandRollout

 h. OngoingSupport

 2.Usingwhatyoulearnedinthischapteralongwithwhatyouareabletofindoutusing
othersources,assigneachofthefollowingtaskstooneoftheprojectphases.Notethat
somemayapplytomorethanonephase.Also,methodologiesareusuallytailoredto
fittheorganizationinwhichtheyareused,sotherearenoabsolutecorrectorincorrect
answersforsomeofthetasks.

 a. Normalization.

 b. Addforeignkeystothedatabase.

 c. Specifythephysicalplacementofdatabaseobjectsonstoragemedia.

 d. Specifytheuniqueidentifierforeachrelation.

 e. Specifytheprimarykeyforeachtable.

 f. Determinetheviewsrequiredbythebusinessusers.

 g. Removedatathatiseasilyderived.

 h. Resolvemany-to-manyrelationships.

 i. Defineviewsinthedatabase.

 j. Modifythedatabasetomeetbusinessrequirements.

 k. Denormalizethedatabaseforperformance.

 l. Specifyalogicalnameforeachentityandattribute.

 m. Specifyaphysicalnameforeachtableandcolumn.

 n. Addderivabledatatoimproveperformance.

(continued)
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 o. Specifydatabaseindexes.

 p. Translatetheconceptualdatamodelintoalogicalmodel.

 q. Documentbusinessrulesthatcannotberepresentedinthedatamodel.

 r. Identifytheattributesrequiredbythebusinessusers.

 s. Identifytherelationshipsbetweentheentities.

 t. Identifyanddocumentbusinessdatarequirements.

 u. Ensurethatuserdatarequirementsaremet.

 v. Tunethedatabasetoimproveperformance.

 w. EvaluateavailableDBMSoptions.

Try This Summary
InthisTryThisexercise,youassignedprojecttaskstoSDLCphasesusinginformationin
thischapter,aswellasindependentresearch.MysolutioncanbefoundinAppendixB,
butasalreadystated,thereisnosinglecorrectsolutiontothisexercise.

 Chapter 5 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Thephasesofasystemsdevelopmentlifecycle(SDLC)methodologyincludewhichof
thefollowing?

 A Physicaldesign

 B Logicaldesign

 C Prototyping

 D Requirementsgathering

 E Ongoingsupport

 2.DuringtherequirementsphaseofanSDLCproject,

 A Userviewsarediscovered.

 B Thequalityassurance(QA)environmentisused.

 C Surveysmaybeconducted.

✓
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 D Interviewsareoftenconducted.

 E Observationmaybeused.

 3.Theadvantagesofconductinginterviewsare

 A Interviewstakelesstimethanothermethods.

 B Answersmaybeobtainedforunaskedquestions.

 C Alotcanbelearnedfromnonverbalresponses.

 D Questionsarepresentedmoreobjectivelycomparedtosurveytechniques.

 E Entitiesaremoreeasilydiscovered.

 4.Theadvantagesofconductingsurveysinclude

 A Alotofgroundcanbecoveredquickly.

 B Nonverbalresponsesarenotincluded.

 C Mostsurveyrecipientsrespond.

 D Surveysaresimpletodevelop.

 E Prototypingofrequirementsisunnecessary.

 5.Theadvantagesofobservationare

 A Youalwaysseepeopleactingnormally.

 B Youarelikelytoseelotsofsituationsinwhichexceptionsarehandled.

 C Youmayseethewaythingsreallyareinsteadofthewaymanagementand/or
documentationpresentsthem.

 D TheHawthorneeffectenhancesyourresults.

 E Youmayobserveeventsthatwouldnotbedescribedtoyoubyanyone.

 6.Theadvantagesofdocumentreviewsare

 A Picturesanddiagramsarevaluabletoolsforunderstandingsystems.

 B Documentreviewscanbedonerelativelyquickly.

 C Documentswillalwaysbeuptodate.

 D Documentswillalwaysreflectcurrentpractices.

 E Documentsoftenpresentoverviewsbetterthanothertechniquescan.
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 7.ApplicationprogrammodulesarespecifiedduringtheSDLC____________phase.

 8.Afeasibilitystudyisoftenconductedduringthe____________phaseofanSDLCproject.

 9.Normalizationtakesplaceduringthe____________phaseofanSDLCproject.

 10.DDLiswrittentodefinedatabaseobjectsduringthe____________phaseofan
SDLCproject.

 11.Programspecificationsarewrittenduringthe____________phaseofanSDLCproject.

 12.Duringimplementationandrollout,

 A Usersareplacedonthelivesystem.

 B Enhancementsaredesigned.

 C Theoldandnewapplicationsmayberuninparallel.

 D Qualityassurancetestingtakesplace.

 E Usertrainingtakesplace.

 13.Duringongoingsupport,

 A Enhancementsareimmediatelyimplemented.

 B Storageforthedatabasemayrequireexpansion.

 C Thestagingenvironmentisnolongerrequired.

 D Bugfixesmaytakeplace.

 E Patchesmaybeappliedifneeded.

 14.Whenrequirementsaresketchy,____________canworkwell.

 15.RapidApplicationDevelopmentdevelopssystemsrapidlybyskipping____________.

 16.Thethreeobjectivesdepictedintheapplicationtriangleare__________,__________,
and____________.

 17.Thedatabaseisinitiallyconstructedinthe____________environment.

 18.Databaseconversionistestedduringthe____________phaseofanSDLCproject.

 19.Userviewsareanalyzedduringthe____________phaseofanSDLCproject.

 20.Therelationaldatabasewasinventedby____________.
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Chapter 6
Database Design Using 
Normalization
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KeySkills&Concepts
● TheNeedforNormalization

● ApplyingtheNormalizationProcess

● Denormalization

Inthischapter,youwilllearnhowtoperformlogicaldatabasedesignusingaprocesscallednormalization.Intermsofunderstandingrelationaldatabasetechnology,thisisthe
mostimportanttopicinthisbook,becausenormalizationteachesyouhowbesttoorganize
yourdataintotables.
Normalizationisatechniqueforproducingasetofrelations(datarepresented

logicallyinatwo-dimensionalformatusingrowsandcolumns)thatpossessesacertain
setofproperties.You’llrememberfrompreviouschaptersthatE.F.(Ted)Coddisthe
fatheroftherelationaldatabase,andthathedevelopedtheprocessin1972,usingthree
normalforms.Thenamewasabitofapoliticalgagatthetime.PresidentNixonwas
“normalizing”relationswithChina,soCoddfiguredifyoucouldnormalizerelationswith
acountry,youshouldbeableto“normalize”datarelationsaswell.Additionalnormal
formswereaddedlater,asdiscussedtowardtheendofthischapter.
ThenormalizationprocessisshowninFigure6-1.Onthesurface,itisquitesimple

andstraightforward,butittakesconsiderablepracticetoexecutetheprocessconsistently
andcorrectly.Briefly,wetakeanyrelationandchooseauniqueidentifierfortheentity
thattherelationrepresents.Then,throughaseriesofstepsthatapplyvariousrules,we
reorganizetherelationintocontinuouslymoreprogressivenormalforms.Thedefinitions
ofeachofthesenormalformsandtheprocessrequiredtoarriveateachonearecoveredin
thesectionsthatfollow.
Throughoutthenormalizationprocess,Iconsistentlyusethelogicaltermswhenever

possible.Theonlyexceptionisthetermprimarykey,whichIuseinlieuofunique
identifierforconsistencywithcurrentindustrypractice.Beginnersmayfinditeasier
tothinkintermsofthephysicalobjectsthatwilleventuallybecreatedfromthelogical
design.Thisisbecauselearningtothinkofdatabasesattheconceptualandlogicallevels
ofabstractioninsteadofthephysicallevelis,infact,averydifficultdisciplineforyour
mindtomaster.Ifyoufindyourselfthinkingoftablesinsteadofrelations,andcolumns
insteadofattributes,youneedtobreakthehabitassoonaspossible.Thosewhothink
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onlyphysicallywhileattemptingtonormalizetablesrunintodifficultieslater,becausea
one-to-onecorrespondencedoesnotnecessarilyexistbetweennormalizedrelationsand
tables.Infact,itisphysicaldatabasedesignthattransformsthenormalizedrelationsinto
relationaltables,andthereissomelatitudeinmappingnormalizedrelationstophysical
tables.Thefollowingtablemayhelpyourememberthecorrespondencebetweenthe
logicalandphysicalterms:

LogicalTerm PhysicalTerm

Relation or Entity Table

Unique identifier Primary key

Attribute Column

Tuple Row

NOTE
Relation was Codd’s original name for a data structure made of rows and columns, 
and it is the basis for the name relational database. However, over time the term entity 
became more popular, even though the definitions of the two are not exactly the same. 
Be careful not to confuse relation (a data structure) with relationship (how one structure 
is related to another). If fact, it may be this confusion that has driven people away from 
using the term relation.

Figure6-1  The normalization process

Unnormalized 
relation

Remove repeating and 
multivalued attributes

First normal 
form relation

Remove partially 
dependent attributes

Second normal 
form relation

Remove transitively 
dependent attributes

Third normal 
form relation

Apply additional 
normal forms (?)

Fully normalized 
relation
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The Need for Normalization
Inhisearlyworkwithrelationaldatabasetheory,Codddiscoveredthatunnormalized
relationspresentedcertainproblemswhenattemptsweremadetoupdatethedatainthem.
Heusedthetermanomaliesfortheseproblems.Thereasonwenormalizetherelationsisto
removetheseanomaliesfromthedata.Itisessentialthatyouunderstandtheseanomalies,
becausetheyalsotellyouwhenitisacceptabletobendtherulesduringphysicaldesignby
“denormalizing”therelations(coveredlaterinthischapter).Itmakessensethatinorderto
bendtherules,youneedtounderstandwhytherulesexistinthefirstplace.
Figure6-2showsaninvoicefromAcmeIndustries,afictitiouscompany.Theinvoice

containsattributesthataretypicalforaprintedinvoicefromasupplycompany.Conceptually,
theinvoiceisauserview.Wewillusethisinvoiceexamplethroughoutourexplorationofthe
normalizationprocess.

Insert Anomaly
Theinsertanomalyreferstoasituationinwhichyoucannotinsertanewtupleinto
arelationbecauseofanartificialdependencyonanotherrelation.(Atupleisacollectionof
datavaluesthatformoneoccurrenceofanentity.Inaphysicaldatabase,atupleiscalled
arowofdata.)Theerrorthathascausedtheanomalyisthatattributesoftwodifferent
entitiesaremixedintothesamerelation.ReferringtoFigure6-2,weseethattheID,name,
andaddressofthecustomerareincludedintheinvoiceview.Wereyoumerelytomake
arelationfromthisviewasitis,andeventuallyatablefromtherelation,youwouldsoon

Figure6-2  Invoice from Acme Industries

Acme Industries 
INVOICE

Customer Number: 1454837 
Customer: W. Coyote 
  General Delivery 
  Falling Rocks, AZ 84211 
  (599) 555-9345

Terms: Net 30 
Ship Via: USPS 

Order Date: 12/01/2008

Description

Super Strength Springs 
Foot Straps, leather 
Deluxe Crash Helmet 
Rocket, solid fuel 
Emergency Location Transmitter

Extended Amount

$48.00 
$5.00 
$67.88 

$128,200.40 
**FREE GIFT** 

$128,321.28

Quantity

2 
2 
1 
1 
1

Unit Price

24.00 
2.50 
67.88 

128,200.40 
79.88

Product No.

SPR–2290 
STR–67 
HLM–45 
SFR–1 
ELT–1 

TOTAL ORDER AMOUNT:
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discoverthatyoucouldnotinsertanewcustomerintothedatabaseunlessthecustomerhad
boughtsomething.Thisisbecauseallthecustomerdataisembeddedintheinvoice.

Delete Anomaly
Thedeleteanomalyistheoppositeoftheinsertanomaly.Itreferstoasituationwherein
adeletionofdataaboutoneparticularentitycausesunintendedlossofdatathat
characterizesanotherentity.InthecaseoftheAcmeIndustriesinvoice,ifwedelete
thelastinvoicethatbelongstoaparticularcustomer,weloseallthedatarelatedtothat
customer.Again,thisisbecausedatafromtwoentities(customersandinvoices)wouldbe
incorrectlymixedintoasinglerelationifwemerelyimplementedtheinvoiceasatable
withoutapplyingthenormalizationprocesstotherelation.

Update Anomaly
Theupdateanomalyreferstoasituationinwhichanupdateofasingledatavaluerequires
multipletuples(rows)ofdatatobeupdated.Inourinvoiceexample,ifwewantedto
changethecustomer’saddress,wewouldhavetochangeitoneverysingleinvoice
forthecustomer.Thisisbecausethecustomeraddresswouldberedundantlystored
ineveryinvoiceforthecustomer.Tomakemattersworse,redundantdataprovidesa
goldenopportunitytoupdatemanycopiesofthedatabutmissafewofthem,resultingin
inconsistentdata.Themantraoftheskilleddatabasedesigneristhis:Foreachattribute,
captureitonce,storeitonce,andusethatonecopyeverywhere.

Applying the Normalization Process
Thenormalizationprocessisappliedtoeachuserviewcollectedduringearlierdesign
stages.Somepeoplefinditeasiertoapplythefirststep(choosingaprimarykey)toeach
userview,andthentoapplythenextstep(convertingtofirstnormalform),andsoforth.
Otherpeopleprefertotakethefirstuserviewandapplyallthenormalizationstepstoit,
andthenthenextuserview,andsoforth.Withpractice,you’llknowwhichprocessworks
bestforyou,butwhicheveryouchoose,youmustbeverysystematicinyourapproach,
lestyouoverlooksomething.Ourexamplehasonlyoneuserview(theAcmeIndustries
invoice),sothismayseemamootpoint,buttwopracticeproblemstowardtheendofthe
chaptercontainseveraluserviewseach,soyouwillbeabletotrythisoutsoonenough.
Usingdry-erasemarkersorchalkonawall-mountedboardismosthelpfulbecauseyou
caneasilyeraseandrewriterelationsasyougo.
Startwitheachuserviewbeingarelation,whichmeansyourepresentitasifitisa

two-dimensionaltable.Asyouworkthroughthenormalizationprocess,youwillbe
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rewritingexistingrelationsandcreatingnewones.Somefinditusefultodrawtherelations
withsampletuples(rows)ofdatainthemtoassistinvisualizingthework.Ifyoutakethis
approach,becertainthatyourdatarepresentsreal-worldsituations.Forexample,youmight
notrealizethattwocustomershaveexactlythesamenameintheinvoiceexample—asa
result,yournormalizationresultsmightbeincorrect.Therefore,youshouldalwaysthinkof
asmanypossibilitiesasyoucanwhenusingthisapproach.Figure6-3showstheinformation
fromtheinvoiceexample(Figure6-2)representedintabularform.Onlyoneinvoiceis
shownhere,butmanymorecouldbefilledintoshowexamplesofmultipleinvoicesper
customer,multiplecustomers,thesameproductonmultipleinvoices,andsoon.
Youprobablynoticedthateachinvoicehasmanylineitems.Thiswillbeessential

informationwhenwegettofirstnormalform.InFigure6-3,multiplevaluesareplacedin
thecellsforthecolumnsthatholddatafromthelineitems.Thesearecalledmultivalued
attributesbecausetheyhavemultiplevaluesforatleastsometuples(rows)intherelation.
Ifyouweretoconstructanactualdatabasetableinthismanner,yourabilitytousea
languagesuchasSQLtoquerythosecolumnswouldbelimited.Forexample,findingall
ordersthatcontainaparticularproductwouldrequireyoutoparsethecolumndatawith
aLIKEoperator.UpdateswouldbeequallyawkwardbecauseSQLwasnotdesignedto
handlemultivaluedcolumns.Worstofall,adeleteofoneproductfromaninvoicewould
requireanSQLUPDATEinsteadofaDELETEbecauseyouwouldnotwanttodeletethe
entireinvoice.Asyouconsiderthefirstnormalformlaterinthischapter,youwillseehow
tomitigatethisproblem.
Figure6-4showsanotherwayarelationcouldbeorganizedusingtheinvoiceshown

inFigure6-2.Here,themultivaluedcolumndatahasbeenplacedinseparaterowsand
theothercolumns’datahasbeenrepeatedtomatch.Theobviousproblemhereisallthe

Figure6-3  Acme Industries invoice represented in tabular form
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repeateddata.Forexample,thecustomer’snameandaddressarerepeatedforeachline
itemontheinvoice,whichisnotonlywastefulofresources,butalsoexposesyouto
inconsistencieswheneverthedataisnotmaintaineduniformly(forexample,ifyouupdate
thecityforonelineitembutnotalltheothers).
Rewritinguserviewsintotableswithrepresentativedataisatediousandtime-

consumingprocess.Forthisreason,youcansimplywritetheattributesasalistand
visualizetheminyourmindasthetwo-dimensionaltablestheywilleventuallybecome.
Thistakessomepracticeandsometrainingofthemind,butonceyoumasterit,you’llfind
itconsiderablyfastertovisualizethedataratherthanwritingoutexhaustiveexamples.
HereisthelistfortheinvoiceexamplefromFigure6-2:

INVOICE:CustomerNumber,CustomerName,CustomerAddress,
CustomerCity,CustomerState,CustomerZipCode,
CustomerPhone,Terms,ShipVia,OrderDate,
ProductNumber,ProductDescription,Quantity,
UnitPrice,ExtendedAmount,TotalOrderAmount

Forclarity,anamefortherelationhasbeenadded,withtherelationnameinuppercase
lettersandseparatedfromtheattributeswithacolon.ThisistheconventionIwilluseforthe
remainderofthischapter.However,ifanothertechniqueworksbetterforyou,byallmeans
useit.Thebestnewsofallisthatnomatterwhichrepresentationyouuse(Figure6-3,
Figure6-4,ortheprecedinglist),ifyouproperlyapplythenormalizationprocessandits
rules,youwillcreateacomparabledatabasedesign.

Figure6-4  Acme Industries invoice represented without multivalued attributes
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Choosing a Primary Key
Asyounormalize,youconsidereachuserviewasarelation.Inotherwords,you
conceptualizeeachuserviewasifitisalreadyimplementedinatwo-dimensional
table.Thefirststepinnormalizationistochooseaprimarykeyfromamongtheunique
identifiersyoufindintherelation.
Recallthatauniqueidentifierisacollectionofoneormoreattributesthatuniquely

identifieseachoccurrenceofarelation.Inmanycases,asingleattributecanbefound.In
ourexample,thecustomernumberontheinvoiceuniquelyidentifiesthecustomerdata
withintheinvoice,butbecauseacustomermayhavemultipleinvoices,itisinadequateas
anidentifierfortheentireinvoice.
Whennosingleattributecanbefoundtouseforauniqueidentifier,youcan

concatenateseveralattributestoformtheuniqueidentifier.Youwillseethishappenwith
ourinvoiceexamplewhenwesplitthelineitemsfromtheinvoiceaswenormalizeit.
Itisveryimportanttounderstandthatwhenauniqueidentifieriscomposedofmultiple
attributes,theattributesthemselvesarenotcombined—theystillexistasindependent
attributesandwillbecomeindividualcolumnsinthetable(s)createdfromournormalized
relations.
Inafewcases,nosetofattributesinarelationcanreasonablybeusedasthe

uniqueidentifier.(Youwillfindthatmanypractitionersusethetermsidentifierandkey
interchangeably.)Whenthisoccurs,youmustinventauniqueidentifier,oftenwithvalues
assignedsequentiallyorrandomlyasyouaddentityoccurrencestothedatabase.This
technique(somemightsay“actofdesperation”)isthesourceofsuchuniqueidentifiersas
SocialSecuritynumbers,employeeIDs,anddriver’slicensenumbers.Uniqueidentifiers
thathavereal-worldmeaningarecallednaturalidentifiers,andthosethatdonot(which
ofcourseincludesthosewemustinvent)arecalledsurrogateorartificialidentifiers.In
ourinvoiceexample,thereappearstobenonaturaluniqueidentifierfortherelation.You
couldtryusingthecustomernumbercombinedwiththeorderdate,butifacustomerhas
twoinvoicesonthesamedate,thiswouldnotbeunique.Therefore,itwouldbemuch
bettertoinventanidentifier,suchasaninvoicenumber.
Wheneveryouchooseauniqueidentifierforarelation,youmustbecertainthatthe

identifierwillalwaysbeunique.Ifevenonecaseexiststorendertheidentifiernotunique,
youcannotuseit.People’snames,forexample,makelousyuniqueidentifiers.Youmay
havenevermetsomeonewithexactlyyourname,buttherearepeopleouttherewith
completelyidenticalnames.Asanexampleoftheharmpoorlychosenuniqueidentifiers
cause,considerthecaseoftheBraziliangovernmentwhenitstartedregisteringvoters
in1994toreduceelectionfraud.Father’sname,mother’sname,anddateofbirthwere
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chosenastheuniqueidentifier.Unfortunately,thiscombinationisuniqueonlyforsiblings
bornondifferentdates,soasaresult,whensiblingsbornonthesamedate(twins,triplets,
andsoon)triedtoregistertovote,thefirstonethatshowedupwasallowedtoregister
andtherestwereturnedaway.Soundimpossible?It’snot—thisreallyhappened.Andto
makemattersworse,citizensarerequiredtovoteinBrazilandsometimeshavetoprove
theyvotedinordertogetajob.Someoneshouldhavespentmoretimethinkingaboutthe
uniquenessofthechosen“unique”identifier.
Sometimesarelationwillhavemorethanonepossibleuniqueidentifier.Whenthis

occurs,eachpossibilityiscalledacandidate.Onceyouhaveidentifiedallthepossible
candidatesforarelation,youmustchooseoneofthemtobetheprimarykeyforthe
relation.Choosingaprimarykeyisessentialtothenormalizationprocessbecauseallthe
normalizationrulesreferencetheprimarykey.Thecriteriaforchoosingtheprimarykey
fromamongthecandidatesisasfollows(inorderofprecedence,mostimportantfirst):

● Ifonlyonecandidateisavailable,chooseit.

● Choosethecandidateleastlikelytohaveitsvaluechange.Changingprimarykey
valuesonceyoustorethedataintablesisacomplicatedmatterbecausetheprimary
keycanappearasaforeignkeyinmanyothertables.Incidentally,surrogatekeysare
almostalwayslesslikelytochangecomparedwithnaturalkeys.

● Choosethesimplestcandidate.Theonethatcomprisesthefewestnumberofattributes
isconsideredthesimplest.

● Choosetheshortestcandidate.Thisispurelyanefficiencyconsideration.However,
whenaprimarykeycanappearinmanytablesasaforeignkey,itisoftenworthitto
savesomespacewitheachone.

Forourinvoiceexample,wehaveelectedtoaddasurrogateprimaryidentifiercalled
InvoiceNumber.ThisgivesusasimpleprimarykeyfortheAcmeIndustriesinvoicesthat
isguaranteedunique,becausewecanhavetheDBMSautomaticallyassignsequential
numberstonewinvoicesastheyaregenerated.ThiswilllikelymakeAcme’saccountants
happyatthesametime,becauseitgivesthemasimpletrackingnumberfortheinvoices.
Manyconventionscanbeusedforsignifyingtheprimarykeyasyouwritethe

contentsofrelations.Usingcapitalizednamescausesconfusionbecausemostofus
tendtowriteacronymssuchasDOB(dateofbirth)thatway,andthoseattributesarenot
alwaystheprimarykey.Likewise,underliningandboldingtheattributenamescanbe
troublesomebecausethesemaynotalwaysdisplayinthesameway.Therefore,Iusethe
lettersPKenclosedinparenthesesfollowingtheattributename(s)oftheprimarykey.
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Rewritingtheinvoicerelationinlistformwiththeprimarykeyaddedprovidesthe
following:

INVOICE:InvoiceNumber(PK),CustomerNumber,CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone,Terms,
ShipVia,OrderDate,ProductNumber,
ProductDescription,Quantity,UnitPrice,
ExtendedAmount,TotalOrderAmount

First Normal Form: Eliminating Repeating Data
Arelationissaidtobeinfirstnormalformwhenitcontainsnomultivaluedattributes—that
is,everyintersectionofarowandcolumnintherelationmustcontainatmostonedata
value(saying“atmost”allowsformissingornullvalues).Sometimes,youwillfind
agroupofattributesthatrepeattogether,aswiththelineitemsontheinvoice.Each
attributeinthegroupismultivalued,butseveralattributesaresocloselyrelatedthattheir
valuesrepeattogether.Thisiscalledarepeatinggroup,butinreality,itisjustaspecialcase
ofthemultivaluedattributeproblem.
Byconvention,Iencloserepeatinggroupsandmultivaluedattributesinpairsof

parentheses.Rewritingourinvoiceinthiswaytoshowthelineitemdataasarepeating
group,wegetthis:

INVOICE:InvoiceNumber(PK),CustomerNumber,CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone,Terms,
ShipVia,OrderDate,(ProductNumber,
ProductDescription,Quantity,UnitPrice,
ExtendedAmount),TotalOrderAmount

ItisessentialthatyouunderstandthatalthoughyouknowthatAcmeIndustrieshas
manycustomers,onlyonecustomerexistsforanygiveninvoice,sothecustomerdata
ontheinvoiceisnotarepeatinggroup.Youmayhavenoticedthatthecustomerdatafor
agivencustomerisrepeatedoneveryinvoiceforthatcustomer,butthisproblemwill
beaddressedwhenwegettothirdnormalform.Becausethereisonlyonecustomerper
invoice,theproblemisnotaddressedwhenwetransformtherelationtofirstnormalform.
Totransformunnormalizedrelationsintofirstnormalform,youmustmove

multivaluedattributesandrepeatinggroupstonewrelations.Becausearepeatinggroupis
asetofattributesthatrepeattogether,allattributesinarepeatinggroupshouldbemoved
tothesamenewrelation.However,amultivaluedattribute(individualattributesthathave
multiplevalues)shouldbemovedtoitsownnewrelationratherthancombinedwithother
multivaluedattributesinthenewrelation.Asyouwillseelater,thistechniqueavoids
fourthnormalformproblems.
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Theprocedureformovingamultivaluedattributeorrepeatinggrouptoanewrelation
isasfollows:

 1.Createanewrelationwithameaningfulname.Often,itmakessensetoincludeallor
partoftheoriginalrelation’snameinthenewrelation’sname.

 2.Copytheprimarykeyfromtheoriginalrelationtothenewone.Thedatadependson
thisprimarykeyintheoriginalrelation,soitmuststilldependonthiskeyinthenew
relation.Thiscopiedprimarykeynowbecomesaforeignkeytotheoriginalrelation.As
youapplynormalizationtoadatabasedesign,alwayskeepinmindthateventuallyyou
willhavetowriteSQLtoreproducetheoriginaluserviewfromwhichyoustarted.So
theforeignkeysusedtojointhingsbacktogetherarenothinglessthanessential.

 3.Movetherepeatinggroupormultivaluedattributetothenewrelation.(Thewordmove
isusedbecausetheseattributesareremovedfromtheoriginalrelation.)

 4.Maketheprimarykey(ascopiedfromtheoriginalrelation)uniquebyaddingattributes
fromtherepeatinggrouptoit.Ifyoumoveamultivaluedattribute,whichisbasically
arepeatinggroupofonlyoneattribute,thatattributeisaddedtotheprimarykey.
Thiswillseemoddatfirst,buttheprimarykeyattribute(s)thatyoucopiedfromthe
originaltableisaforeignkeyinthenewrelation.Itisquitenormalforpartofaprimary
keyalsotobeaforeignkey.Oneadditionalpoint:Itisperfectlyacceptabletohavea
relationinwhichalltheattributesarepartoftheprimarykey(thatis,wherethereare
no“non-key”attributes).Thisisrelativelycommoninintersectiontables.

 5.Optionally,youcanchoosetoreplacetheprimarykeywithasinglesurrogatekey
attribute.Ifyoudoso,youmustkeeptheattributesthatmakeupthenaturalprimary
keyformedinSteps2and4.

ForourAcmeIndustriesinvoiceexample,hereistheresultofconvertingtheoriginal
relationtofirstnormalform:

INVOICE:InvoiceNumber(PK),CustomerNumber,CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone,Terms,
ShipVia,OrderDate,TotalOrderAmount

INVOICELINEITEM:InvoiceNumber(PK),ProductNumber(PK),
ProductDescription,Quantity,UnitPrice,
ExtendedAmount
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Notethefollowing:

● TheInvoiceNumberattributewascopiedfromINVOICEtoINVOICELINEITEM
andProductNumberwasaddedtoittoformtheprimarykeyoftheINVOICELINE
ITEMrelation.

● Theentirerepeatinggroup(ProductNumber,ProductDescription,Quantity,Unit
Price,andExtendedAmount)wasremovedfromtheINVOICErelation.

● InvoiceNumberisstilltheprimarykeyinINVOICE,anditnowalsoservesasa
foreignkeyinINVOICELINEITEMaswellasbeingpartoftheprimarykeyof
INVOICELINEITEM.

● Therearenorepeatinggroupsormultivaluedattributesintherelations,sotheyare
thereforeinfirstnormalform.

Noteaninterestingconsequenceofcomposinganaturalprimarykeyforthe
INVOICELINEITEMrelation:Youcannotputthesameproductonagiveninvoice
morethanonetime.Thismightbedesirable,butitcouldalsorestrictAcmeIndustries.
Youhavetounderstandtheirbusinessrulestoknow.IfAcmeIndustrieswantstheoption
ofputtingmultiplelineitemsonthesameinvoiceforthesameproduct(perhapswith
differentprices),youshouldmakeupasurrogatekeyinstead.Moreover,therearethose
whobelievethatprimarykeyscomposedofmultipleattributesareundesirable,along
withsoftwareproductsthatsimplydonotsupportthem.Thealternativeistomakeupa
surrogateprimarykeyfortheINVOICELINEITEMrelation.Ifyouchoosetodoso,the
relationcanberewrittenthisway:

INVOICELINEITEM:InvoiceLineItemID(PK),
InvoiceNumber,ProductNumber,
ProductDescription,Quantity,
UnitPrice,ExtendedAmount

Wearegoingtousethepreviousform(theonewiththecompoundprimarykeymade
upofInvoiceNumberandProductNumber,oftencalledthenaturalkey)aswecontinue
withnormalization.

Second Normal Form: Eliminating  
Partial Dependencies
Beforeyouexploresecondnormalform,youmustunderstandtheconceptoffunctional
dependence.Forthisdefinition,we’llusetwoarbitraryattributes,cleverlynamed“A”
and“B.”AttributeBisfunctionallydependentonattributeAifatanymomentintimeno
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morethanonevalueofattributeBisassociatedwithagivenvalueofattributeA.Lest
youwonderwhatplanetIlivedonbeforethisone,I’lltrytomakethedefinitionmore
understandable.First,supposethatattributeBisfunctionallydependentonattribute
A;thisisalsosayingthatattributeAdeterminesattributeB,orthatAisadeterminant
(uniqueidentifier)ofattributeB.Second,let’slookagainatthefirstnormalformrelations
inourAcmeIndustriesexample:

INVOICE:InvoiceNumber(PK),CustomerNumber,CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone,Terms,
ShipVia,OrderDate,TotalOrderAmount

INVOICELINEITEM:InvoiceNumber(PK),ProductNumber(PK),
ProductDescription,Quantity,UnitPrice,
ExtendedAmount

IntheINVOICErelation,youcaneasilyseethatCustomerNumberisfunctionally
dependentonInvoiceNumberbecauseatanypointintime,therecanbeonlyonevalue
ofCustomerNumberassociatedwithagivenvalueofInvoiceNumber.Theveryfactthat
theInvoiceNumberuniquelyidentifiestheCustomerNumberinthisrelationmeansthat,
inreturn,theCustomerNumberisfunctionallydependentontheInvoiceNumber.
IntheINVOICELINEITEMrelation,youcanalsosaythatProductDescriptionis

functionallydependentonProductNumberbecause,atanypointintime,thereisonlyone
valueofProductDescriptionassociatedwiththeProductNumber.However,thefactthat
theProductNumberisonlypartofthekeyoftheINVOICELINEITEMistheveryissue
addressedbysecondnormalform.
Arelationissaidtobeinsecondnormalformifitmeetsboththefollowingcriteria:

● Therelationisinfirstnormalform.

● Allnon-keyattributesarefunctionallydependentontheentireprimarykey.

LookagainatProductDescription,anditshouldbeeasytoseethatProductNumber
alonedeterminesthevalue.Saidanotherway,ifthesameproductappearsasaline
itemonmanydifferentinvoices,theProductDescriptionisthesameregardlessofthe
InvoiceNumber.OryoucansaythatProductDescriptionisfunctionallydependenton
onlypartoftheprimarykey,meaningitdependsonlyonProductNumberandnotonthe
combinationofInvoiceNumberandProductNumber.
Itshouldalsobeclearbynowthatsecondnormalformappliesonlytorelationswhere

wehaveconcatenatedprimarykeys(thatis,thosemadeupofmultipleattributes).Ifa
primarykeyiscomposedofonlyasingleattribute,asisthecasewiththefirstnormal
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formversionoftheInvoicerelation,andtheprimarykeyisatomic(thatis,hasnosubparts
thatmakesensebythemselves),asallattributesshouldbe,thenitissimplynotpossible
foranythingtodependonpartoftheprimarykey.Itfollows,then,thatanyfirstnormal
formrelationthathasonlyasingleatomicattributeforitsprimarykeyisautomatically
insecondnormalform.
LookingattheINVOICELINEITEMrelation,however,secondnormalform

violationsshouldbereadilyapparent:ProductDescriptionandUnitPricedependonlyon
theProductNumberinsteadofthecombinationofInvoiceNumberandProductNumber.
Butnotsofast!Whataboutpricechanges?IfAcmedecidestochangeitsprices,howcould
youpossiblywantthatchangetoberetroactiveforeveryinvoiceyouhaveevercreated?
Afterall,aninvoiceisanofficialrecordthatyoumustmaintainforsevenyears,percurrent
U.S.taxlaws.Thisisacommondilemmawithfast-changingattributessuchasprices.
Eitheryoumustbeabletorecallthepriceatanypointintimeoryoumuststoretheprice
withtheinvoicesoyoucanreproducetheinvoiceasneeded(thatis,whenthefriendlytax
auditorscomecalling).
Forsimplicity,let’sstorethepriceintwoplaces—onebeingthecurrentselling

priceandtheotherbeingthepriceatthetimethesalewasmade.Becausethelatteris
asnapshotatapointintimethatisnotexpectedtochange,therearenoanomaliesto
thisseeminglyredundantstorage.Analternativewouldbetostoreadate-sensitiveprice
historysomewherethatyoucouldusetoreconstructthecorrectpriceforanyinvoice.
Thatisapracticalalternativehere,butyouwouldneverbeabletodothatwithstockor
commoditiesmarkettransactions,forexample.Thepointisthatwhilethesalespricelooks
redundant,therearenoanomaliestotheadditionalattribute,soitdoesnoharm.Notice
thattheattributenamesareadjustedsotheirmeaningisabundantlyclear.
Onceyoufindasecondnormalformviolation,thesolutionistomoveanyattributes

thatarepartiallydependenttoanewrelationwheretheydependontheentirekeyinstead
ofpartofthekey.Hereisourinvoiceexamplerewrittenintosecondnormalform:

INVOICE:InvoiceNumber(PK),CustomerNumber,CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone,Terms,
ShipVia,OrderDate,TotalOrderAmount

INVOICELINEITEM:InvoiceNumber(PK),ProductNumber(PK),
Quantity,SaleUnitPrice,ExtendedAmount

PRODUCT:ProductNumber(PK),ProductDescription,
ListUnitPrice
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Theimprovementfromthefirstnormalformsolutionisthatmaintenanceofthe
ProductDescriptionnowhasnoanomalies.Youcansetupanewproductindependentof
theexistenceofaninvoicefortheproduct.IfyouwanttochangetheProductDescription,
youmaydosobymerelychangingonevalueinonerowofdata.Also,shouldthelast
invoiceforaparticularproductbedeletedfromthedatabaseforwhateverreason,you
won’tloseitsdescription(itwillstillbeintherowintheProductrelation).Always
rememberthatthereasonyouarenormalizingistoeliminatetheseanomalies.

Third Normal Form: Eliminating  
Transitive Dependencies
Tounderstandthirdnormalform,youmustfirstunderstandtransitivedependency.An
attributethatdependsonanotherattributethatisnottheprimarykeyoftherelationissaid
tobetransitivelydependent.LookingatourINVOICErelationinsecondnormalform,
youcanclearlyseethatCustomerNameisdependentonInvoiceNumber(eachInvoice
NumberhasonlyoneCustomerNamevalueassociatedwithit),butatthesametime
CustomerNameisalsodependentonCustomerNumber.Thesamecanbesaidoftherest
ofthecustomerattributesaswell.Theproblemhereisthatattributesofanotherentity
(Customer)havebeenincludedinourINVOICErelation.
Arelationissaidtobeinthirdnormalformifitmeetsboththefollowingcriteria:

● Therelationisinsecondnormalform.

● Thereisnotransitivedependence(thatis,allthenon-keyattributesdependonlyonthe
primarykey).

Totransformasecondnormalformrelationintothirdnormalform,simplymoveany
transitivelydependentattributestorelationswheretheydependonlyontheprimarykey.
Becarefultoleavetheattributeonwhichtheydependintheoriginalrelationasaforeign
key.Youwillneedittoreconstructtheoriginaluserviewviaajoin.
IfyouhavebeenwonderingabouteasilycalculatedattributessuchasExtended

AmountintheINVOICELINEITEMrelation,itisactuallythirdnormalformthat
forbidsthem,butittakesasubtleinterpretationoftherule.BecausetheExtended
AmountiscalculatedbymultiplyingSaleUnitPrice×Quantity,itfollowsthatExtended
AmountisdeterminedbythecombinationofSaleUnitPriceandQuantityandtherefore
istransitivelydependentonthosetwoattributes.Thus,itisthirdnormalformthattells
youtoremoveeasilycalculatedattributes.Andinthiscase,theyaresimplyremoved.
Usingsimilarlogic,youcanalsoremovetheTotalOrderAmountfromtheINVOICE
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relationbecauseyoucansimplysumtheINVOICELINEITEMrelationtoreproducethe
value.Agooddesignerwillmakeanoteinthedocumentationspecifyingtheformulafor
thecalculatedattributesothatitsvaluecanbereproducedwhenneeded.Anotherhighly
effectivealternativeistowritetheSQLthatreproducestheoriginalviewswhenyou
completeanormalizationprocess.It’sanexcellentwaytotestyournormalizationbecause
youcanusetheSQLtoprovethattheoriginaluserviewscanbeeasilyreproduced.
HereistheAcmeIndustriesinvoicedatarewrittenintothirdnormalform:

INVOICE:InvoiceNumber(PK),CustomerNumber,Terms,
ShipVia,OrderDate

INVOICELINEITEM:InvoiceNumber(PK),ProductNumber(PK),
Quantity,SaleUnitPrice

PRODUCT:ProductNumber(PK),ProductDescription,
ListUnitPrice

CUSTOMER:CustomerNumber(PK),CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone

Q: IntheCUSTOMERentityyoujustillustrated,aren’tCityandStatetransitively
dependentontheZipCode?

A: Notreally.Evenifyoualwayshavethecompletenine-digitZIPcode(called“ZIPPlus4”
bytheU.S.PostalService),thereisnoabsoluteguaranteethattheZIPcodewillalways
containonlyonecity,county,andstate.Yes,thePostalServicepublishesaZIPcodelistthat
providesacity,county,andstateforeachZIPcode,butthatonlytellsyouthelocationof
thepostofficebuildingthatservestheZIPcode;itdoesnotindicatethatalltheaddresses
withinthatZIPcodeareinthelistedcity,county,andstate.Inthepast,someZIPcodes
intheUnitedStateshaveactuallycrossedstatelines.Moreover,thousandsofexamples
existofdifferentcitiesandtownssharingthesameZIPcodes.NorcanyouuseZIPcodes
todeterminethecountywithinthestate—roughly20percentofU.S.five-digitZIPcodes
containpartsofmorethanonecounty.Sobecarefulwhenyouassumethings.ThePostal
Servicewillbethefirsttotellyouthatitisnotresponsibleforaligningitszoningsystem
withpoliticalboundaries.Theonly100percentreliablewaytoassigncity,county,andstate
toaU.S.addressistousethecompletestreetaddressinaZIPcodetablethatincludesstreet
namesandrangesofstreet(building)numbersthatapplytothatZIPcode.Bytheway,ZIPis
actuallyanacronymforZoningImprovementProgram,introducedin1963.ButIdigress….

Ask the Expert



 Chapter6: DatabaseDesignUsingNormalization 205

NOTE
Here is an easy way to remember the rules of first, second, and third normal form: In a 
third normal form relation, every non-key attribute must depend on the key, the whole 
key, and nothing but the key, so help me Codd.

Beyond Third Normal Form
Sincetheoriginalintroductionofnormalization,variousauthorshaveofferedadvanced
versions.Thirdnormalformwillcoverwellover90percentofthecasesyouwillseein
businessinformationsystems,andit’sconsideredthe“goldstandard”inbusinesssystems.
Onceyouhavemasteredthirdnormalform,additionalnormalformsareworthknowing.

ShouldyouthenmakeaZipCoderelationandnormalizetheCityandStateoutofall
youraddresses?Orwouldthatbeconsideredoverdesign?Thequestioncanbeansweredby
goingbacktotheanomalies,becauseremovaloftheinsert,update,anddeleteanomaliesis
theentirereasonyounormalizedatainthefirstplace:

● Ifanewcityisformed,doyouneedtoaddittothedatabaseevenifyouhaveno
customerslocatedthere?(Thisisaninsertanomaly.)

● Ifacityisdissolved,doyouhaveaneedtodeleteitsinformationwithoutlosing
otherdata?(Thisisadeleteanomaly.)

● Ifacitychangesitsname(thisrarelyoccurs,butithashappened),isitaburdento
youtofindallthecustomersinthatcityandchangetheiraddressesaccordingly?

Ifyouansweredyestoanyoftheabove,youshouldnormalizetheCityandState
attributesintoatablewithaprimarykeyofZipCode.(Notethatthecityandstatenames
assignedwillbetheonesforthepostofficethatservestheZIPcode,whicharethenames
thepostofficeprefers,buttheymaynotbetheonespreferredbythosereceivingthemail.)
Infact,youcanpurchaseZIPcodedataonaregularbasisfromtheU.S.PostalServiceor
othersources,oryoucansubscribetoanaddresscleansingservicethatwillstandardize
addressesandprovideaccurateZIPcodesforeachone.Furthermore,ifyoumaintainother
databyZIPcode,suchasshippingrates,youhaveallthemorereasontonormalizeit.But
ifnot,theZipCodeexampleisavaluablelessoninwhywenormalize(ornot)andwhenit
maynotbeasimportant.
AnotherargumentfornotnormalizingtheZipCodedataisthatthedataisnotstable.

ThepostofficeisconstantlyaddingandsplittingZIPcodes,andwhenevercitiesacquire
newterritory,theZIPcodelistforthecitycanchange.Commonsensemustprevailat
alltimes.
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Boyce-Codd Normal Form
Boyce-CoddNormalForm(BCNF)isastrongerversionofthirdnormalform.Itaddresses
anomaliesthatoccurwhenanon-keyattributeisadeterminantofanattributethatispart
oftheprimarykey(thatis,whenanattributethatispartoftheprimarykeyisfunctionally
dependentonanon-keyattribute).
Asanexample,assumethatAcmeIndustriesassignsmultipleproductsupportspecialists

toeachcustomer,andeachsupportspecialisthandlesonlyoneparticularproductline.
Followingisarelationthatassignsspecialiststocustomers.Inreality,CustomerIDand
SupportSpecialist(Employee)IDcouldbeusedinsteadofthecustomerandsupport
specialistnames,buttheirnamesareusedhereforbetterillustrationoftheissue.

Customer ProductLine SupportSpecialist
W. Coyote Springs R.E. Coil

W. Coyote Straps B. Brown

W. Coyote Helmets C. Bandecoot

W. Coyote Rockets R. Goddard

USAF Rockets R. Goddard

S. Gonzalez Springs R.E. Coil

S. Gonzalez Straps B. Brown

S. Gonzalez Rockets E. John

L. Armstrong Helmets S.D. Osborne

Inthisexample,youmustconcatenatetheCustomerandProductLineattributes
toformaprimarykey.However,becauseagivensupportspecialistsupportsonlyone
productline,itisalsotruethattheSupportSpecialistattributedeterminestheProduct
Lineattribute.IfyouhadchosenasurrogateprimarykeyinsteadofcombiningCustomer
andProductLinefortheprimarykey,thethirdnormalformviolation—anon-key
attributedetermininganothernon-keyattribute(SupportSpecialistdeterminingProduct
Lineinthiscase)—wouldbeobvious.However,youmaskedthenormalizationerrorby
makingProductLinepartoftheprimarykey.ThisiswhyBCNFisconsideredastronger
versionofthirdnormalform.
TheBCNFhastworequirements:

● Therelationmustbeinthirdnormalform.

● Nodeterminantsexistthatarenoteithertheprimarykeyoracandidatekeyforthe
table.Thatis,anon-keyattributemaynotuniquelyidentify(determine)anyother
attribute,includingonethatparticipatesintheprimarykey.
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Thesolutionistosplittheunwanteddeterminanttoadifferenttable,justasyouwould
withathirdnormalformviolation.TheBCNFversionofthisrelationisshownhere:

SUPPORTSPECIALISTASSIGNMENT:CUSTOMERID(PK),
SUPPORTSPECIALISTID

SUPPORTSPECIALISTSPECIALTY:SUPPORTSPECIALISTID(PK),
PRODUCTLINE

Intabularform,therelationsanddatalooklikethis(again,nameshavebeen
substitutedfortheIDstomakethedataeasiertovisualize):

Customer SupportSpecialist
W. Coyote R.E. Coil

W. Coyote B. Brown

W. Coyote C. Bandecoot

W. Coyote R. Goddard

USAF R. Goddard

S. Gonzalez R.E. Coil

S. Gonzalez B. Brown

S. Gonzalez E. John

L. Armstrong S.D. Osborne

SupportSpecialist ProductLine
B. Brown Straps

C. Bandecoot Helmets

E. John Rockets

R.E. Coil Springs

R. Goddard Rockets

S.D. Osborne Helmets

Fourth Normal Form
OnceinBCNF,remainingnormalizationproblemsdealalmostexclusivelywithrelations
whereeveryattributeispartoftheprimarykey.Onesuchanomalysurfaceswhentwoor
moremultivaluedattributesareincludedinthesamerelation.Suppose,forexample,you
wanttotrackbothofficeskillsandlanguageskillsforouremployees.Youmightcomeup
witharelationsuchasthisone:
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EmployeeID OfficeSkill LanguageSkill
1001 Typing, 40 wpm Spanish

1001 10 key French

1002 Spreadsheets Spanish

1002 10 key German

Youcanformaprimarykeyforthisrelationbychoosingthecombinationofeither
EmployeeIDandOfficeSkill,orEmployeeIDandLanguageSkill.Thatleavesyouwith
eitherofthesetwoalternativesforthirdnormalformrelations:

EMPLOYEESKILL:EMPLOYEEID(PK),OFFICESKILL(PK),
LANGUAGESKILL

EMPLOYEESKILL:EMPLOYEEID(PK),LANGUAGESKILL(PK),
OFFICESKILL

Boththealternativesshownareinthirdnormalform,andbothpassBCNFaswell.The
problem,ofcourse,isthatanimpliedrelationshipexistsbetweenofficeskillsandlanguage
skills.Doesthefirsttupleforemployee1001implythatheorshecantypeonlyinSpanish?
AnddoesthesecondtupleimplythatheorshecanworkonlyonaFrench10Keypad?
Relationssuchasthesearerareinreallifebecausewhenexperienceddesignersresolve

multivaluedattributeproblemstosatisfyfirstnormalform,theymoveeachmultivalued
attributetoitsownrelationratherthancombiningthemasshownhere.So,withsomestrict
interpretationoffirstnormalformprocedures,thiscanbeavoidedaltogether.Also,ifyou
aregoingtoapplytherulesoffifthnormalform,itcoverstheanomaliesaddressedby
fourthnormalformintermsthataremucheasiertounderstand,soyoucanskipthisstep
altogether.However,shouldyouencounterafourthnormalformviolation,theremedyis
simplytoputeachmultivaluedattributeinaseparaterelation,suchasthese:

EMPLOYEEOFFICESKILL:EMPLOYEEID(PK),OFFICESKILL(PK)

EMPLOYEELANGUAGESKILL:EMPLOYEEID(PK),LANGUAGESKILL(PK)

Fifth Normal Form
Fifthnormalformisveryeasytounderstand.Yousimplykeepsplittingrelations,stopping
onlywhenoneofthefollowingconditionsistrue:

● Anyfurthersplittingwouldleadtorelationswheretheoriginalviewcannotbe
reconstructedwithjoins.

● Theonlysplitsleftaretrivial.Trivialsplitsoccurwhenresultingrelationshavea
primarykeyconsistingonlyoftheprimarykeyorcandidatekeyoftheotherrelation.
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Whilefifthnormalformseemstoforbidallthree-wayrelationships,someofthese
arelegitimate.Problemsariseonlywhentheentitiescanbesplitintosimpler,more
fundamentalrelationships.
Tomostpractitioners,fifthnormalformissynonymouswithfullynormalized.However,

inrecentyears,databasemanagementguruC.J.(Chris)Datehasproposedasixthnormal
formthatdealswithtemporalandintervaldata.Itremainstobeseenwhetherornotitwill
bewidelyadopted.

Domain-Key Normal Form (DKNF)
RonFaginintroduceddomain-keynormalform(DKNF)inaresearchpaperpublished
in1981.ThetheoryisthatarelationisinDKNFifandonlyifeveryconstrainton
therelationisaresultofthedefinitionsofdomainsandkeys.AlthoughFaginwas
abletoprovethatrelationsinDKNFhavenomodificationanomalies,heprovidedno
procedureorstep-by-steprulestoachieveit.Thedilemmathenisthatdesignershave
nosolidindicationofwhenDKNFhasbeenachievedforarelation.Noristhenotion
thatconstraintsareaconsequenceofkeysobvious.ThisislikelywhyDKNFisnotin
widespreaduseandisnotgenerallyexpectedinthedesignofdatabasesforbusiness
applications.Academicinterestinithasalsofaded.

Denormalization
Asyouhaveseen,normalizationleadstomorerelations,whichtranslatestomore
tablesandmorejoins.Whendatabaseuserssufferperformanceproblemsthatcannot
beresolvedbyothermeans,suchastuningthedatabaseorupgradingthehardware
onwhichtheRDBMSruns,denormalizationmayberequired.Mostdatabaseexperts
considerdenormalizationalastresort,ifnotanactofdesperation.Withcontinuous
improvementsinhardwareandRDBMSefficiencies,denormalizationhasbecomefar
lessnecessarythanintheearlierdaysofrelationaldatabases.Themostessentialpoint
isthatdenormalizationisnotthesameasnotbotheringtonormalizeinthefirstplace.
Onceanormalizeddatabasedesignhasbeenachieved,adjustmentscanbemadewiththe
potentialconsequences(anomalies)inmind.
Possibledenormalizationstepsincludethefollowing:

● Recombiningrelationsthatweresplittosatisfynormalizationrules

● Storingredundantdataintables

● Storingsummarizeddataintables

Notealsothatnormalizationisintendedtoremoveanomaliesfromdatabasesthatare
usedforonlinetransaction-processingsystems.Databasesthatstorehistoricaldataused
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TryThis6-1

solelyforanalyticalpurposesarenotassubjecttoinsert,update,anddeleteanomalies.
Chapter12offersmoreinformationondatabasesthatholdhistoricalinformation.

Practice Problems
Thissectionincludestwopracticeproblems(intheformofTryThisexercises)with
solutionssoyoucantrynormalizationforyourself.Theseareverynarrow,scaled-down
caseproblemsthatmostreadersshouldbeabletosolveinaboutanhoureach.Asyou
workthem,youwillbemoresuccessfulifyoufocusjustontheviewspresentedand
don’tworryaboutotherbusinessprocessesanddatathatmightbeneeded.Foreachcase
problem,theintentisforyoutoproducethirdnormalformrelationsthatsupportthe
viewspresentedandthendrawanentity-relationshipdiagram(ERD)forthenormalized
relations.AsyoudrawtheERDs,keepinmindthattheyarequiteeasytocreateonce
normalizationiscomplete—yousimplycreatearectangleforeachnormalizedrelation
andthendrawrelationshipseverywhereaprimarykeyinonerelationisusedasaforeign
keyinanother(orthesame)relation.Theseshouldallbeone-to-manyrelationships,and
theforeignkeymustalwaysbeonthemanysideoftherelationship.Mysolutionforeach
problemappearsinAppendixB.

 UTLA Academic Tracking
TheUniversityofThreeLetterAcronyms(UTLA)isasmallacademicfacilityoffering
undergraduateandcontinuingadulteducation.Mostoftherecordkeepingiseithermanual
ordonebyindividualsusingpersonaltoolssuchasspreadsheets.Amodernizationeffortis
underway,whichincludesbuildingintegratedapplicationanddatabasesystemstoperform
basicbusinessfunctions.

The User Views
UTLAwishestoconstructasystemtotrackitsacademicactivities,includingcourse
offerings,instructorqualificationsforthecourses,courseenrollment,andstudentgrades.
Thefollowingillustrationsshowthedesiredoutputreportswithsampledata(thesearethe
userviewsthatshouldbenormalized).
 Studentreport:

Student Report:

Mailing Address

127 Essex Drive  Hayward CA 94545 
P.O. Box 45   Oakland CA 94601 
South Hall #23   Berkeley CA 94623

Home Phone

510–555–2859 
510–555–9403 
510–555–8742

ID

4567 
4953 
6758

Name

Helen Wheels 
Barry Bookworm 
Carla Coed



 Chapter6: DatabaseDesignUsingNormalization 211

Coursereport:

Course Report:

Prerequisite Courses

None 
X100 
X301 
X301 
X301, X422

Description

This course... 
Students learn... 
Continuation of... 
Introduction to... 
The main focus...

ID

X100 
X301 
X302 
X422 
X408

Title

Concepts of Data Proc. 
C Programming I 
C Programming II 
Systems Analysis 
Concepts of DBMS

No. Credits

4 
4 
6 
6 
6

Instructorreport:

Instructor Report:

Home Phone

510–555–1234 

510–555–1010 

510–555–2829

Office Phone

x–7463 

x–5328 

408–555–2047

ID

756 

795 

801

Name

Werdna Leppo

Cora Coder 

Tillie Talker

Home Address

12 Main St. 
Alameda  CA  94501 

32767 Binary Way 
Abend  CA  21304 

123 Forms Rd. 
Paperwork  CA  95684

Courses

X408, X422 

X301, X302 

X100, X422 

Sectionreport:

Section Report:

Year: 2008 Semester: Spr Building: Evans Room: 70 Day(s): Tu Time(s): 7–10

Instructor: 756, Werdna Leppo Course: X408 Credits: 6

Year: 2008 Semester: Spr Building: SFO Room: 7 Day(s): We Time(s): 7–10

Instructor: 756, Werdna Leppo Course: X408 Credits: 6

Year: 2008 Semester: Spr Building: Evans Room: 70 Day(s): M,Fr Time(s): 7–9

Instructor: 801, Tillie Talker Course: X100 Credits: 4

Student ID
4567 
6758

Student Name
Helen Wheels 
Carla Coed

Grade
A 
B+

Student ID
4973 
6758

Student Name
Barry Bookworm 
Carla Coed

Grade
B+ 
A–

Student ID Student Name Grade

(continued)
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Youcannotdesignadatabasewithoutsomeknowledgeofthebusinessrulesand
processesofanorganization.Hereareafewsuchitemstokeepinmind:

● Onlyonemailingaddressandonecontactphonenumberarekeptforeachstudent.

● Eachcoursehasafixednumberofcredits(thatis,novariablecreditcoursesareoffered).

● Eachcoursemayhaveoneormoreprerequisitecourses.Thelistofallprerequisites
foreachcourseisshownintheCoursereport.

● Onlyonemailingaddress,onehomephonenumber,andoneofficephonenumberare
keptforeachinstructor.

● Aqualificationscommitteemustapproveinstructorsbeforetheyarepermittedto
teachaparticularcourse.Thequalifications(thatis,thecoursesthatthecommitteehas
determinedtheinstructorisqualifiedtoteach)arethenaddedtotheinstructor’srecords,
asshownintheInstructorreport.Thelistofqualifiedcoursesdoesnotimplythatthe
instructorhasactuallytaughtthecoursebutonlythatheorsheisqualifiedtodoso.

● Basedondemand,anycoursemaybeofferedmultipletimes,eveninthesameyear
andsemester.Eachofferingiscalleda“section,”asshownintheSectionreport.

● Studentsenrollinaparticularsectionofacourseandreceiveagradefortheir
participationinthatcourseoffering.Shouldtheytakethecourseagainatalatertime,
theyreceiveanothergrade,andbothgradesarepartoftheirpermanentacademicrecord.

● Althoughtheday,time,building,androomforeachsectionisnotedintheSection
report,thisisdonemerelytofacilitateregisteringstudents.Theschedulingofclassrooms
isoutofscopeforthisproject.

● Theday(s)andtime(s)attributesontheSectionreportaremerelytextdescriptionsof
themeetingschedule.Thebuildingofameetingcalendarforsectionsisoutofscope
forthisproject.

Asaconvenience,herearetheattributesrewrittenusingtherelationlistingmethod,
withrepeatinggroupsandmultivaluedattributesenclosedinparentheses:

STUDENTREPORT:ID,STUDENTNAME,STREETADDRESS,CITY,STATE,
ZIPCODE,HOMEPHONE

COURSEREPORT:ID,TITLE,NUMBEROFCREDITS,
(PREREQUISITECOURSES),DESCRIPTION
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INSTRUCTORREPORT:ID,INSTRUCTORNAME,STREETADDRESS,
CITY,STATE,ZIPCODE,HOMEPHONE,
OFFICEPHONE,(QUALIFIEDCOURSES)

SECTIONREPORT:YEAR,SEMESTER,BUILDING,ROOM,DAYS,
TIMES,INSTRUCTORID,INSTRUCTORNAME,
COURSEID,NUMBEROFCREDITS,
(STUDENTID,STUDENTNAME,GRADE)

Step by Step

 1.Studyeachoftheuserviewsintheprecedingdescription,alongwiththebusinessrules.
Youmayhavetomakesomeassumptionsifyouhavequestionsthatthedescription
doesnotanswer.

 2.Applythenormalizationprocessdescribedinthischapter,normalizingeachviewto
relationsthatareinatleastthirdnormalform.Becarefultoconsolidatethenormalized
relationsyoudevelopasyougo.Forthepurposesofthisexercise,notworelations
shouldsharethesameprimarykey.(Exceptionstothisrulearecoveredinsubsequent
chapters.)

 3.Clearlyindicatetheprimarykeyofeachrelation.Rememberthataprimarykeycanbe
oneormoreattributeswithintherelation.

 4.DrawanERDwithoneentity(rectangle)foreachofyournormalizedrelationsand
appropriaterelationshiplineswithcardinalityclearlynoted.Thisshouldbequiteeasy
todooncenormalizationiscomplete:simplydrawalinefromeachforeignkeyto
thematchingprimarykeyandmarktheforeignkeyendofthelineas“many”andthe
primarykeyendas“one.”

Try This Summary
InthisTryThisexercise,younormalizedfouruserviewsanddrewanERDofyourdesign.
MysolutionappearsinAppendixB.
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TryThis6-2 Computer Books Company
TheComputerBooksCompany(CBC)buysbooksfrompublishersandsellsthemto
individualsviamailandtelephoneorders.Theyarelookingtoexpandtheirservicesby
offeringonlineorderingviatheInternet,andindoingsoCBChasacompellingneedto
buildadatabasetoholditsbusinessinformation.

The User Views
Throughouttheseuserviews,“sale”and“price”arereferencestotheretailsaleofabook
toaCBCcustomer,whereas“purchase”and“cost”arereferencestothepurchaseofbooks
fromapublisher(CBCsupplier).Eachuserviewisdescribedbrieflywithalistofthe
attributesintheviewfollowingeachdescription.Perourconvention,multivaluedattributes
andrepeatinggroupsareenclosedinparentheses.
TheBookCataloglistsallthebooksthatCBChasforsale.Eachbookisuniquely

identifiedbytheInternationalStandardBookNumber(ISBN).AlthoughanISBNuniquely
identifiesabook,itisessentiallyasurrogatekey,sothereisnowaytotelltheeditionofa
particularbooksimplybylookingattheISBN.Whenneweditionscomeout,CBCtypically
hasleftoverstockofprioreditionsandoffersthematareducedprice.Thepreviousedition
ISBNintheBookCatalogisintendedtohelpthebuyerfindtheprioredition,ifoneexists.
Booksareorganizedbysubject,witheachbookhavingonlyonesubject.Anybookcanhave
multipleauthors.(Althoughthecatalogshowsonlyauthornames,keepinmindthatpeople’s
namesareseldomunique,andnothingwouldstoptwopeoplewiththesamenamefrom
writingtwodifferentbooks.)
HereistheinformationintheBookCatalog:

BOOKCATALOG:SUBJECTCODE,SUBJECTDESCRIPTION,BOOKTITLE,
BOOKISBN,BOOKPRICE,PREVIOUSEDITIONISBN,
PREVIOUSEDITIONPRICE,(BOOKAUTHORS),
PUBLISHERNAME

TheBookInventoryReporthelpsthewarehousemanagercontroltheinventoryin
thewarehouse.TheRecommendedQuantityisthereorderpoint,meaningwhenon-hand
inventoryfallsbelowtherecommendedquantity,itistimetoordermorebooksof
thattitle.

INVENTORYREPORT:BOOKISBN,BOOKEDITIONCODE,COST,
SELLINGPRICE,QUANTITYONHAND,
QUANTITYONORDER,RECOMMENDEDQUANTITY
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TheCustomerBookOrdersviewshowsordersplacedbyCBCcustomersfor
purchasesofbooks:

CUSTOMERBOOKORDERS:CUSTOMERID,CUSTOMERNAME,
STREETADDRESS,CITY,STATE,
ZIPCODE(ISBN,BOOKEDITIONCODE,
QUANTITY,PRICE),ORDERDATE,
TOTALPRICE

CBCbillscustomersasbooksareshipped,soanunshippedorderwon’thaveaninvoice.
Aninvoiceiscreatedforeachshipment.(Anordercanhavezero,one,ormoreinvoices,but
eachinvoicebelongsonlytooneorder.)TheBookSalesInvoicelookslikethis:

BOOKSALESINVOICE:SALESINVOICENUMBER,CUSTOMERID,
CUSTOMERNAME,CUSTOMERSTREETADDRESS,
CUSTOMERCITY,CUSTOMERSTATE,
CUSTOMERZIPCODE,(BOOKISBN,TITLE,
EDITIONCODE,(BOOKAUTHORS),QUANTITY,
PRICE,PUBLISHERNAME),
SHIPPINGCHARGES,SALESTAX

TheMasterBillingReporthelpstheCollectionsandCustomerServicedepartments
managecustomeraccounts.Asystemforrecordingcustomerpaymentsagainstinvoices
isoutofscopeforthecurrentproject,buttheCBCprojectsponsorsdowanttokeepa
runningbalanceshowingwhateachcustomerowesCBC.Asinvoicesaregenerated,
adatabasetriggerwillbeusedtoaddinvoicetotalstotheBalanceDue.Aspaymentsare
received,theCBCstaffwillmanuallyadjusttheBalanceDue.TheMasterBillingReport
attributesareasfollows:

MASTERBILLINGREPORT:CUSTOMERID,CUSTOMERNAME,STREETADDRESS,
STREETADDRESS,CITY,STATE,ZIPCODE,
PHONE,BALANCEDUE

EachtimeCBCbuysbooksfromapublisher,thepublishersendsaninvoiceto
CBC.Toassistinmanaginginventorycost,CBCwishestostorethePurchaseInvoice
informationandreportitusingthisview:

PURCHASEINVOICE:PUBLISHERID,PUBLISHERNAME,
STREETADDRESS,CITY,STATE,ZIPCODE,
PURCHASEINVOICENUMBER,INVOICEDATE,
(BOOKISBN,EDITIONCODE,TITLE,
QUANTITY,COSTEACH,EXTENDEDCOST),
TOTALCOST

NotethatExtendedCostiscalculatedasCostEachtimesQuantity.

(continued)
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Step by Step
 1.Studyeachoftheuserviewsintheprecedingdescription,alongwiththebusinessrules.

Youmighthavetomakesomeassumptionsifyouhavequestionsthatthedescription
doesnotanswer.

 2.Applythenormalizationprocessdescribedinthischapter,normalizingeachviewto
relationsthatareinatleastthirdnormalform.Becarefultoconsolidatethenormalized
relationsyoudevelopasyougo.Forthepurposesofthisexercise,notworelationsshould
sharethesameprimarykey.(Exceptionstothisrulearecoveredinsubsequentchapters.)

 3.Clearlyindicatetheprimarykeyofeachrelation.Rememberthataprimarykeycanbe
oneormoreattributeswithintherelation.

 4.DrawanERDwithoneentity(rectangle)foreachofyournormalizedrelationsand
appropriaterelationshiplineswithcardinalityclearlynoted.Thisisactuallyquite
easyoncenormalizationiscomplete:simplydrawalinefromeachforeignkeytothe
matchingprimarykeyandmarktheforeignkeyendofthelineas“many”andthe
primarykeyendas“one.”

Try This Summary
InthisTryThisexercise,younormalizedsixuserviewsthatweremorecomplicatedthan
thepreviousTryThisexerciseanddrewanERDofyourdesign.Mysolutionappearsin
AppendixB.

 Chapter 6 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Normalization

 A WasdevelopedbyE.F.Codd

 B Wasfirstintroducedwithfivenormalforms

 C Firstappearedin1972

 D Providesasetofrulesforeachnormalform

 E Providesaprocedureforconvertingrelationstoeachnormalform

✓
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 2.Thepurposeofnormalizationis

 A Toeliminateredundantdata

 B Toremovecertainanomaliesfromtherelations

 C Toprovideareasontodenormalizethedatabase

 D Tooptimizedata-retrievalperformance

 E Tooptimizedataforinserts,updates,anddeletes

 3.Whenimplemented,athirdnormalformrelationbecomesa(n)____________.

 4.Theinsertanomalyreferstoasituationinwhich

 A Datamustbeinsertedbeforeitcanbedeleted.

 B Toomanyinsertscausethetabletofillup.

 C Datamustbedeletedbeforeitcanbeinserted.

 D Arequiredinsertcannotbedoneduetoanartificialdependency.

 E Arequiredinsertcannotbedoneduetoduplicatedata.

 5.Thedeleteanomalyreferstoasituationinwhich

 A Datamustbedeletedbeforeitcanbeinserted.

 B Datamustbeinsertedbeforeitcanbedeleted.

 C Datadeletioncausesunintentionallossofanotherentity’sdata.

 D Arequireddeletecannotbedoneduetoreferentialconstraints.

 E Arequireddeletecannotbedoneduetolackofprivileges.

 6.Theupdateanomalyreferstoasituationinwhich

 A Asimpleupdaterequiresupdatestomultiplerowsofdata.

 B Datacannotbeupdatedbecauseitdoesnotexistinthedatabase.

 C Datacannotbeupdatedduetolackofprivileges.

 D Datacannotbeupdatedduetoanexistinguniqueconstraint.

 E Datacannotbeupdatedduetoanexistingreferentialconstraint.
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 7.Therolesofuniqueidentifiersinnormalizationare

 A Theyareunnecessary.

 B Theyarerequiredonceyoureachthirdnormalform.

 C Allnormalizedformsrequiredesignationofaprimarykey.

 D Youcannotnormalizerelationswithoutfirstchoosingaprimarykey.

 E Youcannotchooseaprimarykeyuntilrelationsarenormalized.

 8.Writingsampleuserviewswithrepresentativedatainthemis

 A Theonlywaytonormalizetheuserviewssuccessfully

 B Atediousandtime-consumingprocess

 C Aneffectivewaytounderstandthedatabeingnormalized

 D Onlyasgoodastheexamplesshowninthesampledata

 E Awidelyusednormalizationtechnique

 9.Criteriausefulinselectingaprimarykeyfromamongseveralcandidatekeysare

 A Choosethesimplestcandidate.

 B Choosetheshortestcandidate.

 C Choosethecandidatemostlikelytohaveitsvaluechange.

 D Chooseconcatenatedkeysoversingleattributekeys.

 E Inventasurrogatekeyifthatisthebestpossiblekey.

 10.Firstnormalformresolvesanomaliescausedby____________.

 11.Secondnormalformresolvesanomaliescausedby____________.

 12.Thirdnormalformresolvesanomaliescausedby____________.

 13.Ingeneral,violationsofanormalizationruleareresolvedby

 A Combiningrelations

 B Movingattributesorgroupsofattributestoanewrelation

 C Combiningattributes

 D Creatingsummarytables

 E Denormalization
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 14.Aforeignkeyinanormalizedrelationmaybe

 A Theentireprimarykeyoftherelation

 B Partoftheprimarykeyoftherelation

 C Arepeatinggroup

 D Anon-keyattributeintherelation

 E Amultivaluedattribute

 15.Boyce-CoddNormalFormdealswithanomaliescausedby____________.

 16.Fourthnormalformdealswithanomaliescausedby____________.

 17.Fifthnormalformdealswithanomaliescausedby____________.

 18.Domainkeynormalformdealswithanomaliescausedby____________.

 19.Mostbusinesssystemsrequirethatyounormalizeonlyasfaras____________.

 20.Properhandlingofmultivaluedattributeswhenconvertingrelationstofirstnormal
formusuallypreventssubsequentproblemswith____________.
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Chapter 7
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Modeling 
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KeySkills&Concepts
● EntityRelationshipModeling

● ProcessModels

● RelatingEntitiesandProcesses

AsyousawinChapter5,dataandprocessmodelingaremajorundertakingsthatare
partofthelogicaldesignstageofanapplicationsystemdevelopmentproject.You

havealreadyseentherudimentsofdatamodelingwhenyouusedentityrelationship
diagrams(ERDs)inprecedingchapters.Inthischapter,wewilllookatERDsanddata
modelinginmoredetail.Processmodeling,ontheotherhand,islessimportanttoa
databasedesignerbecauseapplicationprocessesaredesignedbyapplicationdesigners
andseldomdirectlyinvolvethedatabasedesigner.However,becausethedatabase
designermustworkcloselywiththeapplicationdesigneringatheringdatarequirements
andinsupplyingadatabasedesignthatwillsupporttheprocessesbeingdesigned,the
databasedesignershouldatleastbefamiliarwiththebasicconcepts.Forthisreason,the
secondpartofthischapterincludesahigh-levelsurveyofprocessdesignconceptsand
diagrammingtechniques.

Entity Relationship Modeling
Entityrelationshipmodelingistheprocessofvisuallyrepresentingentities,attributes,and
relationshipstoproducetheERD.Theprocessisiterativeinnaturebecauseentitiesare
discoveredthroughoutthedesignprocess.ThechiefadvantageofERDsisthattheycan
beunderstoodbynontechnicalpeoplewhilestillprovidinggreatvaluetotechnicalpeople.
Donecorrectly,ERDsareplatformindependentandcanevenbeusedfornonrelational
databasesifdesired.

ERD Formats
PeterChendevelopedtheoriginalERDformatin1976.Sincethen,vendors,computer
scientists,andacademicshavedevelopedmanyvariations,allofthemconceptuallythesame.
Youshouldunderstandthemostcommonlyusedvariationsbecauseyouarelikelytoencounter
theminactiveuseinITorganizations.HerearetheelementscommontoallERDformats:
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● Entitiesarerepresentedasrectanglesorboxes.

● Relationshipsarerepresentedaslines.

● Lineends(orsymbolsnexttothem)indicatethemaximumcardinalityofthe
relationship(thatis,oneormany).

● Symbolsnearthelineends(inmostERDformats)indicatetheminimumcardinality
oftherelationship(thatis,whetherparticipationintherelationshipismandatoryor
optional).

● Attributesmaybeoptionallyincluded(theformatfordisplayingattributesvariesquite
abit).

Chen’s Format
Forsimplicity,we’llusethenormalizedsolutionfortheAcmeIndustriesinvoice
applicationfromChapter6fortheexamplesinthischapter.Figure7-1showstheERD
usingChen’sformat.
HerearetheparticularsoftheChenformat:

● Relationshiplinescontainadiamondinwhichiswrittenawordorshortphrasethat
describestherelationship.Forexample,therelationshipbetweenInvoiceandProduct
maybereadas“Aninvoicecontainsmanyproducts.”Somevariationspermitanother
wordorphrasetobeusedinreadingtherelationshipintheotherdirection,separated
withaslash.Ifthediamondread“Contains/Appearson,”thentherelationshipfrom
ProducttoInvoicewouldbereadas“Aproductappearsonmanyinvoices.”

● Formany-to-manyrelationshipsthatrequireanintersectiontableinanRDBMS,such
astheonebetweenInvoiceandProduct,arectangleisoftendrawnaroundthediamond.

● Maximumcardinalityofeachrelationshipisshownusingthesymbol1for“one”orM
for“many.”

Figure7-1  Acme Industries logical ERD format in Chen’s format

Invoice

Responsible For

Customer

Contains

Quantity Sale Unit 
Price

Product
M

M

M

1
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● Minimumcardinalityisnotshown.

● Attributes,whenshown,appearinellipses(elongatedcircles),connectedtotheentity
orrelationshiptowhichtheybelongwithaline.

Inpractice,ChenERDsarecumbersomeforcomplicateddatamodels.Thediamonds
takeupalotofspaceonthediagramsforthelittleaddedvaluetheyprovide.Also,anyERD
thatincludesmanyattributesbecomesverydifficulttoread.Notwithstanding,weoweChen
alotforhispioneeringwork,whichlaidthefoundationforthetechniquesthatfollowed.

The Relational Format
Overtime,anERDformatknowngenericallyastherelationalformatevolved.Itis
availableasanoptioninseveralofthebetter-knowndatamodelingsoftwaretools,
includingPowerDesignerfromSybaseandER/StudiofromEmbarcaderoTechnologies,
andinpopulargeneraldrawingtoolssuchasVisiofromMicrosoft.Figure7-2shows
theERDfromFigure7-1convertedtotherelationalformat.Inthisexample,theERDis
representedataphysicallevel,meaningthatphysicaltablenamesareshowninsteadof
logicalentitynames,andphysicalcolumnnamesareshowninsteadoflogicalattribute
names.Also,intersectiontablesareshowntoresolvemany-to-manyrelationships.Asthe
logicaldatamodelistransformedintoaphysicaldatabasedesign,itisessentialtohave
aphysicalERDthattheprojectteamcanuseindevelopingtheapplicationsystem.The
beginningsofthephysicalmodelareshownheretohelpmakethatpoint.

Figure7-2  Acme Industries physical ERD, relational format
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HerearetheparticularsoftherelationalERDformat:

● Relationshipcardinalityisshownwithanarrowheadonthelineendtosignify“one”
andnothingonthelineendtosignify“many.”Thiswillseemoddatfirst,butitaligns
nicelywithobjectdiagrams,sothisformatisfavoredbyobject-orienteddesignersand
developers.

● Attributesareshowninsidetherectanglethatrepresentseachentity.

● Uniqueidentifierattributesareshownaboveahorizontallinewithintherectangleand
areusuallyalsoshownwithPKinboldtype(forprimarykey)inthemargintotheleft
oftheattributename.

● AttributesthatareforeignkeysareshownwithFKandanumberinthemargintothe
leftoftheattributename.

The Information Engineering Format
Theinformationengineering(IE)formatwasoriginallydevelopedbyCliveFinkelstein
inAustraliainthelate1970s.Intheearly1980shecollaboratedwithJamesMartinto
publicizeitintheUnitedStatesandEurope,includingco-authoringtheSavantInstitute
ReporttitledInformationEngineering,publishedin1981.Martinwentontobehighly
associatedwiththeformatand,incollaborationwithCarmaMcClure,publishedabook
onthesubjectin1984(DiagrammingTechniquesforAnalysisandProgrammers,Prentice-
Hall).Finkelsteinlaterpublishedhisownversionin1989(AnIntroductiontoInformation
Engineering,Addison-Wesley),whichhassomeminornotationvariationscomparedwith
Martin’sversion.Figure7-3showsoursampleERDconvertedtoIEnotation.Youwill
noticethatexceptforrelationshiplines,itisstrikinglysimilartotherelationalformat.
HerearesomeofthewaysthatIEnotationvariesfromtherelationalformat:

● Identifyingrelationships Shownwithasolidline,arethoseforwhichtheforeign
keyispartofthechildentity’sprimarykey.

● Non-identifyingrelationships Shownwithadottedline,arethoseforwhichthe
foreignkeyisanon-keyattributeinthechildentity.InFigure7-3,therelationship
betweenPRODUCTandINVOICE_LINE_ITEMisidentifying,buttheonebetween
CUSTOMERandINVOICEisnon-identifying.

● Maximumrelationshipcardinality Shownwithashortperpendicularlineacross
therelationshipnearitslineendtosignify“one”anda“crow’sfoot”onthelineend
tosignify“many.”Thisisbestunderstoodincombinationwithminimumcardinality,
describednext.
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● Minimumrelationshipcardinality Shownwithasmallcircleneartheendof
thelinetosignify“zero”(participationintherelationshipisoptional)orashort
perpendicularlineacrosstherelationshiplinetosignify“one”(participationinthe
relationshipismandatory).Figure7-3notesafewcombinationsofminimumand
maximumcardinality.Forexample:

● APRODUCT MayhavezerotomanyassociatedINVOICE_LINE_ITEM
occurrences(shownasacircleandacrow’sfoot);anINVOICE_LINE_ITEM
musthaveoneandonlyoneassociatedPRODUCT(shownastwoverticalbars).

● AnINVOICE MusthaveoneormoreassociatedINVOICE_LINE_ITEM
occurrences(shownasaverticalbarandacrow’sfoot);anINVOICE_LINE_ITEM
musthaveoneandonlyoneassociatedINVOICE(shownastwoverticalbars).

● Dependententities Shownwiththecornersoftherectanglerounded,havean
existencedependencyononeormoreotherentities(thatis,thosethatcannotexist
withouttheexistenceofanother).Forexample,theINVOICE_LINE_ITEMentity
dependsonboththePRODUCTandINVOICEentities.Therefore,youcannotdelete
eitheraninvoiceoraproductunlessyousomehowdealwithanyrelatedinvoiceline
items.Thisisvaluableinformationduringphysicaldatabasedesignbecauseyoumust
considertheoptionsforhandlingsituationswhentheapplicationattemptstodelete
tablerowswhendependententitiesexist.

TheIEformatisbyfarthemostpopular.Therefore,Iuseitforthemajorityofthe
diagramsinthisbook.

Figure7-3  Acme Industries physical ERD, IE format
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The IDEF1X Format
TheComputerSystemsLaboratoryoftheNationalInstituteofStandardsandTechnology
releasedtheIDEF1XstandardfordatamodelinginFIPSPublication184,firstpublished
inDecember1993.Thestandardcoversbothamethodfordatamodelingaswellas
theformatfortheERDsproducedduringthemodelingeffort.Itiswidelyusedand
understoodacrosstheinformationtechnologyindustryandthemandatorystandardfor
manybranchesoftheU.S.government.Thankstoitsunderlyingstandard,ithasfew
variants.Figure7-4showsoursampleERDconvertedtotheIDEF1Xstandardformat.
ThedifferencesbetweenIEandIDEF1Xnotationarelargelyisolatedtorelationships.

Unlikeotherformats,relationshipsymbolsinIDEF1Xareasymmetrical.Eachsetof
symbolsdescribesacombinationofoptionalityandcardinality,andthusthesymbolsused
foroptionalityvarydependingonthecardinalityoftherelationship.Saidanotherway,
optionalityisshowndifferentlyforthe“many”and“one”sidesofarelationship.Hereare
somekeypoints:

● LiketheIEformat,asolidlineindicatesthattheforeignkeyispartofthedependent
entity’sprimarykey,whileabrokenlineindicatesthattheforeignkeywillbeanon-
keyattribute.

● Asolidcirclenexttoanentitygenerallymeanszero,one,ormoreoccurrencesofthat
entityasshownonthe“many”endofthelinebetweenPRODUCTandINVOICE_
LINE_ITEM.However,thereareexceptions:

Figure7-4  Acme Industries physical ERD, IDEF1X format
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● AddingthesymbolPnearthesolidcirclemakestherelationshipmandatory,
signifyingthatthecardinalitymustbeoneormore.InFigure7-4,therelationship
fromINVOICEtoINVOICE_LINE_ITEMisone-to-manyandmandatory,
meaningthateveryinvoicemusthaveatleastonelineitem.

● Addingthesymbol1alsomakestherelationshipmandatory.However,thischanges
thecardinalityoftherelationshiptoone.Saidanotherway,itchangesthemeaning
ofthesolidcirclefrom“maybeoneormore”to“mustbeoneandonlyone.”

● Absenceofasolidcircleattheendoftherelationshiplinemeansthatonlyone
occurrenceoftheentityisinvolved.Forexample,theabsenceofanysymbolonthe
endofthelinenexttoCUSTOMERmeans“oneandonlyone.”Itmaybemodified
foroptionalityaswell:

● Ifnosymbolappearsnexttotheentityatthatendoftheline,theentityismandatory
intherelationship.Therefore,anINVOICE_LINE_ITEMmustberelatedtooneand
onlyonePRODUCT.

● Ifasmalldiamondsymbolappearsnexttotheentity,theentityisoptional.Were
wetoaddadiamondnexttotheCUSTOMERendoftherelationshipbetween
INVOICEandCUSTOMER,itwouldmeanthateachINVOICEmayhavezeroor
onerelatedCUSTOMERoccurrences.

Entity Relationship Modeling with Unified Modeling Language
Withtherisingpopularityofobjectprogramminglanguages,theUnifiedModelingLanguage
(UML)hasalsobecomemorepopular.UMLisastandardizedvisualspecificationlanguage
forobjectmodelingthatincludesagraphicalnotationusedtocreateanabstractmodelof
asystem,whichisknownasaUMLmodel.TheRationalUnifiedProcess(RUP),whichI
brieflyintroducedinChapter5,usesUMLexclusively.UMLhas13typesofdiagramsthat
canbeusedtomodelthebehaviorandstructureofthesystem.However,theoneofinterest
todatamodelersistheclassdiagram.Figure7-5showsoursamplemodelconvertedtoa
UMLclassdiagram.
Whilethedifferencesinnotationarestrikinglyobvious,anindividualskilledin

readingERdiagramscaneasilyadapt.Ihaveusedso-calledcamelcasenamesinthe
diagram,meaningnameswiththefirstletterofeachwordcapitalizedandnodelimiters
betweenwords,becausenearlyallUMLmodelersdoso.Herearesomekeypoints
regardingmodelingentitiesusingUMLclassdiagrams:

● Eachentityisshownasanobjectclassinarectangle.Thesymbol<<Entity>>is
includedwiththeclassnametodenotethetypeofclass.
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● Uniqueidentifiers(primarykeys)arenotshowninclassdiagrams;theyarespecified
elsewherewithintheUMLmodel.

● Foreignkeysarenotshownbecausetheyarenotusedinobject-orientedsystems.I
discussobject-orientedtechnologyinChapter13.

● Attributesareshownwithanameandatype(separatedwithacolon).Thetypeisvery
muchlikearelationaldatatype.Attributesinentitiesareprecededbythesymbol+,
whichmeanstheyarepublic(visiblethroughouttheentiremodel).

● Relationshipsareshownwithlines.

● Cardinalityandoptionalityareshownwithacombinedsymbolneartheendofthe
line.Availablesymbolsincludethoseshowninthefollowingtable:

Symbol Meaning
1 One and only one

* Zero, one, or more

1..* One or more

x..y Between x and y occurrences. Also 
· x can be 0 or any positive integer 
· y can be any positive integer or * to denote “or more” 
· y must be greater than x (if y and x are the same, then y is simply omitted)

Figure7-5  UML class diagram for Acme Industries
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● Thediamondsymbolontheendofarelationshipline,asshowninFigure7-5onthe
“one”endofthetworelationshipsconnectedtoInvoiceLineItem,denoteswhatUML
callsanaggregation.Anaggregationisadependencybetweentwoentitytypesthatis
requiredfortheexistenceofthedependententity.Inthiscase,alineitemcannotexist
withoutboththeproductandtheinvoice.Ifthedependencyisalwaysasingleentity,
thediamondisshownasasoliddiamondinsteadofahollowone.

● Generalizationandspecialization(supertypesandsubtypes)aredenotedusingaline
betweenthetwoentitieswithahollowarrowpointingtowardthegeneralclass(the
supertype).

Super Types and Subtypes
Someentitiescanbebrokendownintomorespecificcategoriesortypes.Whenthis
occurs,wecallthemoredetailedentitiessubtypesandthemoregeneralentitytowhich
theybelongasupertype.Inobjectterminology,thesupertypeiscalledasuperclassor
baseclassandthesubtypesarecalledsubclassesofthesuperclass.Itisessentialthat
youunderstandthatsubtypesbreakdownentitiesbytyperatherthanbystate,meaning
theirmodeorcondition.Aneasywaytodistinguishbetweenthetwoistorealizethat
existingentitiescanchangestate,buttheyseldom,ifever,changetype.Forexample,a
motorvehicleentitycanlogicallybebrokendownbytypeintoautomobile,bus,truck,
motorcycle,andsoon.However,thedistinctionbetweenvehiclesthatareneworused,or
betweenthosethatareoperableorinoperable,isoneofstateratherthantypebecausenew
vehiclesbecomeusedoncetheyaresold,andvehicleschangebetweeninoperableand
operablestatesastheybreakdownandaresubsequentlyrepaired.
Thedecisionsinvolvedinwhichentitiesshouldbebrokendownintosubtypesand

howdetailedthesubtypesshouldberevolvearoundthetradeoffbetweenspecialization
andgeneralization.Unfortunately,therearenofirmrulesforresolvingthetradeoff.
Therefore,generalizationversusspecializationbecomesoneofthetopicsthatprevent
databasedesignfrombecominganexactscience.Thegeneralguidelinetofollow(in
additiontocommonsense)isthatthemorethevarioussubtypessharecommonattributes
andrelationships,themorethedesignershouldbeinclinedtocombinethesubtypesinto
thesupertype.ThephysicaldesigntradeoffsinvolvedareaddressedinChapter8.Here
wewillfocusonthelogicaldesigntradeoffs.
Let’slookatanexample.Assumeforamomentthatthedatabasedesignshownin

Figure7-3hasbeenimplemented,andnowtheCustomerServiceDepartmentatAcme
Industrieshasrequesteddatabaseandapplicationenhancementsthatwillallowitto
recordandtrackmoreinformationaboutcustomers.Inparticular,thedepartmentis
interestedinknowingthetypeofcustomer(suchasindividualperson,soleproprietorship,
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partnership,orcorporation)sothatcorrespondencecanbeaddressedappropriatelyfor
eachtype.Figure7-6showsthelogicaldatamodelthatwasdevelopedbasedonthenew
requirements.
InIEnotation,thetypeorcategoryisshownusingasymbolthatlookslikeacircle

withalineunderit.Therefore,youknowthatIndividualCustomerandCommercial
CustomeraresubtypesofCustomerbecauseofthesymbolthatappearsinthelinethat
connectsthem.Alsonotethattheysharetheexactsameprimarykeyandthatinthe
subtypes,theprimarykeyoftheentityisalsoaforeignkeytothesupertypeentity.This
makesperfectsensewhenyouconsiderthefactthatanIndividualCustomerentityisa
Customer,meaningthatanyoccurrenceoftheIndividualCustomerentitywouldhavea
tupleintheCustomerrelationaswellasamatchingtupleintheIndividualCustomerentity.

Figure7-6  Customer subclasses
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Usuallyanattributeinthesupertypeentityindicateswhichsubtypeisassignedtoeach
entityoccurrence(tuple).Oncethisisimplementedintables,databaseuserscanuse
thetypeattributetoknowwheretolookfor(thatis,whichsubtypetablecontains)the
remainderoftheinformationabouteachentityoccurrence(eachrow).Suchanattributeis
calledthetypediscriminatorandisnamednexttothetypesymbolontheERD.Therefore,
CustomerTypeisthetypediscriminatorthatindicateswhetheragivenCustomerisan
IndividualCustomeroraCommercialCustomer.Similarly,CompanyTypeisthetype
discriminatorthatindicateswhetheragivenCommercialCustomerisasoleproprietorship,
partnership,orcorporation.
Asyoumightimagine,thisIEnotationisnottheonlyformatusedinERDsforsuper

typesandsubtypes.However,itisthemostcommonlyusedmethod.Anotherpopular
formatistodrawthesubtypeentitieswithinthesupertypeentity(thatis,subtypeentity
rectanglesdrawninsidethecorrespondingsupertypeentity’srectangle).Althoughthis
formatmakesitvisuallyclearthatthesubtypesreallyarejustapartofthesupertype,it
haspracticallimitationswhentheentitiesarebrokendownintomanylevels.
Asmentioned,findingtherightlevelofspecializationisasignificantdatabase

designchallenge.InreviewingthelogicaldesignasproposedinFigure7-6,thedatabase
designteamnoticedsomething:TheonlydifferenceamongtheSoleProprietorship,
Partnership,andCorporationsubtypesisinthewaythatthenamesofkeypeoplein
thosetypesofcompaniesappearasattributes.Moreover,theuseoftwonearlyidentical
attributesforthenamesoftheco-ownersinthePartnershipsubtypecouldbeconsidered
arepeatingattribute,andthereforeafirstnormalformviolation.Thedesignteamelected
togeneralizethesenamesintotheCommercialCustomerentity,butindoingso,they
recognizedthefirstnormalformproblemsanddecidedtoplacethemintoaseparate
relationcalledCommercialCustomerPrincipal.ThisledtotheERDshowninFigure7-7.
Clearlythisisasimplerdesignthatwillresultinfewertableswhenitisphysically

implemented.Itoffersaverybigwin,becausenotonlyistherenolossoffunctionwhen
youconsolidatethesubtypesintothesupertype,butyouactuallyhavemorefunction
availablebecauseyoucanaddasmanynamesasyouwanttoanytypeofcommercial
customer.
Furtherstudybythedesignteamhelpedthemrealizethesimilaritybetweenthename

attributesnowcontainedintheCommercialCustomerPrincipalentityandthosecontained
intheIndividualCustomerentity.IndiscussingoptionsfurtherwiththeCustomerService
Department,thedesignteamuncoveredafewcasesforwhichitwouldbedesirablefor
multiplecontactnamestoberecordedforindividualcustomersaswellasforcommercial
customers.Forexample,customersthathavelegaldisputesoftenrequestthatallcontact
gothroughanattorney.Withthatinformation,thedesignteamdecidedtogeneralize
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thesenamesandmoveCommercialCustomerPrincipaluptobeachildofCustomerand
nameitCustomerContactsothatitcouldbeusedtoholdtheinformationabouteithera
principal(owner,co-owner,partner,officer)ofthecustomeroranyothercontactperson
forthecustomerthattheCustomerServiceDepartmentmightfinduseful.Thedesign
teamfurtherrealizedthatcontactnameswouldbemoreusefulifaphonenumberwas
included.ThePhoneattributewasleftintheCustomerentitybecauseitisintendedtohold
thegeneralphonenumberforthecustomer.ThephonenumberintheCustomerContact
entityisintendedtoholdthephoneforanindividualcontactperson.Theresultantlogical
designisshowninFigure7-8.

Figure7-7  Customer subtypes, version 2
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Thefactthatallthreeofthedesignspresented(Figures7-6,7-7,and7-8)areworkable
shouldunderscorethegeneralizationversusspecializationdilemma:Noone“right”
answerexists.Thearttodatabasedesign,then,istoarriveatthedesignthatbestfitswhat
isknownabouttheexpectedusesofthedatabase.Thisisbestdonebycomparingthe
relativestrengthsandweaknessesofeachalternativedesign.Andthereisnobettervehicle
forcommunicatingthealternativesthantheERD.

Q: InthediscussionofUMLinthechapter,youmentionedthatgeneralizationisshown
usinglinesandarrows.Howwouldyouconvertthesupertypeandsubtypesin
Figure7-8toUMLnotation?

A: First,youremovetheexistingsymbols(thelines,typesymbol,anddiscriminatorattribute
name).Thenyoudrawalinebetweeneachsubtypeanditssupertype,placingahollow
arrowheadonthesupertypeendoftheline,pointingtowardthesupertypeentity.Figure7-9
showsthesamemodelasFigure7-8,butinUMLnotation.

Ask the Expert

Figure7-8  Customer subtypes, version 3
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Guidelines for Drawing ERDs
HerearesomegeneralguidelinestofollowwhenconstructingERDs:

● Donottrytorelateeveryentitytoeveryotherentity.Entitiesshouldberelatedonly
whentheentireprimarykeyinoneentityappearsasaforeignkeyinanother.

● Exceptforsubtypes,avoidrelationshipsinvolvingmorethantwoentities.Although
drawingfewerlinesmightseemsimpler,itisfartooeasytomisinterpretrelationships
drawnfromoneparententitytomultiplechildentitiesusingasingleline.

● Beconsistentwithentityandattributenames.Developanamingconventionandstick
withit.

● Useabbreviationsinnamesonlywhenabsolutelynecessary,andinthosecases,usea
standardlistofabbreviations.

● Nameprimarykeysandforeignkeysconsistently.Mostexpertspreferthattheforeign
keyhaveexactlythesamenameastheprimarykey.

● Whenrelationshipsarenamed,striveforactionwords,avoidingnondescriptiveterms
suchas“has,”“belongsto,”“isassociatedwith,”andsoon.

Figure7-9  Customer subtypes, version 3, converted to UML

<<Entity>>
Customer

+ CustomerNumber : Integer 
+ CustomerType : String 
+ Address : String 
+ City : String 
+ ZipCode : String 
+ Phone : String

<<Entity>>
CustomerContact

+ CustomerContactID : Integer 
+ FirstName : String 
+ MiddleInitial : String 
+ LastName : String 
+ Title : String 
+ Phone : String

<<Entity>>
Individual Customer

+ DateOfBirth : Date 
+ AnnualHouseholdIncome : Number

<<Entity>>
Commercial Customer

+ CompanyName : String 
+ TaxIdentificationNumber : Integer 
+ Address : String 
+ AnnualGrossRevenue : Number 
+ CompanyType : String

1 ∗
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Process Models
Asmentioned,processdesignisseldomtheresponsibilityofthedatabasedesigner
orDBA,butunderstandingthebasicshelpstheDBAcommunicatewiththeprocess
designersandensurethatthedatabasedesignsupportstheprocessdesign.Therefore,this
sectionpresentsabriefsurveyofcommonprocessmodeldiagramtechniques.Ifyouwant
moredetailabouttheseorotherprocessmodeltechniques,findagoodbookonsystems
analysisanddesign.
Throughoutthissection,theAcmeIndustriesorder-fulfillmentprocess,averysimple

businessprocess,isusedasanexample.Thisprocesshasthefollowingsteps:

 1.Findallunshippedordersinthedatabase.

 2.Foreachorder,dothefollowing:

● Checkforavailableinventory.Ifsufficientinventoryfortheorderisnotavailable,
skiptothenextorder.

● Checkthecustomer’scredittomakesuretheyarenotovertheircreditlimitand
donothavesomeothercreditproblem,suchasoverduepayments.Thiswould
typicallyoccuratthetimetheorderisentered,butitneedstooccuragainhere
becauseacustomer’screditstatuswithAcmeIndustriescanchangeatanytime.If
acreditproblemisfound,skiptothenextorder.

● Generatethedocumentsrequiredtopackandshiptheorder(packingslip,shipping
labels,andsoon)androutethemtotheshippingdepartment.

● Whentheshippingdepartmenthasfinishedwiththeorder,createtheinvoicefor
theorderandbillthecustomeraccordingly.

Obviously,thisprocesscouldbealotmorecomplicatedinalargecompany,buthereit
hasbeenreducedtothebasicssothatitiseasiertouseforillustrationofprocessmodels.

The Flowchart
Theflowchart(orstructurechart)isprobablytheoldestformofcomputersystems
documentation.Somebelievethatflowchartsexistedwhendinosaursstillroamed
ourplanet,andthereforeanyonewhostillusesflowchartsisadinosaur.Levityaside,
flowchartsareoftenconsideredoutmoded,buttheystillhavemuchtoofferincertain
circumstancesandarestillwidelyused.Figure7-10showstheflowchartforoursample
order-fulfillmentprocess.
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Herearethebasiccomponentsoftheflowchart:

● Processstepsareshownwithrectangles.

● Decisionpointsareshownwithdiamonds.Ateachdecisionpoint,thelogicbranches
arebasedontheoutcomeofthedecision.Forexample,adecisionmightbe“Istoday
Friday?”witha“Yes”outcomegoinginonedirectionanda“No”outcomegoingin
another.

● Lineswitharrowsshowtheflowofcontrolthroughthediagram.Whenoneprocess
completes,ithandsovercontroltothenextprocessordecisionpoint.

Figure7-10  Flowchart of Acme Industries order-fulfillment process
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● Startandendpointsareshownwitheitherellipsesorroundedrectangles.Flowcharts
canbeusedtoshowperpetualprocessesthathavenostartandnoend,butmoreoften
theyareusedtoshowfiniteprocesseswithspecificbeginningandendingpoints.

● Connectorsymbolsthatlooklikehomeplatesonabaseballdiamond(notshownin
Figure7-10)canbeusedtoconnectlinestoprocessesordecisionpoints,onthesame
oranotherpage.Usuallythesearegivenareferenceletterwithacontrolflowline
assumedbetweenanytwoconnectorsthathavethesamereferenceletter.

Figure7-10showsaverystraightforwardloopprocessflow.Itbeginswithaprocess
stepthatgetsthenextunshippedorderfromthedatabase.Adecisionisaddedafterit
tostoptheloop(endtheflow)ifwedon’tfindanunshippedorder.Ifwedofindthe
order,theprocesscontinueswithdecisionpointsthatcheckforavailableinventoryand
acceptablecustomercredit,witha“No”outcomeeithergoingbacktothetopoftheloop
(theGetNextUnshippedOrderprocess),whichessentiallyskipstheorderandmoveson
tofindthenextone.Ifwegeta“Yes”outcomefromallthedecisionpoints,the“Pack
andshiporder”processisinvokednext,followedby“Createinvoice.”Afterthe“Create
invoice”processcompletes,controlgoesbackto“Getnextunshippedorder,”atthetopof
theloop.Theloopcontinuesuntilnomoreunshippedordersarefound.
Flowchartshavethefollowingstrengths:

● Procedurallanguageprogrammersfindthemnaturallyeasytolearnanduse.A
procedurallanguageisaprogramminglanguagebywhichtheprogrammermust
describetheprocessstepsrequiredtodosomething,asopposedtoanonprocedural
language,suchasSQL,withwhichtheprogrammermerelydescribesthedesired
results.ThemostcommonlyusedprocedurallanguagetodayisprobablyCandits
variants(C++,C#,andsoon),butothers,suchasFORTRANandCOBOL,stillsee
someuse.Also,specializedprocedurallanguagesforrelationaldatabases,including
PL/SQLforOracleandTransactSQLforSybaseASEandMicrosoftSQLServer,are
heavilyused.

● Flowchartsareapplicabletoproceduresoutsideofaprogrammingcontext.For
example,flowchartsareoftenusedtowalkrepairtechniciansthoughtroubleshooting
proceduresfortheequipmenttheyservice.

● Flowchartsareusefulforspottingreusable(common)components.Thedesignercan
easilyfindanyprocessthatappearsmultipletimesintheflowchartsforaparticular
applicationsystem.

● Flowchartsmaybeeasilymodifiedandcanevolveasrequirementschange.
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Ontheotherhand,flowchartspresenttheseweaknesses:

● Theyarenotapplicabletononproceduralorobject-orientedlanguages.

● Theycannoteasilymodelsomesituations,suchasrecursiveprocesses(processesthat
invokethemselves).

The Function Hierarchy Diagram
Thefunctionhierarchydiagram,asthenamesuggests,showsallthefunctionsofaparticular
applicationsystemorbusinessprocess,organizedintoahierarchicaltree.Figure7-11shows
thistypeofprocessmodeldiagramfromoursampleorder-fulfillmentprocess.
Becausethefunctionhierarchyforasingleprocessmakeslittlesenseoutof

context,twootherprocesseshavebeenaddedtothehierarchy:OrderentryandHistory
management.Tobeeffective,afunctionhierarchymustcontainalltheprocessesrequired
tocarryoutthefunctionitdescribes.Figure7-11attemptstoshowalltheprocesses
requiredfortheOrdermanagementfunctionatAcmeIndustries.Orderentryisintendedto
coveralltheprocessstepsinvolvedinacustomerplacinganorderandhavingitrecorded
inAcme’sdatabase.Historymanagementisintendedtocoverallthestepsrequiredto
archiveandpurgeold(historical)ordersandanyrequiredreportingonorderhistory.Both
oftheseprocessesneedtobeexpandedbyaddingprocessstepsbelowthem(aswasdone
withOrderfulfillment)tomakethisacompletediagram.UnderOrderfulfillment,thefour
mainprocessstepsinvolvedinfulfillingordershavebeenadded.

Figure7-11  Function hierarchy of the Acme order-fulfillment process
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Thestrengthsoffunctionhierarchydiagramsareasfollows:

● Theyarequickandeasytolearnanduse.

● Theycanquicklydocumentthebulkofthefunction(theygetto80percentofthe
processesquickly).

● Theyprovideagoodoverviewathighandmediumlevelsofdetail.

Andherearetheweaknessesoffunctionhierarchydiagrams:

● Checkingqualityisdifficultandsubjective.

● Theycannothandlecomplexinteractionsbetweenfunctions.

● Theydonotclearlyshowthesequenceofprocessstepsordependenciesbetweensteps.

● Theyarenotaneffectivepresentationtoolforlargehierarchiesoratverydetailedlevels.

The Swim Lane Diagram
Theswimlanediagramgetsitsnamefromtheverticallanesinthediagram,which
resemblethelanesinaswimmingpool.Eachlanerepresentsanorganizationalunitsuch
asadepartment,withprocessstepsplacedinthelanefortheunitthatisresponsibleforthe
step.Lineswitharrowsshowthesequenceorcontrolflowoftheprocesssteps.Figure7-12
showstheswimlanediagramforoursampleorder-fulfillmentprocess.
Strengthsoftheswimlanediagraminclude:

● Ithastheunmatchedabilitytoshowwhodoeswhatintheorganization.

● It’sexcellentforidentifyinginefficienciesinexistingprocessesandlendsitselfwellto
businessprocessreengineeringefforts.

Itsweaknessesinclude:

● Itdoesnotrepresentcomplicatedprocesses(thosewithmanystepsorwithcomplex
stepdependencies)well.

● Itdoesnotshowerrorandexceptionhandling.

The Data Flow Diagram
Thedataflowdiagram(DFD)isthemostdata-centricofalltheprocessdiagrams.
Insteadofshowingacontrolflowthroughaseriesofprocesssteps,itfocusesonthedata
thatflowsthroughtheprocesssteps.Bycombiningdiagramshierarchically,theDFD
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combinesthebestoftheflowchartandthefunctiondiagram.DFDsbecameimmensely
popularinthelate1970sandearly1980s,largelyduetotheworkofChrisGaneandTrish
Sarson.EachprocessonaDFDcanbebrokendownusinganothercompletepageuntilthe
desiredlevelofdetailisreached.Figure7-13showsonepageoftheDFDfortheAcme
Industriesorder-fulfillmentprocess.
ThecomponentsofaDFDaresimple:

● Processesarerepresentedwithroundedrectangles.Processesaretypicallynumbered
hierarchically.ThefirstpageofaDFDmighthaveprocessesnumbered1,2,3,and4.
Thenextpagemightbreakdownprocessnumber1andwouldhaveprocesses
numbered1.1,1.2,andsoforth.Ifprocess1.2werebrokendownonyetanotherpage,
theprocessesonthatpagewouldbenumbered1.2.1,1.2.2,andsoforth.

● Datastoresarerepresentedwithanopen-endedrectangle.Adatastoreisageneric
representationofdatathatismadepersistentthroughbeingstoredsomewhere,suchas
afile,database,orevenawrittendocument.Thetermwaschosensothatnoparticular
typeofstorageisimplied.BecausewealreadyhaveanERDforourexample,we
shouldcloselyalignthedatastoreswiththeentitieswehavealreadyidentified.

Figure7-12  Swim lane diagram for the Acme Industries order-fulfillment process
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● Sourcesanddestinationsofdata(externalentitiesinrelationalterminology)areshown
usingsquares.Figure7-13showstheCustomerasthedestinationoftheinvoice
dataflow(inadditiontoalocaldatastorethatwillholdtheinvoicedata).Trynotto
confusedataflowswithmaterialflows.Yes,theinvoiceisprintedandmailedtothe
customer,butthedataflowisattemptingtoshowthatthedataissenttothecustomer
withnoregardforthemediumusedtosendit.

Figure7-13  Data flow diagram page for the Acme Industries order-fulfillment process
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● Flowsofdataareshownusinglineswitharrowheadsindicatingthedirectionof
flow.Aboveeachflow,wordsareusedtodescribethecontentofthedatabeingsent.
Bidirectionalflowsarepermissiblebutareusuallyshownasseparateflowsbecause
thedataisseldomexactlythesameinbothdirections.

Thestrengthsofthedataflowdiagramareasfollows:

● Iteasilyshowstheoverallstructureofthesystemwithoutsacrificingdetail(detailsare
shownonsubsequentpagesthatexpandonthehigherlevelprocesses).

● It’sgoodfortop-downdesignwork.

● It’sgoodforpresentationofsystemsdesignstomanagementandbusinessusers.

Andherearetheweaknessesofthedataflowdiagram:

● It’stime-consumingandlabor-intensivetodevelopforcomplexsystems.

● Top-downdesignhasprovedtobeineffectiveforsituationsinwhichrequirementsare
sketchyandcontinuouslyevolvingduringthelifeoftheproject.

● It’spooratshowingcomplexlogic,butthelowestleveldiagramscaneasilybe
supplementedwithotherdocuments,suchasnarrativesordecisiontables.

Q: Doesn’tUMLhaveprocessdiagrams?

A: Yes,butthat’sonlypartofthestory.Asmentioned,UML2.xoffers13differentdiagrams,
6ofwhicharestructurediagramsthatemphasizewhatthingsmustbeinthesystembeing
modeled,and7ofwhicharebehaviordiagramsthatemphasizewhatmusthappeninthe
systembeingmodeled.Ofthese,theclassdiagramiscoveredearlierinthischapter.There’s
notenoughspaceinthisbooktocoverthemall,

Ask the Expert

(continued)
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butyou’llfindlotsofinformationontheInternetandinbooksonthesubject.The
followingtableprovidesasummarydescriptionofeachUMLdiagram:

NotethatsomereferencesshowasubtypeofInteractionDiagramunderBehavior
Diagram,containingtheSequence,InteractionOverview,Communication,andTiming
diagrams.

Type Name Description

Structure Class diagram Shows a collection of static model elements such as classes 
and types, their contents, and their relationships

Structure Component diagram Depicts the components that make up an application, system, 
or enterprise

Structure Composite structure 
diagram

Depicts that the internal structure of a classifier, (such as a class, 
component, or use case), including the classifier’s interaction 
points to other parts of the system (added in UML 2.x)

Structure Deployment diagram Shows the execution architecture of systems, including nodes, 
hardware/software environments, and the middleware that 
connects them

Structure Object diagram Depicts objects and their relationships at a point in time

Structure Package diagram Shows how model elements are assembled into packages as 
well as the dependencies between packages

Behavior Activity diagram Depicts high-level business processes, including data flow

Behavior State machine diagram Describes the states an object or interaction may be in, and 
the transitions between states

Behavior Use case diagram Shows actors, use cases, and their interactions

Behavior Communication 
diagram

Shows instances of classes, their interrelationships, and the 
message flow between them

Behavior Interaction overview 
diagram

A variant of an activity diagram that depicts an overview of 
the control flow within a system or business process (added 
in UML 2.x)

Behavior Sequence diagram Depicts the time ordering of messages between classifiers, 
essentially showing the sequential logic of the system

Behavior Timing diagram Depicts the change in state or condition of a classifier 
instance or role over time (added in UML 2.x)
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Relating Entities and Processes
OncethedatabasedesignerhascompletedlogicaldatabasedesignandanERDforthe
proposeddatabaseand,inparallel,theprocessdesignershavecompletedtheirprocess
model,howcanwehaveanyconfidencethatthetwowillbeabletoworktogetherin
solvingthebusinessproblemthenewprojectissupposedtoaddress?Partoftheanswer
liesinachartingtechniqueintendedtoshowhowtheentitiesandprocessesinteract,
knownastheCRUDmatrix.
Fortunately,CRUDisnotslangforalousydesignbutratheranacronymformedfrom

thefirstlettersforthewordsCreate,Read,Update,andDelete,whicharethelettersused
inthebodyofthediagram.TheconceptoftheCRUDmatrixisverysimple:

● Oneaxisofthematrixrepresentsthemajorprocessesoftheapplicationsystem.

● Theotheraxisrepresentsthemajorentitiesusedbytheapplicationsystem.

● Ineachcellofthematrix,theappropriatecombinationoflettersiswritten:

● C,iftheprocesscreatesnewoccurrencesoftheentity

● R,iftheprocessreadsinformationabouttheentityfromadatasource

● U,iftheprocessupdatesoneormoreattributesfortheentity

● D,iftheprocessdeletesoccurrencesoftheentity

HereisasampleCRUDmatrixfortheordermanagementfunctionatAcmeIndustries,
followingthemajorprocessesshowninthefunctionhierarchydiagram(refertoFigure7-11).
Tobeeffective,onlyhigh-levelprocessesandsuper-typeentitiesshouldbeshowninthe
matrix.Toomuchdetailcloudstheeffectofthediagram.

ENTITY:
Product Order Customer Invoice

PROCESS:
OrderEntry

R CRU RU

OrderFulfillment RU RU R C

HistoryManagement RD R

TheCRUDmatrixisvaluableforverifyingtheconsistencyoftheprocessanddata
(entity)designs.Ataglance,onecanfindthefollowingpotentialproblems:

● EntitiesthathavenoCreateprocess

● EntitiesthathavenoDeleteprocess
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TryThis7-1

● Entitiesthatareneverupdated

● Entitiesthatareneverread

● Processesthatdeleteorupdateentitieswithoutreadingthem

● Processesthatonlyread(noCreate,Delete,orUpdateactions)

Ourexamplehasmultipleproblems,whichonlyprovesthatourprocessdesignis
incomplete(thatis,weareprobablymissingsomekeyprocessesfortheapplication
system).Attheconclusionofthelogicaldesignphaseofaproject,theCRUDmatrixisan
excellentvehicleforafinalreviewoftheworkcompleted.Thenextstepinthedatabase
lifecycleistocompletethephysicaldatabasedesign,whichisdiscussedinChapter8.

  Draw an ERD in Information Engineering 
(IE) Format

InthisTryThisexercise,youwilldrawanERDthatdemonstratesmostoftheconcepts
presentedthusfar,includingentities(tables),relationships,recursiverelationships,
andsupertypesandsubtypes.Youmaydrawthisaseitheralogicalorphysicalmodel.
However,mysolutionisintheformofaphysicalmodel,andthereforetheinstructions
willusephysicalmodelterms(suchastableandcolumn).

Step by Step
 1.DrawatableforPERSONwithcolumnsPERSON_ID(primarykey),FIRST_NAME,

LAST_NAME,BIRTH_DATE,andGENDER.Leaveroomfortwomorecolumns,
whichyouwillbeaddinginthenextstep.

 2.Drawtwoone-to-manyrecursiverelationships:onefortheperson’sfatherandone
fortheperson’smother.Rememberthatrecursiverelationshipshavethesametableas
boththeparentandthechild.Inthiscase,therelationshipsshouldbeoptionalinboth
directionsbecauseyouwon’thaveeveryperson’sparentsinthedatabaseandnotall
personshavechildren.ThePERSONtablewillneedtwoforeignkeystosupportthe
recursiverelationships:oneforthefather’spersonIDandanotherforthemother’s
personID.

 3.DrawadependenttablecalledMARRIAGEwithcolumnsPERSON_ID_1,PERSON_
ID_2,MARRIAGE_DATE,andEND_DATE.Theprimarykeymustbecomposed
ofthefirstthreecolumnstobeuniqueunderallcircumstances.PERSON_ID_1and
PERSON_ID_2willbetheforeignkeysforthetwopeoplewhoaremarried.
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 4.Drawtwoone-to-manyrelationshipsfromPERSONtoMARRIAGE—onewhere
PERSON_ID_1istheforeignkeyandtheotherwherePERSON_ID_2istheforeign
key.Theserelationshipsaremandatory-optional(everymarriagemusthavetwopeople,
butsomepeoplewerenevermarried).

 5.DrawanEMPLOYEEtablewithcolumnsPERSON_ID(primarykey),EMPLOYEE_ID,
HIRE_DATE,andTERMINATION_DATE.

 6.DrawaCUSTOMERtablewithcolumnsCUSTOMER_NUMBER(primarykey),
NAME,ADDRESS,CITY,STATE,ZIP_CODE,andPHONE.

 7.DrawaCUSTOMER_CONTACTtablewithcolumnsPERSON_ID(primarykey)and
CUSTOMER_ID.

 8.Drawthelinesandsymbol(s)necessarytomakeEMPLOYEEandCUSTOMER_
CONTACTsubtypesofPERSON.

 9.Drawaone-to-manymandatory-optionalrelationshipfromCUSTOMERto
CUSTOMER_CONTACT,makingCUSTOMER_IDinCUSTOMER_CONTACTthe
foreignkey.

Try This Summary
InthisTryThisexercise,youcreatedfivetablesandfiverelationships(twoofthem
recursive),andyoumadetwotablessubtypesofanothertable.Mysolutionappearsin
AppendixB.

 Chapter 7 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Whyisitimportantforadatabasedesignertounderstandprocessmodeling?

 A ProcessdesignisaprimaryresponsibilityoftheDBA.

 B Theprocessmodelmustbecompletedbeforethedatamodel.

 C Thedatamodelmustbecompletedbeforetheprocessmodel.

 D Thedatabasedesignermustworkcloselywiththeprocessdesigner.

 E Thedatabasedesignmustsupporttheintendedprocessmodel.

✓
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 2.PeterChen’sERDformatrepresents“many”with____________.

 3.ThediamondinChen’sERDformatrepresentsa(n)____________.

 4.TherelationalERDformatrepresents“many”with____________.

 5.TheIDEF1XERDformat

 A Wasfirstreleasedin1983

 B FollowsastandarddevelopedbytheNationalInstituteofStandardsandTechnology

 C Hasmanyvariants

 D HasbeenadoptedasastandardbymanyU.S.governmentagencies

 E Coversbothdataandprocessmodels

 6.TheIDEF1XERDformatshows

 A Identifyingrelationshipswithasolidline

 B Minimalcardinalityusingacombinationofsmallcirclesandverticallinesshown
ontherelationshipline

 C Maximumcardinalityusingacombinationofsmallverticallinesandcrow’sfeet
drawnontherelationshipline

 D Dependententitieswithsquaredcornersontherectangle

 E Independententitieswithroundedcornersontherectangle

 7.Asubtype

 A Isasubsetofthesupertype

 B Hasaone-to-manyrelationshipwiththesupertype

 C Hasaconditionalone-to-onerelationshipwiththesupertype

 D Showsvariousstatesofthesupertype

 E Isasupersetofthesupertype

 8.ExamplesofpossiblesubtypesforanOrderentitysupertypeinclude

 A Orderlineitems

 B Shippedorder,unshippedorder,invoicedorder
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 C Officesuppliesorder,professionalservicesorder

 D Approvedorder,pendingorder,canceledorder

 E Autopartsorder,aircraftpartsorder,truckpartsorder

 9.InIEnotation,subtypes

 A Maybeshownwithatypediscriminatorattributename

 B Maybeconnectedtothesupertypeviaasymbolcomposedofacirclewithaline
underit

 C Havetheprimarykeyofthesubtypeshownasaforeignkeyinthesupertype

 D Usuallyhavethesameprimarykeyasthesupertype

 E Maybeshownusingacrow’sfoot

 10.Whensubtypesarebeingconsideredinadatabasedesign,atradeoffexistsbetween
____________and____________.

 11.Inaflowchart,processstepsareshownas____________,anddecisionpointsare
shownas____________.

 12.Thestrengthsofflowchartsare

 A Theyarenaturalandeasytouseforprocedurallanguageprogrammers.

 B Theyareusefulforspottingreusablecomponents.

 C Theyarespecifictoapplicationprogrammingonly.

 D Theyareequallyusefulfornonproceduralandobject-orientedlanguages.

 E Theycanbeeasilymodifiedasrequirementschange.

 13.Thebasiccomponentsofafunctionhierarchydiagramare

 A Ellipsestoshowattributes

 B Rectanglestoshowprocessfunctions

 C Linesconnectingtheprocessesinorderofexecution

 D Ahierarchytoshowwhichfunctionsaresubordinatetoothers

 E Diamondstoshowdecisionpoints
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 14.Thestrengthsofthefunctionhierarchydiagramare

 A Checkingqualityiseasyandstraightforward.

 B Complexinteractionsbetweenfunctionsareeasilymodeled.

 C Itisquickandeasytolearnanduse.

 D Itclearlyshowsthesequenceofprocesssteps.

 E Itprovidesagoodoverviewathighandmediumlevelsofdetail.

 15.Thebasiccomponentsofaswimlanediagramare

 A Lineswitharrowstoshowthesequenceofprocesssteps

 B Diamondstoshowdecisionpoints

 C Verticallanestoshowtheorganizationunitsthatcarryoutprocesssteps

 D Ellipsestoshowprocesssteps

 E Open-endedrectanglestoshowdatastores

 16.Thedataflowdiagram(DFD)

 A Isthemostdatacentricofallprocessmodels

 B Wasfirstdevelopedinthe1980s

 C Combinesdiagrampagestogetherhierarchically

 D WasfirstdevelopedbyE.F.Codd

 E Combinesthebestoftheflowchartandthefunctiondiagram

 17.InaDFD,datastoresareshownas________,andprocessesareshownas__________.

 18.ThestrengthsoftheDFDare

 A It’sgoodfortop-downdesignwork.

 B It’squickandeasytodevelop,evenforcomplexsystems.

 C Itshowsoverallstructurewithoutsacrificingdetail.

 D Itshowscomplexlogiceasily.

 E It’sgreatforpresentationtomanagement.
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 19.ThecomponentsoftheCRUDmatrixare

 A Ellipsestoshowattributes

 B Majorprocessesshownononeaxis

 C Majorentitiesshownontheotheraxis

 D Referencenumberstoshowthehierarchyofprocesses

 E Letterstoshowtheoperationsthatprocessescarryoutonentities

 20.TheCRUDmatrixhelpsfindthefollowingproblems:

 A Entitiesthatareneverread

 B Processesthatareneverdeleted

 C Processesthatonlyread

 D Entitiesthatareneverupdated

 E Processesthathavenocreateentity
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KeySkills&Concepts
● DesigningTables

● IntegratingBusinessRulesandDataIntegrity

● DesigningViews

● AddingIndexesforPerformance

AsintroducedinChapter5(Figure5-1),oncethelogicaldesignphaseofaprojectis
complete,itistimetomoveontophysicaldesign.Othermembersofatypicalproject

teamwilldefinethehardwareandsystemsoftwarerequiredfortheapplicationsystem.
Wewillfocusonthedatabasedesigner’sphysicaldesignwork,whichistransforming
thelogicaldatabasedesignintooneormorephysicaldatabasedesigns.Forsituationsin
whichanapplicationsystemisbeingdevelopedforinternaluse,itisnormaltohaveonly
onephysicaldatabasedesignforeachlogicaldesign.However,iftheorganizationisa
softwarevendor,forexample,theapplicationsystemmustrunonallthevariousplatform
andRDBMSversionsthatthevendor’scustomersuse,andthatrequiresmultiplephysical
designs.Thischaptercoverseachofthemajorstepsinvolvedinphysicaldatabasedesign.

Designing Tables
Thefirststepinphysicaldatabasedesignistomapthenormalizedrelationsshowninthe
logicaldesigntotables.Theimportanceofthisstepshouldbeobvious,becausetablesare
theprimaryunitofstorageinrelationaldatabases.However,ifadequateworkwasputinto
thelogicaldesign,thentranslationtoaphysicaldesignismucheasier.Asyouworkthrough
thischapter,keepinmindthatChapter2containsanintroductiontoeachcomponentinthe
physicaldatabasemodel,andChapter4containstheSQLsyntaxfortheDataManipulation
Language(DML)commandsrequiredtocreatethevariousphysicaldatabasecomponents
(tables,constraints,indexes,views,andsoon).Briefly,theprocessgoesasfollows:

 1.Eachnormalizedrelationbecomesatable.Acommonexceptiontothisoccurswhen
supertypesandsubtypesareinvolved,asdiscussedinthenextsection.

 2.Eachattributewithinthenormalizedrelationbecomesacolumninthecorresponding
table.Keepinmindthatthecolumnisthesmallestdivisionofmeaningfuldatainthe
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database,socolumnsshouldnothavesubcomponentsthatmakesensebythemselves.
Foreachcolumn,thefollowingmustbespecified:

● Auniquecolumnnamewithinthetable.Generally,theattributenamefromthe
logicaldesignshouldbeadaptedascloselyaspossible.However,adjustmentsmay
benecessarytoworkarounddatabasereservedwordsandtoconformtonaming
conventionsfortheparticularRDBMSbeingused.Youmightnoticesomecolumn
namedifferencesbetweentheCustomerrelationandtheCUSTOMERtablein
theexamplethatfollows.Thereasonforthischangeisdiscussedinthe“Naming
Conventions”sectionlaterinthischapter.

● Adatatype,and,forsomedatatypes,alengthandperhapsaprecision.Datatypes
varyfromoneRDBMStoanother,sothisiswhydifferentphysicaldesignsare
neededforeachRDBMStobeused.

● Whethercolumnvaluesarerequiredornot.ThistakestheformofaNULLor
NOTNULLclauseforeachcolumn.Becarefulwithdefaults—theycanfool
you.Forexample,whenthisclauseisnotspecified,OracleassumesNULL,but
SybaseASEandMicrosoftSQLServerassumeNOTNULL(althoughthisdefault
behaviorcanbechangedforaninstanceordatabase).It’salwaysbettertospecify
suchthingsandbecertainofwhatyouaregetting.

● Checkconstraints.Thesemaybeaddedtocolumnstoenforcesimplebusiness
rules.Forexample,abusinessrulespecifyingthattheunitpriceonaninvoice
mustalwaysbegreaterthanorequaltozerocanbeimplementedwithacheck
constraint,butabusinessrulerequiringtheunitpricetobelowerincertain
statescannotuseacheckconstraint.Generally,acheckconstraintislimitedto
comparisonofacolumnvaluewithasinglevalue,arangeorlistofvalues,or
othercolumnvaluesinthesamerowoftabledata.

 3.Theuniqueidentifieroftherelationisdefinedastheprimarykeyofthetable.Columns
participatingintheprimarykeymustbespecifiedasNOTNULL,andinmostRDBMSs,
thedefinitionofaprimarykeyconstraintcausesautomaticdefinitionofauniqueindex
ontheprimarykeycolumn(s).ForeignkeycolumnsshouldhaveaNOTNULLclauseif
therelationshipismandatory;otherwise,theymayhaveaNULLclause.

 4.Anyothersetsofcolumnsthatmustbeuniquewithinthetablemayhaveaunique
constraintdefined.Aswithprimarykeyconstraints,uniqueconstraintsinmost
RDBMSscauseautomaticdefinitionofauniqueindexontheuniquecolumn(s).
However,unlikeprimarykeyconstraints,atablemayhavemultipleuniqueconstraints,
andthecolumnsinauniqueconstraintmaycontainnullvalues(thatis,theymaybe
specifiedwiththeNULLclause).
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 5.Relationshipsamongthenormalizedrelationsbecomereferentialconstraintsinthe
physicaldesign.Forthoseraresituationsforwhichthelogicalmodelcontainsaone-to-
onerelationship,youcanimplementitbyplacingtheprimarykeyofoneofthetables
asaforeignkeyintheother(dothisforonlyoneofthetwotables)andplacingaunique
constraintontheforeignkeytopreventduplicatevalues.Forexample,Figure2-2in
Chapter2showsaone-to-onerelationshipbetweenEmployeeandAutomobile,and
wechosetoplaceEMPLOYEE_IDasaforeignkeyintheAUTOMOBILEtable.We
shouldalsoplaceauniqueconstraintonEMPLOYEE_IDintheAUTOMOBILEtable
sothatanemployeemaybeassignedonlytooneautomobileatanypointintime.

 6.Largetables(thatis,thosethatexceedseveralgigabytesintotalsize)shouldbe
partitionediftheRDBMSbeingusedsupportsit.Partitioningisadatabasefeature
thatpermitsatabletobebrokenupintomultiplephysicalcomponents,eachstored
inseparatedatafiles,inamannerthatistransparenttothedatabaseuser.Typical
methodsofbreakingtablesintopartitionsusearangeorlistofvaluesforaparticular
tablecolumn(calledthepartitioningcolumn)orusearandomizingmethodknown
ashashingthatevenlydistributestablerowsacrossavailablepartitions.Thebenefits
ofbreakinglargetablesintopartitionsincludeeasieradministration(particularly

Q: Foraone-to-onerelationship,whyshouldweplaceaforeignkeyinonlyoneofthe
twotables?

A: Theproblemwithplacingaforeignkeyonbothsidesofaone-to-onerelationshipisthat
itwouldactuallyestablishtworelationships(oneforeachforeignkey)andtheredundant
relationshipcouldeasilyleadtodatainconsistency.IntheEmployee–Automobileexample,
ifweplaceEMPLOYEE_IDintheAUTOMOBILEtableandVINintheEMPLOYEE
table,theDBMScannotguaranteethattheforeignkeyvalueswillalwaysbeconsistent.
Forexample,therowforemployee125mightcontaintheVINforaparticularvehicle,but
whenyoulookattherowforthatvehicle,itmightcontainadifferentemployee,say206.

Q: Isee.Doesitthenmatterwhichofthetwotablesintheone-to-onerelationshiphasthe
foreignkeydefinedinit?

A: Assumingauniqueindex(oruniqueconstraint)isplacedontheforeignkeycolumn,there
reallyisn’taperformancedifference.However,theremaybeaslightadvantagetoputting
theforeignkeyinthetablethatisaccessedmorefrequently.

Ask the Expert
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forbackupandrecoveryoperations)andimprovedperformance,achievedwhenthe
RDBMScanrunanSQLqueryinparallelagainstall(orsomeofthe)partitionsand
thencombinetheresults.Partitioningissolelyaphysicaldesignissuethatisnever
addressedinlogicaldesigns.Afterall,apartitionedtableisstillonetable.Thereis
widevariationinthewaydatabasevendorshaveimplementedpartitioningintheir
products,soyouneedtoconsultyourRDBMSdocumentationformoredetails.

 7.Thelogicalmodelmaybeforacompletedatabasesystem,whereasthecurrentproject
maybeanimplementationofasubsetofthatentiresystem.Whenthisoccurs,the
physicaldatabasedesignerwillselectandimplementonlythesubsetoftablesrequired
tofulfillcurrentneeds.
HereisthelogicaldesignforAcmeIndustriesfromChapter6:

PRODUCT:ProductNumber(PK),ProductDescription,
ListUnitPrice

CUSTOMER:CustomerNumber(PK),CustomerName,
CustomerAddress,CustomerCity,CustomerState,
CustomerZipCode,CustomerPhone

INVOICE:InvoiceNumber(PK),CustomerNumber,Terms,
ShipVia,OrderDate

INVOICELINEITEM:InvoiceNumber(PK),ProductNumber(PK),
Quantity,SaleUnitPrice

Andhereisthephysicaltabledesignwecreatedfromthelogicaldesign,shownin
theformofSQLDataDefinitionLanguage(DDL)statements.Thesestatementsare
writtenforOracleandrequiresomemodification,mostlyofdatatypes,toworkonother
RDBMSs.IfyouwanttoruntheseonyourownOracledatabase,Isuggestyoucreate
anewuseraccountjustforthispurposesothatthenewtablesarecreatedintheirown
schemaratherthanmixedinwithsomethingelseinthedatabase.InotherRDBMSs
suchasMySQLandSQLServer,youshouldcreateanewdatabaseandrunthesein
thatdatabase.OndatabasesotherthanOracle,youwilllikelyhavetoadjustdatatypes
somewhat.Finally,youmayhavetorunthestatementsoneatatimeorinsmallbatches,
alldependingontheSQLclientthatyouuse.

CREATETABLEPRODUCT
(PRODUCT_NUMBERVARCHAR(10)NOTNULL,
PRODUCT_DESCRIPTIONVARCHAR(100)NOTNULL,
LIST_UNIT_PRICENUMBER(7,2)NOTNULL);




258 Databases:ABeginner’sGuide

ALTERTABLEPRODUCT
ADDCONSTRAINTPRODUCT_PK_PRODUCT_NUMBER
PRIMARYKEY(PRODUCT_NUMBER);

CREATETABLECUSTOMER
(CUSTOMER_NUMBERNUMBER(5)NOTNULL,
NAMEVARCHAR(25)NOTNULL,
ADDRESSVARCHAR(255)NOTNULL,
CITYVARCHAR(50)NOTNULL,
STATECHAR(2)NOTNULL,
ZIP_CODEVARCHAR(10));

ALTERTABLECUSTOMER
ADDCONSTRAINTCUSTOMER_PK_CUST_NUMBER
PRIMARYKEY(CUSTOMER_NUMBER);

CREATETABLEINVOICE
(INVOICE_NUMBERNUMBER(7)NOTNULL,
CUSTOMER_NUMBERNUMBER(5)NOTNULL,
TERMSVARCHAR(20)NULL,
SHIP_VIAVARCHAR(30)NULL,
ORDER_DATEDATENOTNULL);

ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_PK_INVOICE_NUMBER
PRIMARYKEY(INVOICE_NUMBER);

ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_FK_CUSTOMER_NUMBER
FOREIGNKEY(CUSTOMER_NUMBER)
REFERENCESCUSTOMER(CUSTOMER_NUMBER);

CREATETABLEINVOICE_LINE_ITEM
(INVOICE_NUMBERNUMBER(7)NOTNULL,
PRODUCT_NUMBERVARCHAR(10)NOTNULL,
QUANTITYNUMBER(5)NOTNULL,
SALE_UNIT_PRICENUMBER(7,2)NOTNULL);

ALTERTABLEINVOICE_LINE_ITEM
ADDCONSTRAINTINVOICE_LI_PK_INV_PROD_NOS
PRIMARYKEY(INVOICE_NUMBER,PRODUCT_NUMBER);

ALTERTABLEINVOICE_LINE_ITEM
ADDCONSTRAINTINVOICE_CK_SALE_UNIT_PRICE
CHECK(SALE_UNIT_PRICE>=0);

ALTERTABLEINVOICE_LINE_ITEM
ADDCONSTRAINTINVOICE_LI_FK_INVOICE_NUMBER
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FOREIGNKEY(INVOICE_NUMBER)
REFERENCESINVOICE(INVOICE_NUMBER);

ALTERTABLEINVOICE_LINE_ITEM
ADDCONSTRAINTINVOICE_LI_FK_PRODUCT_NUMBER
FOREIGNKEY(PRODUCT_NUMBER)
REFERENCESPRODUCT(PRODUCT_NUMBER);

Implementing Super Types and Subtypes
Mostdatamodelerstendtospecifyeveryconceivablesubtypeinthelogicaldatamodel.
Thisisnotreallyaproblem,becausethelogicaldesignissupposedtoencompassnotonly
wherethingscurrentlystand,butalsowherethingsarelikelytoendupinthefuture.The
designerofthephysicaldatabasethereforehassomedecisionstomakeinchoosingto
implementornotimplementthesupertypesandsubtypesdepictedinthelogicalmodel.
Thedrivingmotivatorshereshouldbereasonablenessandcommonsense.These,along
withinputfromtheapplicationdesignersandbusinessusersabouttheirintendedusesof
thedatabase,willleadtothebestdecisions.
LookingbackatFigure7-8inChapter7,youwillrecallthatweendedupwithtwo

subtypesforourCustomerentity:IndividualCustomerandCommercialCustomer.You
havebasicallythreechoicesforphysicallyimplementingsuchalogicaldesign,andwe
willexploreeachinthesubsectionsthatfollow.

Implementing Subtypes As Is
Thisiscalledthe“threetable”solutionbecauseitinvolvescreatingonetableforthesuper
typeandonetableforeachofthesubtypes(twointhisexample).Thisdesignismost
appropriatewhenmanyattributesareparticulartoindividualsubtypes.Inourexample,
onlytwoattributesareparticulartotheIndividualCustomersubtype(DateofBirthand
AnnualHouseholdIncome),andfourareparticulartotheCommercialCustomersubtype.
Figure8-1showsthephysicaldesignforthisalternative.
Thisdesignalternativeisfavoredwhenmanycommonattributes(locatedinthe

supertypetable)aswellasmanyattributesparticulartoonesubtypeoranother(located
inthesubtypetables)areused.Inonesense,thisdesignissimplerthantheother
alternativesbecausenoonehastorememberwhichattributesapplytowhichsubtype.
Ontheotherhand,itisalsomorecomplicatedtouse,becausethedatabaseusermust
jointheCUSTOMERtableeithertotheINDIVIDUAL_CUSTOMERtableorthe
COMMERCIAL_CUSTOMERtable,dependingonthevalueofCUSTOMER_TYPE.
Thedata-modelingpuristsonyourprojectteamareguaranteedtofavorthisapproach,but
theapplicationprogrammerswhomustwritetheSQLtoaccessthetablesmaytake
acounterposition.
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Implementing Each Subtype as a Discrete Table
Thisiscalledthe“two-table”solutionbecauseitinvolvescreatingonetableforeach
subtypeandincludingallthecolumnsfromthesupertypetableineachsubtype.Atfirst,
thismayappeartoinvolveredundantdata,butinfactnoredundantstorageexists,because
agivencustomercanbeonlyoneofthetwosubtypes.However,somecolumnsare
redundantlydefined.Figure8-2showsthephysicaldesignforthisalternative.

CUSTOMER

CUSTOMER_NUMBER

CUSTOMER_TYPE
ADDRESS
CITY
STATE
ZIP_CODE
PHONE

COMMERCIAL_CUSTOMER

CUSTOMER_NUMBER (FK)

COMPANY_NAME
TAX_IDENTIFICATION_NUMBER
ANNUAL_GROSS_REVENUE
COMPANY_TYPE

INDIVIDUAL_CUSTOMER

CUSTOMER_NUMBER (FK)

DATE_OF_BIRTH
ANNUAL_HOUSEHOLD_INCOME

Figure8-1  Customer subclasses: three-table physical design

INDIVIDUAL_CUSTOMER

CUSTOMER_NUMBER

ADDRESS
CITY
STATE
ZIP_CODE
PHONE
DATE_OF_BIRTH
ANNUAL_HOUSEHOLD_INCOME

COMMERCIAL_CUSTOMER

CUSTOMER_NUMBER

ADDRESS
CITY
STATE
ZIP_CODE
PHONE
COMPANY_NAME
TAX_IDENTIFICATION_NUMBER
ANNUAL_GROSS_REVENUE
COMPANY_TYPE

Figure8-2  Customer subclasses: two-table physical design
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Thisalternativeisfavoredwhenveryfewattributesarecommonbetweenthesubtypes
(thatis,whenthesupertypetablecontainsveryfewattributes).Inourexample,the
situationisfurthercomplicatedbecauseoftheCUSTOMER_CONTACTtable,whichis
achildofthesupertypetable(CUSTOMER).Youcannot(oratleastshouldnot)make
atablethechildoftwodifferentparentsbasedonthesameforeignkey.Therefore,if
weeliminatetheCUSTOMERtable,wemustcreatetwoversionsoftheCUSTOMER_
CONTACTtable—oneasachildofINDIVIDUAL_CUSTOMERandtheotherasachild
ofCOMMERCIAL_CUSTOMER.Althoughthisalternativemaybeaviablesolutionin
somesituations,thecomplicationoftheCUSTOMER_CONTACTtablemakesitapoor
choiceinthiscase.

Collapsing Subtypes into the Super Type Table
Thisiscalledthe“one-table”solutionbecauseitinvolvescreatingasingletablethat
encompassesthesupertypeandbothsubtypes.Figure8-3showsthephysicaldesignfor
thisalternative.Constraintsarerequiredtoenforcetheoptionalcolumns.Ascolumns
thataremandatoryinsubtypesareconsolidatedintothesupertypetable,theyusually
mustbedefinedtoallownullvaluesbecausetheydon’tapplyforallsubtypes.For
theCUSTOMER_TYPEvaluethatsignifies“Individual,”DATE_OF_BIRTHand
ANNUAL_HOUSEHOLD_INCOMEwouldbeallowedto(orrequiredto)containvalues,
andCOMPANY_NAME,TAX_IDENTIFICATION_NUMBER,ANNUAL_GROSS_
INCOME,andCOMPANY_TYPEwouldberequiredtobenull.FortheCUSTOMER_
TYPEvaluethatsignifies“Commercial,”thebehaviorrequiredwouldbejustthe
opposite.

CUSTOMER

CUSTOMER_NUMBER

CUSTOMER_TYPE
ADDRESS
CITY
STATE
ZIP_CODE
PHONE
COMPANY_NAME
TAX_IDENTIFICATION_NUMBER
ANNUAL_GROSS_REVENUE
COMPANY_TYPE
DATE_OF_BIRTH
ANNUAL_HOUSEHOLD_INCOME

Figure8-3  Customer subclasses: one-table physical design
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NOTE
The constraints mentioned here might be implemented in the database using check 
constraints or triggers, discussed later in this chapter, or in application logic. The 
decision of which method to use depends a lot on the capabilities of the DBMS.

Thisalternativeisfavoredwhenrelativelyfewattributesareparticulartoanygiven
subtype.Intermsofdataaccess,itisclearlythesimplestalternative,becausenojoinsare
required.However,itisperhapsmorecomplicatedintermsoflogic,becauseyoumust
alwayskeepinmindwhichattributesapplytowhichsubtype(thatis,whichvalueof
CUSTOMER_TYPEinthisexample).Withonlytwosubtypes,andatotalofsixsubtype-
determinedattributesbetweenthem,thisseemsaveryattractivealternativeforthisexample.

Naming Conventions
Namingconventionsareimportantbecausetheyhelppromoteconsistencyinthenames
oftables,columns,constraints,indexes,andotherdatabaseobjects.Everyorganization
shoulddevelopastandardsetofnamingconventions(withvariationsasneededwhen
multipleRDBMSsareinuse),publishit,andenforceitsuse.Theconventionsoffered
herearesuggestionsbasedoncurrentindustrybestpractices.

Table Naming Conventions
Herearesomesuggestednamingconventionsfordatabasetables:

● Tablenamesshouldbebasedonthenameoftheentitytheyrepresent.Theyshouldbe
descriptive,yetconcise.

● Tablenamesshouldbeuniqueacrosstheentireorganization(thatis,acrossalldatabases),
exceptwherethetableisanexactduplicateofanother(thatis,areplicatedcopy).

● Somedesignersprefersingularwordsfortablenames,whereasotherspreferplural
names(forexample,CUSTOMERversusCUSTOMERS).OracleCorporation
recommendssingularnamesforentitiesandpluralnamesfortables(aconventionI
haveneverunderstood).Itdoesn’tmatterwhichconventionyouadoptaslongasyou
areconsistentacrossallyourtables,sodosetoneortheotherasyourstandard.

● Donotincludewordssuchas“table”or“file”intablenames.

● Useonlyuppercaseletters,anduseanunderscoretoseparatewords.NotallRDBMSs
havecase-sensitiveobjectnames,somixed-casenameslimitapplicabilityacross
multiplevendors.ManyRDBMSproducts,includingOracleandDB2,supportmixed-
casenamesinSQLbutfoldallofthemintouppercasewhentheyareprocessed.
Thenamesinthecatalogmetadataarestoredinuppercase,andwhenyoulookat
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themlaterwithoneofthepopularDBAordevelopertools,theybecomedifficultto
decipher.Forexample,atablecreatedwiththenameEmpJobAsmtHistorywouldbe
displayedasEMPJOBASMTHISTORY.

● UseabbreviationswhennecessarytoshortennamesthatarelongerthantheRDBMS
maximum(typically30charactersorso).Actually,itisagoodideatostayafew
charactersshortoftheRDBMSmaximumtoallowforsuffixeswhennecessary.
Allabbreviationsshouldbeplacedonastandardlistandtheuseofnonstandard
abbreviationsdiscouraged.

● AvoidlimitingnamessuchasWEST_SALES.Someorganizationsaddatwo-or
three-characterprefixtotablenamestodenotethepartoftheorganizationthatowns
thedatainthetable.However,thisisnotconsideredabestpracticebecauseitcanlead
toalackofdatasharing.Moreover,placinggeographicororganizationalunitnames
intablenamesplayshavoceverytimetheorganizationchanges.

Column Naming Conventions
Herearesomesuggestednamingconventionsfortablecolumns:

● Columnnamesshouldbebasedontheattributenameasshowninthelogicaldata
model.Theyshouldbedescriptive,yetconcise.

● Columnnamesmustbeuniquewithinthetable,but,wherepossible,itisbestif
theyareuniqueacrosstheentireorganization.Someconventionsmakeexceptions
forcommonattributessuchasCity,whichmightdescribeseveralentitiessuchas
Customer,Employee,andCompanyLocation.

● Useonlyuppercaseletters,anduseanunderscoretoseparatewords.NotallRDBMSs
havecase-sensitiveobjectnames,somixed-casenameslimitapplicabilityacross
multiplevendors.

● Prefixingcolumnnameswithentitynamesisacontroversialissue.Someprefer
prefixingnames.Forexample,intheCUSTOMERtable,theywouldusecolumn
namessuchasCUSTOMER_NUMBER,CUSTOMER_NAME,CUSTOMER_
ADDRESS,CUSTOMER_CITY,andsoforth.Others(includingme)prefertoprefix
onlytheprimarykeycolumnname(forexample,CUSTOMER_NUMBER),which
leadseasilytoprimarykeyandmatchingforeignkeycolumnshavingexactlythe
samenames.Stillothersprefernoprefixesatall,andendupwithacolumnnamesuch
asIDfortheprimarykeyofeverysingletable.

● UseabbreviationswhennecessarytoshortennamesthatarelongerthantheRDBMS
maximum(typically30charactersorso).Allabbreviationsshouldbeplacedona
standardlistandtheuseofnonstandardabbreviationsdiscouraged.
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● Regardlessofanyotherconvention,mostexpertspreferthatforeignkeycolumns
alwayshaveexactlythesamenameastheirmatchingprimarykeycolumn.Thishelps
otherdatabaseusersunderstandwhichcolumnstousewhencodingjoinsinSQL.

Constraint Naming Conventions
InmostRDBMSs,theerrormessagegeneratedwhenaconstraintisviolatedcontainsthe
constraintname.Unlessyouwanttofieldquestionsfromdatabaseuserseverytimeoneof
thesemessagesshowsup,youshouldnametheconstraintsinastandardwaythatiseasily
understoodbythedatabaseusers.Mostdatabasedesignerspreferaconventionsimilarto
theonepresentedhere.
ConstraintnamesshouldbeintheformatTNAME_TYPE_CNAME,where:

● TNAMEisthenameofthetableonwhichtheconstraintisdefined,abbreviatedif
necessary.

● TYPEisthetypeofconstraint:

● PKforprimarykeyconstraints.

● FKforforeignkeyconstraints.

● UQforuniqueconstraints.

● CKforcheckconstraints.

● CNAMEisthenameofthecolumnonwhichtheconstraintisdefined,abbreviated
ifnecessary.Forconstraintsdefinedacrossmultiplecolumns,anotherdescriptive
wordorphrasemaybesubstitutedifthecolumnnamesaretoolong(evenwhen
abbreviated)tomakesense.

Index Naming Conventions
IndexesthatareautomaticallydefinedbytheRDBMStosupportprimarykeyorunique
constraintsaretypicallygiventhesamenameastheconstraintname,soyouseldomhave
toworryaboutthem.Forothertypesofindexes,itiswisetouseanamingconventionso
thatyouknowthetableandcolumn(s)onwhichtheyaredefinedwithouthavingtolook
upanything.Thefollowingisasuggestedconvention.
IndexnamesshouldbeintheformatTNAME_TYPE_CNAME,where:

● TNAMEisthenameofthetableonwhichtheindexisdefined,abbreviatedifnecessary.

● TYPEisthetypeofindex:

● UXforuniqueindexes.

● IXfornonuniqueindexes.
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● CNAMEisthenameofthecolumnonwhichtheindexisdefined,abbreviatedif
necessary.Forindexesdefinedacrossmultiplecolumns,anotherdescriptivewordor
phrasemaybesubstitutedifthecolumnnamesaretoolong(evenwhenabbreviated)
tomakesense.

Anyabbreviationsusedshouldbedocumentedinthestandardabbreviationslist.

View Naming Conventions
Viewnamespresentaninterestingdilemma.TheobjectnamesusedintheFROM
clauseofSQLstatementscanbefortables,views,orsynonyms.Asynonymisanalias
(nickname)foratableorview.SohowdoestheDBMSknowwhetheranobjectname
intheFROMclauseisatableorvieworsynonym?Well,itdoesn’tuntilitlooksup
thenameinametadatatablethatcatalogsalltheobjectsinthedatabase.Thismeans,
ofcourse,thatthenamesoftables,views,andsynonymsmustcomefromthesame
namespace,orlistofpossiblenames.Therefore,aviewnamemustbeuniqueamongall
table,view,andsynonymnames.
Becauseitisusefulforatleastsomedatabaseuserstoknowwhethertheyare

referencingatableoraview,andasaneasywaytoensurethatnamesareunique,itis
commonpracticetogiveviewsdistinctivenamesbyemployingastandardthatappends
VWtothebeginningorendofeachname,withaseparatingunderscore.Again,theexact
conventionchosenmattersalotlessthanchoosingonestandardconventionandsticking
toitforallyourviewnames.Hereisasuggestedconvention:

● Allviewnamesshouldendwith_VWsotheyareeasilydistinguishablefromtablenames.

● Viewnamesshouldcontainthenameofthemostsignificantbasetableincludedinthe
view,abbreviatedifnecessary.

● Viewnamesshoulddescribethepurposeoftheviewsorthekindofdataincludedin
them.Forexample,CALIFORNIA_CUSTOMERS_VWandCUSTOMERS_BY_
ZIP_CODE_VWarebothreasonablydescriptiveviewnames,whereasCUSTOMER_
LIST_VWandCUSTOMER_JOIN_VWaremuchlessmeaningful.

● Anyabbreviationsusedshouldbedocumentedinthestandardabbreviationslist.

Integrating Business Rules and Data Integrity
Businessrulesdeterminehowanorganizationoperatesandusesitsdata.Businessrules
existasareflectionofanorganization’spoliciesandoperationalproceduresandbecause
theyprovidecontrol.Dataintegrityistheprocessofensuringthatdataisprotected
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andstaysintactthroughdefinedconstraintsplacedonthedata.Wecallthesedatabase
constraintsbecausetheypreventchangestothedatathatwouldviolateoneormore
businessrules.Theprincipalbenefitofenforcingbusinessrulesusingdataintegrity
constraintsinthedatabaseisthatdatabaseconstraintscannotbecircumvented.Unlike
businessrulesenforcedbyapplicationprograms,databaseconstraintsareenforcedno
matterhowsomeoneconnectstothedatabase.Theonlywayarounddatabaseconstraints
isfortheDBAtoremoveordisablethem.Ontheotherhand,developersoftenpreferto
controltheruleenforcementthemselvesratherthanrelegatingthemtoaDBA,andsome
rulesarebesttestedbeforesendingthedatatothedatabaseforprocessing.Inrarecases,
usuallyinvolvingthemostimportantbusinessrules,youmightevenwanttoenforce
theminbothplaces—inthedatabase,becausetherulecannotbecircumvented,andinthe
application,sotheusergetsfastfeedbackwhenheorsheviolatestherule.
Businessrulesareimplementedinthedatabaseasfollows:

● NOTNULLconstraints

● Primarykeyconstraints

● Referential(foreignkey)constraints

● Uniqueconstraints

● Checkconstraints

● Datatypes,precision,andscale

● Triggers

Thesubsectionsthatfollowdiscusseachoftheseimplementationtechniquesand
theeffectsoftheconstraintsondatabaseprocessing.Throughoutthisdiscussion,the
followingtabledefinition(inOracleSQL)isusedasanexample.Acomment(astatement
beginningwithtwohyphens)appearsaboveeachcomponenttohelpyouidentifyit.Note
thattheINVOICEtableusedherehasacolumndifference—TERMSisreplacedwith
CUSTOMER_PO_NUMBER,whichisneededtoillustratesomekeyconcepts.ADROP
statementisincludedtodroptheINVOICEtableincaseyoucreateditwhenfollowing
previousexamples.

--DropInvoiceTable(incasetherealreadyisone)
DROPTABLEINVOICECASCADECONSTRAINTS;
--CreateInvoiceTable
CREATETABLEINVOICE
(INVOICE_NUMBERNUMBER(7)NOTNULL,
CUSTOMER_NUMBERNUMBER(5)NOTNULL,
CUSTOMER_PO_NUMBERVARCHAR(10)NULL,
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SHIP_VIAVARCHAR(30)NULL,
ORDER_DATEDATENOTNULL);

--CreatePrimaryKeyConstraint
ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_PK_INVOICE_NUMBER
PRIMARYKEY(INVOICE_NUMBER);

--CreateReferentialConstraint
ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_FK_CUSTOMER_NUMBER
FOREIGNKEY(CUSTOMER_NUMBER)
REFERENCESCUSTOMER(CUSTOMER_NUMBER);

--CreateUniqueConstraint
ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_UNQ_CUST_NUMB_PO
UNIQUE(CUSTOMER_NUMBER,CUSTOMER_PO_NUMBER);

--CreateCHECKConstraint
ALTERTABLEINVOICE
ADDCONSTRAINTINVOICE_CK_INVOICE_NUMBER
CHECK(INVOICE_NUMBER>0);

NOT NULL Constraints
Asyouhavealreadyseen,businessrulesthatstatewhichattributesarerequiredtranslate
intoNOTNULLclausesonthecorrespondingcolumnsinthetabledesign.Infact,the
NOTNULLclauseishowwedefineaNOTNULLconstraintontablecolumns.Primary
keysmustalwaysbespecifiedasNOTNULL.(Oraclewillautomaticallydothisforyou,
unlikemostotherRDBMSproducts.)And,asalreadymentioned,anyforeignkeysthat
participateinamandatoryrelationshipshouldalsobespecifiedasNOTNULL.
Inourexample,ifweattempttoinsertarowintheINVOICEtableandfailtoprovide

avalueforanyofthecolumnsthathaveNOTNULLconstraints(thatis,theINVOICE_
NUMBER,CUSTOMER_NUMBER,andORDER_DATEcolumns),theinsertwillfail
withanerrormessageindicatingtheconstraintviolation.Also,ifweattempttoupdateany
existingrowandsetoneofthosecolumnstoaNULLvalue,theupdatestatementwillfail.

Primary Key Constraints
Primarykeyconstraintsrequirethatthecolumn(s)thatmakeuptheprimarykeycontain
uniquevaluesforeveryrowinthetable.Inaddition,primarykeycolumnsmustbedefined
withNOTNULLconstraints.Atablemayhaveonlyoneprimarykeyconstraint.Most
RDBMSswillautomaticallycreateanindextoassistinenforcingtheprimarykeyconstraint.
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InoursampleINVOICEtable,ifweattempttoinsertarowwithoutspecifyinga
valuefortheINVOICE_NUMBERcolumn,theinsertwillfailbecauseoftheNOT
NULLconstraintonthecolumn.Ifweinsteadtrytoinsertarowwithavalueforthe
INVOICE_NUMBERcolumnthatalreadyexistsintheINVOICEtable,theinsertwill
failwithanerrormessagethatindicatesaviolationoftheprimarykeyconstraint.This
messageusuallycontainstheconstraintname—whichiswhyitissuchagoodideato
giveconstraintsmeaningfulnames.Finally,assumingtheRDBMSinusepermitsupdates
toprimarykeyvalues(somedonot),ifweattempttoupdatetheINVOICE_NUMBER
columnforanexistingrowandweprovideavaluethatisalreadyusedbyanotherrowin
thetable,theupdatewillfail.

Referential (Foreign Key) Constraints
ThereferentialconstraintontheINVOICEtabledefinesCUSTOMER_NUMBERas
aforeignkeytotheCUSTOMERtable.Ittakessomegettingusedto,butreferential
constraintsarealwaysdefinedonthechildtable(thatis,thetableonthe“many”sideof
therelationship).Thepurposeofthereferentialconstraintistomakesurethatforeign
keyvaluesintherowsinthechildtablealwayshavematchingprimarykeyvaluesinthe
parenttable.
InourINVOICEtableexample,ifwetrytoinsertarowwithoutprovidingavalue

forCUSTOMER_NUMBER,theinsertwillfailduetotheNOTNULLconstrainton
thecolumn.However,ifwetrytoinsertarowandprovideavalueforCUSTOMER_
NUMBERthatdoesnotmatchtheprimarykeyofarowintheCUSTOMERtable,the
insertwillfailduetothereferentialconstraint.Also,ifweattempttoupdatethevalueof
CUSTOMER_NUMBERforanexistingrowintheINVOICEtableandthenewvalue
doesnothaveamatchingrowintheCUSTOMERtable,theupdatewillfail,againdueto
thereferentialconstraint.
Alwayskeepinmindthatreferentialconstraintsworkinbothdirections,sotheycan

preventachildtablerowfrombecomingan“orphan,”meaningithasavaluethatdoes
notmatchaprimarykeyvalueintheparenttable.Therefore,ifweattempttodeletearow
intheCUSTOMERtablethathasINVOICErowsreferringtoit,thestatementwillfail
becauseitwouldcausechildtablerowstoviolatetheconstraint.Thesameistrueifwe
attempttoupdatetheprimarykeyvalueofsucharow.However,manyRDBMSsprovide
afeaturewithreferentialconstraintswrittenasONDELETECASCADE,whichcauses
referencingchildtablerowstobeautomaticallydeletedwhentheparentrowisdeleted.
Ofcourse,thisoptionisnotappropriateinallsituations,butitisnicetohavewhenyou
needit.
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Unique Constraints
Likeprimarykeyconstraints,uniqueconstraintsensurethatnotworowsinthetablehave
duplicatevaluesforthecolumn(s)namedintheconstraint.However,uniqueconstraints
havetwoimportantdifferences:

● Althoughatablemayhaveonlyoneprimarykeyconstraint,itmayhaveasmany
uniqueconstraintsasnecessary.

● ColumnsparticipatinginauniqueconstraintdonothavetohaveNOTNULL
constraintsonthem.

Aswithaprimarykeyconstraint,anindexisautomaticallycreatedtoassistthe
DBMSinefficientlyenforcingtheconstraint.
Inourexample,auniqueconstraintisdefinedontheCUSTOMER_NUMBER

andCUSTOMER_PO_NUMBERcolumns,toenforceabusinessrulethatstatesthat
customersmayuseaPO(purchaseorder)numberonlyonce.Youshouldrealizethatthe
combinationofthevaluesinthetwocolumnsmustbeunique.Manyinvoicescanexist
foranygivenCUSTOMER_NUMBER,andmultiplerowsintheINVOICEtablecan
havethesamePO_NUMBER(wecannotpreventtwocustomersfromusingthesamePO
number,nordowewishto).However,notworowsforthesamecustomernumbermay
havethesamePOnumber.
Aswiththeprimarykeyconstraint,ifweattempttoinsertarowwithvaluesfor

theCUSTOMER_NUMBERandPO_NUMBERcolumnsthatarealreadyinuseby
anotherrow,theinsertwillfail.Similarly,wecannotupdatearowintheINVOICEtable
iftheupdatewouldresultintherowhavingaduplicatecombinationofCUSTOMER_
NUMBERandPO_NUMBER.

Q: YoumentionedthatONDELETECASCADEisnotappropriateinallsituations.When
woulditbeappropriate?

A: ONDELETECASCADEisappropriatewhenthechildtablerowscannotexistwithoutthe
parenttablerows,asituationknownasanexistencedependency.Forexample,alineitem
onaninvoicecannotexistwithouttheinvoiceitself,soitislogicaltodeletethelineitems
automaticallywhenanSQLstatementattemptstodeletetheinvoice.However,thisoptioncan
bedangerousinothersituations.Forinstance,itwouldbedangeroustosetupthedatabase
sothatinvoicesweredeletedautomaticallywhensomeoneattemptedtodeleteacustomer;
becauseinvoicesarefinancialrecords,itwouldbesafertoforcesomeonefirsttoexplicitly
deletetheinvoices.Naturally,thesearebusinessruledecisionsthatdependonrequirements.

Ask the Expert
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Check Constraints
Checkconstraintsareusedtoenforcebusinessrulesthatrestrictacolumntoalistorrange
ofvaluesortosomeconditionthatcanbeverifiedusingasimplecomparisontoaconstant,
calculation,oravalueofanothercolumninthesamerow.Checkconstraintsmaynot
beusedtocomparecolumnvaluesbetweendifferentrows,whetherinthesametableor
not.Checkconstraintsarewrittenasconditionalstatementsthatmustalwaysbetrue.The
terminologycomesfromthefactthatthedatabasemustalways“check”theconditionto
makesureitevaluatestotruebeforeallowinganinsertorupdatetoarowinthetable.
Inourexample,acheckconstraintrequirestheINVOICE_NUMBERtobegreater

than0.Thisenforcesabusinessrulethatrequirespositiveinvoicenumbers.Keepin
mindthattheconditionischeckedonlywhenweinsertorupdatearowintheINVOICE
table,soitwillnotbeappliedtoexistingrowsinthetable(shouldtherebeany)whenthe
constraintisadded.Withtheconstraintinforce,ifweattempttoinsertorupdatearow
withanINVOICE_NUMBERsettozerooranegativenumber,thestatementwillfail.

Data Types, Precision, and Scale
Thedatatypeassignedtothetablecolumnsautomaticallyconstrainsthedatatovalues
thatmatchthedatatype.Forexample,anythingplacedinacolumnwithadateformat
mustbeavaliddate.Youcannotputnon-numericcharactersinnumericcolumns.
However,youcanputjustaboutanythinginacharactercolumn.
Fordatatypesthatsupportthespecificationoftheprecision(maximumsize)andscale

(positionstotherightofthedecimalpoint),thesespecificationsalsoconstrainthedata.
Yousimplycannotputacharacterstringornumberlargerthanthemaximumsizeforthe
columnintothedatabase.Norcanyouspecifydecimalpositionsbeyondthoseallowedfor
inthescaleofanumber.
Inourexample,CUSTOMER_NUMBERmustcontainonlynumericdigitsand

cannotbelargerthan99,999(fivedigits)orsmallerthan–99,999(again,fivedigits).Also,
becausethescaleis0,itcannothavedecimaldigits(thatis,itmustbeaninteger).Itmay
seemsillytoallownegativevaluesforCUSTOMER_NUMBER,butnoSQLdatatype
restrictsacolumnonlytopositiveintegers.However,itiseasytorestrictacolumnonlyto
positivenumbersusingacheckconstraintifsuchaconstraintisrequired.

Triggers
Asyoumayrecall,atriggerisaunitofprogramcodethatexecutesautomaticallybased
onsomeeventthattakesplaceinthedatabase,suchasinserting,updating,ordeletingdata
inaparticulartable.TriggersmustbewritteninalanguagesupportedbytheRDBMS.For
Oracle,thisiseitheraproprietaryextensiontoSQLcalledPL/SQL(ProceduralLanguage/
SQL)orJava(availableinOracle8iorlater).ForSybaseASEandMicrosoftSQLServer,
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thesupportedlanguageisTransact-SQL.SomeRDBMSshavenosupportfortriggers,
whereasotherssupportamoregeneralprogramminglanguagesuchasC.Triggercode
musteitherendnormally,whichallowstheSQLstatementthatcausedthetriggertofireto
endnormally,oritmustraiseadatabaseerror,whichinturncausestheSQLstatementthat
causedthetriggertofiretofailaswell.
Triggerscanenforcebusinessrulesthatcannotbeenforcedviadatabaseconstraints.

Becausetheyarewrittenusingafull-fledgedprogramminglanguage,theycandojustabout
anythingthatcanbedonewithadatabaseandaprogram(someRDBMSsdoplacesome
restrictionsontriggers).Decidingwhetherabusinessruleshouldbeenforcedinnormal
applicationcodeorthroughtheuseofatriggerisnotalwayseasy.Applicationdevelopers
typicallywantcontrolofsuchthings,butontheotherhand,themainbenefitoftriggers
isthattheyrunautomaticallyandcannotbecircumvented(unlesstheDBAremovesor
disablesthem),evenifsomeoneconnectsdirectlytothedatabase,bypassingtheapplication.
AcommonuseoftriggersinRDBMSsthatdonotsupportONDELETECASCADE

inreferentialconstraintsistocarryoutthecascadingdelete.Forexample,ifwewant
invoicelineitemstobeautomaticallyremovedfromtheINVOICE_LINE_ITEMtable
whenthecorrespondinginvoiceintheINVOICEtableisdeleted,wecouldwriteatrigger
thatcarriesthatout.ThetriggerwouldbesettofirewhenadeletefromtheINVOICEtable
occurs.Itwouldthenissueadeleteforallthechildrowsrelatedtotheparentinvoice(those
matchingtheprimarykeyvalueoftheinvoicebeingdeleted)andthenendnormally,which
wouldpermittheoriginalinvoicedeletetocomplete(becausethereferencingchildrows
willbegonebythistime,thedeletewillnotviolatethereferentialconstraint).

Designing Views
AscoveredinChapter2,viewscanbethoughtofasvirtualtables.Theyare,however,
merelystoredSQLstatementsthatdonotthemselvescontainanydata.Datacanbe
selectedfromviewsjustasitcanfromtables,andwithsomerestrictions,datacanbe
insertedinto,updatedin,anddeletedfromviews.Herearetherestrictions:

● Forviewscontainingjoins,anyDML(thatis,insert,update,ordelete)statement
issuedagainsttheviewmustreferenceonlyonetable.

● Insertsarenotpossibleusingviewswhereanyrequired(NOTNULL)columnhas
beenomitted.

● Anyupdateagainstaviewmayreferenceonlycolumnsthatdirectlymaptobasetable
columns.Calculatedandderivedcolumnsmaynotbeupdated.

● Appropriateprivilegesarerequired(justaswithbasetables).

● Variousotherproduct-specificrestrictionsapplytoviewusage,sotheRDBMS
documentationshouldalwaysbeconsulted.
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Viewscanbedesignedtoprovidethefollowingadvantages:

● InsomeRDBMSs,viewsprovideaperformanceadvantageoverordinarySQL
statements.Viewsareprecompiled,sotheresourcesrequiredtocheckthesyntaxofthe
statementandprepareitforprocessingaresavedwhenviewsarerepeatedlyreferenced.
However,thereisnosuchadvantagewithRDBMSsthatprovideanautomaticSQL
statementcache,asOracledoes.Moreover,poorlywrittenSQLcanbeincludedina
view,soputtingSQLinaviewisnotamagicsolutiontoperformanceissues.

● Similarly,insomeRDBMSs,storedprocedurescanoutperformviews.(Astored
procedureisaprogramthatiswritteninalanguagesupportedbytheRDBMSand
storedinthedatabase.TheyareinvokedwithanSQLstatementandcanoptionally
returnaresultsetmuchasaviewdoes.)Storedprocedurescandoalotmoredata
manipulationthancanbeaccomplishedinaview.

● Viewsmaybetailoredtoindividualdepartmentneeds,providingonlytherowsand
columnsneeded,andperhapsrenamingcolumnsusingtermsmorereadilyunderstood
bytheparticularaudience.

● Becauseviewshidetherealtableandcolumnnamesfromtheirusers,theyinsulate
usersfromchangestothosenamesinthebasetables.

● Datausagecanbegreatlysimplifiedbyhidingcomplicatedjoinsandcalculations
fromthedatabaseusers.Forexample,viewscaneasilycalculateagesbasedonbirth
dates,andtheycansummarizedatainnearlyanywayimaginable.

● Securityneedscanbemetbyfilteringrowsandcolumnsthatusersarenotsupposed
tosee.SomeRDBMSproductspermitcolumn-levelsecurity,whereusersaregranted
privilegesbycolumnaswellasbytable,butusingviewsisfareasiertoimplement
andmaintain.Moreover,aWHEREclauseintheviewcanfilterrowseasily.

Oncecreated,viewsmustbemanagedlikeanyotherdatabaseobject.Ifmany
membersofadatabaseprojectarecreatingandupdatingviews,itisveryeasytolose
control.Moreover,viewscanbecomeinvalidasmaintenanceiscarriedoutonthe
database,sotheirstatusmustbereviewedperiodically.

Adding Indexes for Performance
Indexesprovideafastandefficientmeansoffindingdatarowsintables,muchlikethe
indexatthebackofabookhelpsyoutoquicklyfindspecificreferences.Althoughthe
implementationinthedatabaseismorecomplicatedthanthis,it’seasiesttovisualize
anindexasatablewithonecolumncontainingthekeyvalueandanothercontaininga
pointertowheretherowwiththatkeyvaluephysicallyresidesinthetable,intheformof
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arowIDorarelativeblockaddress(RBA).Fornonuniqueindexes,thesecondcolumn
containsalistofmatchingpointers.
Indexesprovidefastersearchesthanscanningtablesfortworeasons:First,index

entriesareconsiderablyshorterthantypicaltablerows,somanymoreindexentriesfitper
physicalfileblockthanthecorrespondingtablerows.Therefore,whenthedatabasemust
scantheindexsequentiallylookingformatchingrows,itcangetalotmoreindexentries
withasinglereadtothefileondiskthanacorrespondingreadtothefileholdingthetable.
Second,indexentriesarealwaysmaintainedinkeysequence,whichisnotatalltrueof
tables.TheRDBMSsoftwarecantakeadvantageofthisbyusingbinarysearchtechniques
thatremarkablyreducesearchtimesandtheresourcesrequiredforsearching.
Therearenofreelunches,however,andindexescomewithaprice—theytakeup

spaceandmustbemaintained.Storagespaceseemslessofanissuewitheverypassing
day,becausestoragedeviceskeepgettingcheaper.However,theystillcostsomething,and
theyrequiremaintenanceandmustbebackedup.MostRDBMSvendorsprovidetoolsto
helpcalculatethestoragespacerequiredforindexes.Thesewillassistyouinestimating
storagerequirements.Themoreimportantconsiderationismaintenanceoftheindex.
Wheneverarowisinsertedintoatable,everyindexdefinedonthattablemusthaveanew
entryinsertedaswell.Asrowsaredeleted,indexentriesmustalsoberemoved.Andwhen
columnsthathaveanindexdefinedonthemareupdated,theindexmustbeupdatedas
well.It’seasytoforgetthispointbecausetheRDBMSdoesthisworkautomatically,but
everyindexhasadetrimentaleffectontheperformanceofinserts,updates,anddeletes
totabledata.Inessence,thisisatypicaltradeoff,sacrificingabitofDMLstatement
performanceforconsiderablegainsinSELECTstatementperformance.
Herearesomegeneralguidelinesregardingtheuseofindexes:

● KeepinmindthatmostRDBMSsautomaticallycreateindexesonkeycolumnsin
primarykeyconstraintsanduniqueconstraints.

● Indexesonforeignkeyscanmarkedlyimprovetheperformanceofjoins.

● ConsiderusingindexesoncolumnsthatarefrequentlyreferencedinWHEREclauses.

● Thelargerthetable,thelessyouwantanydatabasequerytohavetoscantheentire
table(inotherwords,themoreyouwanteveryquerytouseanindex).

● Themoreatableisupdated,thefewerthenumberofindexesyoushouldhaveonthe
table,particularlyonthecolumnsthatareupdatedmostoften.

● Forrelativelysmalltables(lessthan1000rowsorso),sequentialtablescansare
probablymoreefficientthanindexes.MostRDBMSshaveoptimizersthatdecide
whenanindexshouldbeused,andtypicallytheywillchooseatablescanoveran
indexuntilatleastafewhundredrowsexistinthetable.
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TryThis8-1

● Fortableswithrelativelyshortrowsthataremostoftenaccessedusingtheprimarykey,
considertheuseofanindexorganizedtable(onRDBMSsthatsupportsuchatable),
whereallthetabledataisstoredintheindex.Thiscanbeahighlyefficientstructurefor
lookuptables(tablescontaininglittlemorethancodeanddescriptioncolumns).

● Considertheperformanceconsequencescarefullybeforeyoudefinemorethantwoor
threeindexesonasingletable.

  Mapping a Logical Model to a Physical 
Database Design

Implementingsubtypesandsupertypesinrelationaldatabasesisperhapsthemostchallenging
partofphysicaldatabasedesign.ThisTryThisexercisegivesyouanopportunityto
practicethisessentialskill.Illustration8-1showspartofthelogicalmodelforpartofan
HR(humanresources)application.Thestepsinthisexercisewalkyouthroughconverting
thismodeltoaphysicaldatamodel.

WORKER

WORKER ID

WORKER TYPE
FIRST NAME
LAST NAME
FTE RATIO

WORKER ID (FK)

ANNUAL SALARY

WORKER ID (FK)

HOURLY RATE
HOURS PER WEEK

WORKER ID (FK)

START DATE
END DATE
HOURLY RATE

WORKER ID (FK)

EMPLOYEE TYPE

WORKER TYPE

EMPLOYEE TYPE
HIRE DATE
TERMINATION DATE
REINSTATEMENT DATE
PAY GRADE

PROJECT ASSIGNMENT

WORKER ID (FK)
PROJECT ID (FK)

START DATE
END DATE
FTE RATIO

PROJECT

PROJECT ID

PROJECT NAME

SALARIED EMPLOYEE HOURLY EMPLOYEE

CONTRACTOREMPLOYEE
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Step by Step
 1.GiventhattheSalariedEmployeeandHourlyEmployeeentitieshavesofewattributes,

itseemsbesttocollapsethemintotheEmployeerelation.MovetheAnnualSalaryand
HourlyRateattributestoEmployee.

 2.Onfurtheranalysis,younoticethatboththeEmployeeandContractorentitieshavean
HourlyRateattribute.Therefore,youneedtomoveHourlyRatetotheWorkerentity.

 3.Afterdiscussionwiththebusinessanalystsworkingonyourproject,youconcludethat
HoursPerWeekcaneasilybederivedfromtheFTE(FullTimeEquivalency)Ratioin
theWorkerentity.Forexample,anFTEof0.5meansthepersonworks20hoursper
week(40*0.5=20).ThiswassimplymissedinearlieranalysispassesbecauseHours
PerWeekwastwolayersdownthesubtypehierarchyfromFTERatio.Youcansimply
removeHoursPerWeekfromthemodel.

 4.AfterdiscussionregardingtheEmployeeandContractsubtypes,youconcludethatthey
shouldremainasseparateentities(tables)inthephysicalmodel.Toomanydistinct
attributesexistbetweenthetwosubtypestoconsidercombiningthemintotheWorker
entity.Atthesametime,pushingtheWorkersupertypeintothetwosubtypesisnotan
attractiveoptionbecausethemany-to-manyrelationshipbetweenWorkerandProject
appliestobothsubtypesandthereforewouldhavetoberedundantly(andawkwardly)
implementediftheWorkerentitywereeliminated.Createone-to-onerelationships
betweenWorkerandEmployeeandbetweenWorkerandContractor.

Try This Summary
InthisTryThisexercise,yousteppedthroughtheconsiderationsthataretypicalin
convertingalogicalmodelcontainingsupertypesandsubtypestoaphysicalmodel.My
solutionisshowninAppendixB.
Youmayhavenoticedthatthisparticulardesigndoesnothandlestorageofhistorical

data.Forexample,ifacontractemployeefinishedacontractandthenreturnedsome
timelaterforanothercontract,youcouldnotholdbothcontractsinthedatabaseatthe
sametime,becauseyouhaveonlyonesetofstartandenddatesperemployee.Similarly,
ifanemployeeleavesforatimeandisrehiredatalatertime,youcannotholdboth
employmentengagementsinthedatabaseatthesametime.Thisistypicalofmodern
OLTP(onlinetransactionprocessing)databases,whereyouexpecttohaveadifferent
databasesuchasadatawarehousetoholdthehistoricaldata.Datawarehousesandother
datastructuresforOLAP(onlineanalyticalprocessing)arecoveredinChapter12.
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 Chapter 8 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Businessrulesareimplementedinthedatabaseusing____________.

 2.Twokeydifferencesbetweenuniqueconstraintsandprimarykeyconstraints
are____________and____________.

 3.Relationshipsinthelogicalmodelbecome____________inthephysicalmodel.

 4.Constraintnamesareimportantbecause____________.

 5.Whenyou’redesigningtables,

 A Eachnormalizedrelationbecomesatable.

 B Eachattributeintherelationbecomesatablecolumn.

 C Relationshipsbecomecheckconstraints.

 D Uniqueidentifiersbecometriggers.

 E PrimarykeycolumnsmustbedefinedasNOTNULL.

 6.Supertypesandsubtypes

 A Mustbeimplementedexactlyasspecifiedinthelogicaldesign

 B Maybecollapsedinthephysicaldatabasedesign

 C Mayhavethesupertypecolumnsfoldedintoeachsubtypeinthephysicaldesign

 D Usuallyhavethesameprimarykeyinthephysicaltables

 E Applyonlytothelogicaldesign

 7.Tablenames

 A Shouldbebasedontheattributenamesinthelogicaldesign

 B Shouldalwaysincludetheword“table”

 C Shoulduseonlyuppercaseletters

 D Shouldincludeorganizationorlocationnames

 E Maycontainabbreviationswhennecessary

✓
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 8.Columnnames

 A Mustbeuniquewithinthedatabase

 B Shouldbebasedonthecorrespondingattributenamesinthelogicaldesign

 C Mustbeprefixedwiththetablename

 D Mustbeuniquewithinthetable

 E Shoulduseabbreviationswheneverpossible

 9.Referentialconstraints

 A Definerelationshipsidentifiedinthelogicalmodel

 B Arealwaysdefinedontheparenttable

 C RequirethatforeignkeysbedefinedasNOTNULL

 D Shouldhavedescriptivenames

 E Nametheparentandchildtablesandtheforeignkeycolumn

 10.Checkconstraints

 A Maybeusedtoforceacolumntomatchalistofvalues

 B Maybeusedtoforceacolumntomatcharangeofvalues

 C Maybeusedtoforceacolumntomatchanothercolumninthesamerow

 D Maybeusedtoforceacolumntomatchacolumninanothertable

 E Maybeusedtoenforceaforeignkeyconstraint

 11.Datatypes

 A Preventincorrectdatafrombeinginsertedintoatable

 B Canbeusedtopreventalphabeticcharactersfrombeingstoredinnumericcolumns

 C Canbeusedtopreventnumericcharactersfrombeingstoredincharacterformat
columns

 D Requirethatprecisionandscalebespecifiedalso

 E Canbeusedtopreventinvaliddatesfrombeingstoredindatecolumns
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 12.Viewrestrictionsincludewhichofthefollowing?

 A Viewscontainingjoinscanneverbeupdated.

 B Updatestocalculatedcolumnsinviewsareprohibited.

 C Privilegesarerequiredinordertoupdatedatausingviews.

 D Ifaviewomitsamandatorycolumn,insertstotheviewarenotpossible.

 E Anyupdateinvolvingaviewmayreferencecolumnsonlyfromonetable.

 13.Someadvantagesofviewsare

 A Viewsmayprovideperformanceadvantages.

 B Viewsmayinsulatedatabaseusersfromtableandcolumnnamechanges.

 C Viewsmaybeusedtohidejoinsandcomplexcalculations.

 D Viewsmayfiltercolumnsorrowsthatusersshouldnotsee.

 E Viewsmaybetailoredtotheneedsofindividualdepartments.

 14.Indexes

 A Maybeusedtoassistwithprimarykeyconstraints

 B Maybeusedtoimprovequeryperformance

 C Maybeusedtoimproveinsert,update,anddeleteperformance

 D Areusuallysmallerthanthetablestheyreference

 E Areslowertosequentiallyscanthancorrespondingtables

 15.Generalrulestofollowregardingindexesincludewhichofthefollowing?

 A Thelargerthetable,themoreimportantindexesbecome.

 B Indexingforeignkeycolumnsoftenhelpsjoinperformance.

 C Columnsthatarefrequentlyupdatedshouldalwaysbeindexed.

 D Themoreatableisupdated,themoreindexeswillhelpperformance.

 E Indexesonverysmalltablestendnottobeveryuseful.
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Chapter 9
Connecting Databases 
to the Outside World 
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KeySkills&Concepts
● DeploymentModels

● ConnectingDatabasestotheWeb

● ConnectingDatabasestoApplications

Thischapterbeginswithalookattheevolutionofdatabasedeploymentmodels—the
waysthatdatabaseshavebeenconnectedwithdatabaseusersandothercomputer
systemswithintheenterprisecomputinginfrastructure(theinternalstructurethat
organizesallthecomputingresourcesofanenterprise,includingdatabases,applications,
computerhardware,andthenetwork).Wethenexplorethemethodsusedtoconnect
databasestoapplicationsthatuseawebbrowserastheprimaryuserinterface;thisis
thewaymanymodernapplicationsystemsareconstructed.Finally,welookatcurrent
methodsforconnectingdatabasestoapplications,namelyusingODBCconnections
(formostprogramminglanguages)andvariousmethodsforconnectingdatabasesto
applicationswritteninJava(acommonlyusedobject-orientedlanguage).

Deployment Models
Thehistoryoftheinformationtechnology(IT)industryisaveryinterestingstudy,because
itclearlyprovestheoldadagethathistoryrepeatsitself.Nowhereisthistruerthaninthe
waysthatwehavedeployeddatabases,andcomputersystemsingeneral,onenterprise
networks.Thesubsectionsthatfollowoutlinethemajordeploymentmodelsthathave
beenused.Mostofthesemodelsarestillinactiveuse.

Centralized Model
Thecentralizedmodel,showninFigure9-1,wastheoriginalmethodusedtoconnect
databasestotheenterprisecomputinginfrastructure.Databaseuserswereoriginally
equippedwith“dumbterminals”thatofferedverylittleprocessingpowerorintelligent
programming.Theterminals’onlyfunctionsweretopresentscreensofdatathatcame
acrossthenetwork,movethecursoraroundthescreen,andcaptureuserkeystrokes,which
weresentbackacrossthenetwork.Ontheotherendofthenetworkwasamainframeor
otherlargecentralizedserverthathousedalltheotherfunctions,includingthebusiness
logic(inapplicationprograms),thedatabase,andanyadvancedpresentationfeatures,
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suchastheabilitytocomposegraphsandchartsandselectcolorstodisplay(ifcolor
terminalswereconnected).
Comparedtothetechnologythatisprevalenttoday,thisarrangementmightseem

primitive,butkeepinmindthatpersonalcomputershadnotbeeninventedyet.WhenPCs
cameonthescene,someoftheirfirstusesweretoreplacethedumbterminals,giving
computerusersadesktopdevicethattheycouldatleastuseforotherpurposes,suchas
wordprocessing(orperhapsplayingthoseearlycomputergames).Programsontheearly
PCs,calledterminalemulators,tookcareofthenetworkconnectioninsuchawaythatthe
mainframestillthoughtitwasconnectedtotheoriginaldumbterminal.
Thecentralizedmodelenjoyedthefollowingbenefits:

● Easyadministration Upgradesandmaintenancewerestraightforward,becauseall
theapplicationlogicandthedatabasewerecentralized.

● Lowerdevelopmentlaborcosts Fewerspecialistswererequired,because
everythingranononeplatform.

● Potentiallyhigherdatainputproductivity Studieshaveshownthatthefancy
GUIscreensthatappearedlateractuallysloweddownexperienceduserswhowere
performingrepetitivetasks.ManyanexperiencedWindowsusercanperformsome
tasksmuchmorequicklyusingthecommandprompt(DOSwindow)insteadof
theavailableGUItools.Muchofthisisduetothetimerequiredtomoveonehand
betweenkeysusedfortypingandthepointingdevice(mouse,trackball,andsoon).
Ifweallhadathirdhand,orifwecouldsomehowusesomethingelsetocontrolthe
pointingdevice(forexample,eyemovementsorourfeet),perhapsthiscould
beovercome.

Business Logic
Database
Presentation (advanced)

Presentation (basic)

Terminal Terminal Terminal Terminal

Mainframe/Central
Server

Database

Figure9-1  The centralized deployment model



284 Databases:ABeginner’sGuide

Herearethedrawbacks:

● Themainframeorcentralizedserverprovidedasinglepointoffailure.

● Graphicaldisplayswerequiteprimitive,limitingtheuserinterface.

● UntiltheadventofthePC,thedumbterminaltookupalotofdesktopspaceforthe
limitedpurposesitserved.

Distributed Model
Ascomputernetworksbecamemorereadilyavailableinthelate1970sandearly
1980s,theITindustrybecameenamoredwiththeconceptofdistributeddatabasesand
distributedapplications.Inthiscase,distributedmeansthepartitioning(dividingup)of
theapplicationand/ordatabaseintopartsandtheplacementofdifferentpartsondifferent
computingdevices,allconnectedbyanetwork.Whendonecorrectly,thisdistributionis
transparenttotheusers,meaningthatthesystemhidesthedistributiondetailsfromthe
users,makingeverythingappeartobecomingfromasinglesource.Figure9-2showsa
simpledistributedmodelusingtwocentralizedservers.
Unfortunately,themarketinghypeattachedtotheinitialappearanceofthedistributed

modelneverplayedoutduetohighcostsandperformanceandreliabilityissues.Among
otherthings,networktechnologywasnotmatureenoughtohandletheload.Inmany
ways,theearlyversionsweresolutionsinneedofproblemstosolve.Muchlikethe
FordEdsel,thesenewideasweresimplyaheadoftheirtime.Thisarchitecturehas
reappearedsincetheadventofmoreadvancednetworks,includingtheInternet,andis
nowsuccessfullyusedforbackupdatacenters,datawarehouses,departmentalcomputer

Business Logic
Database
Presentation
(advanced)

Presentation
(basic)

Terminal Terminal Terminal Terminal Terminal Terminal

Mainframe/Central
Server

Mainframe/Central
Server

Communications
Link

Database Database

Figure9-2  The distributed deployment model
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systems,andmuchmore.Insomeobject-orientedarchitectures,anagentknownasan
objectrequestbrokermanagesobjectsdistributedacrossanetworksoapplicationscan
accessobjectswithoutregardtotheirlocation.Moreover,thecurrenttrendsingrid
computing(virtualsuper-computerscomposedofaclustersofnetworked,loosely-coupled
computers)canbeeasilyseenasextensionstotheoriginaldistributedmodel.History
reallydoesrepeatitself.
Thebenefitsofthedistributeddeploymentmodelareasfollows:

● Faulttolerancewasimproved,becauseanycomponentdeployedonmorethanone
deviceisnolongerasinglepointoffailure.

● Potentialperformancewasimprovedbyplacingdataandapplicationlogiccloserto
theusersthatneedthem(thatis,departmentalcomputersystems).

Herearethedrawbacks:

● Itismuchmorecomplicatedthanthecentralizedmodel.

● Therearepotentialperformanceissuesrelatedtosynchronizingdataupdatesforany
redundantlystoreddata.

● Itisfarmoreexpensivethanthecentralizedmodel.

● Thereisalackofguidelinesandbestpracticesforhowtopartitiondataand
applicationsacrosstheavailablecomputingdevices.

Client/Server Model
Theclient/servermodelinvolvesoneormoresharedcomputers,calledservers,thatare
connectedbyanetworktotheindividualusers’workstations,calledclients.Client/server
computingarrivedinthe1980s,ridingawaveofmarketinghypefromhardwareand
softwarevendorsthelikesofwhichhadneverbeforebeenseenintheITindustry.The
originalmodelusedisnowcalledthetwo-tierclient/severmodel,whichlaterevolvedinto
whatwecallthethree-tierclient/servermodel,andfinallyintotheN-tierclient/server
model,whichisalsoknownastheInternetcomputingmodel.Eachoftheseisdiscussedin
thefollowingsubsections.

Two-Tier Client/Server Model
Thetwo-tierclient/servermodel,showninFigure9-3,isalmosttheoppositeofthe
centralizedmodelinthatallthebusinessandpresentationlogicisplacedontheclient
workstation,whichtypicallyisahigh-poweredpersonalcomputersystem.Theonlything
remainingonacentralizedserveristhedatabase.
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Thetwo-tiermodelintendedtotakeadvantageofthesuperiorpresentationanduser
interfacecapabilitiesofthemodernworkstation.However,themarketinghypeofthelate
1980sandearly1990spromisedfasterdevelopmentofbetterapplicationsystemsata
lowercost.Itdidn’tpanoutthisway,andit’simpossibletodoso,asdiscussedin“The
ProjectTriangle”sectionbackinChapter5.However,thevendorswereofferinga“silver
bullet”solution,andbusinessmanagersofthedaywerefartoowillingtobelievethem.
Thewhitelieofthedaywasincostcomparisonsbetweenmainframesandcentral

serversandworkstations.Thevendorstypicallyshowedcostcomparisonsindollarsper
millionsofinstructionspersecond(MIPS).Theproblemwasthatagiveninstructiononthe
personalcomputersofthedaydidfarlessthanagiveninstructiononamainframeorhigh-
poweredserver.Soitreallywascomparingapplesandoranges.Cynicsofthedaydefined
MIPSas“meaninglessindicatorofprocessorspeed,”andtheywerenotfarwrong.Theother
factorthatwaslargelyignoredwasthatpersonalcomputersdidnotreadfromandwriteto
theirdisksatanywhereneartheratesachievedbymainframesandhigh-poweredservers.
Soalthoughmovingalltheapplicationprograms(businesslogic)totheclientworkstations
appearedtobeamuchlessexpensivesolution,itwas,infact,afalseeconomy.
Nearlyeverytwo-tierclient/serverprojectfinishedlateandwelloverbudget.

Moreover,thereweresoberingfailures.Forexample,theCaliforniaDepartmentofMotor
Vehiclesspent$44milliononavehicle-registrationsystemthatendedupbeingfarslower
andlessfunctionalthanthecentralizedmodelsystemthatitwassupposedtoreplace.It
waseventuallyscrappedatatotalloss—eventhehardwarewassospecializedthatitcould
notbeusedforanyotherpurpose,soittoowentonthejunkpile.Thereweresomeclient/
serverprojectsuccesses,however.Forexample,PeopleSoftbuiltatwo-tierclient/server
humanresourcessystemthatwassuccessfullydeployedbymanylargeenterprises.Inthe

Business Logic
Presentation

Database

Workstations Workstations Workstations Workstations

Database Server

Database

Figure9-3  The two-tier client/server deployment model
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yearsthatfollowed,incidentally,PeopleSoft(nowownedbyOracle)migratedtothe
N-tierclient/servermodel(describedlaterinthischapter)withnocoderunningonthe
clientworkstationsasidefromastandardwebbrowser,whichgrewintoafull-fledged
enterpriseresourceplanning(ERP)suiteofapplications.
Thebenefitsofthetwo-tierclient/servermodelincludethefollowing:

● Itgreatlyimprovedtheuserinterfacecomparedwithsystemsusingdumbterminals.

● Itofferedthepotentialforimprovedperformancebecausetheworkstationprocessor
didalltheworkanddidnothavetobesharedwithanyoneelse.

Herearethedrawbacks:

● Veryexpensiveclientworkstationswererequiredbecausealltheapplicationlogic
ranontheclient.Clientworkstationcostsinthe$10,000to$20,000rangewerenot
unusual.Infairness,hardwarepriceswereconsiderablyhigheratthattime.

● Administrativenightmaresmountedbecausetheapplicationwasinstalledoneveryclient
workstation,andallhadtobeupdatedwithanewsoftwarereleaseatthesametime.

● Muchmorecomplicated(andoftenmoreexpensive)developmentresultedbecausethe
databaseserverandtheclientworkstationwerealmostalwayscompletelydifferent
platformsthatrequiredadifferentsetofskills.

Three-Tier Client/Server Model
Themanyfailuresofthetwo-tierclient/servermodelledtosomeseriousrethinking.The
resultwasthethree-tierclient/servermodel,whichessentiallymovedtheapplication
logicfromtheclientworkstationbacktoacentralizedserver,nowdubbedtheapplication
server.Figure9-4showsthisarchitecture,whichprovedveryworkable.
Thebenefitsofthethree-tierclient/servermodelincludethefollowing:

● Itsolvedtheadministrativeissuesofthetwo-tiermodelbycentralizingapplication
logicontheapplicationserver.

● Itimprovedscalabilitybecausemultipleapplicationserverscouldbeaddedasneeded.
(Thesamecouldbedonewithdatabaseservers,butthatrequireddistributeddatabase
technologytosynchronizeanydataupdatesacrossallcopiesofthedata.)

● Itretainedtheuserinterfaceadvantagesofthetwo-tiermodel.

● Theclientworkstationswerefarlessexpensive(standardpersonalcomputerscould
easilydothejob).
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Herearethedrawbacks:

● Itwasstillmorecomplicatedcomparedwiththecentralizedmodel.

● Custompresentationmethodsandlogicaddedtoexpenseandlimitedportability
acrossclientplatforms.

The N-Tier Client/Server (Internet Computing) Model
Aswebbrowsersbecameubiquitous,businesscomputersystemsmigratedtousingweb
pagesastheprimarypresentationmethod.TheN-tierclient/servermodel(whichsome
calltheInternetcomputingmodel)isshowninFigure9-5.
Theevolutionfromthree-tiertoN-tierinvolvedaddingawebservertohandle

respondingtoclientrequestsandtherendering(composing)ofwebpages,aswellas
swappingproprietarydisplaylogicontheworkstationtoastandardwebbrowser.The
interactionbetweentheclientandthewebservergoessomethinglikethis:

 1.Usingthewebbrowser,theclientsubmitsarequestintheformofaURL(Uniform
ResourceLocator).

 2.Thewebserverprocessestherequest,assemblestherequestedwebpage,andsendsit
totheclient.

Business Logic

Presentation

Database

Workstations Workstations Workstations Workstations

Application Server

Database Server

Database

Figure9-4  The three-tier client/server deployment model
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 3.Theuserattheclientworkstationworkswiththewebpageandeventuallysubmits
anewrequesttothewebserver,andthecyclerepeats.

Thisarchitecturehasbeenwildlysuccessfulindeploymentofmodernbusiness
systems.ThebenefitsoftheN-tierclient/servermodelareasfollows:

● Itoffersanindustry-standardpresentationmethodusingwebpages.

● Thesamearchitecturecanbeusedforinternal(intranet)andexternal(Internet)
applications.

● Itretainsallthebenefitsofthethree-tierclient/servermodel.

● Clientworkstationscanbescaledallthewaydowntoso-callednetworkcomputing
devicesthatdonothaveadiskdrive—a“smart”versionoftheoriginal“dumb”
terminals,ifyouwill.

Business Logic

Presentation

User Interface
(using web browser)

Database

Workstations Workstations Workstations Workstations

Web Server

Application Server

Database Server

Database

Figure9-5 The N-tier client/server (Internet computing) deployment model
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HerearethedrawbacksoftheN-tierclient/servermodel:

● SecuritychallengesexistbecausetheInternetandWorldWideWebwerenotdesigned
withsecurityinmind.

● Itpotentiallynecessitateslargerdevelopmentprojectteamsbecauseeachlayer
requiresaspecialist.

● Itpotentiallyrequiresmorehardware.Itispossibletocombinesomeoftheservers
ontocommondevices,butthisisseldomarecommendedapproachbecauseseparation
byfunctionimprovessecurity.

Connecting Databases to the Web
Anextensive“technologystack”isrequiredtodeployanapplicationsystemand
correspondingdatabaseontheInternet.ThebasiccomponentsareshowninFigure9-6.
Forcompleteness,we’llrevieweachcomponent.However,ourfocusisonthedatabase,
soyoumaywishtoconsultotherpublicationsformoredetailsonothercomponents.

Introduction to the Internet and the Web
TheInternetisaworldwidecollectionofinterconnectedcomputernetworks.Itbegan
inthelate1960sandearly1970sastheU.S.DepartmentofDefense(DoD)ARPANET,
intendedasawayofconnectingDoDfacilitieswiththecollegesanduniversitiesthat
receivedDoDresearchgrants.TransmissionControlProtocol/InternetProtocol(TCP/IP)
wasadoptedasastandardin1982.OtherprotocolsincludeFileTransferProtocol(FTP),
SimpleMailTransferProtocol(SMTP),Telnet(remoteloginprotocol),DomainName
System(DNS),andPostOfficeProtocol(POP).
Anintranetisasegmentofanetwork,includingawebsiteorgroupofwebsites,thatis

accessibleonlytomembersofanorganization.Anextranetisanintranetthatisaccessible
toauthorizedoutsiders.Botharetypicallyprotectedbyafirewall,whichisadedicated
networkgatewaythatappliessecurityprecautionssuchthatonlynetworktrafficthat
meetscertaincriteriaisallowedtopassthrough.
TheWorldWideWebisahypermedia-basedsystemthatprovidesasimple“point-and-

click”meansofbrowsinginformationontheInternetusinghyperlinks.Hyperlinksallow
userstonavigatepagesinanonsequentialmanner.Clientsuseawebbrowsertopresent
pages.Thewebserverhosts(storesandrenders)pagesandrespondstoclientrequests.
Webpagesmaybestatic(alwaysthesame)ordynamic(changeableandcustombuilt
foraparticularrequest).Dynamicpagesareofaspecialinterestinthedatabaseworld
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becausetheyarethevehiclesforsendingrequesteddatafromthedatabasetothebusiness
user.Typically,adynamicpagehasastaticportion(title,helptext,datafieldlabels)and
adynamicportionintheformofplaceholderswherecurrentandapplicabledatacontent
(forexample,customernumberandcustomername)willbeplacedwhenservinga
specificrequestfromtheclient.
TheURL(UniformResourceLocator)isastringofalphanumericcharactersthat

representsthelocationoraddressofaresourceontheInternetandhowtheresource
shouldbeaccessed.ItultimatelymusttranslatetoanIPaddress,port,andaprotocol(for
example,HTTP).ThegeneralformatofaURLis

<protocol>://<host>[:<port>]/<absolutepath>[?arguments]

Inmostbrowsers,theprotocolisunderstoodtobeHTTPifomitted.Thehostcanbe
anIPaddress,butitismorecommonlyahostname(forexample,www.Microsoft.com)
thatisresolvedbylookingupthecorrespondingIPaddressforthehostusingDNS.The
portgenerallydefaultsto80(thestandardportforHTTP)ifomitted.Theabsolutepath
identifiesthespecificpage(orotherresource)requested,andthewebserverselectsa
defaultifthepathisomitted.Argumentsarevariablespassedtothewebserverandare
consideredoptional.
HypertextTransferProtocol(HTTP)isusedtotransferwebpagesthroughthe

Internet.Itusesarequest-basedparadigmthatis“stateless,”meaningthateachrequest
istreatedasanindependenttransaction.Statelessnessmakesitdifficulttosupportthe
conceptofasession,whichisessentialtobasicDBMStransactions.Typically,datamust
behiddeninthewebpageorinargumentsintheURLforthepagetoassisttheweband
applicationserversindistinguishingbetweenpagesfromoneusersessionversusanother.
HypertextMarkupLanguage(HTML)isthedocumentformattinglanguageusedto

designmostwebpages.TheHTMLsystemformarkingup,ortagging,adocumentfor
publicationontheWebwasderivedfromtheStandardizedGeneralMarkupLanguage
(SGML),a1986ISOstandard.
ExtensibleMarkupLanguage(XML)isageneral-purposespecificationforcreating

custommarkuplanguages.WhileHTMLdescribespresentationusingafixedsetoftags,
XMLdescribescontentandallowsdeveloperstocreatetheirowntags.AlthoughXML
andHTMLarenotatallthesamelanguage,somerefertoXMLas“HTMLonsteroids.”
AmongthefeaturesofXMListheabilitytodefineanXMLschema,whichallowsdatato
bestoredinahierarchicaltreeofXMLtagswithintheXMLdocument.VariousRDBMS
vendorsnowdirectlysupportXMLasadatatype,andseveralproprietaryXMLdatabases
arealsoonthemarket.However,businesseshavebeenreluctanttoabandonrelational

www.Microsoft.com
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databasesandundergoamajorparadigmshiftinthewaytheyorganizeandstoredata.So,
thusfar,XMLismostwidelyusedforexchangingdatabetweenorganizationsinindustry-
standardXMLformats.StandardscommitteesareworkingonstandardXMLvocabularies
(thatis,datatags,schemastructures,andconventionsforusingthem)forspecificdata
areas,suchasHR-XMLConsortium,Inc.,whichworkssolelyonhumanresources(HR)
data.XMLiscoveredinmoredetailinChapter13.

Components of the Web “Technology Stack”
Here’salistofthecomponentsshowninFigure9-6andwhattheydo:

● TheclientworkstationrunsawebbrowserandcommunicatesontheInternetusing
HTTPoverTCP/IP.

● Thewebsitesitsbehindarouter,whichforwardspacketsbetweennetworks,anda
firewall.Theroutermakesdecisionsonwhichpacketsaretransferredbetweenthe
Internetandthesubnetworkonwhichthewebserverresides.Althoughsomerouters
performrudimentaryfiltering,theadditionalfirewallprotectionisconsideredthebest
waytoprotectthewebserverfromintruders.

● Thewebserverisresponsibleforhostingandrenderingwebpages.

● URLshandledbythewebservermaycausetransactionstoberunontheapplication
server(moreonthisinthenextsection).Theapplicationservertypicallyresides
betweenapairoffirewallstoisolateitfromboththewebserverandtheintranet,
wherethedatabaseservertypicallyresides.ThisareaiscommonlycalledtheDMZ
(demilitarizedzone),atermborrowedfrombufferzonesbetweencountriesindispute.

● TheapplicationserversubmitsSQL(orsimilarlanguage)requeststothedatabase
serverwhendatafromthedatabaseisrequired.

Invoking Transactions from Web Pages
Informationinawebrequestreceivedbythewebservercaninvokeatransactionon
theapplicationserverinseveralways.Thesemethodsaredetailedinthefollowing
subsections.

Common Gateway Interface
CommonGatewayInterface(CGI)isaspecificationfortransferringinformationbetween
awebserverandaCGIprogram.TheCGIprogram(oftencalledaCGIscript)runson
eitherthewebserverorapplicationserver.CGIdefineshowscriptscommunicatewith
webservers.TheURLpointstotheCGIscript,andtheserverlaunchesit.Theactual
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scriptcanbewritteninavarietyoflanguages,suchasPerl,C,orC++.Inessence,instead
oftheURLintheincomingrequestpointingdirectlytoanHTMLdocument,itpointstoa
script.Thisscriptisrun,andtheoutputfromthescriptisanHTMLdocumentthatisthen
returnedtotheclientinresponsetotherequest.
TheadvantagesofCGIincludethefollowing:

● Simplicity

● Languageandwebserverindependence

● Wideacceptance

Herearethedisadvantages:

● Webserverisalwaysbetweentheclientandthedatabase.

● Notransactionsupport(stateless).

● Notintendedforlongexchanges.

● EachCGIexecutionspawnsanewprocess(orthread),whichpresentsresourceissues.

● CGIisnotinherentlysecure.

Server Side Includes
ServerSideIncludes(SSI)hascommandsembeddedinthedocumentthatcausetheweb
servertoexecuteaprogram(aswithCGI)andincorporatetheoutputintothedocument.
Essentially,SSIisinanHTMLmacro.TheURLintherequestpointstoanHTML
document,butthewebserverparsesthedocumentandhandlesanySSIcommandsbefore
returningthedocumenttotherequestingclient.SSIsolvessomeoftheCGIperformance
issues,butitoffersfewotheradvantagesordisadvantages.

Non-CGI Gateways
Non-CGIgatewaysworklikeCGIgateways,exceptthateachisaproprietaryextension
toaspecificvendor’swebserver.Thetwomostpopularchoicesduringthe“dot-com”
eraweretheNetscapeServerAPIandActiveServerPages(ASP),partoftheMicrosoft
InternetInformationServices(IIS)API.TheNetscapeServerAPIwassubsequently
acquiredbySunMicrosystemsandincorporatedintoitsproductline.
Theadvantagesofnon-CGIgatewaysincludethefollowing:

● ImprovedperformanceoverCGI

● Additionalfeaturesandfunctions

● Executionintheserveraddressspaceinsteadofasnewprocessesorthreads
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Herearethedisadvantages:

● Proprietarysolutionthatisnotportabletoanothervendor’swebserver

● Potentialinstability

● MuchmorecomplexcomparedwithCGI

Connecting Databases to Applications
Nowthatyouhaveseenhowtheweblayerinteractswiththeapplicationserverlayer,you
needtounderstandhowapplicationsontheapplicationserverconnecttoandinteractwith
thedatabase.Mostconnectionsbetweentheapplicationserverandremotedatabases(thatis,
thoserunningonanotherserver)useastandardapplicationprogramminginterface,orAPI.
AnAPIisasetofcallingconventionsbywhichanapplicationprogramaccessesservices.

Suchservicescanbeprovidedbytheoperatingsystemorbyothersoftwareproductssuch
astheDBMS.TheAPIprovidesalevelofabstraction(alayerofgeneralizationthathides
implementationdetails)thatallowstheapplicationtobeportableacrossvariousoperating
systemsandvendors.

Connecting Databases via ODBC
OpenDatabaseConnectivity(ODBC)isastandardAPIforconnectingapplication
programstoDBMSs.ODBCisbasedonaCallLevelInterface(CLI),aconventionthat
definesthewaycallstoservicesaremade,whichwasfirstdefinedbytheSQLAccess
GroupandreleasedinSeptember1992.AlthoughMicrosoftwasthefirstcompanyto
releaseacommercialproductbasedonODBC,itisnotaMicrosoftstandard,andinfact
versionsarenowavailableforUnix,Macintosh,andotherplatforms.
ODBCisindependentofanyparticularlanguage,operatingsystem,ordatabase

system.AnapplicationwrittentotheODBCAPIcanbeportedtoanotherdatabaseor
operatingsystemmerelybychangingtheODBCdriver.ItistheODBCdriverthatbinds
theAPItotheparticulardatabaseandplatform,andadefinitionknownastheODBCdata
sourcecontainstheinformationnecessaryforaparticularapplicationtoconnectwitha
databaseservice.OnWindowssystems,themostpopularODBCdriversareshippedwith
theoperatingsystem,asisautilityprogramtodefineODBCdatasources(foundonthe
ControlPanelorAdministrativeToolsPanel,dependingontheversionofWindows).
MostcommercialsoftwareproductsandmostcommercialdatabasessupportODBC,

whichmakesitfareasierforsoftwarevendorstomarketandsupportproductsacrossa
widevarietyofdatabasesystems.OnenotableexceptionisapplicationswritteninJava.
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TheyuseadifferentAPIknownasJavaDatabaseConnectivity(JDBC),whichiscovered
intheConnectingDatabasestoJavaApplicationssectionlaterinthischapter.
Acommondilemmaisthatrelationaldatabasevendorsdonothandleadvanced

functionsinthesameway.Thisproblemcanbecircumventedusinganescapeclausethat
tellstheODBCdrivertopasstheproprietarySQLstatementsthroughtheODBCAPI
untouched.Thedownsidetothisapproach,ofcourse,isthatapplicationswrittenthisway
arenotportabletoadifferentvendor’sDBMS(andsometimesnoteventoadifferent
versionofthesamevendor’sDBMS).

Connecting Databases via OLE DB
OLEDB(ObjectLinkingandEmbedding,Database—sometimeswrittenasOLE-DBor
OLEDB)isanAPIdesignedbyMicrosoftforaccessingdifferenttypesofdatastoredin
auniformmanner.ItisintendedtobeahigherlevelreplacementforODBCthatsupports
connectionstoawidevarietyofnonrelationaldatabasesandfilessuchasobjectdatabases
andspreadsheets.AlthoughitsnameincludesOLE,theonlysimilaritybetweenOLEand
OLEDBisthattheybothhaveinterfacesthatusetheCommonObjectModel(COM).

Connecting Databases to Java Applications
Javastartedasaproprietaryprogramminglanguage(originallynamedOak)thatwas
developedbySunMicrosystems.Itrapidlybecamethedefactostandardprogramming
languageforwebcomputing,atleastinnon-Microsoftenvironments.Javaisatype-safe,
object-orientedprogramminglanguagethatcanbeusedtobuildclientcomponents(applets)
aswellasservercomponents(servlets).Ithasamachine-independentarchitecture,makingit
highlyportableacrosshardwareandoperatingsystemplatforms.
YoumayalsorunacrossthetermsJavaScriptandJScript.Thesearescripting

languageswithaJava-likesyntaxthatareintendedtoperformsimplefunctionsonclient
systems,suchaseditingdates.Theyarenotfull-fledgedimplementationsofJavaandare
notdesignedtohandledatabaseinteractions,buttheycanperformthesamefunctionasa
CGIscriptifdesired.

Java Database Connectivity
JDBCisanAPI,modeledafterODBC,forconnectingJavaapplicationstoawide
varietyofrelationalDBMSproducts.SomeJDBCdriverstranslatetheJDBCAPIto
correspondingODBCcalls,andthusconnecttothedatabaseviaanODBCdatasource.
OtherdriverstranslatedirectlytotheproprietaryclientAPIoftheparticularrelational
database,suchastheOracleCallInterface(OCI).AswithODBC,anescapeclauseis
availableforpassingproprietarySQLstatementsthroughtheinterface.
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TryThis9-1

TheJDBCAPIoffersthefollowingfeatures:

● EmbeddedSQLforJava TheJavaprogrammercodesSQLstatementsasstring
variables,thestringsarepassedtoJavamethods,andanembeddedSQLprocessor
translatestheJavaSQLtoJDBCcalls.

● DirectmappingofRDBMStablestoJavaclasses TheresultsofSQLcallsare
automaticallymappedtovariablesinJavaclasses.TheJavaprogrammermaythen
operateonthereturneddataasnativeJavaobjects.

Java SQL
JavaSQL(JSQL)isamethodofembeddingSQLstatementsinJavawithouthaving
tocreatespecialcodingtoputthestatementsintoJavastrings.Itisanextensionofthe
ISO/ANSIstandardforSQLembeddedinotherhostlanguages,suchasC.Aspecial
programcalledaprecompilerisrunonthesourceprogramthatautomaticallytranslates
theSQLstatementswrittenbytheJavaprogrammerintopureJava.Thismethodcansave
aconsiderableamountofdevelopmenteffort.

Middleware Solutions
Middlewarecanbethoughtofassoftwarethatmediatesthedifferencesbetweenanapplication
programandtheservicesavailableonanetwork,orbetweentwodisparateapplication
programs.InthecaseofJavadatabaseconnections,middlewareproductssuchasJava
RelationalBinding(JRB)fromO2Technology(acquiredbyUnidatain1997)canmakethe
RDBMSlookasthoughitisanobject-orienteddatabaserunningonaremoteserver.TheJava
programmerthenaccessesthedatabaseusingstandardJavamethods,andthemiddleware
producttakescareofthetranslationbetweenobjectsandrelationaldatabasecomponents.

 Exploring the World Wide Web
InthisTryThisexercise,youwillexploresomeaspectsoftheWorldWideWeb,
observingconceptsthatweredescribedinthischapter.

Step by Step
 1.Accessseveralofyourfavoritewebsites,particularlythoseforwhichyouhavean

accountthatletsyoureviewdynamicinformationsuchastransactions,travelreward
points,auctionitems,andsoforth.

 2.Noticewhichpartsofthepagesarestaticandwhicharedynamic(changingbasedon
yourinputortheoptionsyouselect).

(continued)
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 3.Noticewhichpartsaredatalistingsthatlikelycomefromadatabase.Someofthe
largestdatabasesintheworldsupportwebsitesforbanking,onlineauctions,and
similarfunctions.However,youprobablycannottellwhichvendor’sDBMSisbehind
thesitebylookingatthewebpages.

 4.ObservetheURLdisplayedbyyourbrowserasyounavigatepages.Canyouspotany
arguments(parametersstartingwithaquestionmark)?CanyouspotanyURLsthat
pointtocontentotherthanHTMLpages(filestypessuchasJSP,PHP,andCGI)?If
youseefiletypesthatyoudon’trecognize,youcanuseyourfavoritesearchengineto
lookthemup.

Try This Summary
InthisTryThisexercise,youusedtheWorldWideWebtoobservesomeoftheconcepts
presentedinthischapter.

 Chapter 9 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Inthecentralizeddeploymentmodel,

 A Awebserverhostsallwebpages.

 B A“dumb”terminalisusedastheclientworkstation.

 C Administrationisquiteeasybecauseeverythingiscentralized.

 D Therearenosinglepointsoffailure.

 E Developmentcostsareoftenveryhigh.

 2.Inthedistributeddeploymentmodel,

 A Thedatabaseand/orapplicationispartitionedanddeployedonmultiplecomputer
systems.

 B Initialdeploymentswerehighlysuccessful.

 C Distributioncanbetransparenttotheuser.

✓
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 D Costsandcomplexityarereducedcomparedwiththecentralizedmodel.

 E Faulttoleranceisimprovedcomparedwiththecentralizedmodel.

 3.Inthetwo-tierclient/servermodel,

 A Allapplicationlogicrunsonanapplicationserver.

 B Awebserverhoststhewebpages.

 C Theclientworkstationhandlesallpresentationlogic.

 D Thedatabaseishostedonacentralizedserver.

 E Clientworkstationsmustbehigh-poweredsystems.

 4.Inthethree-tierclient/servermodel,

 A Allapplicationlogicrunsonanapplicationserver.

 B Awebserverhoststhewebpages.

 C Theclientworkstationhandlesallpresentationlogic.

 D Thedatabaseishostedonacentralizedserver.

 E Clientworkstationsmustbehigh-poweredsystems.

 5.IntheN-tierclient/servermodel,

 A Allapplicationlogicrunsonanapplicationserver.

 B Awebserverhoststhewebpages.

 C Theclientworkstationhandlesallpresentationlogic.

 D Thedatabaseishostedonacentralizedserver.

 E Clientworkstationsmustbehigh-poweredsystems.

 6.TheInternet

 A BeganastheU.S.DepartmentofEducation’sARPANET

 B Datesbacktothelate1960sandearly1970s

 C AlwaysusedTCP/IPasastandard
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 D Isaworldwidecollectionofinterconnectedcomputernetworks

 E Supportsmultipleprotocols,includingHTTP,FTP,andTelnet

 7.AURLmaycontain

 A Aprotocol

 B AhostnameorIPaddress

 C Aport

 D Theabsolutepathtoaresourceonthewebserver

 E Arguments

 8.Anintranetisavailableto____________.

 9.Anextranetisavailableto____________.

 10.TheWorldWideWebuses____________tonavigatepages.

 11.HTTPdoesnotdirectlysupporttheconceptofasessionbecauseitis____________.

 12.XMLisextensiblebecause____________canbedefined.

 13.MiddlewaresolutionsforJavaconnectionsmadetheRDBMSlooklikea(n)________.

 14.Theweb“technologystack”includes

 A Aclientworkstationrunningawebbrowser

 B Awebserver

 C Anapplicationserver

 D Adatabaseserver

 E Networkhardware(firewalls,routers,andsoon)

 15.TheadvantagesofCGIare

 A Statelessness

 B Simplicity

 C Inherentlysecure
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 D Widelyaccepted

 E Languageandserverindependent

 16.ServerSideIncludes(SSI)

 A Arecommandsembeddedinawebdocument

 B Arenon-CGIgateways

 C AreHTMLmacros

 D SolvesomeoftheCGIperformanceissues

 E Areinherentlysecure

 17.Theadvantagesofanon-CGIgatewayare

 A Knownforstability

 B Proprietarysolution

 C ImprovedsecurityoverCGIsolutions

 D SimplerthanCGI

 E Runsinserveraddressspace

 18.ODBCis

 A AstandardAPIforconnectingtoDBMSs

 B Independentofanyparticularlanguage,operatingsystem,orDBMS

 C AMicrosoftstandard

 D UsedbyJavaprograms

 E FlexibleinhandlingproprietarySQL

 19.JDBCis

 A AstandardAPIforconnectingtoDBMSs

 B Independentofanyparticularlanguage,operatingsystem,orDBMS

 C AMicrosoftstandard
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 D UsedbyJavaprograms

 E FlexibleinhandlingproprietarySQL

 20.JSQLis

 A ASunMicrosystemsstandard

 B AmethodofembeddingSQLstatementsinJava

 C AnextensionofanISO/ANSIstandard

 D Amiddlewaresolution

 E Independentofanyparticularlanguage,operatingsystem,orDBMS
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Chapter 10
Database Security



304 Databases:ABeginner’sGuide

KeySkills&Concepts

● WhyIsSecurityNecessary?

● DatabaseServerSecurity

● DatabaseClientandApplicationSecurity

● DatabaseAccessSecurity

● SecurityMonitoringandAuditing

Securityhasbecomeanessentialconsiderationinmodernsystems.Nothingcanbemore
embarrassingtoanorganizationthanamediastoryregardingsensitivedataortrade

secretsthatwereelectronicallystolenfromitscomputersystems.Thischapterdiscusses
theneedforsecurity,thesecurityconsiderationsfordeployingdatabaseserversandclients
thataccessthoseservers,andmethodsforimplementingdatabaseaccesssecurity.It
concludeswithadiscussionofsecuritymonitoringandauditing.

Why Is Security Necessary?
Murphy’sLawstatesthatanythingthatcangowrongwillgowrong.SeasonedITsecurity
professionalswilltellyouthatMurphywasanoptimist.ServersplacedontheInternet
withdefaultconfigurationsandpasswordshavebeencompromisedwithinminutes.
Defaultdatabasepasswordsandcommonsecurityvulnerabilitiesarewidelyknown.
Inearly2003,theSlammerworminfectedtensofthousandsofMicrosoftSQLServer
databasesthathadbeensetupwithadefaultSA(systemadministrator)accountthathad
nopassword.Oddly,theworstdamagewasthelossofservicewheninfectedcomputers
sentouthundredsofthousandsofpacketsonthenetworkinsearchofothercomputerson
thenetworktoinfect.Ifyouthinkthiscannothappentoyou,thinkagain.

Herearesomereasonswhysecuritymustbedesignedintoyourcomputersystems:

● DatabasesconnectedtotheInternet,ortoanyothernetwork,arevulnerabletomalicious
hackersandothercriminalswhoaredeterminedtodamageorstealthedata.These
includethefollowing:

● Spiesfromcompetitorsthatareafteryoursecrets

● Hackersinterestedinasenseofnotorietyfrompenetratingyoursystems



 Chapter10: DatabaseSecurity 305

● Individualsinterestedinwhatevertheycanobtainthathaseconomicvalue

● Disgruntledemployees—itseemsoddthatweneverhearofgruntledemployees
(gruntlemeans“tomakehappy”),onlydisgruntledones

● Zealotsinterestedinmakingapoliticalstatementattheexpenseofyourorganization

● Theemotionallyunbalanced,andjustplainevilpeople

● Employees(orothers)mayattempttocommitfraud.Anybankauditorwilltellyou
that80percentoffraudiscommittedbyemployees.Don’tassumeyoursystemis
immunejustbecausethedatabaseisnotaccessiblefromtheInternet.

● Honestmistakesbyauthorizeduserscancausesecurityexposures,lossofdata,and
processingerrors.

● Securitycontrolskeeppeoplehonestinthesamewaythatlocksonhomesandofficesdo.

Database Server Security
Thissectionfocusesonthesecurityconsiderationsforthedatabaseserver.Whenyou’re
consideringsecurity,youshouldstartatoneendofthenetworkortheother(ateither
thedatabaseuser’sclientworkstationoratthedatabaseserver)andworksystematically
throughallthecomponentsinthepath.Thisistheonlywayyoucanbesureyoudon’t
misssomething.Inourcase,we’llstartwiththedatabaseserverandworkoutfromthere.

Physical Security
Physicallysecuringtheserverisanessentialingredient.Theservershouldbelocatedina
lockedroom,whereonlyauthorizedpersonnelhaveaccess.Nothingismoreembarrassing
thanhavingadatabaseserverorthediskdrivesthatstorethedatabaseinformationstolen
orvandalized.Onceathiefhasmadeoffwiththehardware,hehasallthetimeintheworld
andallthesecrecyheneedstocrackawayatthesystemuntilheisabletoaccess
thedata.Moreover,systemsareeasiertocompromiseusingtheserverconsolethanremotely;
therefore,“hands-on”accesstoserversmustbetightlycontrolled.Dependingonthe
sensitivityofthedatainthedatabase,thefollowingadditionalmeasuresmightbeneeded:

● Videosurveillancesystemcanbeinstalled.

● “Token”securitydevices,whichadministratorsmustpossesstogainaccess,can
beused.Theserangefromcardsorkeysthatmustbeinsertedintotheservertogain
access,tocryptodeviceswhereaPINmustbeenteredtoobtainapassword.Someof
thesedevicesaresynchronizedwithsatellitesandchangetheencryptionkeyusedfor
generatingpasswordseveryminuteorso.
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● Biometricdevicescanbeinstalled,whichrequireadministratorstopassafingerprint
orretinalscantoobtainaccess.

● Policyprovisionscanbecreatedthatrequireatleasttwoemployeesbeintheroom
wheneveranyoneislocallyloggedontotheserver.

● Policyprovisionsregardingremovalofhardwareandsoftwarefromtheworkplace
canbecreated.Here’sareal-worldexample:Ionceworkedatafinancialinstitution
whereemployeesweresearchedwhenevertheyleftthepremises.Theremovalofany
hardwareormaterials,suchascomputerlistings,microfilmeddocuments,ormedia
suchastapesanddisks,wasstrictlyprohibited.However,therewasalaughable
loophole.Youcouldputanythinginanenvelopeaddressedtoyourhome(oranywhere
else)anddropitintheoutboundmailbins.Notonlywouldtheenvelopebesentout
withoutinspection,butthefirmwouldevenpaythepostage,noquestionsasked.
Beforeyougetthewrongidea,theonlytimeIsawthistechniqueusedwastosend
computergamesoffsite,butthesecurityexposurewasenormous.

Network Security
Itshouldbeobviousthatphysicalsecurityisnotenoughwhenthedatabaseserveris
accessibleviaanetwork.Intruderswhomanagetoobtainanetworkconnectiontothe
servercanworkfromoutsidetheserverroomor,forserversconnectedtotheInternet,
fromanywhereintheworld.Moreover,becauseclientsorotherservers(suchasthe
applicationserver)areabletoconnecttothedatabaseserver,youmusttakeaholistic
approachtonetworksecurityandnotonlyensurethatthenetworkissecurebutalsothat
everycomputersystemattachedtothatnetworkisequallysecure.

Completedetailsonhowtosecureanetworkarewelloutsidethescopeofthisbook.
However,thesectionsthatfollowcompriseasummaryofthenetworksecurityissuesthat
mustbeconsidered.Notethatthetermenterprisenetworkisusedheretomeantheprivate
networkthatconnectsthecomputingresourcesforthebusinessenterprise.

Isolate the Enterprise Network from the Internet
IftheenterprisenetworkisconnectedtotheInternet,itmustbeisolatedsothatmalicious
hackersontheInternetcannotseetheinternalsoftheenterprisenetworkoreasilygain
accesstoit.Measurestoconsiderincludethefollowing:

ConfiguretheRouter TherouterthatconnectstheenterprisenetworktotheInternet
mustbeproperlyconfigured.Recallthatarouterisadevicethatforwardsdatapackets
betweennetworksusingrulescontainedinaroutingtable.Apacketismerelyapieceofa
messagethatistransmittedoveranetwork.Networkdevicesdividemessagesintouniformly
sizedpacketsforefficienthandling.Theroutermustbeconfiguredsothatonlyappropriate
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packetsofdataareroutedfromtheInternettothelocalnetwork.Somerouterscanperform
limitedfilteringofpackets,buttypicallytheydonotlookatthecontentsofdatapackets
beyondthedestinationIPaddress,containedinthepacketheader,makingdecisionsonthe
bestwaytoroutethepacketbasedonthedestinationaddressandtheroutingtable.

UseaFirewall Eachlayerintheenterprisenetworkshouldbeprotectedbyafirewall,
withthesecurityrulesappliedbythefirewallgettingprogressivelytighterwitheachlayer.
Figure9-6inChapter9showsthisarrangement.Afirewallcanbeimplementedusing
softwareonageneral-purposecomputeroraspecializedhardwaredevicethatcomeswith
itsownoperatingsystemandfilteringsoftware.Thepurposeofthefirewallistoprevent
unauthorizedaccesstothenetworksegmentthatitprotects(thatis,computerresources
connectedtothepartofthenetworkthatisinsidethefirewall).Alldatapacketspassing
fromthenetworkoutsidethefirewalltothenetworksegment(oftencalledasubnet)
insidethefirewallmustpassthesecuritycriteriaimposedbythefirewallortheyare
simplyrejected.Thefirewallcanusethefollowingmethods:

● Packetfiltering Thecontentsofeachpacketenteringorleavingthenetwork
areinspectedtomakesureuser-definedrulesaremet.Althoughpacketfilteringis
effective,itissubjecttoIPspoofing,whereahackermasqueradesasalegitimateuser
byplantingalegitimateIPaddressthatisacceptabletothefirewallinanotherwise
illegitimatemessage.Topreventyournetworkfrombeingusedtolaunchso-called
zombieattacks,yourfirewallshouldalwaysbeconfiguredtorejectoutboundpackets
thathavereturnIPaddressesthatarenotlegitimatefortheenterprisenetwork.
Azombieattackoccurswhenanintruderplantsarogueprogramononeofyour
servers,whichatanappointedtime,wakesupandstartssendinghundredsorthousands
ofpacketsperminuteatatargetsystem,typicallythewebsiteofanenterpriseagainst
whichtheattackerhassomegrudge,inanattempttoclogtheattackedsystem,
renderingituseless.Thistypeofattackiscalledadenialofservice(DoS)attack.

● Applicationgateway Differentnetworkapplications(HTTP,FTP,Telnet,andsoon)
usedifferentdefaultports.Forexample,HTTPusesport80asadefault.Portsthatare
notneededshouldbeshutdown.Alwaysconfigurefirewallstoopenonlytheportsthat
areabsolutelyrequiredforyournormalbusiness.

● Circuit-levelgateway Forefficiency,thisfeatureappliessecuritymechanisms
whenaconnectionisestablished;then,aftertheconnectionisestablished,itallows
packetstoflowfreelyforthatestablishedconnection.Afirewallshouldnormally
beconfiguredsothatconnectionscanbeestablishedonlyfrominsidethefirewall—
attemptsmadefromoutsidethefirewalltoestablishconnectionswithresourcesinside
thefirewall(otherthanthosespecificallyauthorized)shouldberejected.
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● Proxyserver FirewallscantranslatealltheIPaddressesusedintheprotected
networkintodifferentaddressesaspacketspassthrough,typicallyassigningeacha
differentportsothatanyresponsestothosepacketscanbesortedoutandpassedback
totheoriginator.Thisfeature,knownasnetworkaddresstranslation(NAT),hidesthe
internalnetworkfromtheoutsideworld.

ProvideSecureConnectionsforEmployeesWorkingOffsite Theseworkers
presentaspecialrisk.IftheyareconnectedtoabroadbandInternetservicesuchasDSL
orcable,theyessentiallyresideonalocalareanetwork(LAN)withmanyotherusersof
thatparticularservice.Therefore,iftheseemployeesmerelyplugtheirpersonalcomputers
directlyintotheDSLorcablemodemwithoutotherprecautions,anyshareddevices
theymayhave(diskdrives,printers,andsoforth)areautomaticallysharedbyalltheir
neighborsonthesameLAN.AllthattheintruderhastoknowishowtoclickNetwork
NeighborhoodandthenEntireNetwork,andalltheunprotectedsystemsontheLANwill
bethere,ripeforpicking.Oftenattackersareonlyonepasswordawayfromaccessing
everythingonatargetsystem.Twoprecautionscancircumventtheproblem.

Asecuritydevice,typicallyacombinationrouter/networkswitch/firewall,shouldbe
placedbetweentheDSLorcablemodemandanycomputersusedinthehome.Aside
benefithereisthattheusercanconnectmultiplecomputerstothehigh-speedservice
whilepayingforonlyoneIPaddresswiththeInternetserviceprovider(ISP)(note
thatsomeISPsforbidthispractice).Thedeviceautomatically“NATs”anyIPaddress
insidethehomenetworktothesingleIPaddressassignedbytheISPforthebroadband
connection,usingdifferentportstodifferentiatebetweendifferentconnections.Ihave
suchadeviceonmyhomeInternetcableserviceandhaveseenfirsthandattemptsby
hackerstoscanportsandtopingresourcesinsidemyhomenetwork.Aportscanisa
techniquecommonlyusedbyhackers:theylaunchaspecialprogramthattriesevery
conceivableportonanIPaddress,recordingwhichonesareactivesotheycantrytouse
theactiveportstobreakintothetargetsystem.Intrusionattemptsoccurwithalarming
frequency,sometimesseveraltimesinasinglehour.Ifyouinstallanunprotectedhome
network,yournetworkwilllikelybepenetratedwithinhoursofitbeingactivated.Note
thatMicrosoftWindowsXPandVistacomewithabuilt-inconfigurablesoftwarefirewall.
However,mostsecurityexpertspreferanexternalfirewallonadedicatedhardwaredevice
becauseitoffersbetterprotection.

Inaddition,asecurenetworktechniqueknownasavirtualprivatenetwork(VPN)
canbeusedwhenconnectingfromtheInternettotheenterprisenetwork.Thisapproach
encryptsalldatapacketsandappliesothermeasurestomakesurethatthepacketsare
uselesstoanyunauthorizedpartythatinterceptsthem,andthattheycannotbealtered
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andretransmittedbyhackers.Usually,thistechniqueisimplementedusingspecial
softwarefromacommercialsoftwarevendorinconcertwithasmalldevicethatthe
remoteuseremploystogenerateauniquepasswordeachtimeheconnectsremotelyto
theenterprisenetwork.Withoutthedeviceinhispossession(andtypicallyaPINthatgoes
withthedevice),thewould-behackerhasnochanceofpenetratingtheenterprisenetwork
usingtheVPN.

Secure Any Wireless Network Access
Wirelessaccesspointsarenetworkdevicesthatreceiveradiosignalsfromcomputer
devicesequippedwithwirelessnetworkadapters,connectingthemtothewirednetwork
intheoffice.Mostwirelessnetworksadheretoaversionofthenetworkstandardprotocol
knownas802.11.Wirelessaccesspointshavebecomeinexpensive(lessthan$100),and
thereforeprolific,becausepeopleliketobeabletomovearoundtheirhomeoroffice
freely,withouthavingtodraganetworkcablewiththem.However,wirelessaccesspoints
requirespecialattention,becauseanintrudercanaccessawirelessnetworkfromoutside
yourpremiseswithoutgoingthroughtheroutersandfirewallsthatyouhavecarefullyset
uptopreventsuchanintrusion.HorrorstoriesaboundinITtradepublicationsaboutan
unknowinguserbringinganunauthorizedwirelessaccesspointintoanoffice,plugging
itintothenearestnetworkjack,andgivingeveryonewithin75to150feetormoreopen
accesstothenetwork.Bydefault,manyofthesedeviceshaveabsolutelynoencryption
orotheraccesscontrolsenabled,thusprovidingaccesstoanyonewithawireless-capable
computerinaneighboringoffice,outintheparkinglot,oreveninabuildingacrossthe
street.Worstofall,oncetheintruderconnects,hecanaccesstheintranet,completely
insideallthefirewallsandothercontrolsyousocarefullyimplementedtoprotectyour
networkfromintruders.

Ifyouthinkthiscannothappentoyou,followingarejustafewreal-lifeexamples:

● Onarecenttriptoamedicaloffice,mylaptop,whichisequippedwithan802.11g
wirelessnetworkadapter,automaticallyconnectedtoawirelessnetworkinan
adjoiningdoctor’soffice.Ididn’tlooktoseewhatImighthavebeenabletogetto
intermsofcomputers,shareddisks,files,andthelike,buttheofficestaffwastotally
unawarethatanyonecouldconnecttotheirwirelessnetwork.Theydidn’tunderstand
thatwallsdon’tstopwirelessnetworks.Incidentally,aquicklookatthewireless
adapter’ssitesurveyshowedtwoothervulnerablenetworksaccessiblefromthesame
waitingroom.Oneofthoseevenhadthedefaultnetworknamethatcomeswiththe
wirelessaccesspoint,sothepasswordtotherouterwasprobablyalsothefactory
default.Anintrudercouldreconfiguretheirentirenetworkbeforetheyknewwhat
happened.
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● OnarecentdrivedownMarketStreetinSanFrancisco,thewirelessadapterin
thesamelaptopdetectedanaverageofthreewirelessnetworksineveryblock,a
surprisingnumberofthemwideopentoanyonewhowouldwanttoconnect.

● AnITmanagerreportedthataftershediscoveredhercompany’snetworkhadbeen
inappropriatelyaccessedfromanunauthorizedwirelessaccesspoint,shewenthunting
forit,failingtofinditinseveralattempts.Finally,shebroughtinaconsultantwhohad
adevicetotrackdowntheroguesignal.(Believeitornot,apotatochiptubecovered
withaluminumfoilmakesanexcellentdirectionalantennafor“sniffingout”wireless
accesspoints.)Theconsultantfoundithiddeninthesuspendedceilingofaconference
room.Thepersonwhoinstalleditknewitwasagainsttherules,buthejustdidn’twant
tobothertocable-connecthislaptoptoanearbyjack.Needlesstosay,thatpersonlost
hisjob,butwhoknowswhattheintrudersgotbeforetheunauthorizedaccesspoint
wasshutdown.

EstablishaWirelessSecurityPolicy Yourorganization’ssecuritypolicyshould
addresswirelessconnections,forbiddinganyoneotherthantrainednetworkadministrators
frominstallingthem,andsettingstandardsfortheirproperinstallation.

MandateEncryption Standardsshouldmandatethatencryptionbeenabledonevery
wirelessaccesspoint.Alltheaccesspointsonthemarkethaveencryptioncapabilitybuilt
intothem,andittakesonlyafewminutestoenablethefeatureandtoinputapassphrase
thatanydevicetryingtoconnectmustsupplyinordertogainaccesstothenetwork.

LimitAccessUsingaMACAddressList Everynetworkdevicecurrently
manufacturedhasauniqueMediaAccessControl(MAC)addressassignedtoitbythe
manufacturer.MostwirelessaccesspointspermittheentryofaMACaddresslistthat
restrictsnetworkaccessonlytothedevicesthatappearinthelist.Alternatively,theMAC
addresslistcanlistdevicesthatarenotallowedtoconnect.

System-Level Security
Oncethenetworkisassecureasyoucanmakeit,thenextareaoffocusisthesystemthat
willruntheDBMS.Apoorlysecureddatabaseservercanprovidemanyuncheckedpaths
forintruderstouse.Herearesomemeasuresworthconsidering:

InstallMinimalOperatingSystemSoftware Installonlytheminimalsoftware
componentsrequiredtogetthejobdone,especiallyonaproductionserver.Avoiddefault
or“typical”installationoptionsandusethe“custom”installationoptiontochooseonly
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thecomponentsneeded.Forexample,onproductionUnixservers,youshouldbein
thehabitofremovingthe“make”utilityandClanguagecompilersafteryoucomplete
aninstallation.Hackershaveadifficulttimeinstallingthingswhenthetoolsneededto
performsoftwareinstallationsdonotexistontheserver.

UseMinimalOperatingSystemServices Shutdownorremoveoperatingsystem
servicesthatarenotrequired.Inparticular,communicationsservicessuchasFTPshould
notberunningunlesstheyareexpresslyrequired.OnWindowssystems,it’sagoodidea
tosetStartupTypetoDisabledforservicesthatarenotrequired.Thismakesitimpossible
tostarttheseservicesunlessyouhaveAdministratorprivileges.

InstallMinimalDBMSSoftware ThefewerthefeaturesoftheDBMSthatyouhave
installed,thelessexposureyou’llhavetoproblemssuchasbufferoverflowvulnerabilities.
TheDBAshouldworkwiththeapplicationdeveloperstocreateaconsolidatedlistofthe
DBMSfunctionsneeded.Onceyouhavethelist,usethecustominstallationoptionforthe
DBMSandperformonlyminimalinstallations.

ApplySecurityPatchesinaTimelyManner Establishaprogramwhereinsecurity
alertsarereviewedastheyareannouncedandcountermeasures,includingpatches
andworkarounds,areappliedinatimelymanner.Patchesshouldbeshakendownin
adevelopmentenvironmentforafiniteperiodoftimebeforeapplicationtoaproduction
environment.

ChangeAllDefaultPasswords Defaultpasswordsshouldbechangedtonew
passwordsthataredifficulttoguessordiscoverviabruteforce,amethodthatrepeatedly
triespossibilitiesuntilaccessisfinallyachieved.

Database Client and Application Security
Adatabaseclientisanycomputersystemthatsignsondirectlytothedatabaseserver.
Therefore,theapplicationserverisnearlyalwaysadatabaseclient,alongwiththeclient
workstationofanypersonintheorganizationwhohassign-onprivilegesforthedatabase.
Typically,theDBMSrequiresinstallationofclientsoftwareonthesesystemstofacilitate
communicationbetweenthedatabaseclientandtheDBMSusinganyspecialized
communicationsmechanismsrequiredbytheDBMS.

Login Credentials
Everydatabaseuserwhoconnectstothedatabasemustsupplyappropriatecredentials
toestablishtheconnection.TypicallythisisintheformofauserID(orloginID)
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andapassword.Usecaretoestablishcredentialsthatarenoteasilycompromised.Here
aresomeconsiderations:

● Credentialsmustnotbesharedbymultipledatabaseusers.

● Passwordsshouldbeselectedthatarenoteasytoguess.Asecuritypolicyshould
establishminimumstandardsforpasswordsecurity,includingminimumlength,the
mixtureofuppercase/lowercaseletters,numbersandspecialcharacters,andavoiding
wordsthatcanbefoundinadictionary.

● Passwordsshouldbechangedonaregularbasis,suchasevery30or45days.Thereis
somedisagreementamongsecurityexpertsastotheeffectivenessofperiodicpassword
changes,butmostITauditorsinsistonthispractice.

● Anyexposedpasswordshouldbeimmediatelychanged.

● Passwordsshouldneverbewrittendownandmustbeencryptedwhenevertheyare
electronicallystored.

Data Encryption
Encryptionisthetranslationofdataintoasecretcodethatcannotbereadwithouttheuse
ofapasswordorsecretkey.Unencrypteddataiscalledplaintext,whereasencrypteddata
iscalledciphertext.

Someencryptionschemesuseasymmetrickey,whichmeansthatasinglekeyisusedboth
toencryptplaintextandtodecryptciphertext.Thisformisconsideredlesssecurecompared
withtheuseofasymmetrickeys,whereapairofkeysisused—apublickeyandaprivatekey.
Whatthepublickeyencrypts,theprivatekeycandecrypt,andviceversa.Thenamescome
fromtheexpecteduseofthekeys:thepublickeyisgiventoanyonewithwhichanenterprise
doesbusiness,andtheprivatekeyremainsconfidentialandinternaltotheenterprise.

Herearesomeguidelinestofollowregardingencryption:

● Encryptionkeysshouldbeaminimumof128bitsinlength.Thelongerthekey,the
moresecureitisconsideredtobe(withinreason).However,longerkeyslengthen
thedecryptionprocess,sothereisatradeoff.

● Thelossofanencryptionkeyshouldbetreatedwiththesameseriousnessastheloss
ofthedatathatitwasusedtoencrypt.

● Sensitivedatashouldbeencryptedwheneveritispermanentlystored.Which
dataisconsideredsensitiveisajudgmentcallthatshouldbemadebythebusiness
peoplewhoownthedata,notbytheDBA.Ingeneral,however,anypersonaldata
(suchasSocialSecuritynumbersandbirthdates)thatcanbeusedforidentitytheft
shouldbeconsideredsensitive.
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● Alldatanotconsideredpublicknowledgeshouldbeencryptedwhenevertransported
electronicallyacrossnetworkconnectionsthatarenototherwiseencrypted.Forexample,
ifacompanysendsapurchaseorderfiletoatradingpartnerviaFTP,thefileshouldbe
encrypted.Thereisnoguaranteethatthebadguysarenotmonitoringpublicnetworks.

● E-mailisnotconsideredsecure,soanysensitiveinformationtobesentviae-mail
shouldbeinanencryptedattachmentinsteadofthemainbodyofthee-mailmessage.
Alternatively,somee-mailsystemssupportencryptedandsignedmessages.

Other Client Considerations
Databaseclientsrequirespecialscrutinyintermsofsecurityprecautions,becauseif
compromised,theyprovideaneasypathwayfortheintrudertogainaccesstodatain
thedatabase.Herearesomeadditionalclientconsiderations:

WebBrowserSecurityLevel Modernwebbrowsersallowthesettingofasecurity
levelforthebrowser.ForMicrosoftInternetExplorer,thesecuritysettingsarecontrolled
usingtheSecuritytabontheInternetOptionspanel,whichisaccessibleusingtheTools
optiononthemaintoolbar.Thissecuritylevelshouldbesettothehighestpossiblelevel
thatstillpermitsnormaluseofthedatabaseapplications.Twoconsiderationsarerelatedto
thewebbrowser:

Cookiesprovidetheabilityforthewebbrowsertostoretextualinformationonthe
client,whichcanbeautomaticallyretrievedlaterbythewebbrowserandsenttothe
webserverthatrequestedthem.Cookiesarenotverysecureandcanbeusedtospyon
usersoftheclientsystem.Furthermore,thereisnoguaranteethatunauthorizedpersons
andsoftwarewillhavenoaccesstoinformationincookies.Theorganization’ssecurity
policyshouldaddressthisissueandsetaclearstandardforcookieuse,whichisone
ofthefacilitiescontrolledbythewebbrowser’ssecuritylevel.Also,itisnotwiseto
designapplicationsystemsthatrequirecookies,becausetheyarenotsupportedbyall
webbrowsersandnotpermittedbyallusers.InMicrosoftInternetExplorer,optionsfor
cookiesarecontrolledusingthePrivacytabontheInternetOptionspanel.

ScriptinglanguagessuchasVBScript,JavaScript,andJScriptprovidenicefeatures
forassistingwithauser’sinteractionwithawebpage.However,theycanandhavebeen
usedforinjectingmaliciouscodeintosystems,soyoushouldbecarefulwhenallowing
suchlanguagestobeusedontheclient.VBScriptisespeciallynotoriousforitsmisuse
andhasbeenusedtotransportvirusesine-mailattachments.

MinimalUseofOtherSoftware Softwarethatisnotrequiredforthenormal
functioningoftheclientshouldnotbeinstalled.Securitypoliciesshouldforbidemployees
frominstallingunauthorizedsoftware.
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VirusScanner Allcomputersystemsrunningoperatingsystemsthataresusceptible
tocomputervirusesshouldhaveappropriatevirus-scanningsoftwareinstalled.Virus
scannersthatautomaticallyupdatetheirvirusprofilesonaregularbasisofferthemost
effectiveprotection.

TestApplicationExposures Web-basedapplicationsshouldbethoroughlytested
usingaclientconfiguredjustthewayyourrealbusinessusers’clientworkstationswill
beconfigured.Hackertrickssuchasthefollowingshouldbeattemptedtoverifythatthe
exposuresdonotexist:

● SQLinjection SQLcommandsareenteredintonormaldatafieldsinwebpagesin
suchawaythattheapplicationserverorwebserverhandsthemofftothedatabase
forprocessing.Applicationprogramsshouldincludeprecautionsagainstsuchattacks,
suchasusingstoredproceduresforallupdatesortestingforandrejectinganyinput
fieldsthatcontaincontrolcharacterssuchassemicolons,ampersands,andbackslashes
thatcanbeusedtoformatescapesequencesnecessaryforSQLinjection.

● URLspoofing TheURLinthewebbrowserismanuallyovertypedinsucha
waythatunauthorizeddataisrevealed.DesignsinwhichsessionIDsareassigned
sequentiallybytheapplicationserverandthenpassedbacktothewebbrowseras
anargumentintheURLareespeciallysusceptibletothisapproach.Ifyoucanguess
anotheruser’ssessionID,youcanhijacktheuser’ssessionjustbyovertypingthe
sessionIDintheURL.

● Bufferoverflows Publishedexposuressuchasbufferoverflowsshouldbethoroughly
testedoncethevendor’spatchhasbeeninstalledtoensurethattheproblemreally
wascorrected.Abufferoverflowisaconditioninwhichaprocessattemptstostore
databeyondtheboundariesofafixed-lengthbuffer.Theresultisthattheextradata
overwritesadjacentmemorylocations.Theoverwrittendatacanincludemalicious
codethatcanthenbeusedtocompromisesecuritycontrols.

Database Access Security
Withtheconfidencethatourclients,servers,andnetworkarenowsecure,wecanfocus
ondatabaseaccess.Thegoalhereistodeterminepreciselythedatathateachdatabase
userneedstoconductbusiness,andwhattheuserispermittedtodowiththedata(thatis,
select,insert,update,ordelete).Eachdatabaseusershouldbegivenexactlytheprivileges
required—nothingmoreandnothingless.Recallthatanapplicationprogramwith
databaseaccessisadatabaseuser,asisanemployeewhodirectlyqueriesthedatabase.
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Intermsofdatabasesecurity,alldatabaseusersshouldbetreatedinthesameway(thatis,
thesamestandardsshouldbeappliedtoall),whetherthedatabaseuserissoftwareor
“liveware.”Inthissection,wewillexploretheoptionsandchallengesrelatedtosecuring
accesstothedatabaseanditsdata.

Database Security Architectures
ForDBAswhosupportdatabasesfrommultiplevendors,oneofthechallengesisthat,with
theexceptionofMicrosoftSQLServerandSybaseAdaptiveServerEnterprise(ASE),no
twodatabaseshavethesamearchitecturefordatabasesecurity.Andofcourse,thisisaside
effectoftheoveralldatabasearchitecturesbeingdifferent.TheonlyreasonthatMicrosoft
SQLServerandSybaseASEhavesuchsimilararchitecturesisthattheformerwasderived
fromthelater.

BecauseMicrosoftSQLServer/SybaseASEandOracleareamongthemostpopular
databasestoday,let’shaveaquicklookathoweachimplementsdatabasesecurity.

Database Security in Microsoft SQL Server and Sybase ASE
WithMicrosoftSQLServerandSybaseASE,oncetheDBMSsoftwareisinstalledon
theserver,adatabaseserveriscreated.“Server”isaconfusingterm,ofcourse,because
wecallthehardwarea“server.”Inthiscase,thetermSQLserverisacopyofthe
DBMSsoftwarerunninginmemoryasasetofprocesses(usuallyinstalledasservices
inWindowsenvironments)withrelatedcontrolinformationthatisstoredinaspecial
databaseonthedatabaseserver.WewillusethetermSQLservertomeantheDBMS
softwareandthetermdatabaseservertomeanthehardwareplatformonwhichthe
databaseisrunning.Inthisarchitecture,eachSQLservermanagesmanydatabases,with
eachdatabaserepresentingalogicalgroupingofdataasdeterminedbythedatabase
designer.Figure10-1showsasimplifiedviewofthesecurityarchitectureforMicrosoft
SQLServerandSybaseASE.

Login AuseraccountontheSQLserver,aloginisalsocalledauserlogin.Thisis
notthesameasanyoperatingsystemaccounttheusermayhaveonthedatabaseserver.
However,ondatabaseserversrunningMicrosoftWindows,thelogincanuseWindows
authentication,meaningtheWindowsoperatingsystemstoresthecredentials(loginname
andpassword)andauthenticatesuserswhentheyattempttoconnecttotheSQLserver.
AnobviousadvantagetoWindowsauthenticationisthatuseraccesstothevariousSQL
serversintheenterprisecanbecentrallymanagedthroughtheWindowsaccount,rather
thanlocallymanagedoneachSQLserver.NotethatoncealoginisdefinedintheSQL
server,thedatabaseusermayconnecttotheSQLserver,butaloginalonedoesnot
givetheuseraccesstoanydatabaseinformation.Thereis,however,amasterlogin
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calledsa(systemadministrator)that,similartorootinUnixandAdministratorinMicrosoft
Windows,hasfullprivilegestoeverythingintheSQLServerenvironment.Figure10-1
showsonlyoneuserlogin,calledMgr125.

Database Adatabaseisalogicalcollectionofdatabaseobjects(tables,views,indexes,
andsoon)asdefinedbythedatabasedesigner.Figure10-1showstwodatabases:Employees
andProducts.Youmustunderstandthataloginisallowedtoconnecttoadatabaseonlyafter
ithasbeengrantedthatprivilegebyanadministrator.(Seethe“User”topicthatfollows.)
Inadditiontodatabasesholdingsystemdata,somespecialdatabasesarecreatedwhenthe
SQLserveriscreated(notshowninFigure10-1)andareusedbytheDBMStomanage
theSQLserver.Amongthesearethefollowingdatabases:

● master Themasterdatabasecontainssystem-levelinformation,initializationsettings,
configurationsettings,loginaccounts,thelistofdatabasesconfiguredintheSQLserver,
andthelocationofprimarydatabasedatafiles.

● tempdb Thetempdbdatabasecontainstemporarytablesandtemporarystored
procedures.

● model Themodeldatabasecontainsatemplateforallotherdatabasescreatedon
thesystem.

● msdb InMicrosoftSQLServerdatabasesonly,themsdbdatabasecontains
informationusedforschedulingjobsandalerts.

SQL Server Dev1

Login Mgr125

Grant Access

Grant A
cce

ss

Database Employees

User A

User B

User C

Grant Object
Privileges

Grant Object
Privileges

User D

Table T1

Table T2

Table T3

Table T4

Database Products

Figure10-1  Security in Microsoft SQL Server and Sybase ASE
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User Eachdatabasehasasetofusersassignedtoit.Eachdatabaseusermapstoalogin,
soeachuserisa“pseudo-account”thatisanaliastoanSQLServerloginaccount.User
accountsdonotnecessarilyhavetohavethesameusernameastheircorrespondinglogin
accounts.Whenanadministratorgrantsaccesstoadatabaseforaparticularloginaccount,
theuseraccountcorrespondingtotheloginaccountiscreatedbytheDBMS.InFigure
10-1,theMgr125logincorrespondstoUserAintheEmployeesdatabaseandtoUserD
intheProductsdatabase.Theseprivilegespermitthelogintoconnecttothedatabase(s),
buttheydonotgivetheuseranyprivilegesagainstobjectsinthosedatabases.Howthis
happensiscoveredinthenexttopic.

Privileges Eachuseraccountinadatabasemaybegrantedanynumberofprivileges
(alsocalledpermissions).Systemprivilegesaregeneralprivilegesappliedatthedatabase
level.MicrosoftSQLServerdividestheseintoserverprivileges,whichincludesuch
permissionsasstartingup,shuttingdown,andbackinguptheSQLserver,andstatement
privileges,whichincludesuchpermissionsascreatingadatabaseandcreatingatable.
Objectprivilegesallowspecificactionsonaspecificobject,suchasallowingselect
andupdateontableT1.Figure10-1containsarrowsthatshowthegrantingofobject
privilegesonTableT1toUserAintheEmployeesdatabase,andonTableT4toUserDin
theProductsdatabase.Theseprivilegesworkinmuchthesamewayacrossallrelational
databases,thankstoANSIstandards,andarethereforecoveredinthe“SystemPrivileges”
and“ObjectPrivileges”sectionsalittlelaterinthischapter.

Database Security in Oracle
Oracle’ssecurityarchitecture,showninFigure10-2,ismarkedlydifferentcompared
tothatofMicrosoftSQLServerandSybaseASE.Thedifferencesbetweenthetwoare
highlightedaseachcomponentisintroduced:

Instance ThisisacopyoftheOracleDBMSsoftwarerunninginmemory.Eachinstance
managesonlyonedatabase.

Database ThisisthecollectionoffilesmanagedbyasingleOracleinstance.Taken
together,theOracleinstanceanddatabasemakeupwhatMicrosoftSQLServerand
SybaseASEcalltheSQLserver.Figure10-2depictstheDev1database.

User Eachdatabaseaccountiscalledauser.AswithMicrosoftSQLServerandSybase
ASE,theuseraccountmaybeauthenticatedexternally(thatis,bytheoperatingsystem)
orinternally(bytheDBMS).Eachuserisautomaticallyallocatedaschema(defined
next),andthisuseristheownerofthatschema,meaningtheuserautomaticallyhasfull
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privilegesoveranyobjectintheschema.Thefollowingpredefinedusersarecreated
automaticallywhenthedatabaseiscreated(notshowninFigure10-2):

● TheSYSuseristheowneroftheOracleinstanceandcontainsobjectsthatOracleuses
tomanagetheinstance.ThisuserisequivalenttothesauserinMicrosoftSQLServer
andSybaseASE.

● TheSYSTEMuseristheowneroftheOracledatabaseandcontainsobjectsthatOracle
usestomanagethedatabase.Thisuser’sschemaissimilartothemasterdatabasein
MicrosoftSQLServerandSybaseASE.

● ManyOracledatabaseoptionscreatetheirownuseraccountswhenthoseoptions
areinstalled.

Schema Theschemaisthecollectionofdatabaseobjectsthatbelongtoaspecific
Oracleuser.TheOracleschemaisequivalenttowhatMicrosoftSQLServerandSybase
ASEcalladatabase.Figure10-2showstheEmployees,Products,andMgr125schemas,
whichareownedbytheEmployees,Products,andMgr125users,respectively.Schema
andusernamesarealwaysidenticalinOracle.Mgr125isaworkaroundtoaspecial
challengewefacewithOracle’ssecurityarchitecture,asdiscussedinthe“SchemaOwner
Accounts”sectionthatfollows.

Figure10-2  Database security in Oracle

Database Dev1

Schema Mgr125

Synonym for Employees.T1

Synonym for Products.T4

Schema (User)
Employees

Table T1
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Table T3
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Grant Object Privileges

Grant Object Privileges
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Privileges AswithMicrosoftSQLServerandSybaseASE,privilegesaredividedinto
systemandobjectprivileges.Thesearecoveredinthe“SystemPrivileges”sectionabitlater.

Schema Owner Accounts
Withalldatabases,youshouldavoidgivingdatabaseusersmoreprivilegesthantheyneed
todotheirjob.Thisnotonlypreventserrorsmadebyhumans(includingthosecontained
intheapplicationprogramsanddatabasequeriestheywrite)frombecomingdata
disasters,butitalsokeepspeoplehonest.

InMicrosoftSQLServerandSybaseASE,databaseusersshouldnotbeallowedto
connectasthesauser.Youshouldcreatedatabaseloginsthathavetheminimalprivileges
required.Sadly,thisisoftennotdone,andapplicationsconnectassaortoadatabasewith
auseraccountthathastheDBO(databaseowner)orDBA(databaseadministrator)role.
Rolesarecollectionsofprivilegesandarediscussedinanupcomingsection.Whetherit
occursduetoalackofunderstandingorbecauseoflaziness,thispracticerepresentsahuge
securityexposurethatshouldbeforbiddenasamatterofpolicy.

InFigure10-2,notethattheMgr125userownsnotablesbutdoeshavesome
privilegesgrantedtoitbytheEmployeesandProductsusers.Thisistoworkarounda
fundamentalchallengewithOracle’ssecurityarchitecture.Ifweallowedadatabaseuser
toconnecttothedatabaseusingausersuchasEmployeesorProducts,theuserwould
automaticallyhavefullprivilegestoeveryobjectintheschema,includinginsert,delete,
andupdateagainstanytable,andtheuserwouldalsobeabletocreateandaltertables
withoutrestriction.Thisisfundamentallythesameissueasallowinguseofthesauser
ortheDBOandDBArolesinMicrosoftSQLServerandSybaseASE.TheMgr125user
mimicsthebehavioroftheloginwiththesamename,asshowninFigure10-1.Withthe
rightsystemprivileges,wecanpreventtheMgr125userinOraclefrombeingableto
createanytablesofitsown.

YoumayhavenoticedthesynonymsforuserMgr125inFigure10-2.Asynonymis
merelyanaliasornicknameforadatabaseobject.Synonymsarefortheconvenienceof
theusersothatnamesdonothavetobequalifiedwiththeirschemaname.Toselectfrom
theT1tablesintheEmployeesschemadirectly,userMgr125wouldhavetorefertothe
tablenameasEmployees.T1intheSQLstatement.Thisisnotonlyinconvenient,butit
canalsocauseseeminglyendlessproblemsifweeverdecidetochangethenameofthe
Employeesuser.BycreatingasynonymcalledT1intheMgr125schemathatpointsto
Employees.T1,theusermaynowrefertothetableasjustT1.Incidentally,youmayrecall
thatalluserandobjectnamesinOraclearecase-insensitive,sotheuseofmixedcasehere
isonlyforillustration.Thesyntaxforcreatingthissynonymisasfollows:

CREATESYNONYMT1FOREMPLOYEES.T1;
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System Privileges
Systemprivilegesaregeneralpermissionstoperformfunctionsinmanagingtheserver
andthedatabase(s).Hundredsofpermissionsaresupportedbyeachdatabasevendor,
withmostofthosebeingsystemprivileges.Aswithobjectprivileges,systemprivileges
aregrantedusingtheSQLGRANTstatementandrescindedusingtheSQLREVOKE
statement.Someofthemostcommonlyusedprivilegesarelistedinthesectionsthat
follow.Completedetailscanbefoundinvendor-supplieddocumentation.

Microsoft SQL Server System (Server and Statement) Privilege Examples
HerearesomecommonlyusedMicrosoftSQLServersystemprivileges:

● SHUTDOWN Providestheabilitytoissuetheservershutdowncommand.

● CREATEDATABASE ProvidestheabilitytocreatenewdatabasesontheSQLserver.

● BACKUPDATABASE Providestheabilitytorunbackupsofthedatabaseson
theSQLserver.

Oracle System Privilege Examples
HerearesomecommonlyusedOraclesystemprivileges:

● CREATESESSION Providestheabilitytoconnecttothedatabase.

● CREATETABLE Providestheabilitytocreatetablesinyourownschema.Similar
privilegesexistforotherobjecttypes,suchasindexes,synonyms,procedures,andsoon.

● CREATEANYTABLE Providestheabilitytocreatetablesinanyuser’sschema.
Similarprivilegesareavailableforotherobjecttypes,suchasindexes,synonyms,
procedures,andsoon.

● CREATEUSER Providestheabilitytocreatenewusersinthedatabase.

Object Privileges
ObjectprivilegesaregrantedtouserswiththeSQLGRANTstatementandrevokedwith
theREVOKEstatement.Thedatabaseuser(login)whoreceivestheprivilegesiscalled
thegrantee.ThesestatementsarealsocoveredinChapter4.TheGRANTstatementmay
includeaWITHGRANTOPTIONclausethatallowstherecipienttogranttheprivilege
toothers.Iftheprivilegeissubsequentlyrevoked,acascadingrevoketakesplaceifthis
userhas,inturn,grantedthepermissiontoanyotheruser.Idonotrecommenduseofthe
WITHGRANTOPTIONclausebecauseitisfartooeasytolosecontroloverwhohas
whichprivileges.
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ThegeneralsyntaxoftheGRANTandREVOKEstatementsareshownhere,along
withsomeexamples:

GRANT<privilegelist>ON<object>TO<granteelist>
[WITHGRANTOPTION];
GRANTSELECT,UPDATE,INSERTONT1TOMgr125;
GRANTSELECTONT2TOUser1,User2,User3;

REVOKE<privilegelist>ON<object>FROM<granteelist>;
REVOKESELECT,UPDATE,INSERTONT1FROMMgr125;
REVOKESELECTONT2FROMUser1,User2,User3;

Roles
Aroleisanamedcollectionofprivilegesthatcan,inturn,begrantedtooneormore
users.MostRDBMSsystemshavepredefinedrolesthatcomewiththesystem,and
databaseuserswiththeCREATEROLEprivilegemaycreatetheirown.Roleshave
thefollowingadvantages:

● Rolesmayexistbeforeuseraccountsdo.Forexample,youcancreatearolethat
containsalltheprivilegesrequiredtoworkonaparticulardevelopmentproject.When
anewhirejoinstheprojectteam,oneGRANTstatementgiveshisorhernewuser
accountalltherequiredpermissions.

● Rolesrelievetheadministratorofalotoftedium.Manyprivilegescanbegranted(or
revoked)withasinglecommandwhenaroleisused.

● Rolessurvivewhenuseraccountsaredropped.IftheDBAmustdropandre-createa
useraccount,itcanbealotofworktoreinstatealltheprivileges,whichissimplified
ifalltheprivilegesareassembledintoonerole.

Foradministrators,acommonroleisDBA,whichconveysalotofpowerfulprivileges
(morethan125separateprivilegesinOracle).Obviously,suchahigh-poweredprivilege
mustbegrantedjudiciously.

Views
Oneofthecommonsecurityissuestobeaddressedishowtoallowdatabaseusersaccess
tosomerowsandcolumnsinatablewhilepreventingaccesstootherrowsandcolumns.
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Viewsareanexcellentwaytoaccomplishthis.Herearesomeofthebenefitsofusingviews
toaccomplishsecurityobjectives:

● Columnsthatadatabaseuserdoesnotrequiremaybeomittedfromtheview.Assuming
theuserhasbeengrantedaccesstotheviewratherthantheunderlyingtable,this
methodtotallypreventstheuserfromseeingtheinformationinthecolumnsthatwere
omittedfromtheview.

● AWHEREclausemaybeincludedintheviewtolimitreturnedrows.Joinsmaybe
includedtomatchtoothertablesasawayoflimitingrows.Forexample,theview
couldlimitProducttablerowsonlytothoseproductsforaDivisionIDthatmatches
thedivisioninwhichtheemployeeworks.

● Joinstolookuptablescanbeusedtoreplacecodevaluesinatablewiththeir
correspondingdescriptions.Alookuptabletypicallycontainsalistofcodevalues
(forexample,departmentcodes,transactioncodes,statuscodes)andtheirdescriptions,
andit’susedto“lookup”thedescriptionsforthecodes.Althoughthisisaminor
point,employeestryingtohackdatabaserecordsduringfraudattemptshaveamuch
moredifficulttimeiftheycannotseethecodesusedtocategorizethetransactions.
Furthermore,employeestryingtodotheirbestusuallyhaveabettertimereadingand
understandingcodedescriptionsthanthecorrespondingcodevalues.

Security Monitoring and Auditing
Securitypoliciesandcontrolsaretypicallynotenoughtoensurecompliance.Amonitoring
systemmustalsobeinplacetodetectsecuritybreachessothatcorrectivemeasurescanbe
taken.Multipleintrusion-detectiontoolsareonthemarketandarecapableofmonitoring

Q: Ihaven’tnoticedanySQLstatementstocreateuseraccounts.Isn’tsomeSQLavailable
todoso?

A: Yesandno.SomeSQLimplementationssuchasOracleprovideaCREATEUSER
statement.However,others,suchasSQLServerandSybaseASE,donotandrelyinstead
onvendor-suppliedstoredproceduresandGUItoolsforthecreationofuseraccounts.The
ANSI/ISOSQLStandardprovidesnostandardsyntaxforcreatinguseraccounts,soeach
vendorisfreetoimplementthefunctionasitseesfit.

Ask the Expert
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TryThis10-1

aserveranddetectingunauthorizedchangestofilesstoredinthefilesystem.Also,allthe
majorRDBMSproductshaveprovisionsforsettingupauditingsothatselectedactionsin
thedatabasearesilentlylogged,typicallyintoaudittablesthatcansubsequentlybeused
forreporting.ConsultyourRDBMSdocumentationforafulldescriptionofthese
auditingfeatures.

Itisalsoagoodideatohaveanindependentauditorreviewyourorganization’s
securitypoliciesandprocedureswhentheyareinitiallywrittenandatperiodicintervals
thereafter.Furthermore,itiswisetohaveyourauditors,oraconsultantwhospecializes
ininformationsystemssecurity,performanonsiteaudit,includingtestingthesitefor
vulnerabilitiesthathavenotyetbeenaddressed.Systemintrusions,includingfraud,can
costyoumanytimesmorethanasystemaudit,whichmaysaveyouanyembarrassment
beforeyouremployeesandcustomers.

  Database Object Privileges
InthisTryThisexercise,youwilltryouttheSQLstatementsthatgrantandrevoke
databaseprivileges,includingperformingsometeststodemonstratethatprivilegesare
properlygranted.

Step by Step

 1.Twouseraccountsareneededforthisexercise:onethatwillownthedatabaseobject
andanotherthatwillbegivenprivilegesonthatdatabaseobject.Createanaccount
namedData1andanothernamedUser1.Usedatabaseauthenticationinsteadof
operatingsystemauthentication.IfyouareworkinginSQLServerorSybaseASE,you
willalsoneedtocreateadatabase,maketheData1accounttheownerofthedatabase,
grantUser1accountaccesstothedatabase,andmakethenewdatabasethedefault
databaseforbothaccountswhentheyconnect.EachRDBMSproductsupportsuser
accountcreationinauniqueway,soifyouareunfamiliarwiththisfunctioninyour
RDBMS,consultyourdocumentation.

 2.GrantaccountsData1andUser1anysystemprivilegesrequiredforconnectingtothe
databaseandcreatingdatabaseobjects.InOracle,theCONNECTandRESOURCE
rolesshouldbegrantedtothem.InSQLServerandSybaseASE,thestepsyou
performedinStep1shouldsuffice.

 3.ConnecttothedatabaseusingaccountUser1. (continued)
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 4.Objectsmustexistbeforeprivilegesmaybegrantedforthem.Wewilluseasimple
Departmenttablethatholdsdepartmentcodesandnames.CreatetheDEPARTMENT
tablebyrunningthefollowingSQLstatement.InSQLServerandSybaseASE,make
sureyoucreatethetableinthedatabaseyoucreatedinStep1ofthisexercise.

CREATETABLEDEPARTMENT
(DEPARTMENT_CODECHAR(3),
DEPARTMENT_NAMEVARCHAR(50));

 5.UsethefollowingSQLstatementtogranttheSELECTandINSERTprivilegesonthe
DEPARTMENTtabletoUser1:

GRANTSELECT,INSERTONDEPARTMENTTOUSER1;

 6.ConnecttothedatabaseasUser1.

 7.UsethefollowingstatementtoinsertarowforDepartment001intothetable:

INSERTINTODATA1.DEPARTMENT
VALUES('001','Executive');

NOTE
In this step and in steps 8–10, for SQL Server and Sybase ASE, the table name should 
not be qualified with DATA1.

 8.Retrievetherowyoujustinsertedusingthefollowingstatement:

SELECT*FROMDATA1.DEPARTMENT
WHEREDEPARTMENT_CODE='001';

 9.Attempttodeletetherowyoujustinsertedusingthefollowingstatement.Thedelete
shouldfailbecauseaccountUser1doesnothavedeleteprivilegesontheobject.

DELETEFROMDATA1.DEPARTMENT
WHEREDEPARTMENT_CODE='001';

 10.Attempttodropthetableusingthefollowingstatement.Thedropshouldfailbecause
accountUser1doesnothavedropprivilegesontheobject.

DROPTABLEDATA1.DEPARTMENT;

 11.ConnectasaccountData1(theaccountthatownstheDEPARTMENTtable).

 12.Dropthetableusingthefollowingstatement(notethatthistimeitdoesnothavetobe
qualifiedwithDATA1becauseyouareconnectedasthataccount):

DROPTABLEDEPARTMENT;

 13.Tofinishthecleanuptask,dropuseraccountsData1andUser1,andanydatabaseyou
createdforthisTryThisexercise.
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Try This Summary
InthisTryThisexercise,youcreatedtwouseraccounts.Thenyoucreatedatableinone
oftheaccountsandgrantedsomeprivilegesonthetabletotheothercount.Next,you
triedvariousSQLstatementsonthetabletodemonstratethatlackofproperprivileges
preventedsomeofthestatementsfromworking.Finally,youdroppedthetableanduser
accountsyoucreatedtoputthedatabacktowhereitwaswhenyoustarted.

 Chapter10SelfTest
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Acollectionofprivilegesthatcanbegrantedtomultipleusersiscalleda____________.

 2.PrivilegesarerescindedusingtheSQL____________command.

 3.Fordatabaseserversconnectedtoanetwork,physicalsecurityaloneis____________.

 4.Employeesconnectingtotheenterprisenetworkfromhomeoranotherremotework
locationshouldhavea____________betweenthecomputerandtheircableorDSL
modem.

 5.Whenlogincredentialsarestoredinthecomputersystem,theymustalwaysbe______.

 6.Networksecurity

 A Canbehandledbyroutersalone

 B Canbehandledbyfirewallsalone

 C Mustincludeprovisionsforremotelylocatedemployees

 D Shouldbemandatoryforallcomputersystemsconnectedtoanynetwork

 7.Firewallprotectionmayinclude

 A Packetfiltering

 B Packetselectionusingaroutingtable

 C Networkaddresstranslation

 D Limitingportsthatmaybeusedforaccess

 E IPspoofing

✓
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 8.Wirelessnetworksneedtobesecuredbecause

 A Inexpensivewirelessaccesspointsarereadilyavailable.

 B Anyonewithawirelessnetworkadaptercanconnecttoanunprotectednetwork.

 C Employeesmayusethewirelessnetworktocommunicatesecretlywithhackers.

 D Radiowavespenetratewallstoadjoiningoffices.

 E Radiowavesmaycarrytopublicroadsoutsidethebuilding.

 9.Componentsofwirelessaccesspointsecurityinclude

 A Networkaddresstranslation

 B Theorganization’ssecuritypolicy

 C Encryption

 D Virtualprivatenetworks

 E MACaddresslists

 10.System-levelsecurityprecautionsinclude

 A Installingtheminimalsoftwarecomponentsnecessary

 B Grantingonlytableprivilegesthatusersrequire

 C Applyingsecuritypatchesinatimelymanner

 D Changingalldefaultpasswords

 E Usingsimplepasswordsthatareeasytoremember

 11.Encryption

 A Shouldbeusedforallsensitivedata

 B Shouldusekeysofatleast28bitsinlength

 C Shouldbeusedforsensitivedatasentoveranetwork

 D Canusesymmetricorasymmetrickeys

 E Shouldneverbeusedforlogincredentials

 12.Clientsecurityconsiderationsincludewhichofthefollowing?

 A MACaddresslists

 B Webbrowsersecuritylevel
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 C Grantingonlydatabasetableprivilegesthatareabsolutelynecessary

 D Useofavirusscanner

 E Testingofapplicationexposures

 13.InMicrosoftSQLServer,alogin(userlogin)

 A Canconnecttoanynumberofdatabases

 B Automaticallyhasdatabaseaccessprivileges

 C CanuseWindowsauthentication

 D CanbeauthenticatedbyMicrosoftSQLServer

 E Ownsadatabaseschema

 14.InMicrosoftSQLServer,adatabase

 A Isownedbyalogin

 B Mayhaveoneormoreusersassignedtoit

 C Maycontainsystemdata(forexample,master)oruser(application)data

 D Maybegrantedprivileges

 E Isalogicalcollectionofdatabaseobjects

 15.InOracle,auseraccount

 A Canconnect(login)toanynumberofdatabases

 B Automaticallyhasdatabaseprivileges

 C Canuseoperatingsystemauthentication

 D CanbeauthenticatedbytheOracleDBMS

 E Ownsadatabaseschema

 16.InOracle,adatabase

 A Isownedbyauser

 B Mayhaveoneormoreuseraccountsdefinedinit

 C Maycontainsystemdata(forexample,systemschema)anduser(application)data

 D Isthesameasaschema

 E IsmanagedbyanOracleinstance
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 17.Systemprivileges

 A AregrantedinasimilarwayinOracle,SybaseASE,andMicrosoftSQLServer

 B Arespecifictoadatabaseobject

 C Allowthegranteetoperformcertainadministrativefunctionsontheserver,such
asshuttingitdown

 D ArerescindedusingtheSQLREMOVEstatement

 E Varyacrossdatabasesfromdifferentvendors

 18.Objectprivileges

 A AregrantedinasimilarwayinOracle,SybaseASE,andMicrosoftSQLServer

 B Arespecifictoadatabaseobject

 C Allowthegranteetoperformcertainadministrativefunctionsontheserver,such
asshuttingitdown

 D ArerescindedusingtheSQLREMOVEstatement

 E AregrantedusingtheSQLGRANTstatement

 19.UsingWITHGRANTOPTIONwhengrantingobjectprivileges

 A Allowsthegranteetogranttheprivilegetoothers

 B GivesthegranteeDBAprivilegesontheentiredatabase

 C Canleadtosecurityissues

 D Willcascadeiftheprivilegeissubsequentlyrevoked

 E Isahighlyrecommendedpracticebecauseitissoconvenienttouse

 20.Viewsmayassistwithsecuritypolicyimplementationby

 A Restrictingthetablecolumnstowhichauserhasaccess

 B Restrictingthedatabasestowhichauserhasaccess

 C Restrictingtablerowstowhichauserhasaccess

 D Storingdatabaseauditresults

 E Monitoringfordatabaseintruders



329

Chapter 11
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KeySkills&Concepts

● CursorProcessing

● TransactionManagement

● PerformanceTuning

● ChangeControl

Thischaptercoversconsiderationsregardingthedevelopmentofapplicationsthat
usethedatabasesystem.Theseincludecursorprocessing,transactionmanagement,
performancetuning,andchangecontrol.

Cursor Processing
Beforeweembarkontransactionmanagement,whichincludesadiscussionofthelocking
mechanismsrequiredtosupportconcurrentupdatesofthedatabase,wemustexplorethe
wayapplicationprogramshandledatabasequeries.Thecollectionofrowsreturnedby
theexecutionofadatabasequeryiscalledtheresultset.Whenyou’reselectingdatafrom
thedatabase,applicationprogramminglanguagessuchasCandJavapresentadilemma
whentheresultsetcontainsmultiplerowsofdata.Theseprogramminglanguagesare
designedtohandleonerecordatatime(oneobjectinstanceatatimeinthecaseofJava).
Soamismatchoccurs,whichmustbeaddressed.
Toovercomethemismatch,mostrelationaldatabasessupporttheconceptofacursor,

whichismerelyapointertoasinglerowintheresultset.InOracle,cursorsupportis
includedinaSQLextensioncalledPL/SQL(ProceduralLanguage/SQL),andsimilarlyin
Transact-SQLforSybaseASEandMicrosoftSQLServer.Theexamplesinthischapter
useOracle,sosomeofthemmayrequireminormodificationbeforetheywillworkon
otherRDBMSproducts.Theuseofacursorparallelstheuseofatraditionalflatfilein
thatthecursormustbedefinedandopenedbeforeitmaybeused,itmaybereadfrom
byfetchingrowsinaprogrammingloop,anditshouldbeclosedwhentheprogramno
longerneedsit.
Followingisanexampleofacursordeclaration.Forclarity,allthekeywordsareshown

inuppercaseanddatabaseobjectnamesinlowercase.InOracle,thismakesnodifference
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becausealldatabaseobjectnamesarecase-insensitive.Youmay,however,haveadifferent
experiencewithotherRDBMSproducts.

DECLARECURSORny_customersAS
SELECTcustomer_number,name,address,city,zip_code
FROMcustomer
WHEREstate='NY';

NOTE
The cursor handling statements shown in this section are intended to be embedded in 
application programs. They generally cannot be run using an interactive SQL client.

YoumayrecognizethecustomertablefromChapter8.Ifyouignorethefirstline,
thestatementlookslikeanyordinarySQLquery—itselectssomecolumnsfromatable
and,inthiscase,hasaWHEREclausethatlimitstherowsreturnedtothosefromNew
Yorkstate.Thisisverynice,becauseitmeanswecantestthequeryusinganyinteractive
SQLclienttoolbeforewepasteitintoaprogramandturnitintoacursordeclaration.
TheDECLARECURSORclausedefinesthecursorforus,whichhasbeennamedny_
customers.Cursordeclarationsarenotexecutablestatements,meaningthatwhentheyare
processedbytheRDBMS,theydonothingbutsetupadefinitionthatcanbesubsequently
referenced.Thedeclarationischeckedforsyntaxandsomeotherinternaldetails,butthe
databasedoesnotneedtoaccessanytablerowsuntilthecursorisopened.
Thecursormustbeopenedbeforeitcanbeused.Inthisexample,theRDBMSmay

nothavetoretrieveanyrowswhenweopenthecursor,butforefficiency,itmightdecide
toretrievesomenumberofrowsandplacetheminabufferforus.Abufferismerelyan
areaofcomputermemoryusedtoholddatatemporarily.Itisfarmoreefficienttousea
buffertoholdsomenumberofprefetchedrowsratherthangoingtothedatabasefilesfor
everysinglerow,becausecomputerscanaccessmemorysomuchfasterthanfilesinthe
filesystem.Insomecases,however,theRDBMSmustfetchalltherowsmatchingaquery
andsortthembeforethefirstrowcanbereturnedtotheapplicationprogram.Youmay
haveguessedthatthesearequeriescontaininganORDERBYtosequencethereturned
rows.Ifthereisnoindexonthecolumn(s)weuseforsequencing,thentheRDBMSmust
findandsortallofthembeforeitknowswhichoneisthecorrectonetoreturnasthefirst
row(theonethatsortsfirstintherequestedsequence).
Althoughalotgoesonwhenweopenacursor,thestatementitselfisquitesimple.

HereistheOPENCURSORstatementforourexample:

OPENCURSORny_customers;
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Eachtimeourprogramrequiresanewrowfromtheresultset,wesimplyissuea
FETCHcommandagainstthecursor.Thisisverymuchlikereadingthenextrecordfrom
afileinanolderflatfilesystem.Rememberthatthecursorismerelyapointerintothe
resultset.EverytimeaFETCHisissued,therowcurrentlypointedtoisreturnedtothe
callingprogram(thatis,theprogramthatissuedtheFETCH),andthecursorisadvanced
onerowtopointtothenextrowtobereturned.Ifnomorerowsexistintheresultset,
acodeisreturnedtothecallingprogramtosoindicate.Anotherdetailhandledbythe
FETCHismappingthecolumnsreturnedtoprogramminglanguagevariables(called
hostlanguagevariables,orjusthostvariables).ThisisdonewiththeINTOclause,and
naturallythesyntaxofthevariablenameswillvaryfromoneprogramminglanguageto
another.Ourexampleusesverysimplenamestostayawayfromprogramminglanguage
issues,butinreallifeyouwouldwantthenamestobeasdescriptiveaspossible.It’salso
goodprogrammingpracticetousenamesthatarenotexactlythesameasthedatabase
columnnames,soastoavoidconfusionwhensomeoneelsereadstheprogram.The
variablenamesinthisexampleareprefixedwithv_(forvariable)forthisreason.Hereis
thefetchoftheny_customerscursor:

FETCHny_customers
INTOv_customer_number,v_name,v_address,v_city,
v_zip_code;

NoticethattheFETCHstatementrefersonlytothecursornameandthehostvariables.
Thecursordeclarationtiesthecursortothetable(s)andcolumn(s)beingreferenced.As
stated,youshouldalwaysclosethecursorwhentheprogramnolongerneedsitbecause
thisfreesupanyresourcesthecursorhasused,includingmemoryforbuffers.TheCLOSE
statementisassimpleastheOPENstatement:

CLOSEny_customers;

Thetopicofcursorprocessinghasbeenintroducedbeforethediscussionof
transactionmanagementbecausecursorsplayakeyroleinsometransactionevents.

Transaction Management
Tosupportthedatabaseuserssuccessfully,theDBMSmustincludeprovisionstomanage
thetransactionscarriedoutbytheapplicationsystemsusingthedatabase.

What Is a Transaction?
Atransactionisadiscreteseriesofactionsthatmustbeeithercompletelyprocessedornot
processedatall.Somecallatransactionaunitofworkasawayoffurtheremphasizingits
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all-or-nothingnature.Transactionshavepropertiesthatcanbeeasilyrememberedusing
theacronymACID(Atomicity,Consistency,Isolation,Durability):

● Atomicity Atransactionmustremainwhole.Thatis,itmustcompletelysucceedor
completelyfail.Whenitsucceeds,allchangesthatweremadebythetransactionmust
bepreservedbythesystem.Shouldatransactionfail,allchangesthatweremadeby
itmustbecompletelyundone.Indatabasesystems,weusethetermrollbackforthe
processthatbacksoutanychangesmadebyafailedtransactionandthetermcommit
fortheprocessthatmakestransactionchangespermanent.

● Consistency Atransactionshouldtransformthedatabasefromoneconsistentstate
toanother.Forexample,atransactionthatcreatesaninvoiceforanordertransforms
theorderfromashippedordertoaninvoicedorder,includingalltheappropriate
databasechanges.

● Isolation Eachtransactionshouldcarryoutitsworkindependentofanyother
transactionthatmightoccuratthesametime.

● Durability Changesmadebycompletedtransactionsshouldremainpermanent,
evenafterasubsequentshutdownorfailureofthedatabaseorothercriticalsystem
component.Inobjectterminology,thetermpersistenceisusedforpermanentlystored
data.Theconceptofpermanenceherecanbeconfusing,becausenothingeverseems
tostandstillforlonginanonlinetransactionprocessing(OLTP)database.Justkeep
inmindthatpermanentmeansthechangewillnotdisappearwhenthedatabaseisshut
downorfails—itdoesnotmeanthatthedataisinapermanentstatethatcanneverbe
changedagain.

DBMS Support for Transactions
Asidefrompersonalcomputerdatabasesystems,mostDBMSsprovidetransaction
support.ThisincludesprovisionsinSQLforidentifyingthebeginningandendofeach
transaction,alongwithafacilityforloggingallchangesmadebytransactionssothata
rollbackcanbeperformedwhennecessary.Asyoumightguess,standardslaggedbehind
theneedfortransactionsupport,sosupportfortransactionsvariesabitacrossRDBMS
vendors.Asexamples,let’slookattransactionsupportinMicrosoftSQLServerand
Oracle,followedbydiscussionoftransactionlogs.

Transaction Support in Microsoft SQL Server
MicrosoftSQLServersupportstransactionsinthreemodes:autocommit,explicit,and
implicit.Allthreemodesareavailablewhenyou’reconnecteddirectlytothedatabaseusinga
clienttooldesignedforthispurpose.However,ifyouplantouseanODBCorJDBCdriver,
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youshouldconsultthedriver’sdocumentationforinformationonthetransactionsupportit
provides.Herearedescriptionsofthethreemodes:

● Autocommitmode Inautocommitmode,eachSQLstatementisautomatically
committedasitcompletes.Essentially,thismakeseverySQLstatementadiscrete
transaction.EveryconnectiontoMicrosoftSQLServerusesautocommituntileither
anexplicittransactionisstartedortheimplicittransactionmodeisset.Inotherwords,
autocommitisthedefaulttransactionmodeforeachSQLServerconnection.

● Explicitmode Inexplicitmode,eachtransactionisstartedwithaBEGIN
TRANSACTIONstatementandendedwitheitheraCOMMITTRANSACTION
statement(forsuccessfulcompletion)oraROLLBACKTRANSACTIONstatement
(forunsuccessfulcompletion).Thismodeisusedmostofteninapplicationprograms,
storedprocedures,triggers,andscripts.ThegeneralsyntaxofthethreeSQLstatements
follows:

BEGINTRAN[SACTION][tran_name|@tran_name_variable]

COMMIT[TRAN[SACTION][tran_name|@tran_name_variable]]

ROLLBACK[TRAN[SACTION][tran_name|@tran_name_variable|
savepoint_name|@savepoint_name_variable]]

● Implicitmode Implicittransactionmodeistoggledonoroffwiththecommand
SETIMPLICIT_TRANSACTIONS{ON|OFF}.Whenimplicitmodeison,anew
transactionisstartedwheneveranyofalistofspecificSQLstatementsisexecuted,
includingDELETE,INSERT,andUPDATE,amongothers.Onceatransactionis
implicitlystarted,itcontinuesuntilthetransactioniseithercommittedorrolledback.
Ifthedatabaseuserdisconnectsbeforesubmittingatransaction-endingstatement,the
transactionisautomaticallyrolledback.

MicrosoftSQLServerrecordsalltransactionsandthemodificationsmadebythem
inthetransactionlog.Thebeforeandafterimageofeachdatabasemodificationmade
byatransactionisrecordedinthetransactionlog.Thisfacilitatesanynecessaryrollback,
becausethebeforeimagescanbeusedtoreversethedatabasechangesmadebythe
transaction.Atransactioncommitisnotcompleteuntilthecommitrecordhasbeen
writtentothetransactionlog.Becausedatabasechangesarenotalwayswrittentodisk
immediately,thetransactionlogissometimestheonlymeansofrecoverywhenthereis
asystemfailure.
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TryThis11-1

Transaction Support in Oracle
Oraclesupportsonlytwotransactionmodes:autocommitandimplicit.AswithMicrosoft
SQLServer,supportvarieswhenODBCandJDBCdriversareused,sothedrivervendor’s
documentationshouldbeconsultedinthosecases.Herearedescriptionsofthesetwo
modesinOracle:

● Autocommitmode AswithMicrosoftSQLServer,eachSQLstatementis
automaticallycommittedasitcompletes.Autocommitmodeistoggledonandoff
usingtheSETAUTOCOMMITcommand,asshownhere,andisoffbydefault:

SETAUTOCOMMITON
SETAUTOCOMMITOFF

● Implicitmode Atransactionisimplicitlystartedwhenthedatabaseuserconnectsto
thedatabase(thatis,whenanewdatabasesessionbegins).Thisisthedefaulttransaction
modeinOracle.Whenatransactionendswithacommitorrollback,anewtransaction
isautomaticallystarted.UnlikeMicrosoftSQLServer,nestedtransactions(transactions
withintransactions)arenotpermitted.Atransactionendswithacommitwhenanyofthe
followingoccurs:thedatabaseuserissuestheSQLCOMMITstatement,thedatabase
sessionendsnormally(thatis,theuserissuesanEXITorDISCONNECTcommand),
orthedatabaseuserissuesanSQLDataDefinitionLanguage(DDL)statement(that
is,aCREATE,DROP,orALTERstatement).Atransactionendswitharollbackwhen
eitherofthefollowingoccurs:thedatabaseuserissuestheSQLROLLBACKstatement,
orthedatabasesessionendsabnormally(thatis,theclientconnectioniscanceledorthe
databasecrashesorisshutdownusingoneoftheshutdownoptionsthatabortsclient
connectionsinsteadofwaitingforthemtocomplete).

  SQL Transaction Support
InthisTryThisexercise,youwillexploretransactionsupportstatementsinyourRDBMS.

Step by Step
 1.UsethesameDepartmenttablethatwasusedinTryThis10-1.Ifyouhavealreadycreated

one,dropitandre-createitsoyourqueryresultsinthisexercisewillbepredictable.Run
thefollowingstatements(theDROPstatementisunnecessaryifthetabledoesnotexist):

DROPTABLEDEPARTMENT;

CREATETABLEDEPARTMENT
(DEPARTMENT_CODECHAR(3),
DEPARTMENT_NAMEVARCHAR(50));

(continued)
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 2.Setthedatabaseinimplicittransactionmode.ForOracle,thisisthedefault,provided
youhavenotsetautocommitmodeon.ConsultyourRDBMSdocumentationforhow
thisisdone.IfyouareusingSQLServer,usethefollowingstatement:

SETIMPLICIT_TRANSACTIONSON

 3.Insertonerowintothetableusingthefollowingstatement,butdonotcommit
thechange:

INSERTINTODEPARTMENT
VALUES('001','Executive');

 4.RunaSELECTstatementtoconfirmthattherowexists:

SELECT*FROMDEPARTMENT;

 5.Ifyouknowhowtoconnecttothedatabaseasecondtimeinadifferentclientsession,
dosoandruntheselectqueryfromStep4init.Youshouldnotbeabletofindtherow
becauseitisuncommitteddata,anditisthereforeavailableonlyinthesessionthat
createdit.DependingonhowyourDBMShandleslocking,itmayappearasifthis
queryisstalledwhiletheSQLclientwaitsfortheDBMStoreturntherow(particularly
inSQLServer).Lockingiscoveredinthenextsectionofthischapter.

 6.RunaROLLBACKstatementasfollows:

ROLLBACK;

 7.RuntheSELECTfromStep4again.Noticethattherowisnowgone.

 8.RuntheINSERTfromStep3again,followedbyacommit:

INSERTINTODEPARTMENT
VALUES('001','Executive');

COMMIT;

 9.RuntheSELECTfromStep4againtoconfirmthattherowisthere.

 10.RunaROLLBACKasyoudidinStep6.InSQLServer,youmaygetanerrorthat
tellsyouthatnotransactionisinprogress(thepreviouscommitendedyourimplicit
transaction).

ROLLBACK;

 11.TrytheSELECTonemoretime.Noticethattherowisstillthere.AROLLBACKhas
noeffectondatathathasalreadybeencommittedtothedatabase.
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 12.DroptheDepartmenttabletoreturnyourdatabase(schemainOracle)towhereyou
started.InOracle,DDLstatementsareneverpartoftransactions,buttheyareinSQL
Server,soyouwillneedtorunaCOMMITaftertheDROPstatementinSQLServer:

DROPTABLEDEPARTMENT;
COMMIT;

Try This Summary
InthisTryThisexercise,youusedtheimplicittransactionmodealongwithINSERT,
SELECT,COMMIT,andROLLBACKstatementstodemonstratetransaction
supportinSQL.

Locking and Transaction Deadlock
Althoughthesimultaneoussharingofdataamongmanydatabaseusershassignificant
benefits,aseriousdrawbackcancauseupdatestobelost.Fortunately,databasevendors
haveworkedoutsolutionstotheproblem.Thissectionpresentstheconcurrentupdate
problemandvarioussolutions.

The Concurrent Update Problem
Figure11-1illustratestheconcurrentupdateproblemthatoccurswhenmultipledatabase
sessionsareallowedtoconcurrentlyupdatethesamedata.Recallthatasessioniscreated
everytimeadatabaseuserconnectstothedatabase,whichincludesthesameuser
connectingtothedatabasemultipletimes.Theconcurrentupdateproblemhappensmost
oftenbetweentwodifferentdatabaseuserswhoareunawarethattheyaremakingconflicting
updatestothesamedata.However,databaseuserswithmultipleconnectionscantrip
themselvesupiftheyapplyupdatesusingmorethanoneoftheirdatabasesessions.

Figure11-1  The concurrent update problem
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Thescenariopresentedfeaturesafictitiouscompanythatsellsproductsandcreatesan
invoiceforeachordershipped,similartoAcmeIndustriesinthenormalizationexamples
fromearlierchapters.Figure11-1illustratesuserA,aclerkintheshippingdepartmentwhois
preparinganinvoiceforacustomer,whichrequiresupdatingthecustomer’sdatabyadding
tothecustomer’sbalancedue.Atthesametime,userB,aclerkintheaccountsreceivable
department,isprocessingapaymentfromtheverysamecustomer,whichrequiresupdating
thecustomer’sbalanceduebysubtractingtheamountthecustomerpaid.Hereistheexact
sequenceofevents,asillustratedinFigure11-1:

 1.UserAqueriesthedatabaseandretrievesthecustomer’sbalancedue,whichis$200.

 2.Afewsecondslater,userBqueriesthedatabaseandretrievesthesamecustomer’s
balance,whichisstill$200.

 3.Inafewmoreseconds,userAappliesherupdate,addingthe$100invoicetothe
balancedue,whichmakesthenewbalance$300inthedatabase.

 4.Finally,userBapplieshisupdate,subtractingthe$100paymentfromthebalanceduehe
retrievedfromthedatabase($200),resultinginanewbalancedueof$100.Heisunaware
oftheupdatemadebyuserAandthussetsthebalancedue(incorrectly)to$100.

Thebalancedueforthiscustomershouldbe$200,buttheupdatemadebyuserAhas
beenoverwrittenbytheupdatemadebyuserB.Thecompanyisout$100thateitherwill
belostrevenueorwilltakesignificantstafftimetouncoverandcorrect.Asyoucansee,
allowingconcurrentupdatestothedatabasewithoutsomesortofcontrolcancauseupdates
tobelost.Mostdatabasevendorsimplementalockingstrategytopreventconcurrent
updatestotheexactsamedata.

Locking Mechanisms
Alockisacontrolplacedinthedatabasetoreservedatasothatonlyonedatabasesession
mayupdateitatanyonetime.Whendataislocked,nootherdatabasesessioncanupdate
thedatauntilthelockisreleased,whichisusuallydonewithaCOMMITorROLLBACK
SQLstatement.SomeDBMSsalsoblockattemptstoreadlockeddata.Anyothersession
thatattemptstoupdatelockeddatawillbeplacedinalockwaitstate,andthesessionwill
stalluntilthelockisreleased.Somedatabaseproducts,suchasIBM’sDB2,willtime
outasessionthatwaitstoolongandreturnanerrorinsteadofcompletingtherequested
update.Others,suchasOracle,willleaveasessioninalockwaitstateforanindefinite
periodoftime.
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Bynowitshouldbenosurprisethatthereissignificantvariationinhowlocksare
handledbydifferentvendors’databaseproducts.Ageneraloverviewispresentedhere
withtherecommendationthatyouconsultyourdatabasevendor’sdocumentationfor
detailsonhowlocksaresupported.Locksmaybeplacedatvariouslevels(oftencalled
lockgranularity),andsomedatabaseproducts,includingSybaseASE,MicrosoftSQL
Server,andIBM’sDB2,supportmultiplelevelswithautomaticlockescalation,which
raiseslockstohigherlevelsasadatabasesessionplacesmoreandmorelocksonthe
samedatabaseobjects.Lockingandunlockingsmallamountsofdatarequiressignificant
overhead,soescalatinglockstohigherlevelscansubstantiallyimproveperformance.
Typicallocklevelsareasfollows:

● Database Theentiredatabaseislockedsothatonlyonedatabasesessionmayapply
updates.Thisisobviouslyanextremesituationthatshouldnotoccurveryoften,butit
canbeusefulwhensignificantmaintenanceisbeingperformed,suchasupgrading
toanewversionofthedatabasesoftware.Oraclesupportsthislevelindirectlywhen
thedatabaseisopenedinexclusivemode,whichrestrictsthedatabasetooneuser
sessiononly.

● File Anentiredatabasefileislocked.Recallthatafilecancontainpartofatable,
anentiretable,orpartsofmanytables.Thislevelislessfavoredinmoderndatabases
becausethedatalockedcanbesodiverse.

● Table Anentiretableislocked.Thislevelisusefulwhenyou’reperformingatable-
widechange,suchasreloadingallthedatainthetable,updatingeveryrow,oraltering
thetabletoaddorremovecolumns.OraclecallsthislevelaDDLlock,anditisused
whenDDLstatements(CREATE,DROP,andALTER)aresubmittedagainstatableor
otherdatabaseobject.

● Blockorpage Ablockorpagewithinadatabasefileislocked.Ablockisthesmallest
unitofdatathattheoperatingsystemcanreadfromorwritetoafile.Onmostpersonal
computers,theblocksizeiscalledthesectorsize.Someoperatingsystemsusepages
insteadofblocks.Apageisavirtualblockoffixedsize,typically2Kor4K,whichis
usedtosimplifyprocessingwhenmultiplestoragedevicessupportdifferentblocksizes.
Theoperatingsystemcanreadandwritepagesandlethardwaredriverstranslatethe
pagestoappropriateblocks.Aswithfilelocking,block(page)lockingislessfavored
inmoderndatabasesystemsbecauseofthediversityofthedatathatmayhappentobe
writtentothesameblockinthefile.

● Row Arowinatableislocked.Thisisthemostcommonlockinglevel,with
virtuallyallmoderndatabasesystemssupportingit.
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● Column Oneormorecolumnswithinarowinthetablearelocked.Thismethod
soundsterrificintheory,butit’snotverypracticalbecauseoftheresourcesrequiredto
placeandreleaselocksatthislevelofgranularity.Verysparsesupportforitexistsin
moderncommercialdatabasesystems.

Locksarealwaysplacedwhendataisupdatedordeleted.MostRDBMSsalso
supporttheuseofaFORUPDATEOFclauseonaSELECTstatementtoallowlocks
tobeplacedwhenthedatabaseuserdeclaresanintenttoupdatesomething.Somelocks
maybeconsideredread-exclusive,whichpreventsothersessionsfromevenreading
thelockeddata.ManyRDBMSshavesessionparametersthatcanbesettohelpcontrol
lockingbehavior.Oneofthelockingbehaviorstoconsideriswhetherallrowsfetched
usingacursorarelockeduntilthenextCOMMITorROLLBACK,orwhetherpreviously
readrowsarereleasedwhenthenextrowisfetched.Consultyourdatabasevendor’s
documentationformoredetails.
Themainproblemwithlockingmechanismsisthatlockscausecontention,meaning

thattheplacementoflockstopreventlossofdatafromconcurrentupdateshastheside
effectofcausingconcurrentsessionstocompetefortherighttoapplyupdates.Attheleast,
lockcontentionslowsuserprocessesassessionswaitforlocks.Attheworst,competing
lockrequestscanstallsessionsindefinitely,asyouwillseeinthenextsection.

Deadlocks
Adeadlockisasituationinwhichtwoormoredatabasesessionshavelockedsomedata
andtheneachhasrequestedalockondatathatanothersessionhaslocked.Figure11-2
illustratesthissituation.

Figure11-2  The deadlock
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Thisexampleagainusestwousersfromourfictitiouscompany,cleverlynamedAand
B.UserAisarepresentativeinthecustomerservicedepartmentandisattemptingtocorrect
apaymentthatwascreditedtothewrongcustomeraccount.Heneedstosubtract(debit)the
paymentfromCustomer1andadd(credit)ittoCustomer2.UserBisadatabasespecialist
intheITdepartment,andshehaswrittenanSQLstatementtoupdatesomeofthecustomer
phonenumberswithoneareacodetoanewareacodeinresponsetoarecentareacode
splitbythephonecompany.ThestatementhasaWHEREclausethatlimitstheupdateto
thosecustomershavingaphonenumberwithcertainprefixesinareacode510andupdates
thosephonenumberstothenewareacode.UserBsubmitsherSQLUPDATEstatement
whileuserAisworkingonhispaymentcreditproblem.Customers1and2bothhavephone
numbersthatneedtobeupdated.Thesequenceofevents(allhappeningwithinsecondsof
eachother),asillustratedinFigure11-2,takesplaceasfollows:

 1.UserAselectsthedatafromCustomer1andappliesanupdatetodebitthebalancedue.
Nocommitisissuedyetbecausethisisonlypartofthetransactionthatmusttakeplace.
TherowforCustomer1nowhasalockonitduetotheupdate.

 2.ThestatementsubmittedbyuserBupdatesthephonenumberforCustomer2.The
entireSQLstatementmustrunasasingletransaction,sothereisnocommitatthis
point,andthususerBholdsalockontherowforCustomer2.

 3.UserAselectsthebalanceforCustomer2andthensubmitsanupdatetocreditthebalance
due(sameamountasdebitedfromCustomer1).TherequestmustwaitbecauseuserB
holdsalockontherowtobeupdated.

 4.ThestatementsubmittedbyuserBnowattemptstoupdatethephonenumberfor
Customer1.TheupdatemustwaitbecauseuserAholdsalockontherowtobeupdated.

Thesetwodatabasesessionsarenowindeadlock.UserAcannotcontinueduetoa
lockheldbyuserB,andviceversa.Intheory,thesetwodatabasesessionswillbestalled
forever.Fortunately,modernDBMSscontainprovisionstohandlethissituation.One
methodpreventsdeadlocks.FewDBMSshavethiscapabilityduetotheconsiderable
overheadthisapproachrequiresandthevirtualimpossibilityofpredictingwhatan
interactivedatabaseuserwilldonext.However,thetheoryistoinspecteachlockrequest
forthepotentialtocausecontentionandnotpermitthelocktotakeplaceifadeadlock
ispossible.Themorecommonapproachisdeadlockdetection,whichabortsoneofthe
requeststhatcausedthedeadlock.Thiscanbedoneeitherbytiminglockwaitsandgiving
upafterapresettimeintervalorbyperiodicallyinspectingalllockstofindtwosessions
thathaveeachotherlockedout.Ineithercase,oneoftherequestsmustbeterminatedand
thetransaction’schangesrolledbacktoallowtheotherrequesttoproceed.
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Performance Tuning
AnyseasonedDBAwilltellyouthatdatabaseperformancetuningisanever-ending
task.Somethingalwaysneedstobetweakedtomakethedatabaserunmorequickly
and/orefficiently.Thekeytosuccessismanagingyourtimeandtheexpectationsofthe
databaseusers,andsettingtheperformancerequirementsforanapplicationbeforeitis
evenwritten.Simplestatementssuchas“everydatabaseupdatemustcompletewithin
4seconds”areusuallythebest.Withthatdone,performancetuningbecomesasimple
matteroflookingforthingsthatdonotconformtotheperformancerequirementand
tuningthemuntiltheydo.Thelawofdiminishingreturnsappliestodatabasetuning,and
youcanputlotsofeffortintotuningadatabaseprocessforlittleornogain.Thebeautyof
havingastandardperformancerequirementisthatyoucanstopwhentheprocessmeets
therequirementandthenmoveontothenextproblem.
AlthoughcomponentsotherthanSQLstatementscanbetuned,thesecomponents

aresospecifictoaparticularDBMSthatitisbestnottoattempttocoverthemhere.
Sufficeittosaythatmemoryusage,CPUutilization,andfilesystemI/Oallmustbetuned
alongwiththeSQLstatementsthataccessthedatabase.ThetuningofSQLstatementsis
addressedinthesectionsthatfollow.

Tuning Database Queries
About80percentofdatabasequeryperformanceproblemscanbesolvedbyadjusting
theSQLstatement.However,youmustunderstandhowtheparticularDBMSbeingused
processesSQLstatementsbeforeyoucanknowwhattotweak.Forexample,placingSQL
statementsinsidestoredprocedurescanyieldremarkableperformanceimprovementsin
MicrosoftSQLServerandSybaseASE,butthesameisusuallynottrueinOracle.
AqueryexecutionplanisadescriptionofhowaDBMSwillprocessaparticularquery,

includingindexusage,joinlogic,andestimatedresourcecost.Itisimportanttolearnhow
tousethe“explainplan”utilityinyourDBMS,ifoneisavailable,becauseitwillshow
youexactlyhowtheDBMSwillprocesstheSQLstatementyouareattemptingtotune.In
Oracle,theSQLEXPLAINPLANstatementanalyzesanSQLstatementandpostsanalysis
resultstoaspecialplantable.TheplantablemustbecreatedexactlyasspecifiedbyOracle,
soitisbesttousethescriptOracleprovidesforthispurpose.AfterrunningtheEXPLAIN
PLANstatement,youmustretrievetheresultsfromtheplantableusingaSELECT
statement.Fortunately,OracletoolssuchasSQLDeveloperhaveaGUIversionavailable
thatmakesquerytuningaloteasier.TheQuerytoolcontainedinMicrosoftSQLServer
ManagementStudio(SQLServer2005and2008)hasbuttonslabeledDisplayEstimated
ExecutionPlanandIncludeActualExecutionPlanthatgraphicallydisplayhowtheSQL
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statementwillbeexecuted.TheseoptionsarealsoaccessiblefromtheQuerymenu.In
olderversionsofMicrosoftSQLServer,theseoptions(withdifferentnames)canbefound
intheQueryAnalyzertool.
FollowingaresomegeneraltuningtipsforSQLthatapplytomostimplementations.You

shouldconsultatuningguidefortheparticularDBMSyouareusing,becausetechniques,
tips,andotherconsiderationsvarybyDBMSproduct.

Avoidtablescansoflargetables.Fortableslargerthan1000rowsorso,scanning
alltherowsinthetableinsteadofusinganindexcanbeexpensiveintermsofresources
required.And,ofcourse,thelargerthetable,themoreexpensivetablescansbecome.Full
tablescansoccurinthefollowingsituations:

● ThequerydoesnotcontainaWHEREclausetolimitrows.

● NoneofthecolumnsreferencedintheWHEREclausematchtheleadingcolumnofan
indexonthetable.

● Indexandtablestatisticshavenotbeenupdated.MostRDBMSqueryoptimizersuse
statisticstoevaluateavailableindexes,andwithoutstatistics,atablescanmaybeseen
asmoreefficientthanusinganindex.

● AtleastonecolumnintheWHEREclausedoesmatchthefirstcolumnofanavailable
index,butthecomparisonusedobviatestheuseofanindex.Thesecasesincludethe
following:

● UseoftheNOToperator(forexample,WHERENOTCITY='NewYork').In
general,indexescanbeusedtofindwhatisinatable,buttheycannotbeusedto
findwhatisnotinatable.

● UseoftheNOTEQUALoperator(forexample,WHERECITY<>'NewYork').

● Useofawildcardinthefirstpositionofacomparisonstring(forexample,
WHERECITYLIKE'%York%').

● UseofanSQLfunctioninthecomparison(forexample,WHERE
UPPER(CITY)='NEWYORK').

Createindexesthatareselective.Indexselectivityisaratioofthenumberofdistinct
valuesacolumnhas,dividedbythenumberofrowsinatable.Forexample,ifatablehas
1000rowsandacolumnhas800distinctvalues,theselectivityoftheindexis0.8,whichis
consideredgood.However,acolumnsuchasgenderthathasonlytwodistinctvalues(M
andF)hasverypoorselectivity(.002inthiscase).Uniqueindexesalwayshaveaselectivity
of1.0,whichisthebestpossible.WithsomeRDBMSssuchasDB2,uniqueindexesareso
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superiorthatDBAsoftenaddotherwiseunnecessarycolumnstoanindexjusttomakethe
indexunique.However,alwayskeepinmindthatindexestakestoragespaceandmustbe
maintained,sotheyarenevera“freelunch.”

Evaluatejointechniquescarefully.MostRDBMSsoffermultiplemethodsforjoining
tables,withthequeryoptimizerintheRDBMSselectingtheonethatappearsbestbased
ontablestatistics.Ingeneral,creatingindexesonforeignkeycolumnsgivestheoptimizer
moreoptionsfromwhichtochoose,whichisalwaysagoodthing.Runanexplainplan
andconsultyourRDBMSdocumentationwhentuningjoins.

Payattentiontoviews.BecauseviewsarestoredSQLqueries,theycanpresent
performanceproblemsjustlikeanyotherquery.

TunesubqueriesinaccordancewithyourRDBMSvendor’srecommendations.
Limituseofremotetables.Tablesconnectedtoremotelyviadatabaselinksnever

performaswellaslocaltables.
Verylargetablesrequirespecialattention.Whentablesgrowtomillionsofrowsinsize,

anyquerycanbeaperformancenightmare.Evaluateeveryquerycarefully,andconsider
partitioningthetabletoimprovequeryperformance.Tablepartitioningisaddressedin
Chapter8.YourRDBMSmayofferotherspecialfeaturesforverylargetablesthatwill
improvequeryperformance.

Q: Ioftendon’tknowwhatcasewasusedinthedatabaseforpropernamessuchas
citynames.YoumentionedthatusingafunctionsuchasUPPERinthepredicate(for
example,WHEREUPPER(CITY)='NEWYORK')obviatestheuseofanindexonthat
column.Arethereanyworkaroundsforthis?

A: Icanthinkofseveral.First,ifyouuseaDBMSthatsupportscase-insensitivecomparisons,
suchasSQLServer,SybaseASE,orMicrosoftAccess,thefunctionisn’tneededbecauseit
doesn’tmatterwhatcaseyouuseintheWHEREpredicate.Second,iftheDBMSsupports
whatisknownasafunction-basedindex,youcancreateanindexonanexpressionsuchas
UPPER(CITY)andthenpredicatesthatusethesamefunctiononthesamecolumncanuse
theindex.Oraclesupportsthisfeature.Third,youcanstorethedataintwocolumns:one
asenteredbytheuser,andtheotherfoldedeithertouppercaseorlowercaseforsearching.
Whilethisisnotagreatideainatransaction-processingdatabase,itisacommontechnique
indatawarehousesanddatamarts,wheretheredundantdatatypicallydoesn’tleadtoany
dataconsistencyissues.(ThesetypesofdatabasesarediscussedindetailinChapter12).

Ask the Expert
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Tuning DML Statements
DataManipulationLanguage(DML)statementsgenerallyproducefewerperformance
problemsthanquerystatements.However,therecanbeissues.
INSERTstatementshavetwomainconsiderations:

● Ensuringadequatefreespaceinthetablespacestoholdnewrows Tablespaces
thatareshortonspacepresentproblemsastheDBMSsearchesforfreespaceto
holdrowsbeinginserted.Moreover,insertsdonotusuallyputrowsintothetablein
primarykeysequencebecausefreespaceisn’tusuallyavailableinexactlytheright
places.Therefore,reorganizingthetable,whichisessentiallyaprocessofunloading
therowstoaflatfile,re-creatingthetable,andthenreloadingthetable,canimprove
bothinsertandqueryperformance.

● Indexmaintenance Everytimearowisinsertedintoatable,acorrespondingentry
mustbeinsertedintoeveryindexbuiltonthetable(nullvaluesareneverindexed,
however).Themoreindexes,themoreoverheadeveryinsertwillrequire.Indexfree
spacecanusuallybetunedjustastablefreespacecan.

UPDATEstatementshavethefollowingconsiderations:

● Indexmaintenance Ifcolumnsthatareindexedareupdated,thecorrespondingindex
entriesmustalsobeupdated.Ingeneral,updatingprimarykeyvalueshasparticularly
badperformanceimplications,somuchsothatsomeRDBMSsprohibitit.

● Rowexpansion Whencolumnsareupdatedinsuchawaythattherowgrows
significantlyinsize,therowmaynolongerfitinitsoriginallocation,andsufficient
freespacearoundtherowmaynotbeavailableforittoexpandinplace(otherrows
mightberightupagainsttheonejustupdated).Whenthisoccurs,therowmusteither
bemovedtoanotherlocationinthedatafilewhereitwillfitorbesplitwiththe
expandedpartoftherowplacedinanewlocation,connectedtotheoriginallocation
byapointer.Bothofthesesituationsarenotonlyexpensivewhentheyoccurbut
arealsodetrimentaltotheperformanceofsubsequentqueriesthattouchthoserows.
Tablereorganizationscanresolvetheissue,butitisbettertopreventtheproblemby
designingtheapplicationsothatrowstendnottogrowinsizeaftertheyareinserted.

DELETEstatementsaretheleastlikelytopresentperformanceissues.However,a
tablethatparticipatesasaparentinarelationshipthatisdefinedwiththeONDELETE
CASCADEoptioncanperformpoorlyiftherearemanychildrowstodelete.
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Change Control
Changecontrol(alsoknownaschangemanagement)istheprocessusedtomanage
thechangesthatoccurafterasystemisimplemented.Achangecontrolprocesshasthe
followingbenefits:

● Ithelpsyouunderstandwhenitisacceptabletomakechangesandwhenitisnot.

● Itprovidesalogofallchangesthathavebeenmadetoassistwithtroubleshootingwhen
problemsoccur.

● Itcanmanageversionsofsoftwarecomponentssothatadefectiveversioncanbe
smoothlybackedout.

Changeisinevitable.Notonlydobusinessrequirementschange,butnewversions
ofdatabaseandoperatingsystemsoftwareandnewhardwaredeviceseventuallymust
beincorporated.Technologistsshoulddeviseachangecontrolmethodsuitabletothe
organization,andmanagementshouldapproveitasastandard.Anythinglessleadsto
chaoswhenchangesaremadewithoutthepropercoordinationandcommunication.
Althoughterminologyvariesamongstandardmethods,theyallhavecommonfeatures:

● Versionnumbering Componentsofanapplicationsystemareassignedversion
numbers,usuallystartingwith1andadvancingsequentiallyeverytimethecomponent
ischanged.Usuallyarevisiondateandtheidentifierofthepersonmakingthechange
arecarriedwiththeversionnumber.

● Release(build)numbering Areleaseisapointintimeatwhichallcomponents
ofanapplicationsystem(includingdatabasecomponents)arepromotedtothenext
environment(forexample,fromdevelopmenttosystemtest)asabundlethatcanbe
testedanddeployedtogether.Someorganizationsusethetermbuildinstead.Database
environmentsarediscussedinChapter5.Asreleasesareformed,itisimportantto
labeleachcomponentincludedwiththerelease(orbuild)number.Thisallowsyouto
tellwhichversionofeachcomponentwasincludedinaparticularrelease.

● Prioritization Changesmaybeassignedprioritiestoallowthemtobescheduled
accordingly.

● Changerequesttracking Changerequestscanbeplacedintothechangecontrol
system,routedthroughchannelsforapproval,andmarkedwiththeapplicablerelease
numberwhenthechangeiscompleted.
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● Check-outandcheck-in WhenadeveloperorDBAisreadytoapplychangesto
acomponent,heshouldbeabletocheckitout(reserveit),whichpreventsothers
frommakingpotentiallyconflictingchangestothesamecomponentatthesametime.
Whenworkiscomplete,thedeveloperorDBAchecksthecomponentbackin,which
essentiallyreleasesthereservation.

Anumberofcommercialandfreewaresoftwareproductscanbedeployedtoassistwith
changecontrol.However,itisimportantthatyouestablishtheprocessbeforechoosing
tools.Inthisway,theorganizationcanestablishthebestprocessfortheirneedsandfind
thetoolthatbestfitsthatprocessratherthantryingtoretrofitatooltotheprocess.
Fromthedatabaseperspective,theDBAshoulddevelopDDLstatementstoimplement

allthedatabasecomponentsofanapplicationsystemandascriptthatcanbeusedtoinvoke
allthechanges,includinganyrequiredconversions.Thisdeploymentscriptandallthe
DDLshouldbecheckedintothechangecontrolsystemandmanagedjustlikealltheother
softwarecomponentsofthesystem.

 Chapter 11 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blankquestions.
Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.Acursoris____________.

 2.Aresultsetis____________.

 3.TheIintheACIDacronymstandsfor____________.

 4.Beforerowsmaybefetchedfromacursor,thecursormustfirstbe

 A Declared

 B Committed

 C Opened

 D Closed

 E Purged

 5.Atransaction

 A Maybepartiallyprocessedandcommitted

 B Maynotbepartiallyprocessedandcommitted

✓
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 C Changesthedatabasefromoneconsistentstatetoanother

 D Issometimescalledaunitofwork

 E HaspropertiesdescribedbytheACIDacronym

 6.MicrosoftSQLServersupportsthefollowingtransactionmodes:

 A Autocommit

 B Automatic

 C Durable

 D Explicit

 E Implicit

 7.Oraclesupportsthefollowingtransactionmodes:

 A Autocommit

 B Automatic

 C Durable

 D Explicit

 E Implicit

 8.TheSQLstatements(commands)thatendatransactionare

 A SETAUTOCOMMIT

 B BEGINTRANSACTION(inSQLServer)

 C COMMIT

 D ROLLBACK

 E SAVEPOINT

 9.Theconcurrentupdateproblem

 A Isaconsequenceofsimultaneousdatasharing

 B CannotoccurwhenAUTOCOMMITissettoON

 C Isthereasonthattransactionlockingmustbesupported

 D OccurswhentwodatabaseuserssubmitconflictingSELECTstatements

 E Occurswhentwodatabaseusersmakeconflictingupdatestothesamedata
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 10.Alock

 A Isacontrolplacedondatatoreserveitsothattheusermayupdateit

 B IsusuallyreleasedwhenaCOMMITorROLLBACKtakesplace

 C HasatimeoutsetinDB2andsomeotherRDBMSproducts

 D Maycausecontentionwhenotherusersattempttoupdatelockeddata

 E MayhavelevelsandanescalationprotocolinsomeRDBMSproducts

 11.Adeadlock

 A Isalockthathastimedoutandisthereforenolongerneeded

 B Occurswhentwodatabaseuserseachrequestalockondatathatislockedby
theother

 C Cantheoreticallyputtwoormoreusersinanendlesslockwaitstate

 D MayberesolvedbydeadlockdetectiononsomeRDBMSs

 E MayberesolvedbylocktimeoutsonsomeRDBMSs

 12.Performancetuning

 A Isanever-endingprocess

 B Shouldbeusedoneachqueryuntilnomoreimprovementcanberealized

 C Shouldbeusedonlyonqueriesthatfailtoconformtoperformancerequirements

 D InvolvesnotonlySQLtuningbutalsoCPU,filesystemI/O,andmemory
usagetuning

 E Shouldberequirementsbased

 13.SQLquerytuning

 A Canbedoneinthesamewayforallrelationaldatabasesystems

 B Usuallyinvolvesusinganexplainplanfacility

 C AlwaysinvolvesplacingSQLstatementsinastoredprocedure

 D AppliesonlytoSQLSELECTstatements

 E RequiresdetailedknowledgeoftheRDBMSonwhichthequeryistoberun
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 14.GeneralSQLtuningtipsincludewhichofthefollowing?

 A Avoidtablescansonlargetables.

 B Useanindexwheneverpossible.

 C UseanORDERBYclausewheneverpossible.

 D UseaWHEREclausetofilterrowswheneverpossible.

 E Useviewswheneverpossible.

 15.SQLpracticesthatobviatetheuseofanindexare

 A UseofaWHEREclause

 B UseofaNOToperator

 C Useoftablejoins

 D UseoftheNOTEQUALoperator

 E UseofwildcardsinthefirstcolumnofLIKEcomparisonstrings

 16.Indexesworkwellatfilteringrowswhen

 A Theyareveryselective.

 B Theselectivityratioisveryhigh.

 C Theselectivityratioisverylow.

 D Theyareunique.

 E Theyarenotunique.

 17.ThemainperformanceconsiderationsforINSERTstatementsare

 A Rowexpansion

 B Indexmaintenance

 C Freespaceusage

 D Subquerytuning

 E Anyverylargetablesthatareinvolved
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 18.ThemainperformanceconsiderationsforUPDATEstatementsare

 A Rowexpansion

 B Indexmaintenance

 C Freespaceusage

 D Subquerytuning

 E Anyverylargetablesthatareinvolved

 19.Achangecontrolprocess

 A Canpreventprogrammingerrorsfrombeingplacedintoproduction

 B Mayalsobecalledchangemanagement

 C Helpswithunderstandingwhenchangesmaybeinstalled

 D Providesalogofallchangesmade

 E Canallowdefectivesoftwareversionstobebackedout

 20.Commonfeaturesofchangecontrolprocessesincludewhichofthefollowing?

 A Transactionsupport

 B Versionnumbering

 C Deadlockprevention

 D Releasenumbering

 E Prioritization
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Chapter 12
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KeySkills&Concepts
● DataWarehouses

● DataMarts

● DataMining

Startinginthe1980s,businessesrecognizedtheneedforkeepinghistoricaldataand
usingitforanalysistoassistindecisionmaking.Itwassoonapparentthatdata

organizedforusebyday-to-daybusinesstransactionswasnotasusefulforanalysis.
Infact,storingsignificantamountsofhistoryinanoperationaldatabase(adatabase
designedtosupporttheday-to-daytransactionsofanorganization)couldhaveserious
detrimentaleffectsonperformance.WilliamH.(Bill)Inmonpioneeredworkinaconcept
knownasdatawarehousing,inwhichhistoricaldataisperiodicallytrimmedfromthe
operationaldatabaseandmovedtoadatabasespecificallydesignedforanalysis.Itwas
Inmon’sdedicatedpromotionoftheconceptthatearnedhimthetitle“fatherofdata
warehousing.”
Thepopularityofthedatawarehouseapproachgrewwitheachsuccessstory.In

additiontoInmon,othersmadesignificantcontributions,notablyRalphKimball,who
developedspecializeddatabasearchitecturesfordatawarehouses(coveredinthe“Data
WarehouseArchitecture”section,laterinthischapter).E.F.(Ted)Coddaddedhis
endorsementtothedatawarehouseapproachandcoinedtwoimportanttermsin1993:

● Onlinetransactionprocessing(OLTP) Systemsdesignedtohandlehighvolumes
oftransactionsthatcarryouttheday-to-dayactivitiesofanorganization

● Onlineanalyticalprocessing(OLAP) Analysisofdata(oftenhistorical)toidentify
trendsthatassistinmakingstrategicdecisionsregardingthebusiness

Uptothispoint,thechaptersofthisbookhavedealtalmostexclusivelywithOLTP
databases.Thischapter,ontheotherhand,isdevotedexclusivelytoOLAPdatabase
concepts.
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Data Warehouses
UsingInmon’sdefinition,adatawarehouseisasubject-oriented,integrated,time-variant,
andnonvolatilecollectionofdataintendedtosupportmanagementdecisionmaking.Here
aresomeimportantpropertiesofdatawarehouses:

● Theyareorganizedaroundmajorsubjectareasofanorganization,suchassales,
customers,suppliers,andproducts.OLTPsystems,ontheotherhand,aretypically
organizedaroundmajorprocesses,suchaspayroll,orderentry,billing,andsoforth.

● Theyareintegratedfrommultipleoperational(OLTP)datasources.

● Theyarenotupdatedinrealtime,butperiodically,basedonanestablishedschedule.
Dataispulledfromoperationalsourcesasoftenasneeded,suchasdaily,weekly,
monthly,andquarterly.

Thepotentialbenefitsofawell-constructeddatawarehousearesignificant,including
thefollowing:

● Competitiveadvantage

● Increasedproductivityofcorporatedecisionmakers

● Potentialhighreturnoninvestmentastheorganizationfindsthebestwaystoimprove
efficiencyand/orprofitability

However,therearesignificantchallengestocreatinganenterprise-widedata
warehouse,includingthefollowing:

● Underestimationoftheresourcesrequiredtoloadthedata

● Hiddendataintegrityproblemsinthesourcedata

● Omittingdata,onlytofindoutlaterthatitisrequired

● Ever-increasingenduserdemands(eachnewfeaturespawningideasforevenmore
features)

● Consolidatingdatafromdisparatedatasources

● Highresourcedemands(hugeamountsofstorage;queriesthatprocessmillionsofrows)

● Ownershipofthedata

● Difficultyindeterminingwhatthebusinessreallywantsorneedstoanalyze

● “Bigbang”projectsthatseemnever-ending
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OLTP Systems Compared  
with Data Warehouse Systems
DatawarehousesystemsandOLTPsystemsarefundamentallydifferent.Hereisa
comparison:

OLTPSystems DataWarehouseSystems
Hold current data Hold historic data

Store current data Store detailed data along with lightly and highly 
summarized data

Data is dynamic Data is static, except for periodic additions

Database queries are short-running and 
access relatively few rows of data

Database queries are long-running and access many 
rows of data

High transaction volume Medium to low transaction volume

Repetitive processing; predictable usage 
pattern

Ad hoc and unstructured processing; unpredictable 
usage pattern

Transaction driven; support day-to-day 
operations

Analysis driven; support strategic decision making

Process oriented Subject oriented

Serve a large number of concurrent users Serve a relatively low number of managerial users 
(decision makers)

Data Warehouse Architecture
TwoschoolsofthoughtreignastothebestwaytoorganizeOLTPdataintoadata
warehouse:thesummarytableapproachandthestarschemaapproach.Thefollowing
subsectionstakealookateachapproach,alongwiththebenefitsanddrawbacksofeach.

Summary Table Architecture
Inmonoriginallydevelopedthesummarytabledatawarehousearchitecture.Thisdata
warehouseapproachinvolvesstoringdatanotonlyindetailform,butalsoinsummary
tablessothatanalysisprocessesdonothavetosummarizethesamedatacontinually.
Thisisanobviousviolationoftheprinciplesofnormalization,butbecausethedatais
historical—andthereforeisnotexpectedtochangeafteritisstored—thedataanomalies
(insert,update,anddelete)thatdrivetheneedfornormalizationsimplydon’texist.
Figure12-1showsthesummarytabledatawarehousearchitecture.
Datafromoneormoreoperationaldatasources(databasesorflatfilesystems)

isperiodicallymovedintothedatawarehousedatabase.Amajorkeytosuccessis
determiningtheappropriatelevelofdetailthatmustbecarriedinthedatabaseand
anticipatingthenecessarylevelsofsummarization.UsingAcmeIndustriesasanexample,
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ifthesubjectofthedatawarehouseissales,itmaybenecessarytokeepeverysingle
invoice,oritmaybenecessarytokeeponlythoseinvoicesthatexceedacertainamount—
orperhapsonlythosethatcontaincertainproducts.Ifrequirementsarenotunderstood,
itisunlikelythatthedatawarehouseprojectwillbesuccessful.Failureratesofdata
warehouseprojectsarehigherthanmostothertypesofITprojects,andthemostcommon
causeoffailureispoorlydefinedrequirements.
Intermsofsummarization,wemightsummarizethetransactionsbymonthin

onesummarytableandbyproductinanother.Atthenextlevelofsummarization,we
mightsummarizethemonthsbyquarterinonetableandtheproductsbydepartmentin
another.Anenduser(thepersonusingtheanalysistoolstoobtainresultsfromtheOLAP
database)mightlookatsalesbyquarterandnoticethatoneparticularquarterdoesn’tlook
quiteright.Theusercanexpandthequarterofconcernandexaminethedataformonths
withinit.Thisprocessisknownas“drillingdown”tomoredetailedlevels.Theusermay
thenchooseaparticularmonthofinterestanddrilldowntothedetailedtransactionsfor
thatmonth.

Operational 
Data 

Source 1

Operational 
Data 

Source 2

Operational 
Data 

Source 3

End-user 
Analysis Tools

Data Warehouse Database

Metadata 
Tables

Highly 
Summarized 

Data 
Table(s)

Lightly 
Summarized 

Data 
Table(s)

Detailed 
Data 

Table(s)

Figure12-1  Summary table data warehouse architecture
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Themetadata(dataaboutdata)showninFigure12-1isveryimportantand,unfortunately,
oftenamissinglink.Ideally,themetadatadefineseverydataiteminthedatawarehouse,
alongwithsufficientinformationsoitssourcecanbetrackedallthewaybacktothe
originalsourcedataintheoperationaldatabase.Thebiggestchallengewithmetadatais
that,lackingstandards,eachvendorofdatawarehousetoolshasstoredmetadatainitsown
way.Whenmultipleanalysistoolsareinuse,metadatamustusuallybeloadedintoeach
oneofthemusingproprietaryformats.Forend-useranalysistools(alsocalledOLAPtools
orbusinessintelligencetools),notonlyaretoolsembeddedinmajorrelationaldatabase
productssuchasSQLServerandOracle,butliterallydozensofspecializedcommercial
productsareavailable,includingBusinessObjects(nowownedbySAP),Cognos(anIBM
company),Actuate,Hyperion(nowownedbyOracle),andmanymore.

Star Schema Data Warehouse Architecture
Kimballdevelopedaspecializeddatabasestructureknownasthestarschemaforstoring
datawarehousedata.HiscontributiontoOLAPdatastorageissignificant.RedBrick,the
firstDBMSdevotedexclusivelytoOLAPdatastorage,usedthestarschema.Inaddition,
RedBrickofferedSQLextensionsspecificallyfordataanalysis,includingmoving
averages,thisyearversuslastyear,marketshare,andranking.InformixacquiredRed
Brick’stechnology,andlaterIBMacquiredInformix,soIBMnowmarketstheRedBrick
technologyaspartofitsdatawarehousesolution.Figure12-2showsthebasicarchitecture
ofadatawarehouseusingthestarschema.
Thestarschemausesasingledetaileddatatable,calledafacttable,surroundedby

supportingreferencedatatablescalleddimensiontables,formingastarlikepattern.Compared
withthesummarytabledatawarehousearchitecture,thefacttablereplacesthedetaileddata
tables,andthedimensiontableslogicallyreplacethesummarytables.Asidefromtheprimary
key,eachattributeinthefacttablemustbeeitherafact(ametricthatcanbesummarized)
oraforeignkeytoadimensiontable.Keepinmindthatfactsmustbeadditive,suchas
quantities,scores,timeintervals,andcurrencyamounts.Anewstarschemaisconstructed
foreachadditionalfacttable.Dimensiontableshaveaone-to-manyrelationshipwiththefact
table,withtheprimarykeyofthedimensiontableappearingasaforeignkeyinthefacttable.
However,dimensiontablesarenotnecessarilynormalizedbecausetheymayhaveanentire
hierarchy,suchaslayersofanorganizationordifferentsubcomponentsoftime,compressed
intoasingletable.Thedimensiontablesmayormaynotcontainsummaryinformation,such
astotals,buttheygenerallyshouldnotcontainfacts.
UsingourpriorAcmeIndustriessalesexample,thefacttablewouldcontainthe

invoicesfromthetable,andtypicaldimensiontableswouldbetime(days,months,
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Figure12-2  Star schema data warehouse architecture

Q: I’veheardthatstarschemascanbeverydifficulttousewhenanalysisrequires
combiningdatafrommultiplefacttables.Isthereawayaroundtheseissues?

A: Yes,indeed,butthesolutionistodesignthedimensionscorrectlyratherthanemploying
workaroundsafterthedatawarehouseisimplemented.If,forexample,thetimedimension
inoneschemausescalendarmonths,andanotherusesfiscalmonths,itmaybeimpossible
tocombinethemunlessindividualdaysaresomehowavailable.Thetrickistousewhat
Kimballcallsconformeddimensions,whicharedimensionsthathaveidenticalstructure,
attributes,domainvalues,definitions,andconcepts.Followingthattenet,everytime
dimensioninthedatabasewouldbeidenticallydefined,perhapsbycalendarday,whichcan
easilyberolleduptocalendarorfiscalweeks,months,andquarters.

Ask the Expert
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quarters,andperhapsyears),products,andorganizationalunits(departments,divisions,
andsoforth).Infact,timeandorganizationalstructureappearasdimensionsinmost
starschemas.Asyoumightguess,thekeystosuccessinstarschemaOLAPdatabases
aregettingthefacttablerightandusingonlyconformeddimensions.Here’salistofthe
considerationsthatinfluencethedesignofthefacttable:

● Therequiredtimeperiod(howoftendatawillbeaddedandhowlonghistorymust
remainintheOLAPdatabase)

● Storingeverytransactionversusstatisticalsampling

● Columnsinthesourcedatatable(s)thatarenotnecessaryforOLAP

● Columnsthatcanbereducedinsize

● Thebestusesofintelligent(natural)andsurrogate(dumb)keys

● Partitioningofthefacttable

Overtime,somevariationsofthestarschemaemerged:

● Snowflakeschema Avariantinwhichdimensionsareallowedtohavedimensions
oftheirown.Thenamecomesfromtheentity-relationshipdiagram’sresemblancetoa
snowflake.Ifyoufullynormalizethedimensionsofastarschema,youendupwitha
snowflakeschema.Forexample,thetimedimensionatthefirstlevelcouldtrackdays,
withadimensiontableaboveittotrackweeks,oneabovethattotrackmonths,one
abovethatonetotrackquarters,andsoforth.Similararrangementscouldbeusedto
trackthehierarchyofanorganization(departments,divisions,andsoon).

● Starflakeschema Ahybridarrangementcontainingamixtureof(denormalized)
starand(normalized)snowflakedimensions.

Multidimensional Databases
Multidimensionaldatabasesevolvedfromstarschemas.Theyaresometimescalled
multidimensionalOLAP(MOLAP)databases.Anumberofspecializedmultidimensional
databasesystemsareonthemarket,includingOracleExpress,MicrosoftSQLServer
AnalysisServices,andOracleEssbase.MOLAPdatabasesarebestvisualizedascubes,
whereeachdimensionformsasideofthecube.Toaccommodateadditionaldimensions,
thecube(orsetofcubes)issimplyrepeatedforeach.
Figure12-3showsafour-columnfacttableforAcmeIndustries.ProductLine,Sales

Department,andQuarteraredimensions,andtheywouldbeforeignkeystoadimension



 Chapter12: DatabasesforOnlineAnalyticalProcessing 361

tableinastarschema.Quantitycontainsthenumberofunitssoldforeachcombinationof
ProductLine,SalesDepartment,andQuarter.
Figure12-4showsthemultidimensionalequivalentofthetableshowninFigure12-3.

NotethatSalesDepartment,ProductLine,andQuarterallbecomeedgesofthecube,
withthesinglefactQuantitystoredineachgridsquare.Thedimensionsdisplayedmaybe
changedbysimplyrotatingthecube.
Whenthedimensionscontaindatathatmutatesovertime,suchasaproductbeingmoved

fromoneproductfamilytoanother,wecallthisaslowlychangingdimension.Thesepresent

Product Line Sales Department Quarter Quantity
Helmets Corporate Sales 1 2250

Helmets Corporate Sales 2 2107

Helmets Corporate Sales 3 5203

Helmets Corporate Sales 4 5806

Helmets Internet Sales 1 1607

Helmets Internet Sales 2 1812

Helmets Internet Sales 3 4834

Helmets Internet Sales 4 5150

Springs Corporate Sales 1 16283

Springs Corporate Sales 2 17422

Springs Corporate Sales 3 21288

Springs Corporate Sales 4 32768

Springs Internet Sales 1 12

Springs Internet Sales 2 24

Springs Internet Sales 3 48

Springs Internet Sales 4 48

Rockets Corporate Sales 1 65

Rockets Corporate Sales 2 38

Rockets Corporate Sales 3 47

Rockets Corporate Sales 4 52

Rockets Internet Sales 1 2

Rockets Internet Sales 2 1

Rockets Internet Sales 3 6

Rockets Internet Sales 4 9

Figure12-3  Four-column fact table for Acme Industries
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aspecialchallengewhendesigningmultidimensionalschemas.Severalsolutionmethods,
knownastypesofslowlychangingdimensions,arelistedinthefollowingtable:

MethodType Description
1 Old data is overwritten with new data, so no tracking of history occurs.

2
A new row is created every time any data in the dimension changes, which 
provides unlimited history. A version number or effective dates are included in 
each row to record the sequence of the changes.

3

Multiple columns are provided for each attribute for which changes must be 
tracked, with each new value written into the next available column for the 
attribute. Naturally, the amount of history is limited to the number of columns 
provided.

4 Current data is kept in one table, and a history table is used to record some or 
all of the previous data values.

Youcanfindmoreinformationonslowlychangingdimensionsinthemanyarticles
publishedontheInternet.
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Department

Product 
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Rockets
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Figure12-4  Three-dimension cube for Acme Industries
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Data Marts
Adatamartisasubsetofadatawarehousethatsupportstherequirementsofaparticular
departmentorbusinessfunction.Inpart,datamartsevolvedinresponsetosomehighly
visiblemultimillion-dollardatawarehouseprojectfailures.Whenanorganizationhaslittle
experiencebuildingOLTPsystemsanddatabases,orwhenrequirementsareverysketchy,
ascaled-downprojectsuchasadatamartisafarlessriskyapproach.Hereareafew
characteristicsofdatamarts:

● Focusononedepartmentorbusinessprocess

● Donotnormallycontainanyoperationaldata

● Containmuchlessinformationthanadatawarehouse

Herearesomereasonsforcreatingadatamart:

● Datamaybetailoredtoaparticulardepartmentorbusinessfunction.

● Overallcostsarelowerthanthatofafulldatawarehouse.

● Projectislowerriskthanafulldatawarehouseproject.

● Alimitednumberofend-useranalysistools(usuallyjustone)allowdatatobetailored
totheparticulartooltobeused.

● Fordepartmentaldatamarts,thedatabasemaybeplacedphysicallynearthe
department,reducingnetworkdelays.

Threebasicstrategiescanbeusedtobuilddatamarts:

● Buildtheenterprise-widedatawarehousefirst,anduseittopopulatedatamarts.The
problemwiththisapproachisthatyouwillnevergettobuildthedatamartsifthedata
warehouseprojectendsupbeingcanceledorputonindefinitehold.

● Buildseveraldatamartsandbuildthedatawarehouselater,integratingthedatamarts
intotheenterprise-widedatawarehouseatthattime.Thisisalowerriskstrategy,
atleastintermsofdelivery,becauseitdoesnotdependoncompletionofamajor
datawarehouseproject.However,itmaycostmorebecauseofthereworkrequired
tointegratethedatamartsafterthefact.Moreover,ifseveraldatamartsarebuilt
containingsimilardatawithoutacommondatawarehousetointegrateallthedata,the
samequerymayyielddifferentresultsdependingonthedatamartused.Imagine,for
example,thefinancedepartmentquotingonerevenuenumberandthesalesdepartment
another,onlytofindtheyarebothcorrectlyquotingtheirdatasources.
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● Buildthedatawarehouseanddatamartssimultaneously.Thissoundsgreatonpaper,
butwhenyouconsiderthatthealreadycomplexandlargedatawarehouseproject
nowhasthedatamartsaddedtoitsscope,youbegintoappreciatetheenormityofthe
project.Infact,thisstrategypracticallyguaranteesthatthedatawarehouseproject
willbethenever-endingprojectfromhell.

Data Mining
Dataminingistheprocessofextractingvalid,previouslyunknown,comprehensible,
andactionableinformationfromlargedatabasesandusingittomakecrucialbusiness
decisions.Thebiggestbenefitisthatitcanuncovercorrelationsinthedatathatwere
neversuspected.Thecaveatisthatitnormallyrequiresverylargedatavolumesinorderto
produceaccurateresults.MostcommercialOLAP/businessintelligence(BI)toolsinclude
somedata-miningfeatures.
Oneofthecommonlycitedstoriesofanearlysuccesswithdatamininginvolvesan

NCRCorporationemployeewhoproducedastudyforAmericanStores’OscoDrugsin
1992.Thestudynotedacorrelationbetweenbeersalesanddiapersalesbetween5P.M.
and7P.M.,meaningthatthetwoitemswerefoundtogetherinasinglepurchasemore
oftenthanpurerandomnesswouldsuggest.Thiscorrelationwassubsequentlymentioned
inaspeech,andthe“beeranddiapers”storyquicklybecameabitofanurbanlegendin
datawarehousecircles.Countlessconferencespeakershaverelatedthestoryofyoung
fatherssentoutfordiaperswhograbasix-packatthesametime,oftenembellishedwell
beyondthefacts.However,thestoryremainsanexcellentexampleofhowunexpectedthe
resultsofdataminingcanbe.
Onceyoudiscoveracorrelation,theorganizationmustdecidethebestactiontotaketo

capitalizeonthenewinformation.Inthe“beeranddiapers”example,thecompanycould
eitherstrategicallyplacethediaperdisplaynearthebeerchillersforthatquickimpulse
saleorperhapsplacecoupondispensersforbeernearthediaperdisplay,strategically
locatingthebeeranddiapersproductsatoppositecornersofthestoreinhopesofmore

Q: Aredatamartsbuiltusingsummarytablesorstarschemas?

A: Datamartsarebuiltalmostexclusivelyusingstarschemas.Thisismostlikelybecause
almostallthepopularend-useranalysistoolsexpectstarschemas,includingpivottables
supportedbyspreadsheettoolssuchasMicrosoftExcel.

Ask the Expert
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TryThis12-1

impulsebuysastheshopperpicksuponeitemandheadsacrossthestorefortheother.
Forthenewlyfoundinformationtobeofbenefit,theorganizationmustbeagileenough
totakesomeaction,sodataminingitselfisn’tasilverbulletbyanymeasure.

   Design Star Schema Fact and 
Dimension Tables

InthisTryThisexercise,youwilldesignastarschemafactfortheBOOKtableforthe
ComputerBooksCompanyschemafromTryThis6-2,alongwithitsassociateddimension
tables.Foreasyreference,herearethenormalizedOLTPtablesthatneedconsideration:

BOOK:ISBN(PK),BOOKTITLE,SUBJECTCODE,PUBLISHERID,
EDITIONCODE,EDITIONCOST,SELLINGPRICE,
QUANTITYONHAND,QUANTITYONORDER,
RECOMMENDEDQUANTITY,PREVIOUSEDITIONISBN

SUBJECT:SUBJECTCODE(PK),DESCRIPTION

AUTHOR:AUTHORID(PK),AUTHORNAME

BOOK-AUTHOR:AUTHORID(PK),ISBN(PK)

PUBLISHER:PUBLISHERID(PK),PUBLISHERNAME,STREETADDRESS,
CITY,STATE,ZIPCODE,AMOUNTPAYABLE

Step by Step
 1.Designthefacttable:

 a. Identifythefactsthatwillgoinyourfacttable.FortheBOOKtable,theonly
attributesthatcanbefactsareEDITIONCOST,SELLINGPRICE,QUANTITY
ONHAND,QUANTITYONORDER,andRECOMMENDEDQUANTITY.

 b. AmongtheremainingattributesintheBOOKtable,identifythosethatareforeign
keystodimensiontables.TheseareSUBJECTCODEandPUBLISHERID.

 c. TheremainingattributesareBOOKTITLEandPREVIOUSEDITIONISBN.
Whatcanbedonewiththese?Onechoiceissimplytoeliminatethemforyourstar
schema.Butanotheristomakeadimensionoutofthem,calledsomethinglike
BOOKTITLE.ThefacttablecanthenbejoinedwiththedimensionusingISBN
whenyouwanttoincludethetitleorpreviouseditionISBNinourqueryresults.

 d. Listthecontentsofthefacttable.
(continued)
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 2.Designthedimensiontables:

 a. FromStep1.c,designadimensiontabletoholdBOOKTITLEandPREVIOUS
EDITIONISBN.

 b. SUBJECTbecomesadimensionjustasitis.

 c. AUTHORandBOOK_AUTHORposeasmallchallengebecausetheyforma
hierarchy.However,ifyoucollapsethemintoasingletable,theyformadimension
thatlistseveryauthorforeverybook.Thedimensiontablewillincludeasecond
normalformviolation(AUTHORNAMEwilldependonlyontheAUTHORID),
butyouneednotbeconcernedaboutsuchthingsinstarschemas.Infact,wereit
notforthepossibilityoftwodifferentauthorshavingthesamename,youcould
removeAUTHORIDfromthedimensionaltogether.

 d. PUBLISHERlooksstraightforwardenough,butthereisaminorissuewith
AMOUNTPAYABLE.It’safact,andfactsdon’tbelongindimensiontables.So
youshouldeliminateitfromthisstarschema.Itmaybeusefulwhenthefacttable
isaboutpublisherpurchasesorsomethinglikethat,butithasnobearingonour
bookinventory.

 e. Listthecontentsofeachdimensiontable.

Try This Summary
InthisTryThisexercise,youdesignedafacttableandseveraldimensiontables.My
solutionisinAppendixB.

 Chapter 12 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.OLTPdatabasesaredesignedtohandle____________transactionvolumes.

 2.OLAPqueriestypicallyaccess____________amountsofdata.

 3.ComparedwithOLTPsystems,datawarehousesystemstendtohave____________
runningqueries.

 4.Datawarehousingwaspioneeredby____________.

✓
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 5.Theprocessofmovingfrommoresummarizeddatatomoredetaileddataisknownas
____________.

 6.Thesnowflakeschemaallowsdimensionstohave____________.

 7.Thestarflakeschemaisahybridcontainingboth____________and____________
dimensions.

 8.Adatawarehouseis

 A Subjectoriented

 B Integratedfrommultipledatasources

 C Timevariant

 D Updatedinrealtime

 E Organizedaroundonedepartmentorbusinessfunction

 9.Challengeswiththedatawarehouseapproachinclude

 A Updatingoperationaldatafromthedatawarehouse

 B Underestimationofrequiredresources

 C Diminishinguserdemands

 D Large,complexprojects

 E Highresourcedemands

 10.Thesummarytablearchitecture

 A WasoriginallydevelopedbyBillInmon

 B Includesafacttable

 C Includesdimensiontables

 D Includeslightlyandhighlysummarizedtables

 E Shouldincludemetadata

 11.Thestarschema

 A WasdevelopedbyRalphKimball

 B Includesadimensiontableandoneormorefacttables
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 C Alwayshasfullynormalizeddimensiontables

 D WasakeyfeatureoftheRedBrickDBMS

 E Involvesmultiplelevelsofdimensiontables

 12.Factorstoconsiderindesigningthefacttableinclude

 A Addingcolumnstothefacttable

 B Reducingcolumnsizesbetweenthesourceandfacttables

 C Partitioningthefacttable

 D Howoftenitmustbeupdated

 E Howlonghistorymustremaininit

 13.Multidimensionaldatabases

 A Useafullynormalizedfacttable

 B Arebestvisualizedascubes

 C Havefullynormalizeddimensiontables

 D AresometimescalledMOLAPdatabases

 E Accommodatedimensionsbeyondthethirdbyrepeatingcubesforeachadditional
dimension

 14.Adatamart

 A Isasubsetofadatawarehouse

 B Isashopthatsellsdatatoindividualsandbusinesses

 C Supportstherequirementsofaparticulardepartmentorbusinessfunction

 D Canbeagoodstartingpointfororganizationswithnodatawarehouseexperience

 E Canbeagoodstartingpointwhenrequirementsaresketchy

 15.Reasonstocreateadatamartinclude

 A Itismorecomprehensivethanadatawarehouse.

 B Itisapotentiallylowerriskproject.

 C Datamaybetailoredtoaparticulardepartmentorbusinessfunction.
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 D Itcontainsmoredatathanadatawarehouse.

 E Theprojecthasaloweroverallcostthanadatawarehouseproject.

 16.Buildingadatawarehousefirst,followedbydatamarts

 A Willdelaydatamartdeploymentifthedatawarehouseprojectdragson

 B Haslowerriskthantryingtobuildthemalltogether

 C Hasthelowestriskofthethreepossiblestrategies

 D Hasthehighestriskofthethreepossiblestrategies

 E Mayrequireagreatdealofrework

 17.Buildingoneormoredatamartsfirst,followedbythedatawarehouse

 A Maydelaydatawarehousedeliveryifthedatamartprojectsdragon

 B HasthepotentialtodeliversomeOLAPfunctionsmorequickly

 C Hasthelowestriskofthethreepossiblestrategies

 D Hasthehighestriskofthethreepossiblestrategies

 E Mayrequireagreatdealofrework

 18.Buildingthedatawarehouseanddatamartssimultaneously

 A Createsthelargestsingleprojectofallthepossiblestrategies

 B HasthepotentialtotakethelongesttodeliveranyOLAPfunctions

 C Hasthelowestriskofthethreepossiblestrategies

 D Hasthehighestriskofthethreepossiblestrategies

 E Mayrequireagreatdealofrework

 19.Datamining

 A Createsascaled-downdatawarehouse

 B Extractspreviouslyunknowndatacorrelationsfromthedatawarehouse

 C Canbesuccessfulwithsmallamountsofdata

 D Ismostusefulwhentheorganizationisagileenoughtotakeactionbasedonthe
information

 E Usuallyrequireslargedatavolumesinordertoproduceaccurateresults
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 20.Propertiesofdatawarehousesystemsinclude

 A Holdinghistoricratherthancurrentinformation

 B Long-runningqueriesthatprocessmanyrowsofdata

 C Supportforday-to-dayoperations

 D Processorientation

 E Mediumtolowtransactionvolume
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Chapter 13
Integrating XML 
Documents and 
Objects into Databases 
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KeySkills&Concepts
● LearntheBasicsofXML

● LearnAboutSQL/XML

● Object-OrientedApplications

● Object-RelationalDatabases

Alongwiththeexplosivegrowthintheuseofdatabases,particularlyrelational
databases,theneedtostoremorecomplexdatatypeshasincreasedsharply.This

isespeciallytruefordatabasesthatsupportwebsitesthatrenderimagesandformatted
documentsaswellassoundandvideoclips.Furthermore,astheuseofobject
programminglanguagessuchasC++andJavahasgrown,sohastheneedtostorethe
objectsthattheselanguagesmanipulate.(ObjectswerebrieflyintroducedinChapter1.)
Inthischapter,we’lllookatanumberofwaystointegratesuchcontentintodatabases.

Learn the Basics of XML
TheExtensibleMarkupLanguage(XML)isageneral-purposemarkuplanguageusedto
describedatainaformatthatisconvenientfordisplayonwebpagesandforexchanging
databetweendifferentparties.In2003,thespecificationsforstoringXMLdatainSQL
(relational)databaseswereaddedtotheANSI/ISOSQLStandardasPart14,named
SQL/XML.Part14wasexpandedfurtherin2006.

NOTE
SQL/XML is not at all the same as Microsoft’s SQLXML, which is a proprietary 
technology used in SQL Server. As you can imagine, the unfortunately similar names 
have caused much confusion. Microsoft participated in the standards proceedings for 
SQL/XML but then chose not to implement it.

TounderstandSQL/XML,youmustfirstunderstandthebasicsofXML.Whilea
completeexplanationofXMLiswellbeyondthescopeofthisbook,I’llprovideabrief
overview.YoucanfindalotmoreinformationbysearchingontheInternet.
YoumayalreadybefamiliarwithHTML,themarkuplanguageusedtodefineweb

pages.Ifso,thesyntaxofXMLwilllookfamiliar.Thisisbecausebotharebasedonthe
StandardGeneralizedMarkupLanguage(SGML),whichitselfisbasedonGeneralized
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MarkupLanguage(GML),developedbyIBMinthe1960s.Amarkuplanguageisaset
ofannotations,oftencalledtags,thatareusedtodescribehowtextistobestructured,
formatted,orlaidout.Thetaggedtextisintendedtobehuman-readable.Oneofthe
fundamentaldifferencesbetweenHTMLandXMListhatHTMLprovidesapredefined
setoftags,whileXMLallowstheauthortocreatehisorherowntags.
Let’slookatasampleXMLdocumentthatcontainstheresultsofanSQLquery.

Figure13-1showsaDEPARTMENTtablecontainingtwodepartmentsandaCOURSE
tablecontainingfiveeducationalcoursesofferedbythosedepartments.Asyoulearnedin
Chapter4,thetwotablescanbeeasilyjoinedusinganSQLSELECTstatementlike
thisone:

SELECTa.DEPT_NAME,b.COURSE_TITLE,b.COURSE_ID
FROMDEPARTMENTaJOINCOURSEb
ONa.DEPT_ID=b.DEPT_ID
ORDERBYa.DEPT_NAME,b.COURSE_TITLE;

NotethatIusedtheORDERBYclausetospecifytheorderoftherowsintheresult
set.Thequeryresultsshouldlooksomethinglikethis:

DEPT_NAMECOURSE_TITLECOURSE_ID
---------------------------------------------------------------
BusinessAccounting101101
BusinessConceptsofMarketing102
InformationTechnologyCProgrammingI401
InformationTechnologyCProgrammingII402
InformationTechnologyIntroductiontoComputerSystems400

Thequeryresultsarewellsuitedfordisplayorprinting,buttheyarenotinaformthat
wouldbeeasytodisplayonawebpageortopasstoanothercomputerapplicationfor

COURSE_ID

102

401

400

402

COURSE_TITLE

101

Concepts of Marketing

Introduction to Computer Systems

Accounting 101

C Programming II

C Programming I

DEPT_ID

BUS

IT

IT

IT

BUS

Information Technology

Business

DEPT_ID DEPT_NAME

BUS

IT

COURSEDEPARTMENT

Figure13-1  The DEPARTMENT and COURSE tables
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furtherprocessing.OnewaytomakethiseasieristoconvertthequeryresultsintoXML,
asshownhere:

<departments>
<departmentname="Business">
<courses>
<coursetitle="Accounting101"><id>101</id></course>
<coursetitle="ConceptsofMarketing">
<id>102</id></course>
</courses>
</department>
<departmentname="InformationTechnology">
<courses>
<coursetitle="CProgrammingI"><id>401</id></course>
<coursetitle="CProgrammingII"><id>402</id></course>
<coursetitle="IntroductiontoComputerSystems">
<id>400</id></course>
</courses>
</department>
<!--Additionaldepartmentsavailablesoon-->
</departments>

Asyoucanseeinthecodelisting,tagsareenclosedinanglebrackets,andeachstarttag
hasamatchingendtagthatisidentical,exceptfortheslash(/)usedintheendtag.(HTML
usesanidenticalconvention;however,HTMLisalotmoreforgivingifyoudosomething
likeomitanendtag.)Forexample,thetag<departments>startsthelistofacademic
departments,whiletheendtag</departments>endsit.Withinthelistofdepartments,
theinformationforeachindividualdepartmentbeginswiththe<department>tag,which
includesadatavalueforthenameattribute,andendswiththe</department>tag.Itis
customary(andconsideredabestpractice)tonamealistusingthepluralofthetagname
usedforeachiteminthelist.Commentscanbeaddedusingaspecialtagthatbeginswith
<!--andendswith-->,asshowninthenexttolastlineoftheexample.
Dataitemsandvalues,suchasthosethatwouldbestoredinarelationaltablecolumn,

canbecodedasnameandvaluepairsinoneoftwoways.ThefirstwayisusinganXML
attribute,bynamingtheattributeinsideanothertag,followedbytheequalsignandthe
datavalueenclosedindoublequotationmarks,suchasIdidwiththenameandtitle
attributes.ThesecondwayisusinganXMLelement,bycreatingaseparatetagforthe
dataitemwiththedatavaluesandwichedbetweenthestartandendtags,suchasIdid
withtheidattributewithinthecoursetag.Thequestionofwhichformtousehasbeen
thesubjectofmuchdebateamongXMLdevelopers.However,thegeneralconsensusisto
useelementswheneverthedataitemmightlaterbebrokendownintoadditionalelements,
suchassplittingaperson’snameintofirstnameandlastname,ordividingasingledata
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elementcontainingacomma-separatedlistofprerequisitecoursenamesintoalistof
elements.AnadditionalconsiderationiswhetheryouwanttoallowtheXMLprocessorto
ignoreinsignificantwhitespace,asitwoulddoforattributes,butnotforelements.
Youlikelynoticedthat,unliketheSQLresultset,XMLcanshowthehierarchyof

thedata.Inthiscase,thelistofcoursesofferedbyeachdepartmentisnestedwithin
theinformationaboutthedepartment.IhaveindentedtheXMLstatementstomakethe
nestingmoreobvious.Andwhileindentationofnestedtagsisabestpractice,itisnot
significant,becausewhitespacebetweentagsisignoredwhentheXMLisprocessed.
XMLcodingcanbequitetedious.Fortunately,toolsareavailabletohelpyouconvert

betweenXMLandplaintext,andSQL/XMLfunctions(coveredlaterinthischapter)to
convertrelationaldatabasedataintoXML.Foratime,specializeddatabasesforstoring
andretrievingXMLweregainingpopularity,butthemajorrelationaldatabasevendors
addedfeaturestopermitnativeXMLtobestoreddirectlyintheirdatabases.Atthesame
time,theSQLstandardwasexpandedtoincludeprovisionsforXMLdata,asIdiscussin
thenextsectionofthischapter.

Q: IsthereastandardfortheXMLlanguageitself?

A: WhileISOdoesnotcurrentlypublishastandardforXML,ISO8879providesastandard
forSGML,andXMLisbasedonSGML.Moreimportantly,theWorldWideWeb
Consortium(W3C)publishesXMLspecificationsthatmakeupthestandardthatis
generallyacceptedthroughouttheITindustry.

Q: YoumentionedthatXMLisaconvenientwayfordifferentpartiestoexchange
information.Doesthatmeanthattwocompaniescanfreelyexchangedatawithout
havingtocreateelaborateinterfacesoftwaresolongastheybothuseXML?

A: Well,notexactly.XMLprovidesonlyastandardwaytoformatthedata.Foronecompany
tocorrectlyinterprettheXMLdatathatanothercompanyhassentthem,thereceiving
companymustknowthenamesanddefinitionsofthetagsthesendingcompanyformatted
forthem,particularlytheelementsandattributesthatcontainthedata.Fortunately,a
numberofindustrystandardscanhelp.Forexample,HR/XMLprovidesastandard
forexchanginghumanresources(HR)data,sothatacompanycan,forexample,send
employeedatatoavendorthatprovidesmedicalinsuranceforthoseemployees.Insome
industries,XMLisbeginningtoreplaceanolderstandardknownasEDI(ElectronicData
Interchange).

Ask the Expert
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Learn About SQL/XML
Asmentioned,XMLiscommonlyusedtorepresentdataonwebpages,andthatdata
oftencomesfromrelationaldatabases.However,asyouhaveseen,thetwomodelsin
usearequitedifferent,inthatrelationaldataisstoredintableswhereneitherhierarchy
norsequencehaveanysignificance,whileXMLisbasedonhierarchicaltreesinwhich
orderisconsideredsignificant.Thetermforestisoftenusedtorefertoacollectionof
XMLtreestructures.XMLisusedforwebpagesbecauseitsstructuresocloselymatches
thestructurethatwouldbeusedtodisplaythesamedatainHTML.Infact,manyweb
pagesareamixtureofHTMLforthestaticportionsandXMLforthedynamicdata.
Itisperhapsthiswidespreadimplementationthathasledmanyofthemajorvendors,
includingOracle,Microsoft,andIBM,tosupportXMLextensions.However,only
OracleandIBM’sDB2UDBsupporttheSQL/XMLcommandscoveredinthistopic—
theMicrosoftSQLServerXMLextensionismarkedlydifferent,andIhavenotincluded
itinthisbookbecauseitisproprietary.
SQL/XMLcanbedividedintothreemainparts:theXMLdatatype,SQL/XML

functions,andSQL/XMLmappingrules.Icovereachoftheseasthemajortopicsinthe
remainderofthischapter.

The XML Data Type
TheXMLdatatypeishandledinthesamegeneralwayasalltheotherdatatypesdiscussed
inChapter2.StoringdatainXMLformatdirectlyinthedatabaseisnottheonlywayto
useSQLandXMLtogether.However,itisaverysimplewaytogetstarted,becauseitisa
logicalextensionoftheearliestimplementationswhereSQLdeveloperssimplystoredthe
XMLtextinacolumndefinedwithageneralcharacterdatatypesuchasCHARACTER
VARYING(VARCHAR).ItisfarbettertotelltheDBMSthatthecolumncontainsXML,
andtheparticularwaytheXMLiscoded,sothattheDBMScanprovideadditionalfeatures
tailoredtotheXMLformat.
ThespecificationfortheXMLdatatypehasthisgeneralformat:

XML(<typemodifier>{(<secondarytypemodifier>)})

Thetypemodifierisrequiredandmustbeenclosedinapairofparenthesesasshown,
whilethesecondarytypemodifierisoptional,andinfactisnotsupportedforalltype
modifiers.ThestandardisnotspecificabouthowaparticularSQLimplementationshould
treatthevarioustypes,butsomeconventionsandsyntaxrulesarespecified.Thevalid
typemodifiersareasfollows:
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● DOCUMENT TheDOCUMENTtypeisintendedforstorageoftextdocuments
formattedusingXML.Ingeneral,thedatavaluesareexpectedtobecomposedof
human-readablecharacterssuchasletters,numbers,andsymbolsastheywould
appearinanunstructuredtextdocument.

● CONTENT TheCONTENTtypeisintendedformorecomplexdatathatcaninclude
binarydatasuchasimagesandsoundclips.

● SEQUENCE TheSEQUENCEtypeisintendedforXQuerydocuments,whichare
oftencalledXQuerysequences.XQueryisanadvancedtopicthatisbeyondthescope
ofthisbook.

Thesecondarytypemodifier,usedonlywiththeDOCUMENTandCONTENT
primarytypemodifiers,canhaveoneofthesevalues:

● UNTYPED TheXMLdataisnotofaparticulartype.

● ANY TheXMLdataisofanyofthetypessupportedbytheSQLimplementation.

● XMLSCHEMA TheXMLSCHEMAtypereferstoaregisteredXMLschemathat
hasbeenmadeknowntothedatabaseserver.Thethreemostcommonareshowninthe
followingtable:

CommonPrefix TargetNamespaceURI(UniformResourceIdentifier)
Xs www.w3.org/2001/XMLSchema

Xsi www.w3.org/2001/XMLSchema-instance

Sqlxml standards.iso.org/iso/9075/2003/sqlxml

ForSQLimplementationsthatdonotsupportthesecondarytypemodifier,ANYis
assumedasadefault.

NOTE
Because SQL/XML is a relatively new standard, vendor implementation support varies. 
Oracle supports a XMLType data type instead of the XML type, but it applies at the table 
level so that the entire table is stored as XML. IBM’s DB2 UDB supports an XML type, 
but without the type modifiers. As mentioned, Microsoft SQL Server supports XML and 
an XML data type, but in a manner a bit different from the SQL/XML standard. As of 
version 5.0, MySQL provides no support for XML, but it is expected to be included in a 
future release.
Supposewewanttoaddthecoursesyllabustoourcoursetablethatcanbedisplayed

onawebpage.Ifthesyllabuscouldcomefromseveraldifferentsources,andthusbe

www.w3.org/2001/XMLSchema
www.w3.org/2001/XMLSchema-instance
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formatteddifferentlydependingonthesource,XMLmightbeagoodwaytostorethedata
inourcoursetable.Inthefollowingexample,Ihaveaddedthecolumntothedefinitionof
theCOURSEtablethatappearsinFigure13-1:

CREATETABLECOURSE
(COURSE_IDINT,
COURSE_TITLEVARCHAR(60),
DEPT_IDCHAR(3),
COURSE_SYLLABUSXML(DOCUMENT(UNTYPED)));

NOTE
Although the ISO/ANSI SQL Standard specifies an XML data type in the form shown 
here, no major SQL implementations seem to support this syntax. However, the standard 
is quite new, so hopefully this syntax will be supported in the near future.

SQL/XML Functions
AnSQL/XMLfunction(alsocalledanXMLvaluefunction)issimplyafunctionthat
returnsavalueasanXMLtype.Forexample,aquerycanbewrittenthatselectsnon-
XMLdata(thatis,datastoredindatatypesotherthanXML)andformatsthequeryresults
intoXMLsuitableforinclusioninanXMLdocumentthatcanbedisplayedonawebpage
ortransmittedtosomeotherparty.Inotherwords,SQL/XMLdoesnotalwaysformat
completedocuments—sometimesadditionalelementsmustbeaddedtowraptheXML
returnedbytheDBMSintoacompletedocument.Table13-1showsthebasicSQL/XML
functions.
Morefunctionsexistthanarelistedhere,andalltheseSQL/XMLfunctionscanbe

usedincombinationstoformextremelypowerful(ifnotcomplicated)queries.Also,the
functionsavailablevaryacrossSQLimplementations.Let’slookatasimpleexampleto
clarifyhowthesefunctionscanbeused.ThisexampleliststhecoursesfortheBusiness
departmentusingtheDEPARTMENTandCOURSEtablesshowninFigure13-1.Hereis
theSQLstatement,usingtheXMLELEMENTandXMLFORESTfunctions:

SELECTXMLELEMENT("DepartmentCourse",
XMLFOREST(a.DEPT_NAMEasDepartment,a.DEPT_ID,b.COURSE_ID,
b.COURSE_TITLE))
FROMDEPARTMENTaJOINCOURSEb
ONa.DEPT_ID=b.DEPT_ID
WHEREa.DEPT_ID='BUS'
ORDERBYb.COURSE_ID;
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Theresultsreturnedshouldlooksomethinglikethis:

<DepartmentCourse>
<Department>Business</Department>
<DEPT_ID>BUS</DEPT_ID>
<COURSE_ID>101</COURSE_ID>
<COURSE_TITLE>Accounting101</COURSE_TITLE>
</DepartmentCourse>
<DepartmentCourse>
<Department>Business</Department>
<DEPT_ID>BUS</DEPT_ID>
<COURSE_ID>102</COURSE_ID>
<COURSE_TITLE>ConceptsofMarketing</COURSE_TITLE>
</DepartmentCourse>

NoticethattheXMLelementnamesaretakenfromthecolumnnames,inuppercase
withunderscoresasiscustomaryinSQL.However,usingthecolumnalias,asIdidfor
theDEPT_NAMEcolumn,youcanchangethecolumnnamestojustaboutanythingyou
want.Keepinmindthattheresultsetisnotnecessarilyacompletedocument(anXML

Function ValueReturned
XMLAGG A single XML value containing an XML forest formed by combining (aggregating) 

a collection of rows that each contain a single XML value

XMLATTRIBUTES An attribute in the form name=value within an XMLELEMENT

XMLCOMMENT An XML comment

XMLCONCAT A concatenated list of XML values, creating a single value containing an XML 
forest

XMLDOCUMENT An XML value containing a single document node

XMLELEMENT An XML element, which can be a child of a document node, with the name 
specified in the name parameter

XMLFOREST An XML element containing a sequence of XML elements formed from table 
columns, using the name of each column as the corresponding element name

XMLPARSE An XML value formed by parsing the supplied string without validating it

XMLPI An XML value containing an XML processing instruction

XMLQUERY The result of an XQuery expression (XQuery is a sublanguage used to search XML 
stored in the database; it is beyond the scope of this book)

XMLTEXT An XML value containing a single XML text node, which can be a child of a 
document node

XMLVALIDATE An XML sequence that is the result of validating an XML value

Table13-1  SQL/XML Functions
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developerwouldsaytheXMLmaynotbe“wellformed”).ToturntheXMLinthelast
exampleintoacompletedocument,attheveryleastarootelementisneeded,alongwith
itscorrespondingendtag.Ifweweretoaddtheelement<DepartmentCourses>atthe
beginningoftheresultsand</DepartmentCourses>attheendoftheresults,wewould
haveawell-formeddocument.

SQL/XML Mapping Rule
ThusfarIhavenotdiscussedhowSQLvaluesaretranslatedandrepresentedasXML
valuesandviceversa.TheSQLstandarddescribesindetailhowSQLvaluescanbe
mappedtoandfromXMLvalues.ThistopiccontainsanoverviewoftheSQL/XML
mappingrules.

Mappings from SQL to XML
ThemappingsinthistopicapplytotranslatingdatainSQLdatatypestoXML.

MappingSQLCharacterSetstoUnicode Unicodeisanindustrystandardthat
allowscomputersystemstoconsistentlyrepresent(encode)textcharactersexpressedin
mostoftheworld’swrittenlanguages.XMLisoftenencodedasUnicodecharactersto
allowfortextinmultiplelanguages.SQLcharacterdataisstoredinwhatevercharacterset
isspecifiedwhenthetableordatabaseiscreated,andwhilemostSQLimplementations
supportUnicode,manyothercharactersetscanalsobeused.TheSQLstandardrequires
thateachcharacterinanSQLcharactersethaveamappingtoanequivalentUnicode
character.

MappingSQLIdentifierstoXMLNames Itisnecessarytodefineamappingof
SQLidentifiers,suchastableandcolumnnames,toXMLnames,becausenotallSQL
identifiersareacceptableXMLnames.CharactersthatarenotvalidinXMLnamesare
convertedtoasequenceofhexadecimaldigitsderivedfromtheUnicodeencodingof
thecharacter,bracketedbyanintroductoryunderscoreandlowercasexandatrailing
underscore.Forexample,acolon(:)inanSQLidentifiermightbetranslatedto_x003A_
inanXMLname.

MappingSQLDataTypestoXMLSchemaDataTypes Thisisperhapsthe
mostcomplicatedofthemappingforms.ForeachSQLtypeordomain,theSQL
implementationisrequiredtoprovideamappingtotheappropriateXMLschematype.
DetailedmappingofstandardSQLtypestoXMLschemadatatypesisprovidedinthe
standardinexhaustivedetail.IsummarizetheminTable13-2.
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Table13-2  Mapping of SQL Data Types to XML Schema Types

SQLType XMLSchemaType Notes
CHARACTER,  
CHARACTER VARYING, 
CHARACTER LARGE OBJECT

xs:string The XML facet xs:length is used to specify 
length for fixed length strings. (A facet is an 
element used to define a property of another 
element.)

NUMERIC 
DECIMAL

xs:decimal Precision and scale are specified using XML 
facets xs:precision and xs:scale.

INTEGER 
SMALLINT 
BIGINT

xs:integer This mapping is listed as implementation-
defined, meaning it is optional.

FLOAT 
REAL 
DOUBLE PRECISION

xs:float, xs:double For precisions up to 24 binary digits (bits) and 
an exponent between –149 and 104 inclusive, 
xs:float is used; otherwise xs:double is used.

BOOLEAN xs:Boolean

DATE xs:date The xs:pattern facet is used to exclude the use 
of a time zone displacement.

TIME WITH TIME ZONE 
TIME WITHOUT TIME ZONE

xs:time The xs:pattern facet is used to exclude or 
specify the time zone displacement, as 
appropriate.

TIMESTAMP WITH TIME 
ZONE; TIMESTAMP 
WITHOUT TIME ZONE

xs:dateTime The xs:pattern facet is used to exclude or 
specify the time zone displacement, as 
appropriate.

Interval types xdt:
yearMonthDuration, 
xdt:dayTimeDuration

Row type XML schema complex 
type

The XML document contains one element for 
each field of the SQL row type.

Domain XML schema data 
type

The domain’s data type is mapped to XML  
with an annotation that identifies the name of 
the domain.

SQL distinct type XML schema simple 
type

SQL collection type XML schema complex 
type

The complex type has a single element  
named element.

XML type XML schema complex 
type
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MappingValuesofSQLDataTypestoValuesofXMLSchemaDataTypes For
eachSQLtypeordomain,withtheexceptionofstructuredtypesandreferencetypes,isa
mappingofvaluesforthetypetothevaluespaceofthecorrespondingXMLschematype.
Nullvaluesarerepresentingeitherusingabsence(skippingtheelement)orusingthefacet
xsi:nil="true"toexplicitlysetthenullvalue.

MappinganSQLTabletoanXMLDocumentandanXMLSchema
Document TheSQLstandarddefinesamappingofanSQLtabletooneorbothoftwo
documents:anXMLschemadocumentthatdescribesthestructureofthemappedXML,
andeitheranXMLdocumentorasequenceofXMLelements.Thismappingappliesonly
tobasetablesandviewedtables,andonlycolumnsvisibletothedatabaseusercanbe
mapped.Theimplementationmayprovideoptionsforthefollowing:

● WhethertomapthetabletoasequenceofXMLelementsorasanXMLdocument
withasinglerootnamederivedfromthetablename

● ThetargetnamespaceoftheXMLschematobemapped

● Whethertomapnullvaluesasabsentelementsorelementsmarkedwithfacet
xsi:nil="true"

● WhethertomapthetableintoXMLdata,anXMLschemadocument,orboth

MappinganSQLSchematoanXMLDocumentandanXMLSchema
Document TheSQLstandarddefinesthemappingbetweenthetablesofanSQL
schemaandeitheranXMLdocumentthatrepresentsthedatainthetables,anXML
schemadocument,orboth.Onlytablesandcolumnsvisibletothedatabaseusercanbe
mapped.Theimplementationmayprovideoptionsforthefollowing:

● WhethertomapeachtableasasequenceofXMLelementsorasanXMLdocument
withasinglerootnamederivedfromthetablename

● ThetargetnamespaceoftheXMLschematobemapped

● Whethertomapnullvaluesasabsentelementsorelementsmarkedwithfacet
xsi:nil="true"

● WhethertomaptheschemaintoXMLdata,anXMLschemadocument,orboth

MappinganSQLCatalogtoanXMLDocumentandanXMLSchema
Document TheSQLstandarddefinesthemappingbetweenthetablesofanSQL
catalogandeitheranXMLdocumentthatrepresentsthedatainthecatalog’stables
oranXMLschemadocument,orboth.However,thispartofthestandardspecifiesno
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TryThis13-1

syntaxforinvokingsuchmappingbecauseitisintendedtobeusedbyapplicationsor
referencedbyotherstandards.OnlyschemasvisibletotheSQLusercanbemapped.The
implementationmayprovideoptionsforthefollowing:

● WhethertomapeachtableasasequenceofXMLelementsorasanXMLdocument
withasinglerootnamederivedfromthetablename

● ThetargetnamespaceoftheXMLschemaanddatatobemapped

● Whethertomapnullvaluesasabsentelementsorelementsmarkedwithfacet
xsi:nil="true"

● WhethertomapthecatalogintoXMLdata,anXMLschemadocument,orboth

MappingsfromXMLtoSQL ThistopiccontainstwomappingsfromXMLbacktoSQL.

MappingUnicodetoSQLCharacterSets AswiththemappingofSQLcharacter
setstoUnicode,theSQLstandardrequiresthattherebeanimplementation-defined
mappingofUnicodecharacterstothecharactersineachSQLcharactersetsupportedby
theSQLimplementation.

MappingXMLNamestoSQLIdentifiers ThisisthereverseofthemappingofSQL
identifierstoXMLnames,wherecharactersthatwereconvertedbecausetheywerenot
validinXMLnamesareconvertedbacktotheiroriginalform.So,ifacoloninanSQL
identifierwasconvertedto_x003A_whentranslatingtheSQLidentifierintoXML,it
wouldbeconvertedbackintoacolonwhentheprocesswasreversed.TheSQLstandard
furtherrecommendsthattheSQLimplementationuseasinglealgorithmfortranslationin
bothdirections.

  Using SQL/XML Functions
InthisTryThisexercise,youwilluseXMLfunctionstoselectXMLformatteddata
fromtheOracleHRsampleschemausedinChapter4.Obviously,ifyouchosetousea
differentRDBMS,yourSQLimplementationhastoprovideXMLsupportinorderfor
youtocompletetheexercise,and,asusual,youmayhavetomodifythecodeincluded
inthisexercisetorunitonyourDBMS.Asofthiswriting,OracleandDB2UDBarethe
onlyotherDBMSsthatsupportSQL/XML.ForSQLServer,somerecodingisrequiredto
usetheMicrosoftproprietaryFORXMLclauseinsteadoftheSQL/XMLfunctions.You
candownloadtheTry_This_13.txtfilefromthewebsite(detailsinAppendixB),which
containsnotonlytheSQLstatementusedinthisTryThisexercise(withanalternative

(continued)
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statementforusewithSQLServer),butalsothestatementsrequiredtocreatethe
EMPLOYEEStableandpopulateitwiththedatarequiredforthisexercise(incaseyou
arenotusingtheOracleHRsampleschema).

Step by Step
 1.OpentheclientapplicationforyourRDBMS.

 2.IfyouarenotusinganOracledatabasethatalreadyhastheHRsampleschema
installed,dothefollowingtocreateaschemawiththeEMPLOYEEStableanddata
neededtocompletethisexercise:

 a. IfyouareusingOracle,createausernamedHR(thiswillcreateaschemawiththe
samename).ConsultOracledocumentationifyoudon’tknowhowtodothis.Note
thatmanyoftheGUIclienttoolssuchasSQLDeveloperhavefunctionsbuiltin
forcreatingnewusers.

 b. IfyouareusingSQLServerorDB2,createadatabasecalledHR.(Inthese
products,adatabaseisthelogicalequivalentofaschemainOracle.)Consult
vendordocumentationifyouneedhelpwiththisstep.

 c. Connecttotheschema(ordatabase)thatyoujustcreated.ManyoftheGUItools
provideasimpledrop-downmenuofavailableschemasforthispurpose.

 d. CopyandpastetheCREATETABLEstatementandthethreeINSERTstatements
fromtheTry_This_13.txtfileintoyourSQLclientandrunthemasascript.

 3.Ifyouhavenotalreadydoneso,connecttotheHRschema(Oracle)ordatabase(SQL
Server,DB2,andothers).

 4.YouaregoingtocreateanSQLquerythatusesthreeSQL/XMLfunctionsto
formatXMLthatcontainsanelementforeachemployeeofDepartment90inthe
EMPLOYEEStable.EachelementwillincludetheIDoftheemployee,followed
byseparateelementscontainingthefirstname,lastname,andphonenumberofthe
employee.Enterandexecutethefollowingstatement(orcopyandpasteiffromthe
Try_This_13.txtfile).ForSQLServer,theTry_This_13.txtfilecontainsanalternative
versionthatincludestheMicrosoftproprietaryFORXMLclause.

SELECTXMLELEMENT("Employee",
XMLATTRIBUTES(EMPLOYEE_IDASID),
XMLFOREST(FIRST_NAMEAS"FirstName",
LAST_NAMEAS"LastName",
PHONE_NUMBERAS"Phone"))
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FROMEMPLOYEES
WHEREDEPARTMENT_ID=90
ORDERBYEMPLOYEE_ID;

 5.Theoutputproducedshouldlooksomethinglikethefollowing.NotethattheXMLfor
eachemployeeisoutputasasinglelineintheresultset—Iaddedthelinebreaksand
indentationtomaketheresultsmoreunderstandable.

<EmployeeID="100">
<FirstName>Steven</FirstName>
<LastName>King</LastName>
<Phone>515.123.4567</Phone>
</Employee>
<EmployeeID="101">
<FirstName>Neena</FirstName>
<LastName>Kochhar</LastName>
<Phone>515.123.4568</Phone>
</Employee>
<EmployeeID="102">
<FirstName>Lex</FirstName>
<LastName>DeHaan</LastName>
<Phone>515.123.4569</Phone>
</Employee>

 6.Closetheclientapplication.

Try This Summary
InthisTryThisexercise,theSQLSELECTstatementusedthreeSQL/XMLfunctionsto
formatdatafromtheEMPLOYEEStableintoXML.TheXMLELEMENTfunctionwas
usedtocreateanelementforeachEmployee.TheXMLATTRIBUTESfunctionwasused
toincludetheEMPLOYEE_IDvaluewiththenameIDasavaluewithintheEmployee
element.Finally,theXMLFORESTfunctionwasusedtocreateelementsfortheFIRST_
NAME,LAST_NAME,andPHONE_NUMBERcolumns.

Object-Oriented Applications
Thissectionassumesthatyouhavereadandunderstoodthesection“TheObject-Oriented
Model”inChapter1.Youmaywanttoreviewitbeforecontinuing.
Object-oriented(OO)applicationsarewritteninanobject-orientedprogramming

language.TheseOOlanguagesusuallycomewithapredefinedobjectclassstructure
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andpredefinedmethods—but,ofcourse,thedeveloperscancreatetheirownclasses
andmethods.Somecomewithacompletedevelopmentenvironmentthatincludesnot
onlythelanguageelements,butalsoanintegratedOOdatabase.Itisimportantforyou
tounderstandthatOOapplicationscanbecreatedwithoutanOOdatabase,andanOO
databasecanexist(atleastintheory)withoutanOOapplicationtoaccessit.

Object-Oriented Programming
Object-orientedprogrammingusesmessagesasthevehicleforobjectinteraction.A
messageintheOOcontextiscomposedoftheidentifieroftheobjectthatistoreceivethe
message,thenameofthemethodtobeinvokedbythereceivingobject,and,optionally,
oneormoreparameters.YouwillrecallfromChapter1thatamethodisapieceof
applicationprogramlogicthatoperatesonaparticularobjectandprovidesafinite
function.Thenotionthatallaccesstoanobject’svariablesisdoneviaitsmethodsis
essentialtotheOOparadigm.Therefore,OOprogramminginvolveswritingmethodsthat
encompassthebehavioroftheobject(thatis,whattheobjectdoes)andcraftingmessages
withinthosemethodswheneveranobjectmustinteractwithotherobjects.OOapplication
developmentincludesobjectandclassdesigninadditiontotheaforementioned
programmingtasks.
TheOOparadigmalsosupportscomplexobjects,whichareobjectscomposed

ofoneormoreotherobjects.Usually,thisisimplementedusinganobjectreference,
whereoneobjectcontainstheidentifierforoneormoreotherobjects.Forexample,a
CustomerobjectmightcontainalistofOrderobjectsthatthecustomerhasplaced,and
eachOrderobjectmightcontaintheidentifierofthecustomerwhoplacedtheorder.The
uniqueidentifierforanobjectiscalledtheobjectidentifier(OID),thevalueofwhich
isautomaticallyassignedtoeachobjectasitiscreatedandistheninvariant(thatis,the
valueneverchanges).

Object-Oriented Languages
Let’shavealookatthreeofthemostpopularOOprogramminglanguages:Smalltalk,
C++,andJava.

Smalltalk
ThepioneeringOOsystemwasSmalltalk,developedin1972bytheSoftwareConcepts
GroupattheXeroxPaloAltoResearchCenter(PARC),ledbyAlanKay.ItwasKay
whocoinedtheterm“object-oriented.”Smalltalkincludesalanguage,aprogramming
environment,an“imagefilesystem”tostoreobjectsandmethods(moreorlessa
database),andanextensiveobjectlibrary.Smalltalk’sinnovationsincludeabitmap
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display,awindowingsystem,andtheuseofamouse.Inaninterestingtwistofhistory,
XeroxfundedandownedthefirstcommercialOOprogrammingenvironment,theoriginal
windowingsystem,themouse,andmanyothertechnicalcomputinginnovations.Yet,
Xeroxneverfiguredouthowtomarketanyofthem,sothecompany’sinnovationsfell
intootherhandsovertimeandwereeventually“introduced”intothemarketbyother
companies.Althoughnotnearlyaspopularasitoncewas,Smalltalkisstillaroundtoday,
andyoucanfindmuchmoreaboutitatwww.smalltalk.org.

C++
Asthenamesuggests,C++isbasedontheCprogramminglanguage.Infact,++isthe
operatorinCthatincrementsavariableby1,soC++literallymeans“Cplus1.”This
supersetofCwasdevelopedprimarilybyBjarneStroustrupatAT&TBellLaboratories
in1986.Classesareimplementedasuser-definedtypes—astruct(structure)inCsyntax.
Methodsareimplementedasmemberfunctionsofastruct.Objectpuristsfrownupon
C++,claimingit’snotanOOlanguagebecauseprogrammerscanignoretheobject
paradigmwhentheychoosetoanddosuchthingsasmanipulatingdatadirectlyusing
Clanguagecommands.C++aficionados,ontheotherhand,seethisasahugebenefit
becauseitgivesthemagreatdealofflexibility.

Java
Javaisasimple,portable,general-purposeOOlanguagethatwasdevelopedbySun
Microsystemsaround1995.Ittookthemarketbystormimmediatelyafteritsintroduction,
largelybecauseofitssupportforInternetprogrammingintheformofplatform-independent
“applets.”AnotheradvantageofJavaisthatitcanrunonverysmallcomputersduetothe
smallsizeofitsinterpreter.UnlikeSmalltalkandC++,Javaisaninterpretivelanguage,
whichmeansthateachstatementisevaluatedatruntimeinsteadofbeingcompiledaheadof
time.Acompilerisaprogramthatconvertsacomputerprogramfromthesourcelanguage
theprogrammerusedtowriteittothemachinelanguageofthecomputeronwhichitisto
berun.Initially,theinterpreterhamperedperformancecomparedwithcompiledlanguages,
butrecentinnovations,suchasjust-in-timecompilers,whichcompilestatementsjustpriorto
theirexecution,havehelpedenormously.

Object Persistence
PersistenceistheOOpropertythatpreservesthestateofanobjectbetweenexecutionsof
anapplicationandacrosstheshutdownandstartupofthecomputersystemitself.Inmost
cases,adatabaseisusedtostoreobjectspermanently,soitisthedatabasethatimplements
persistence.Objectsmustbeloadedintomemoryforanapplicationtoaccessthem,and
anychangesmustbesavedbacktopersistentstoragewhentheyarenolongerrequired.

www.smalltalk.org
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Objectloadingintomemoryisanindirectprocess,whichmeanstheapplicationdoesnot
specificallyrequestthatanobjectbeloaded—theapplicationenvironmentworkswith
thedatabaseenvironmenttoloadobjectsintomemoryautomaticallywhenevertheyare
accessedbyanapplication.Thisaccessisusuallyintheformofamessagethatissent
totheobject,but,asdiscussedinthenextsubsection,itmayalsooccurwhenanobject
containsareferencetoanotherobject.
Let’slookattwomethodsforimplementingobjectpersistenceusingadatabase—the

OOdatabaseandtherelationaldatabase.Inthenextsection,weexploreahybridapproach
thatcombinesfeaturesofbothobject-orientedandrelationaldatabases.

Persistence Using an OO Database
Figure13-2showstheretrievalofanobjectfrompersistentstorageinanOOdatabase.
Forthepurposesofillustration,thespecificcomponentsthatexecuteeachofthe
illustratedstepshavebeenomitted,therebyshowingwhathappenswithoutworrying
abouthowithappens.ThisisactuallyaverygoodwaytothinkaboutOOdatabases,
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becauseacommonpropertyofOOsystemsistohideimplementationdetails.Asshown
inFigure13-2,thedatabasecontainspersistentcopiesofobjectsA1,A2,A3,B1,andC1.
Assumethatthefirstletterdenotestheobjectclasstowhichtheobjectsbelong.Notethat
objectB1referencesobjectC1asillustrated,usingabrokenlinetoconnectthem.Thisis
atypicalarrangementinwhichoneobject,suchasanorder,containstheobjectID(OID)
ofarelatedobject,suchasthecustomerwhoplacedtheorder.Inanequivalentrelational
database,thisrelationshipwouldbeimplementedusingaforeignkeyintheorder.
AsshowninFigure13-2,thesequenceofeventsthattakesplacewhenanobjectis

firstreferencedbytheapplicationisasfollows:

 1.ArequesttoretrievetheobjectissenttotheOOdatabase,typicallybecauseamessage
intheapplicationenvironmentreferencedtheobject.TheOODBMSretrievesthe
objectfrompersistentstorageandpassesittotheapplicationenvironment.Iftheobject
containsreferencestootherobjects,theOODBMSmayalsoautomaticallyretrieve
thoseobjects,dependingonthearchitectureoftheOODBMS.

 2.Ifanobjectcontainsreferencestootherobjects,thosereferencesmustbechangedinto
memoryaddresseswhentheobjectsareloadedintomemory.Thisprocessisknownas
swizzlingthereferences.(Theoriginofthetermswizzleisunknown,butitmayhave
beenderivedfromswizzlesticksthatareusedtostirdrinks.)Inpersistentstorage,the
OIDcanbeusedasthereferencebecauseotherstoragestructuressimilartoindexes
canbeusedbytheOODBMStolocatetherelatedobjects.Forexample,objectB1
containstheOIDofobjectC1,andtheOODBMShasnodifficultyusingtheOIDto
locatetherelatedobjectinthedatabase’spersistentstorage.However,theOIDisof
littleuseinlocatingtherelatedobjectoncetheobjectsareloadedintomemorybecause
objectsareloadedintoanyavailablememorylocation,whichmeansthereisnosimple
waytoknowthelocationstheyoccupy.Therefore,theOIDistranslated(swizzled)into
theactualaddressthattherelatedobjectoccupiesinmemorytoallowdirectaccessof
therelatedobjectinmemory.TheoriginalOIDisretainedwithintheobjectbecauseit
willbeneededwhentheobjectisstoredbackintothedatabase.

 3.Theobjectismadeavailabletotheapplicationenvironment.Thatis,itisplacedina
memorylocation,andanymessagesaddressedtotheobjectareroutedtoit.Usually,
thisalsoinvolvesregisteringtheobjectwiththeapplicationenvironmentsoitcan
easilybefoundinmemorythenexttimeitisreferenced.

ThereverseprocessofstoringanobjectbackintotheOOdatabasewhentheapplication
nolongerneedstoaccessitisexactlythat—areverseoftheoriginalprocess.Theconditions
thattriggermovingtheobjectbacktopersistentstoragevaryfromoneOODBMStoanother



390 Databases:ABeginner’sGuide

buttypicallyinvolvealeastrecentlyused(LRU)algorithm.TheLRUalgorithmisaprocess
thatisinvokedwhenspacemustbefreedupfortheloadingofmoreobjectsintomemory
locations.Thealgorithmfindstheobjectsthatwereaccessedthelongesttimeago(that
is,leastrecently),anditremovesthoseobjectsfrommemory.And,ofcourse,arequestto
shutdownthedatabaserequiresthateveryobjectinmemorybemadepersistentbeforethe
databaseisshutdown.Thesequenceofeventstomoveanobjectfrommemorytopersistent
storageisasfollows:

 1.Theobjectisremovedfromitsmemorylocation,andanyregistrationoftheobjectin
theapplicationenvironmentisdeleted.

 2.Anymemoryaddressesaddedtotheobjectwhenreferenceswereswizzledare
removed.

 3.Iftheobjectwasmodifiedwhileitwasinmemory,itissentbacktotheOODBMS,
whichstoresthenewversion.

Persistence Using a Relational Database
Whentheobjectdataisstoredinarelationaldatabase,someimportantdifferencesare
theresult.First,everythinginarelationaldatabasemustbestoredinatable.Therefore,
objectsmustbetranslatedtoandfromrelationaltables.Typically,eachclassisstoredina
differentrelationaltable,withtherowsinthetablesrepresentingobjectinstancesforthe
correspondingclasses.Second,relationaltablescannotstoreobjectsintheirnativeformat,
becauseobjectsarecomposedofmethodsandaclasshierarchyalongwiththedataitself.
Themethodsandclasshierarchyareusuallynotstoredintherelationaldatabaseatall,
butratheraremaintainedinafilesystemlocation(directory)thatismanagedbythe
applicationenvironment.Figure13-3illustratesthisarrangement.
TakenoteofthedifferencesbetweenFigures13-2and13-3.First,inthelatter

figure,theobjectdataisstoredinthedatabaseintables.Second,anadditionalstepis
requiredwhenretrievingobjectsandmakingthemavailableinmemory—thedatafrom
therelationaldatabasemustbemappedtoobjectclassesandvariables.Thiscanbe
accomplishedinmanydifferentways.Acommonapproachwithapplicationswrittenin
JavaistoissuetherelationalSQLdirectlyfromaJavamethodusingaJavaDatabase
Connectivity(JDBC)driver(introducedinChapter9),andwithinthesamemethod,to
relatetheresultsreturnedbytheJDBCdrivertooneormoreobjects.Thisisamanual
andverylabor-intensiveapproachforJavaprogrammers.Fortunately,moreautomated
solutionsareavailable,whereinanapplicationserverormiddlewareproducthandles
allthedetailsofpersistentlystoringobjectsintherelationaldatabase,includingthe
translationbetweenrelationaltablesandobjects.Figure13-3hasbeensimplifiedto
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showthestepsrequiredtoassembleanobjectstoredinarelationaldatabaseandmake
itavailableintheapplicationenvironmentwithoutanydetailsastowhichcomponents
handlethevarioussteps.
AsillustratedinFigure13-3,hereisthesequenceofeventsrequiredtoassemblean

objectfromdatastoredinarelationaldatabase:

 1.AnSQLqueryissenttotheRDBMStoretrievethetabledata(typicallyonerow)from
thedatabase.ThequeryisexecutedbytheRDBMSandtheresultantdatasenttothe
applicationenvironment.

 2.Thetabledataismappedtotheobject.Typically,thisinvolvesassigningthetable
datatoaclassandtheindividualcolumnstovariableswithinthatclass,alongwith
retrievingthemethodsdefinedfortheclassfromwherevertheyarestoredinthefile
system.ThismappingstepistheproverbialAchillesheelofthisarchitecture—itis
expensiveintermsofresources,anditrequiresdesigncompromisesbecauseobject
datacannotalwaysbeperfectlyrepresentedinrelationaldatabasetables.
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 3.AswithFigure13-2,anyobjectreferencesareswizzled.

 4.AswithFigure13-2,theobjectisplacedinamemorylocationandregisteredwiththe
applicationenvironment,makingitavailabletotheapplication.

Whenanobjectisnolongerneededinmemory,itmustbeplacedbackintopersistent
storage.Thesequenceofeventsisasfollows:

 1.Theobjectisremovedfrommemory,andanyregistrationwiththeapplication
environmentdeleted.Iftheobjectwasnotmodifiedwhileitwasinmemory,noother
actionisnecessary;otherwisethesequencecontinueswiththenextstep.

 2.Anymemoryaddressesaddedforobjectreferencesareremoved.

 3.Thedataintheobjectismappedbacktotherelationaltablerow(s)fromwhichitcame.
OneormoreSQLstatements(INSERT,UPDATE,orDELETE)areformedtochange
therelationaldatabasedatatomatchtheobjectdata.Forefficiency,thisofteninvolves
comparingbeforeandafterversionsoftheobject(ifavailable)sothatonlyvariables
thatchangedinsomewayneedtobereferencedinthegeneratedSQLstatement(s).
Thereisnoneedtodoanythingwiththeclassstructureormethodsbecausetheydo
notchangewhentheobjectisusedintheapplicationenvironment.Thesecomponents
changeonlywhenanewversionoftheapplicationisinstalled.

 4.TheSQLstatement(s)is(are)passedtotherelationalDBMStobeprocessed.Ifthe
objectwasnotchangedwhileitwasinmemory,thisstepisnotrequired.

Object-Relational Databases
Thissectionassumesyouhavereadandunderstoodthesection“TheObject-Relational
Model”inChapter1.Youmaywishtoreviewitbeforecontinuing.Theobject-relational
DBMS(ORDBMS)evolvedinresponsetothedifficultiesofmappingobjectstorelational
databasesandtomarketpressurefromOODBMSvendors.Relationaldatabasevendors,
suchasInformix(subsequentlyacquiredbyIBM)andOracle,addedobjectextensions
inhopesofpreventinganylossofmarketsharetotheOODBMSvendors.Toalarge
degree,thistacticappearstohaveworked,withpureOOdatabasesgaininggroundonly
innichemarkets.Moreover,thelackofad-hocquerycapabilityinpureOOdatabaseshas
certainlynothelpeditinthemarketplace.TheORDBMSprovidesablendofdesirable
featuresfromtheobjectworld,suchasthestorageofcomplexdatatypes,withtherelative
simplicityandeaseofuseoftherelationalmodel.Mostindustryexpertsbelievethat
object-relationaltechnologywillcontinuetogainmarketshare.
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Theadvantagesofanobject-relationaldatabaseareasfollows:

● Complexdatatypes(thatis,datatypesformedbycombiningotherdatatypes)are
directlysupportedwhilepreservingad-hocquerycapability.

● TheDBMSmaybeextendedtoperformcommonfunctions(methods)centrally,
whichimprovesprogramlogicreusecomparedwithapurerelationalDBMS.

● Storingobjectfunctions(methods)inthedatabasemakesthemavailabletoall
applications,whichimprovesobjectsharingcomparedwithapurerelationalDBMS.

● Ad-hocquerycapabilityisfullysupported,whichisafeaturethatisnotsupportedin
pureOOdatabases.

Herearethedisadvantagesoftheobject-relationalapproach:

● ThecombinationismorecomplexthaneitherpurerelationalorpureOOdatabases,
leadingtoincreaseddevelopmentcosts.

● Objectsaretable-centric,meaningthatallpersistentobjectsmustbestoredwithinatable.

● Relationalpuristsarguethattheessentialsimplicityoftherelationalmodelisclouded
bytheobjectextensions.

● Objectpuristsarenotattractedtotheextensionofobjectsintorelationaldatabases,
arguingthattheORDBMSislittlemorethanarelationaldatabasewithuser-defined
datatypesadded.

● CurrentORDBMSslacktheclassstructureandinheritancethatareatthefoundation
ofOODBMSs.

● Objectapplicationsarenotasdata-centricasrelationalapplications,andtherefore
pureOOdatabasesmaybetterservetheneedsofobjectapplications.

Intermsofdecidingwhichdatabasemodelisthebestfitforagivenapplication,
considerthefollowingpoints:

● Simpledatawithnorequirementforad-hocquerycapability,suchasstaticwebpages,
canbeadequatelystoredinordinaryfilesystemfiles.

● Simpledatathatrequiresad-hocquerycapability,suchascustomerdata,fitswellinto
arelationaldatabase.

● Complexdatathatdoesnotrequiread-hocquerycapability,suchasimages,maps,and
drawings,fitswellintoanobject-orienteddatabase.

● Complexdatathatrequiresad-hocquerycapability,suchaspurchaseordersstoredas
compositedatatypes,fitswellintoanobject-relationaldatabase.
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 Chapter 13 Self Test
Choosethecorrectresponsestoeachofthemultiple-choiceandfill-in-the-blank
questions.Notethattheremaybemorethanonecorrectresponsetoeachquestion.

 1.XMLis____________.

 2.HowdoSQLdatabasesandXMLdocumentsvaryintermsofdatastructure?

 3.IftwoorganizationsarebothusingXML,doesthatmeanthattheyhaveastandardway
ofexchangingdatawithouthavingtocreateinterfacesoftware?

 4.ThevalidsecondarytypemodifiersfortheSEQUENCEtypemodifierare__________.

 5.The____________XMLschematypeismappedfromtheSQLNUMERICdatatype.

 6.The____________XMLschematypeismappedfromtheSQLDATEdatatype.

 7.ThetwowaysthatnullvaluesfromthedatabasecanberepresentedinSQL/XMLare
____________and____________.

 8.WhichofthefollowingarecommonusesofXML?

 A Displaydatabasedataonawebpage

 B Createstaticwebpages

 C Transmitdatabasedatatoanotherparty

 D Enforcebusinessrulesondocuments

 9.WhichofthefollowingarevalidtypemodifiersfortheXMLdatatype?

 A DOCUMENT

 B SEQUENCE

 C SQLXML

 D CONTENT

 10.WhichofthefollowingSQL/XMLfunctionscreatesanelementbasedonatablecolumn?

 A XMLQUERY

 B XMLELEMENT

 C XMLFOREST

✓
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 D XMLDOCUMENT

 E XMLPARSE

 11.Object-orientedprogramming

 A Usesmessagesasavehicleforobjectinteraction

 B Allowsanobjecttodirectlyaccessthevariablesinarelatedobject

 C Usesmethodstodefinethebehaviorofanobject

 D Requiresobjectstohaveaprimarykey

 E Supportstheuseofcomplexobjects

 12.Object-oriented(OO)applications

 A RequiretheuseofanOOdatabase

 B ArewritteninanOOlanguage

 C Usedevelopmentenvironmentsthatusuallycomewithpredefinedclasses

 D Usedevelopmentenvironmentsthatusuallycomewithpredefinedmethods

 E MaybewrittenintheCprogramminglanguage

 13.Smalltalk

 A WasdevelopedbyLinusTorvalds

 B Wasdevelopedin1972

 C WasdevelopedattheXeroxPARCfacility

 D IsbasedontheCprogramminglanguage

 E WasthefirstOOprogramminglanguagetoincludeawindowingsystemanduseof
amouse

14. C++

 A WasdevelopedbyAlanKay

 B Wasdevelopedin1976

 C WasdevelopedatAT&TBellLaboratories

 D IsbasedontheJavaprogramminglanguage

 E Allowsprogrammerstoignoretheobjectparadigmiftheywish
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 15.Java

 A WasdevelopedbySunMicrosystems

 B Mayberunonlyonlargesystemswithlotsofmemory

 C Wasdevelopedaround1995

 D Isaninterpretivelanguage

 E Isageneral-purposeOOlanguage

 16.Objectpersistence

 A Preservesthestateofanobjectbetweenexecutionsofanapplication

 B Preservesthestateofanobjectacrosstheshutdownandstartupofthecomputer
system

 C Loadsobjectsintomemorytopreservethempermanently

 D Occurswhentheapplicationrequeststhatanobjectbesaved

 E CanbeaccomplishedonlywithanOOdatabase

 17.TheeventsnecessarytoretrieveanobjectfromanOOdatabaseinclude

 A Amessageissenttotheobject,sotheobjectmustbeloadedintomemory.

 B ArequesttoretrievetheobjectissenttotheOOdatabase.

 C Objectreferencesareswizzledintomemoryaddresses.

 D Relationaldataisassignedtoanobjectclass.

 E Theobjectismadeavailabletotheapplicationenvironment.

 18.Theadvantagesofobject-relationaldatabasesinclude

 A Objectsarestoredwithintables.

 B Complexdatatypesaresupported.

 C Ad-hocquerycapabilityisfullysupported.

 D Classstructuresandinheritancearefullysupported.

 E Centrallystoredfunctions(methods)improvereuse.
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 19.Thedisadvantagesofobject-relationaldatabasesinclude

 A Thecombinationismorecomplexthaneitherpureobject-orientedorpure
relationaldatabases.

 B Ad-hocquerycapabilityislimited.

 C Objectsaretable-centric.

 D Neitherrelationalpuristsnorobjectpuristsareenamoredwiththiscombination.

 E Objectapplicationsarenotasdata-centricasrelationalones.

 20.Whenconsideringtheselectionofadatabasemodel,whichofthefollowingfacts
shouldbetakenintoaccount?

 A Ordinaryfilesystemfilescanhandlesimpledata,providedtherearenoad-hoc
queryrequirements.

 B Relationaldatabasescanhandlesimpledatathathasad-hocqueryrequirements.

 C Object-orienteddatabasesarebestathandlingcomplexdata.

 D Object-relationaldatabasescanhandlecomplexdatathathasad-hocquery
requirements.

 E Object-orienteddatabasescanhandlecomplexdata,providedtherearenoad-hoc
queryrequirements.
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Chapter1:DatabaseFundamentals
 1. ThelogicallayeroftheANSI/SPARCmodelprovideswhichofthefollowing?

A.Physicaldataindependence

B.Parent-childrelationships

C.Logicaldataindependence

D.Encapsulation

Aisthecorrectanswer.

 2. TheexternallayeroftheANSI/SPARCmodelprovideswhichofthefollowing?

A.Physicaldataindependence

B.Parent-childrelationships

C.Logicaldataindependence

D.Encapsulation

Cisthecorrectanswer.

 3. Whichofthefollowingisnottrueregardinguserviews?

A.Applicationprogramsreferencethem.

B.Peoplequeryingthedatabasereferencethem.

C.Theycanbetailoredtotheneedsofthedatabaseuser.

D.Dataupdatesareshowninadelayedfashion.

Disthecorrectanswer.

 4. Thedatabaseschemaiscontainedinthe____________layeroftheANSI/SPARCmodel.

logical

 5. Userviewsarecontainedinthe____________layeroftheANSI/SPARCmodel.

external

 6. Whenapplicationprogramsuseflatfilesystems,wheredothefiledefinitionsreside?

Intheapplicationprograms

 7. Whichofthefollowingistrueregardingthehierarchicaldatabasemodel?

A.ItwasfirstdevelopedbyPeterChen.

B.Dataandmethodsarestoredtogetherinthedatabase.
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C.Eachnodemayhavemanyparents.

D.Recordsareconnectedusingphysicaladdresspointers.

Disthecorrectanswer.

 8. Whichofthefollowingistrueregardingthenetworkdatabasemodel?

A.ItwasfirstdevelopedbyE.F.Codd.

B.Dataandmethodsarestoredtogetherinthedatabase.

C.Eachnodemayhavemanyparents.

D.Recordsareconnectedusingcommonphysicaladdresspointers.

CandDarecorrectanswers.

 9. Whichofthefollowingistrueoftherelationaldatabasemodel?

A.ItwasfirstdevelopedbyCharlesBachman.

B.Dataandmethodsarestoredtogetherinthedatabase.

C.Recordsareconnectedusingphysicaladdresspointers.

D.Recordsareconnectedusingcommondataitemsineachrecord.

Disthecorrectanswer.

 10. Whichofthefollowingistrueregardingtheobject-orientedmodel?

A.ItwasfirstdevelopedbyCharlesBachman.

B.Dataandmethodsarestoredtogetherinthedatabase.

C.Dataispresentedastwo-dimensionaltables.

D.Recordsareconnectedusingcommondataitemsineachrecord.

Bisthecorrectanswer.

 11. Whichofthefollowingistrueregardingtheobject-relationalmodel?

A.Itservesonlyanichemarketandmostexpertsbelieveitwillstaythatway.

B.Recordsareconnectedusingphysicaladdresspointers.

C.Itwasdevelopedbyaddingobject-likepropertiestotherelationalmodel.

D.Itwasdevelopedbyaddingrelational-likepropertiestotheobject-orientedmodel.

Cisthecorrectanswer.

 12. Accordingtoadvocatesoftherelationalmodel,whichofthefollowingdescribetheproblems
withtheCODASYLmodel?

A.Itistoomathematical.

B.Itistoocomplicated.
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C.Set-orientedqueriesaretoodifficult.

D.Ithasnoformalunderpinningsinmathematicaltheory.

B,C,andDarecorrectanswers.

 13. AccordingtoadvocatesoftheCODASYLmodel,whichofthefollowingdescribetheproblems
withtherelationalmodel?

A.Itistoomathematical.

B.Set-orientedqueriesaretoodifficult.

C.Applicationsystemsneedrecord-at-a-timeprocessing.

D.ItislessefficientthanCODASYLmodeldatabases.

A,C,andDarecorrectanswers.

 14. Theabilitytoaddanewobjecttoadatabasewithoutdisruptingexistingprocessesisan
exampleof____________.

logicaldataindependence

 15. Thepropertythatmostdistinguishesarelationaldatabasetablefromaspreadsheetisthe
abilitytopresentmultipleuserswiththeirown____________.

viewsofthedata

Chapter2:ExploringRelationalDatabaseComponents
 1. Examplesofanentityare

A.Acustomer

B.Acustomerorder

C.Anemployee’spaycheck

D.Acustomer’sname

A,B,andCarecorrectanswers.

 2. Examplesofanattributeare

A.Anemployee

B.Anemployee’sname

C.Anemployee’spaycheck

D.Analphabeticallistingofemployees

Bisthecorrectanswer.
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 3. Whichofthefollowingdenotesthecardinalityof“zero,one,ormore”onarelationshipline?

A.Aperpendiculartickmarkneartheendofthelineandacrow’sfootatthelineend

B.Acircleneartheendofthelineandacrow’sfootattheendoftheline

C.Twoperpendiculartickmarksneartheendoftheline

D.Acircleandaperpendiculartickmarkneartheendoftheline

Bisthecorrectanswer.

 4. Validtypesofrelationshipsinarelationaldatabaseare

A.One-to-many

B.None-to-many

C.Many-to-many

D.One-to-one

A,C,andDarecorrectanswers.

 5. Ifaproductcanbemanufacturedinmanyplants,andaplantcanmanufacturemanyproducts,
thisisanexampleofwhichtypeofrelationship?

A.One-to-one

B.One-to-many

C.Many-to-many

D.Recursive

Cisthecorrectanswer.

 6. Whichofthefollowingareexamplesofrecursiverelationships?

A.Anorganizationalunitmadeupofdepartments

B.Anemployeewhomanagesotheremployees

C.Anemployeewhomanagesadepartment

D.Anemployeewhohasmanydependents

Bisthecorrectanswer.

 7. Examplesofabusinessruleare

A.Areferentialconstraintmustrefertotheprimarykeyoftheparenttable.

B.Anemployeemustbeatleast18yearsold.

C.Adatabasequeryeliminatescolumnsanemployeeshouldnotsee.

D.Employeesbelowpaygrade6arenotpermittedtomodifyorders.

BandDarecorrectanswers.
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 8. Arelationaltable

A.Iscomposedofrowsandcolumns

B.Mustbeassignedadatatype

C.Mustbeassignedauniquename

D.Istheprimaryunitofstorageintherelationalmodel

A,C,andDarecorrectanswers.

 9. Acolumninarelationaltable

A.Mustbeassignedadatatype

B.Mustbeassignedauniquenamewithinthetable

C.Isderivedfromanentityintheconceptualdesign

D.Isthesmallestnamedunitofstorageinarelationaldatabase

A,B,andDarecorrectanswers.

 10. Adatatype

A.AssiststheDBMSinstoringdataefficiently

B.Providesasetofbehaviorsforacolumnthatassiststhedatabaseuser

C.Maybeselectedbasedonbusinessrulesforanattribute

D.Restrictscharactersallowedinadatabasecolumn

A,B,C,andDarecorrectanswers.

 11. Aprimarykeyconstraint

A.Mustreferenceoneormorecolumnsinasingletable

B.Mustbedefinedforeverydatabasetable

C.Isusuallyimplementedusinganindex

D.Guaranteesthatnotworowsinatablehaveduplicateprimarykeyvalues

A,C,andDarecorrectanswers.

 12. Areferentialconstraint

A.Musthaveprimarykeyandforeignkeycolumnsthathaveidenticalnames

B.Ensuresthataprimarykeydoesnothaveduplicatevaluesinatable

C.Definesamany-to-manyrelationshipbetweentwotables

D.Ensuresthataforeignkeyvaluealwaysreferstoanexistingprimarykeyvalueintheparenttable

Disthecorrectanswer.
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 13. Areferentialconstraintisdefined

A.UsingtheRelationshipspanelinMicrosoftAccess

B.UsingSQLinmostrelationaldatabases

C.Usingthereferentialdatatypefortheforeignkeycolumn(s)

D.Usingadatabasetrigger

AandBarecorrectanswers.

 14. Majortypesofintegrityconstraintsare

A.CHECKconstraints

B.One-to-onerelationships

C.NOTNULLconstraints

D.Constraintsenforcedwithtriggers

A,C,andDarecorrectanswers.

 15. ____________tablesareusedtoresolvemany-to-manyrelationships.

Intersection

 16. Anentityintheconceptualdesignbecomesa(n)____________inthelogicaldesign.

table

 17. Anattributeintheconceptualdesignbecomesa(n)____________inthelogicaldesign.

column

 18. ItemsintheexternalleveloftheANSI/SPARCmodelbecome____________inthelogicalmodel.

views

 19. Arelationshipintheconceptualdesignbecomesa(n)____________inthelogicaldesign.

referentialconstraint

 20. Aprimarykeyconstraintisimplementedusinga(n)____________inthelogicaldesign.

index

Chapter3:Forms-basedDatabaseQueries
 1. Aforms-basedquerylanguage

A.WasfirstdevelopedbyIBMinthe1980s

B.Describeshowaqueryshouldbeprocessedratherthanwhattheresultsshouldbe

C.ResemblesSQL
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D.UsesaGUI(graphicaluserinterface)

E.Wasshowntobeclearlysuperiorincontrolledstudies

Disthecorrectanswer.

 2. TheobjecttypesinMicrosoftAccessthatrelatestrictlytodatabasemanagement(asopposedto
applicationdevelopment)are

A.Tables

B.Queries

C.Forms

D.Macros

E.Modules

AandBarecorrectanswers.

 3. WhenatableisdeletedfromtheMicrosoftAccessRelationshipspanel,whathappensnext?

A.Itisimmediatelydeletedfromthedatabase.

B.ItremainsunchangedinthedatabaseandismerelyremovedfromtheRelationshipspanel.

C.Itremainsinthedatabase,butalldatarowsaredeleted.

D.Relationshipsbelongingtothetablearealsodeleted.

Bisthecorrectanswer.

 4. RelationshipsontheMicrosoftAccessRelationshipspanelrepresent____________inthedatabase.

referentialconstraints

 5. AcolumnintheresultsofaMicrosoftAccessquerycanbeformedfrom

A.Atablecolumn

B.Aquerycolumn

C.Aconstant

D.Acalculation

E.Alloftheabove

Eisthecorrectanswer.

 6. Whenaquerywithnocriteriaincludedisexecuted,theresultis

A.Anerrormessage

B.Norowsbeingdisplayed

C.Alltherowsinthetablebeingdisplayed
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D.Noneoftheabove

Cisthecorrectanswer.

 7. Whensequencing(sorting)ofrowsisnotincludedinadatabasequery,therowsreturnedbythe
queryarein____________order.

noparticular

 8. Inaquery,thesearchcriteriaREGIONNOT=“CA”ORREGIONNOT=“NV”willdisplay

A.Anerrormessage

B.Alltherowsinthetable

C.OnlytherowsinwhichRegionisequalto“CA”or“NV”

D.AlltherowsinthetableexceptthoseinwhichRegionisNULL

E.AlltherowsinthetableexceptthoseinwhichtheRegionis“CA”or“NV”

Disthecorrectanswer.

 9. CriteriaondifferentlinesinaMicrosoftAccessqueryareconnectedwiththe____________
logicaloperator.

OR

 10. ThejoinconnectorbetweentablesinaMicrosoftAccessquerymay

A.Bemanuallycreatedbydraggingacolumnfromonetableorviewtoacolumnofanothertableorview

B.BeinheritedfromthemetadatadefinedontheRelationshipspanel

C.Bealteredtodefineleft,right,andfullouterjoins

D.CauseaCartesianproductifnotdefinedbetweentwotablesorviewsinthequery

E.Alloftheabove

Eisthecorrectanswer.

 11. Whenanouterjoinisused,columndatafromtables(orviews)inwhichnomatchingrowswere
foundwillcontain____________.

nullvalues

 12. Anaggregatefunction

A.Combinesdatafrommultiplecolumnstogether

B.Combinesdatafrommultiplerowstogether

C.Maybeappliedtotablecolumnsbutnottocalculatedcolumns

D.RequiresthateverycolumninaquerybeeitheranaggregatefunctionornamedintheGROUPBY
listforthequery
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E.Alloftheabove

BandDarecorrectanswers.

 13. Self-joinsinaqueryareamethodofresolvinga____________.

recursiverelationship

 14. Thecolumnnameofacalculatedcolumninthequeryresultsis____________whennot
providedinthequerydefinition.

automaticallyassignedbyMicrosoftAccess

 15. Tablesmaybejoined

A.Usingonlytheprimarykeyinonetableandaforeignkeyinanother

B.Usinganycolumnineithertable(theoretically)

C.Onlytothemselves

D.Onlytoothertables

E.OnlyusingtheCartesianproductformula

Bisthecorrectanswer.

Chapter4:IntroductiontoSQL
 1. SQLmaybedividedintothefollowingsubsets:

A.DataSelectionLanguage(DSL)

B.DataControlLanguage(DCL)

C.DataQueryLanguage(DQL)

D.DataDefinitionLanguage(DDL)

BandDarecorrectanswers.

 2. SQLwasfirstdevelopedby____________.

IBM

 3. Aprogramusedtoconnecttothedatabaseandinteractwithitiscalleda(n)____________.

SQLclient

 4. ASELECTwithoutaWHEREclause

A.Selectsallrowsinthesourcetableorview

B.Returnsnorowsintheresultset

C.Resultsinanerrormessage
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D.Listsonlythedefinitionofthetableorview

Aisthecorrectanswer.

 5. InSQL,roworderinqueryresults

A.IsspecifiedusingtheSORTEDBYclause

B.Isunpredictableunlessspecifiedinthequery

C.Defaultstodescendingwhensequenceisnotspecified

D.Maybespecifiedonlyforcolumnsinthequeryresults

Bisthecorrectanswer.

 6. TheBETWEENoperator

A.Includestheend-pointvalues

B.Selectsrowsaddedtoatableduringatimeinterval

C.Canberewrittenusingthe<=andNOT=operators

D.Canberewrittenusingthe<=and>=operators

AandDarecorrectanswers.

 7. TheLIKEoperatoruses____________aspositionalwildcardsand____________as
nonpositionalwildcards.

underscores(_),percentsigns(%)

 8. Asubselect

A.Maybecorrugatedornoncorrugated

B.Allowsfortheflexibleselectionofrows

C.Mustnotbeenclosedinparentheses

D.MaybeusedtoselectvaluestobeappliedtoWHEREclauseconditions

BandDarecorrectanswers.

 9. AjoinwithoutaWHEREclauseorJOINclause

A.Resultsinanerrormessage

B.Resultsinanouterjoin

C.ResultsinaCartesianproduct

D.Returnsnorowsintheresultset

Cisthecorrectanswer.

 10. Ajointhatreturnsallrowsfrombothtableswhetherornotmatchesarefoundisknownasa(n)
____________.

fullouterjoin



412 Databases:ABeginner’sGuide

 11. Aself-join

A.Involvestwodifferenttables

B.Canbeeitheraninnerorouterjoin

C.Resolvesrecursiverelationships

D.Mayuseasubselecttofurtherlimitreturnedrows

B,C,andDareallcorrectresponses.

 12. AnSQLstatementcontaininganaggregatefunction

A.MustcontainaGROUPBYclause

B.Mayalsoincludeordinarycolumns

C.MaynotincludebothGROUPBYandORDERBYclauses

D.Mayalsoincludecalculatedcolumns

BandDarecorrectanswers.

 13. A(n)____________causeschangesmadebyatransactiontobecomepermanent.

COMMIT

 14. AnINSERTstatement

A.Mustcontainacolumnlist

B.MustcontainaVALUESlist

C.Maycreatemultipletablerows

D.Maycontainasubquery

CandDarecorrectanswers.

 15. AnUPDATEstatementwithoutaWHEREclause

A.Resultsinanerrormessage

B.Updatesnorowsinatable

C.Updateseveryrowinatable

D.ResultsinaCartesianproduct

Cisthecorrectanswer.

 16. ADELETEstatementwithacolumnlist

A.Resultsinanerrormessage

B.Deletesdataonlyinthelistedcolumns

C.Deleteseverycolumninthetable
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D.Canbeusedtodeletefromaview

Aisthecorrectanswer.

 17. ACREATEstatement

A.IsaformofDML

B.Createsnewuserprivileges

C.Createsadatabaseobject

D.MaybereversedlaterusingaDROPstatement

CandDarecorrectanswers.

 18. AnALTERstatement

A.Maybeusedtoaddaconstraint

B.Maybeusedtodropaconstraint

C.Maybeusedtoaddaview

D.Maybeusedtodropatablecolumn

A,B,andDarecorrectanswers.

 19. The____________modecauseseachSQLstatementtocommitassoonasitcompletes.

autocommit

 20. Databaseprivileges

A.MaybechangedwithanALTERPRIVILEGEstatement

B.Maybeeithersystemorobjectprivileges

C.ArebestmanagedwhenassembledintogroupsusingGROUPBY

D.AremanagedusingGRANTandREVOKE

BandDarecorrectanswers.

Chapter5:TheDatabaseLifeCycle
 1. Thephasesofasystemsdevelopmentlifecycle(SDLC)methodologyincludewhichofthefollowing?

A.Physicaldesign

B.Logicaldesign

C.Prototyping

D.Requirementsgathering

E.Ongoingsupport

A,B,D,andEarecorrectresponses.
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 2. DuringtherequirementsphaseofanSDLCproject,

A.Userviewsarediscovered.

B.Thequalityassurance(QA)environmentisused.

C.Surveysmaybeconducted.

D.Interviewsareoftenconducted.

E.Observationmaybeused.

A,C,D,andEarecorrectresponses.

 3. Theadvantagesofconductinginterviewsare

A.Interviewstakelesstimethanothermethods.

B.Answersmaybeobtainedforunaskedquestions.

C.Alotcanbelearnedfromnonverbalresponses.

D.Questionsarepresentedmoreobjectivelycomparedtosurveytechniques.

E.Entitiesaremoreeasilydiscovered.

BandCarecorrectresponses.

 4. Theadvantagesofconductingsurveysinclude

A.Alotofgroundcanbecoveredquickly.

B.Nonverbalresponsesarenotincluded.

C.Mostsurveyrecipientsrespond.

D.Surveysaresimpletodevelop.

E.Prototypingofrequirementsisunnecessary.

Aisthecorrectresponse.

 5. Theadvantagesofobservationare

A.Youalwaysseepeopleactingnormally.

B.Youarelikelytoseelotsofsituationsinwhichexceptionsarehandled.

C.Youmayseethewaythingsreallyareinsteadofthewaymanagementand/ordocumentation
presentsthem.

D.TheHawthorneeffectenhancesyourresults.

E.Youmayobserveeventsthatwouldnotbedescribedtoyoubyanyone.

CandEarecorrectresponses.
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 6. Theadvantagesofdocumentreviewsare

A.Picturesanddiagramsarevaluabletoolsforunderstandingsystems.

B.Documentreviewscanbedonerelativelyquickly.

C.Documentswillalwaysbeuptodate.

D.Documentswillalwaysreflectcurrentpractices.

E.Documentsoftenpresentoverviewsbetterthanothertechniquescan.

A,B,andEarecorrectresponses.

 7. ApplicationprogrammodulesarespecifiedduringtheSDLC____________phase.

conceptualdesign

 8. Afeasibilitystudyisoftenconductedduringthe____________phaseofanSDLCproject.

planning

 9. Normalizationtakesplaceduringthe____________phaseofanSDLCproject.

logicaldesign

 10. DDLiswrittentodefinedatabaseobjectsduringthe____________phaseofanSDLCproject.

physicaldesign

 11. Programspecificationsarewrittenduringthe____________phaseofanSDLCproject.

logicaldesign

 12. Duringimplementationandrollout,

A.Usersareplacedonthelivesystem.

B.Enhancementsaredesigned.

C.Theoldandnewapplicationsmayberuninparallel.

D.Qualityassurancetestingtakesplace.

E.Usertrainingtakesplace.

A,C,andEarecorrectresponses.

 13. Duringongoingsupport,

A.Enhancementsareimmediatelyimplemented.

B.Storageforthedatabasemayrequireexpansion.

C.Thestagingenvironmentisnolongerrequired.

D.Bugfixesmaytakeplace.

E.Patchesmaybeappliedifneeded.

B,D,andEarecorrectresponses.
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 14. Whenrequirementsaresketchy,____________canworkwell.

prototyping

 15. RapidApplicationDevelopmentdevelopssystemsrapidlybyskipping____________.

20percentoftherequirements

 16. Thethreeobjectivesdepictedintheapplicationtriangleare____________,____________,and
____________.

Quality,cost,deliverytime(orgood,fast,andcheap)

 17. Thedatabaseisinitiallyconstructedinthe____________environment.

development

 18. Databaseconversionistestedduringthe____________phaseofanSDLCproject.

implementationandrollout

 19. Userviewsareanalyzedduringthe____________phaseofanSDLCproject.

requirementsgathering

 20. Therelationaldatabasewasinventedby____________.

E.F.(Ted)Codd

Chapter6:DatabaseDesignUsingNormalization
 1. Normalization

A.WasdevelopedbyE.F.Codd

B.Wasfirstintroducedwithfivenormalforms

C.Firstappearedin1972

D.Providesasetofrulesforeachnormalform

E.Providesaprocedureforconvertingrelationstoeachnormalform

A,C,D,andEarecorrectanswers.

 2. Thepurposeofnormalizationis

A.Toeliminateredundantdata

B.Toremovecertainanomaliesfromtherelations

C.Toprovideareasontodenormalizethedatabase

D.Tooptimizedata-retrievalperformance

E.Tooptimizedataforinserts,updates,anddeletes

BandEarecorrectanswers.
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 3. Whenimplemented,athirdnormalformrelationbecomesa(n)____________.

table

 4. Theinsertanomalyreferstoasituationinwhich

A.Datamustbeinsertedbeforeitcanbedeleted.

B.Toomanyinsertscausethetabletofillup.

C.Datamustbedeletedbeforeitcanbeinserted.

D.Arequiredinsertcannotbedoneduetoanartificialdependency.

E.Arequiredinsertcannotbedoneduetoduplicatedata.

Disthecorrectanswer.

 5. Thedeleteanomalyreferstoasituationinwhich

A.Datamustbedeletedbeforeitcanbeinserted.

B.Datamustbeinsertedbeforeitcanbedeleted.

C.Datadeletioncausesunintentionallossofanotherentity’sdata.

D.Arequireddeletecannotbedoneduetoreferentialconstraints.

E.Arequireddeletecannotbedoneduetolackofprivileges.

Cisthecorrectanswer.

 6. Theupdateanomalyreferstoasituationinwhich

A.Asimpleupdaterequiresupdatestomultiplerowsofdata.

B.Datacannotbeupdatedbecauseitdoesnotexistinthedatabase.

C.Datacannotbeupdatedduetolackofprivileges.

D.Datacannotbeupdatedduetoanexistinguniqueconstraint.

E.Datacannotbeupdatedduetoanexistingreferentialconstraint.

Aisthecorrectanswer.

 7. Therolesofuniqueidentifiersinnormalizationare

A.Theyareunnecessary.

B.Theyarerequiredonceyoureachthirdnormalform.

C.Allnormalizedformsrequiredesignationofaprimarykey.

D.Youcannotnormalizerelationswithoutfirstchoosingaprimarykey.

E.Youcannotchooseaprimarykeyuntilrelationsarenormalized.

CandDarecorrectanswers.
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 8. Writingsampleuserviewswithrepresentativedatainthemis

A.Theonlywaytonormalizetheuserviewssuccessfully

B.Atediousandtime-consumingprocess

C.Aneffectivewaytounderstandthedatabeingnormalized

D.Onlyasgoodastheexamplesshowninthesampledata

E.Awidelyusednormalizationtechnique

B,C,andDarecorrectresponses.

 9. Criteriausefulinselectingaprimarykeyfromamongseveralcandidatekeysare

A.Choosethesimplestcandidate.

B.Choosetheshortestcandidate.

C.Choosethecandidatemostlikelytohaveitsvaluechange.

D.Chooseconcatenatedkeysoversingleattributekeys.

E.Inventasurrogatekeyifthatisthebestpossiblekey.

A,B,andEarecorrectresponses.

 10. Firstnormalformresolvesanomaliescausedby____________.

multivaluedattributes

 11. Secondnormalformresolvesanomaliescausedby____________.

partialdependencies

 12. Thirdnormalformresolvesanomaliescausedby____________.

transitivedependencies

 13. Ingeneral,violationsofanormalizationruleareresolvedby

A.Combiningrelations

B.Movingattributesorgroupsofattributestoanewrelation

C.Combiningattributes

D.Creatingsummarytables

E.Denormalization

Bisthecorrectanswer.

 14. Aforeignkeyinanormalizedrelationmaybe

A.Theentireprimarykeyoftherelation

B.Partoftheprimarykeyoftherelation
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C.Arepeatinggroup

D.Anon-keyattributeintherelation

E.Amultivaluedattribute

A,B,andDarecorrectanswers.

 15. Boyce-CoddNormalFormdealswithanomaliescausedby____________.

determinantsthatarenotprimaryorcandidatekeys

 16. Fourthnormalformdealswithanomaliescausedby____________.

multivaluedattributes

 17. Fifthnormalformdealswithanomaliescausedby____________.

joindependencies

 18. Domainkeynormalformdealswithanomaliescausedby____________.

constraintsthatarenottheresultofthedefinitionsofdomainsandkeys

 19. Mostbusinesssystemsrequirethatyounormalizeonlyasfaras____________:

thirdnormalform

 20. Properhandlingofmultivaluedattributeswhenconvertingrelationstofirstnormalform
usuallypreventssubsequentproblemswith____________.

fourthnormalform

Chapter7:DataandProcessModeling
 1. Whyisitimportantforadatabasedesignertounderstandprocessmodeling?

A.ProcessdesignisaprimaryresponsibilityoftheDBA.

B.Theprocessmodelmustbecompletedbeforethedatamodel.

C.Thedatamodelmustbecompletedbeforetheprocessmodel.

D.Thedatabasedesignermustworkcloselywiththeprocessdesigner.

E.Thedatabasedesignmustsupporttheintendedprocessmodel.

DandEarecorrectanswers.

 2. PeterChen’sERDformatrepresents“many”with____________.

thesymbolMplacedneartheendoftherelationshipline

 3. ThediamondinChen’sERDformatrepresentsa(n)____________.

relationship
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 4. TherelationalERDformatrepresents“many”with____________.

acrow’sfoot

 5. TheIDEF1XERDformat

A.Wasfirstreleasedin1983

B.FollowsastandarddevelopedbytheNationalInstituteofStandardsandTechnology

C.Hasmanyvariants

D.HasbeenadoptedasastandardbymanyU.S.governmentagencies

E.Coversbothdataandprocessmodels

BandDarecorrectanswers.

 6. TheIDEF1XERDformatshows

A.Identifyingrelationshipswithasolidline

B.Minimalcardinalityusingacombinationofsmallcirclesandverticallinesshownonthe
relationshipline

C.Maximumcardinalityusingacombinationofsmallverticallinesandcrow’sfeetdrawnonthe
relationshipline

D.Dependententitieswithsquaredcornersontherectangle

E.Independententitieswithroundedcornersontherectangle

Aisthecorrectanswer.

 7. Asubtype

A.Isasubsetofthesupertype

B.Hasaone-to-manyrelationshipwiththesupertype

C.Hasaconditionalone-to-onerelationshipwiththesupertype

D.Showsvariousstatesofthesupertype

E.Isasupersetofthesupertype

AandCarecorrectanswers.

 8. ExamplesofpossiblesubtypesforanOrderentitysupertypeinclude

A.Orderlineitems

B.Shippedorder,unshippedorder,invoicedorder

C.Officesuppliesorder,professionalservicesorder

D.Approvedorder,pendingorder,canceledorder



 AppendixA: AnswerstoSelfTests 421

E.Autopartsorder,aircraftpartsorder,truckpartsorder

CandEarecorrectanswers.

 9. InIEnotation,subtypes

A.Maybeshownwithatypediscriminatorattributename

B.Maybeconnectedtothesupertypeviaasymbolcomposedofacirclewithalineunderit

C.Havetheprimarykeyofthesubtypeshownasaforeignkeyinthesupertype

D.Usuallyhavethesameprimarykeyasthesupertype

E.Maybeshownusingacrow’sfoot

A,B,andDarecorrectanswers.

 10. Whensubtypesarebeingconsideredinadatabasedesign,atradeoffexistsbetween__________
and____________.

generalization,specialization

 11. Inaflowchart,processstepsareshownas________anddecisionpointsareshownas________.

rectangles,diamonds

 12. Thestrengthsofflowchartsare

A.Theyarenaturalandeasytouseforprocedurallanguageprogrammers.

B.Theyareusefulforspottingreusablecomponents.

C.Theyarespecifictoapplicationprogrammingonly.

D.Theyareequallyusefulfornonproceduralandobject-orientedlanguages.

E.Theycanbeeasilymodifiedasrequirementschange.

A,B,andEarecorrectanswers.

 13. Thebasiccomponentsofafunctionhierarchydiagramare

A.Ellipsestoshowattributes

B.Rectanglestoshowprocessfunctions

C.Linesconnectingtheprocessesinorderofexecution

D.Ahierarchytoshowwhichfunctionsaresubordinatetoothers

E.Diamondstoshowdecisionpoints

BandDarecorrectanswers.

 14. Thestrengthsofthefunctionhierarchydiagramare

A.Checkingqualityiseasyandstraightforward.

B.Complexinteractionsbetweenfunctionsareeasilymodeled.
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C.Itisquickandeasytolearnanduse.

D.Itclearlyshowsthesequenceofprocesssteps.

E.Itprovidesagoodoverviewathighandmediumlevelsofdetail.

CandEarecorrectanswers.

 15. Thebasiccomponentsofaswimlanediagramare

A.Lineswitharrowstoshowthesequenceofprocesssteps

B.Diamondstoshowdecisionpoints

C.Verticallanestoshowtheorganizationunitsthatcarryoutprocesssteps

D.Ellipsestoshowprocesssteps

E.Open-endedrectanglestoshowdatastores

A,C,andDarecorrectanswers.

 16. Thedataflowdiagram(DFD)

A.Isthemostdata-centricofallprocessmodels

B.Wasfirstdevelopedinthe1980s

C.Combinesdiagrampagestogetherhierarchically

D.WasfirstdevelopedbyE.F.Codd

E.Combinesthebestoftheflowchartandthefunctiondiagram

A,C,andEarecorrectanswers.

 17. InaDFD,datastoresareshownas____________andprocessesareshownas____________.

open-endedrectangles,roundedrectangles

 18. ThestrengthsoftheDFDare

A.It’sgoodfortop-downdesignwork.

B.It’squickandeasytodevelop,evenforcomplexsystems.

C.Itshowsoverallstructurewithoutsacrificingdetail.

D.Itshowscomplexlogiceasily.

E.It’sgreatforpresentationtomanagement.

A,C,andEarecorrectanswers.

 19. ThecomponentsoftheCRUDmatrixare

A.Ellipsestoshowattributes

B.Majorprocessesshownononeaxis
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C.Majorentitiesshownontheotheraxis

D.Referencenumberstoshowthehierarchyofprocesses

E.Letterstoshowtheoperationsthatprocessescarryoutonentities

B,C,andEarecorrectanswers.

 20. TheCRUDmatrixhelpsfindthefollowingproblems:

A.Entitiesthatareneverread

B.Processesthatareneverdeleted

C.Processesthatonlyread

D.Entitiesthatareneverupdated

E.Processesthathavenocreateentity

A,C,andDarecorrectanswers.

Chapter8:PhysicalDatabaseDesign
 1. Businessrulesareimplementedinthedatabaseusing____________.

constraints

 2. Twokeydifferencesbetweenuniqueconstraintsandprimarykeyconstraintsare____________
and____________.

atablemayhaveonlyoneprimarykeyconstraint;columnsreferencedinprimarykeyconstraints
mustbedefinedasNOTNULL

 3. Relationshipsinthelogicalmodelbecome____________inthephysicalmodel.

referentialconstraints

 4. Constraintnamesareimportantbecause____________.

theyappearinerrormessages

 5. Whenyou’redesigningtables,

A.Eachnormalizedrelationbecomesatable.

B.Eachattributeintherelationbecomesatablecolumn.

C.Relationshipsbecomecheckconstraints.

D.Uniqueidentifiersbecometriggers.

E.PrimarykeycolumnsmustbedefinedasNOTNULL.

A,B,andEarecorrectanswers.
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 6. Supertypesandsubtypes

A.Mustbeimplementedexactlyasspecifiedinthelogicaldesign

B.Maybecollapsedinthephysicaldatabasedesign

C.Mayhavethesupertypecolumnsfoldedintoeachsubtypeinthephysicaldesign

D.Usuallyhavethesameprimarykeyinthephysicaltables

E.Applyonlytothelogicaldesign

B,C,andDarecorrectanswers.

 7. Tablenames

A.Shouldbebasedontheattributenamesinthelogicaldesign

B.Shouldalwaysincludetheword“table”

C.Shoulduseonlyuppercaseletters

D.Shouldincludeorganizationorlocationnames

E.Maycontainabbreviationswhennecessary

CandEarecorrectanswers.

 8. Columnnames

A.Mustbeuniquewithinthedatabase

B.Shouldbebasedonthecorrespondingattributenamesinthelogicaldesign

C.Mustbeprefixedwiththetablename

D.Mustbeuniquewithinthetable

E.Shoulduseabbreviationswheneverpossible

BandDarecorrectanswers.

 9. Referentialconstraints

A.Definerelationshipsidentifiedinthelogicalmodel

B.Arealwaysdefinedontheparenttable

C.RequirethatforeignkeysbedefinedasNOTNULL

D.Shouldhavedescriptivenames

E.Nametheparentandchildtablesandtheforeignkeycolumn

AandDarecorrectanswers.

 10. Checkconstraints

A.Maybeusedtoforceacolumntomatchalistofvalues

B.Maybeusedtoforceacolumntomatcharangeofvalues
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C.Maybeusedtoforceacolumntomatchanothercolumninthesamerow

D.Maybeusedtoforceacolumntomatchacolumninanothertable

E.Maybeusedtoenforceaforeignkeyconstraint

A,B,andCarecorrectanswers.

 11. Datatypes

A.Preventincorrectdatafrombeinginsertedintoatable

B.Canbeusedtopreventalphabeticcharactersfrombeingstoredinnumericcolumns

C.Canbeusedtopreventnumericcharactersfrombeingstoredincharacterformatcolumns

D.Requirethatprecisionandscalebespecifiedalso

E.Canbeusedtopreventinvaliddatesfrombeingstoredindatecolumns

BandEarecorrectanswers.

 12. Viewrestrictionsincludewhichofthefollowing?

A.Viewscontainingjoinscanneverbeupdated.

B.Updatestocalculatedcolumnsinviewsareprohibited.

C.Privilegesarerequiredinordertoupdatedatausingviews.

D.Ifaviewomitsamandatorycolumn,insertstotheviewarenotpossible.

E.Anyupdateinvolvingaviewmayreferencecolumnsonlyfromonetable.

B,C,D,andEarecorrectanswers.

 13. Someadvantagesofviewsare

A.Viewsmayprovideperformanceadvantages.

B.Viewsmayinsulatedatabaseusersfromtableandcolumnnamechanges.

C.Viewsmaybeusedtohidejoinsandcomplexcalculations.

D.Viewsmayfiltercolumnsorrowsthatusersshouldnotsee.

E.Viewsmaybetailoredtotheneedsofindividualdepartments.

A,B,C,D,andEarecorrectanswers.

 14. Indexes

A.Maybeusedtoassistwithprimarykeyconstraints

B.Maybeusedtoimprovequeryperformance

C.Maybeusedtoimproveinsert,update,anddeleteperformance

D.Areusuallysmallerthanthetablestheyreference
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E.Areslowertosequentiallyscanthancorrespondingtables

A,B,andDarecorrectanswers.

 15. Generalrulestofollowregardingindexesincludewhichofthefollowing?

A.Thelargerthetable,themoreimportantindexesbecome.

B.Indexingforeignkeycolumnsoftenhelpsjoinperformance.

C.Columnsthatarefrequentlyupdatedshouldalwaysbeindexed.

D.Themoreatableisupdated,themoreindexeswillhelpperformance.

E.Indexesonverysmalltablestendnottobeveryuseful.

A,B,andEarecorrectanswers.

Chapter9:ConnectingDatabasestotheOutsideWorld
 1. Inthecentralizeddeploymentmodel,

A.Awebserverhostsallwebpages.

B.A“dumb”terminalisusedastheclientworkstation.

C.Administrationisquiteeasybecauseeverythingiscentralized.

D.Therearenosinglepointsoffailure.

E.Developmentcostsareoftenveryhigh.

BandCarecorrectanswers.

 2. Inthedistributeddeploymentmodel,

A.Thedatabaseand/orapplicationispartitionedanddeployedonmultiplecomputersystems.

B.Initialdeploymentswerehighlysuccessful.

C.Distributioncanbetransparenttotheuser.

D.Costsandcomplexityarereducedcomparedwiththecentralizedmodel.

E.Faulttoleranceisimprovedcomparedwiththecentralizedmodel.

A,C,andEarecorrectanswers.

 3. Inthetwo-tierclient/servermodel,

A.Allapplicationlogicrunsonanapplicationserver.

B.Awebserverhoststhewebpages.

C.Theclientworkstationhandlesallpresentationlogic.

D.Thedatabaseishostedonacentralizedserver.
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E.Clientworkstationsmustbehigh-poweredsystems.

C,D,andEarecorrectanswers.

 4. Inthethree-tierclient/servermodel,

A.Allapplicationlogicrunsonanapplicationserver.

B.Awebserverhoststhewebpages.

C.Theclientworkstationhandlesallpresentationlogic.

D.Thedatabaseishostedonacentralizedserver.

E.Clientworkstationsmustbehigh-poweredsystems.

A,C,andDarecorrectanswers.

 5. IntheN-tierclient/servermodel,

A.Allapplicationlogicrunsonanapplicationserver.

B.Awebserverhoststhewebpages.

C.Theclientworkstationhandlesallpresentationlogic.

D.Thedatabaseishostedonacentralizedserver.

E.Clientworkstationsmustbehigh-poweredsystems.

A,B,C,andDarecorrectanswers.

 6. TheInternet

A.BeganastheU.S.DepartmentofEducation’sARPANET

B.Datesbacktothelate1960sandearly1970s

C.AlwaysusedTCP/IPasastandard

D.Isaworldwidecollectionofinterconnectedcomputernetworks

E.Supportsmultipleprotocols,includingHTTP,FTP,andTelnet

B,D,andEarecorrectanswers.

 7. AURLmaycontain

A.Aprotocol

B.AhostnameorIPaddress

C.Aport

D.Theabsolutepathtoaresourceonthewebserver

E.Arguments

A,B,C,D,andEarecorrectanswers.
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 8. Anintranetisavailableto____________.

authorizedinternalmembersofanorganization

 9. Anextranetisavailableto____________.

authorizedoutsiders

 10. TheWorldWideWebuses____________tonavigatepages.

hyperlinks

 11. HTTPdoesnotdirectlysupporttheconceptofasessionbecauseitis____________.

stateless

 12. XMLisextensiblebecause____________canbedefined.

customtags

 13. MiddlewaresolutionsforJavaconnectionsmadetheRDBMSlooklikea(n)________.

object-orienteddatabase

 14. Theweb“technologystack”includes

A.Aclientworkstationrunningawebbrowser

B.Awebserver

C.Anapplicationserver

D.Adatabaseserver

E.Networkhardware(firewalls,routers,andsoon)

A,B,C,D,andEarecorrectanswers.

 15. TheadvantagesofCGIare

A.Statelessness

B.Simplicity

C.Inherentlysecure

D.Widelyaccepted

E.Languageandserverindependent

B,D,andEarecorrectanswers.

 16. ServerSideIncludes(SSI)

A.Arecommandsembeddedinawebdocument

B.Arenon-CGIgateways

C.AreHTMLmacros
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D.SolvesomeoftheCGIperformanceissues

E.Areinherentlysecure

A,C,andDarecorrectanswers.

 17. Theadvantagesofanon-CGIgatewayare

A.Knownforstability

B.Proprietarysolution

C.ImprovedsecurityoverCGIsolutions

D.SimplerthanCGI

E.Runsinserveraddressspace

CandEarecorrectanswers.

 18. ODBCis

A.AstandardAPIforconnectingtoDBMSs

B.Independentofanyparticularlanguage,operatingsystem,orDBMS

C.AMicrosoftstandard

D.UsedbyJavaprograms

E.FlexibleinhandlingproprietarySQL

A,B,andEarecorrectanswers.

 19. JDBCis

A.AstandardAPIforconnectingtoDBMSs

B.Independentofanyparticularlanguage,operatingsystem,orDBMS

C.AMicrosoftstandard

D.UsedbyJavaprograms

E.FlexibleinhandlingproprietarySQL

A,D,andEarecorrectanswers.

 20. JSQLis

A.ASunMicrosystemsstandard

B.AmethodofembeddingSQLstatementsinJava

C.AnextensionofanISO/ANSIstandard

D.Amiddlewaresolution

E.Independentofanyparticularlanguage,operatingsystem,orDBMS

BandCarecorrectanswers.
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Chapter10:DatabaseSecurity
 1. Acollectionofprivilegesthatcanbegrantedtomultipleusersiscalleda___________.

role

 2. PrivilegesarerescindedusingtheSQL____________command.

REVOKE

 3. Fordatabaseserversconnectedtoanetwork,physicalsecurityaloneis____________.

inadequate

 4. Employeesconnectingtotheenterprisenetworkfromhomeoranotherremoteworklocation
shouldhavea____________betweenthecomputerandthecableorDSLmodem.

firewall

 5. Whenlogincredentialsarestoredinthecomputersystem,theymustalwaysbe______.

encrypted

 6. Networksecurity

A.Canbehandledbyroutersalone

B.Canbehandledbyfirewallsalone

C.Mustincludeprovisionsforremotelylocatedemployees

D.Shouldbemandatoryforallcomputersystemsconnectedtoanynetwork

CandDarecorrectresponses.

 7. Firewallprotectionmayinclude

A.Packetfiltering

B.Packetselectionusingaroutingtable

C.Networkaddresstranslation

D.Limitingportsthatmaybeusedforaccess

E.IPspoofing

A,C,andDarecorrectresponses.

 8. Wirelessnetworksneedtobesecuredbecause

A.Inexpensivewirelessaccesspointsarereadilyavailable.

B.Anyonewithawirelessnetworkadaptercanconnecttoanunprotectednetwork.

C.Employeesmayusethewirelessnetworktocommunicatesecretlywithhackers.

D.Radiowavespenetratewallstoadjoiningoffices.
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E.Radiowavesmaycarrytopublicroadsoutsidethebuilding.

A,B,D,andEarecorrectresponses.

 9. Componentsofwirelessaccesspointsecurityinclude

A.Networkaddresstranslation

B.Theorganization’ssecuritypolicy

C.Encryption

D.Virtualprivatenetworks

E.MACaddresslists

B,C,andEarecorrectresponses.

 10. System-levelsecurityprecautionsinclude

A.Installingtheminimalsoftwarecomponentsnecessary

B.Grantingonlytableprivilegesthatusersrequire

C.Applyingsecuritypatchesinatimelymanner

D.Changingalldefaultpasswords

E.Usingsimplepasswordsthatareeasytoremember

A,C,andDarecorrectresponses.

 11. Encryption

A.Shouldbeusedforallsensitivedata

B.Shouldusekeysofatleast28bitsinlength

C.Shouldbeusedforsensitivedatasentoveranetwork

D.Canusesymmetricorasymmetrickeys

E.Shouldneverbeusedforlogincredentials

A,C,andDarecorrectresponses.

 12. Clientsecurityconsiderationsincludewhichofthefollowing?

A.MACaddresslists

B.Webbrowsersecuritylevel

C.Grantingonlydatabasetableprivilegesthatareabsolutelynecessary

D.Useofavirusscanner

E.Testingofapplicationexposures

B,D,andEarecorrectresponses.
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 13. InMicrosoftSQLServer,alogin(userlogin)

A.Canconnecttoanynumberofdatabases

B.Automaticallyhasdatabaseaccessprivileges

C.CanuseWindowsauthentication

D.CanbeauthenticatedbyMicrosoftSQLServer

E.Ownsadatabaseschema

A,C,andDarecorrectresponses.

 14. InMicrosoftSQLServer,adatabase

A.Isownedbyalogin

B.Mayhaveoneormoreusersassignedtoit

C.Maycontainsystemdata(forexample,master)oruser(application)data

D.Maybegrantedprivileges

E.Isalogicalcollectionofdatabaseobjects

B,C,andEarecorrectresponses.

 15. InOracle,auseraccount

A.Canconnect(login)toanynumberofdatabases

B.Automaticallyhasdatabaseprivileges

C.Canuseoperatingsystemauthentication

D.CanbeauthenticatedbytheOracleDBMS

E.Ownsadatabaseschema

B,C,D,andEarecorrectresponses.

 16. InOracle,adatabase

A.Isownedbyauser

B.Mayhaveoneormoreuseraccountsdefinedinit

C.Maycontainsystemdata(forexample,systemschema)anduser(application)data

D.Isthesameasaschema

E.IsmanagedbyanOracleinstance

B,C,andEarecorrectresponses.

 17. Systemprivileges

A.AregrantedinasimilarwayinOracle,SybaseASE,andMicrosoftSQLServer

B.Arespecifictoadatabaseobject
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C.Allowthegranteetoperformcertainadministrativefunctionsontheserver,suchasshuttingitdown

D.ArerescindedusingtheSQLREMOVEstatement

E.Varyacrossdatabasesfromdifferentvendors

A,C,andEarecorrectresponses.

 18. Objectprivileges

A.AregrantedinasimilarwayinOracle,SybaseASE,andMicrosoftSQLServer

B.Arespecifictoadatabaseobject

C.Allowthegranteetoperformcertainadministrativefunctionsontheserver,suchasshuttingitdown

D.ArerescindedusingtheSQLREMOVEstatement

E.AregrantedusingtheSQLGRANTstatement

A,B,andEarecorrectresponses.

 19. UsingWITHGRANTOPTIONwhengrantingobjectprivileges

A.Allowsthegranteetogranttheprivilegetoothers

B.GivesthegranteeDBAprivilegesontheentiredatabase

C.Canleadtosecurityissues

D.Willcascadeiftheprivilegeissubsequentlyrevoked

E.Isahighlyrecommendedpracticebecauseitissoconvenienttouse

A,C,andDarecorrectresponses.

 20. Viewsmayassistwithsecuritypolicyimplementationby

A.Restrictingthetablecolumnstowhichauserhasaccess

B.Restrictingthedatabasestowhichauserhasaccess

C.Restrictingtablerowstowhichauserhasaccess

D.Storingdatabaseauditresults

E.Monitoringfordatabaseintruders

AandCarecorrectresponses.

Chapter11:DeployingDatabases
 1. Acursoris____________.

apointerintoaresultset

 2. Aresultsetis____________.

thecollectionofrowsreturnedbyadatabasequery
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 3. TheIintheACIDacronymstandsfor____________.

isolation

 4. Beforerowsmaybefetchedfromacursor,thecursormustfirstbe

A.Declared

B.Committed

C.Opened

D.Closed

E.Purged

AandCarecorrectresponses.

 5. Atransaction

A.Maybepartiallyprocessedandcommitted

B.Maynotbepartiallyprocessedandcommitted

C.Changesthedatabasefromoneconsistentstatetoanother

D.Issometimescalledaunitofwork

E.HaspropertiesdescribedbytheACIDacronym

B,C,D,andEarecorrectresponses.

 6. MicrosoftSQLServersupportsthefollowingtransactionmodes:

A.Autocommit

B.Automatic

C.Durable

D.Explicit

E.Implicit

A,D,andEarecorrectresponses.

 7. Oraclesupportsthefollowingtransactionmodes:

A.Autocommit

B.Automatic

C.Durable

D.Explicit

E.Implicit

AandEarecorrectresponses.
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 8. TheSQLstatements(commands)thatendatransactionare

A.SETAUTOCOMMIT

B.BEGINTRANSACTION(inSQLServer)

C.COMMIT

D.ROLLBACK

E.SAVEPOINT

CandDarecorrectresponses.

 9. Theconcurrentupdateproblem

A.Isaconsequenceofsimultaneousdatasharing

B.CannotoccurwhenAUTOCOMMITissettoON

C.Isthereasonthattransactionlockingmustbesupported

D.OccurswhentwodatabaseuserssubmitconflictingSELECTstatements

E.Occurswhentwodatabaseusersmakeconflictingupdatestothesamedata

A,C,andEarecorrectresponses.

 10. Alock

A.Isacontrolplacedondatatoreserveitsothattheusermayupdateit

B.IsusuallyreleasedwhenaCOMMITorROLLBACKtakesplace

C.HasatimeoutsetinDB2andsomeotherRDBMSproducts

D.Maycausecontentionwhenotherusersattempttoupdatelockeddata

E.MayhavelevelsandanescalationprotocolinsomeRDBMSproducts

A,B,C,D,andEarecorrectresponses.

 11. Adeadlock

A.Isalockthathastimedoutandisthereforenolongerneeded

B.Occurswhentwodatabaseuserseachrequestalockondatathatislockedbytheother

C.Cantheoreticallyputtwoormoreusersinanendlesslockwaitstate

D.MayberesolvedbydeadlockdetectiononsomeRDBMSs

E.MayberesolvedbylocktimeoutsonsomeRDBMSs

B,C,D,andEarecorrectresponses.

 12. Performancetuning

A.Isanever-endingprocess

B.Shouldbeusedoneachqueryuntilnomoreimprovementcanberealized
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C.Shouldbeusedonlyonqueriesthatfailtoconformtoperformancerequirements

D.InvolvesnotonlySQLtuningbutalsoCPU,filesystemI/O,andmemoryusagetuning

E.Shouldberequirementsbased

A,C,D,andEarecorrectresponses.

 13. SQLquerytuning

A.Canbedoneinthesamewayforallrelationaldatabasesystems

B.Usuallyinvolvesusinganexplainplanfacility

C.AlwaysinvolvesplacingSQLstatementsinastoredprocedure

D.AppliesonlytoSQLSELECTstatements

E.RequiresdetailedknowledgeoftheRDBMSonwhichthequeryistoberun

BandEarecorrectresponses.

 14. GeneralSQLtuningtipsincludewhichofthefollowing?

A.Avoidtablescansonlargetables.

B.Useanindexwheneverpossible.

C.UseanORDERBYclausewheneverpossible.

D.UseaWHEREclausetofilterrowswheneverpossible.

E.Useviewswheneverpossible.

A,B,andDarecorrectresponses.

 15. SQLpracticesthatobviatetheuseofanindexare

A.UseofaWHEREclause

B.UseofaNOToperator

C.Useoftablejoins

D.UseoftheNOTEQUALoperator

E.UseofwildcardsinthefirstcolumnofLIKEcomparisonstrings

B,D,andEarecorrectresponses.

 16. Indexesworkwellatfilteringrowswhen

A.Theyareveryselective.

B.Theselectivityratioisveryhigh.

C.Theselectivityratioisverylow.

D.Theyareunique.
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E.Theyarenotunique.

A,B,andDarecorrectresponses.

 17. ThemainperformanceconsiderationsforINSERTstatementsare

A.Rowexpansion

B.Indexmaintenance

C.Freespaceusage

D.Subquerytuning

E.Anyverylargetablesthatareinvolved

BandCarecorrectresponses.

 18. ThemainperformanceconsiderationsforUPDATEstatementsare

A.Rowexpansion

B.Indexmaintenance

C.Freespaceusage

D.Subquerytuning

E.Anyverylargetablesthatareinvolved

AandBarecorrectresponses.

 19. Achangecontrolprocess

A.Canpreventprogrammingerrorsfrombeingplacedintoproduction

B.Mayalsobecalledchangemanagement

C.Helpswithunderstandingwhenchangesmaybeinstalled

D.Providesalogofallchangesmade

E.Canallowdefectivesoftwareversionstobebackedout

B,C,D,andEarecorrectresponses.

 20. Commonfeaturesofchangecontrolprocessesincludewhichofthefollowing?

A.Transactionsupport

B.Versionnumbering

C.Deadlockprevention

D.Releasenumbering

E.Prioritization

B,D,andEarecorrectresponses.
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Chapter12:DatabasesforOnlineAnalyticalProcessing
 1. OLTPdatabasesaredesignedtohandle____________transactionvolumes.

high

 2. OLAPqueriestypicallyaccess____________amountsofdata.

large

 3. ComparedwithOLTPsystems,datawarehousesystemstendtohave____________running
queries.

longer

 4. Datawarehousingwaspioneeredby____________.

BillInmon

 5. Theprocessofmovingfrommoresummarizeddatatomoredetaileddataisknownas________.

drillingdown

 6. Thesnowflakeschemaallowsdimensionstohave____________.

dimensionsoftheirown

 7. Thestarflakeschemaisahybridcontainingboth____________and____________dimensions.

normalized,denormalized

 8. Adatawarehouseis

A.Subjectoriented

B.Integratedfrommultipledatasources

C.Timevariant

D.Updatedinrealtime

E.Organizedaroundonedepartmentorbusinessfunction

A,B,andCarecorrectanswers.

 9. Challengeswiththedatawarehouseapproachinclude

A.Updatingoperationaldatafromthedatawarehouse

B.Underestimationofrequiredresources

C.Diminishinguserdemands

D.Large,complexprojects

E.Highresourcedemands

B,D,andEarecorrectanswers.
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 10. Thesummarytablearchitecture

A.WasoriginallydevelopedbyBillInmon

B.Includesafacttable

C.Includesdimensiontables

D.Includeslightlyandhighlysummarizedtables

E.Shouldincludemetadata

A,D,andEarecorrectanswers.

 11. Thestarschema

A.WasdevelopedbyRalphKimball

B.Includesadimensiontableandoneormorefacttables

C.Alwayshasfullynormalizeddimensiontables

D.WasakeyfeatureoftheRedBrickDBMS

E.Involvesmultiplelevelsofdimensiontables

AandDarecorrectanswers.

 12. Factorstoconsiderindesigningthefacttableinclude

A.Addingcolumnstothefacttable

B.Reducingcolumnsizesbetweenthesourceandfacttables

C.Partitioningthefacttable

D.Howoftenitmustbeupdated

E.Howlonghistorymustremaininit

B,C,D,andEarecorrectanswers.

 13. Multidimensionaldatabases

A.Useafullynormalizedfacttable

B.Arebestvisualizedascubes

C.Havefullynormalizeddimensiontables

D.AresometimescalledMOLAPdatabases

E.Accommodatedimensionsbeyondthethirdbyrepeatingcubesforeachadditionaldimension

B,D,andEarecorrectanswers.

 14. Adatamart

A.Isasubsetofadatawarehouse

B.Isashopthatsellsdatatoindividualsandbusinesses
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C.Supportstherequirementsofaparticulardepartmentorbusinessfunction

D.Canbeagoodstartingpointfororganizationswithnodatawarehouseexperience

E.Canbeagoodstartingpointwhenrequirementsaresketchy

A,C,D,andEarecorrectanswers.

 15. Reasonstocreateadatamartinclude

A.Itismorecomprehensivethanadatawarehouse.

B.Itisapotentiallylowerriskproject.

C.Datamaybetailoredtoaparticulardepartmentorbusinessfunction.

D.Itcontainsmoredatathanadatawarehouse.

E.Theprojecthasaloweroverallcostthanadatawarehouseproject.

B,C,andEarecorrectanswers.

 16. Buildingadatawarehousefirst,followedbydatamarts

A.Willdelaydatamartdeploymentifthedatawarehouseprojectdragson

B.Haslowerriskthantryingtobuildthemalltogether

C.Hasthelowestriskofthethreepossiblestrategies

D.Hasthehighestriskofthethreepossiblestrategies

E.Mayrequireagreatdealofrework

AandBarecorrectanswers.

 17. Buildingoneormoredatamartsfirst,followedbythedatawarehouse

A.Maydelaydatawarehousedeliveryifthedatamartprojectsdragon

B.HasthepotentialtodeliversomeOLAPfunctionsmorequickly

C.Hasthelowestriskofthethreepossiblestrategies

D.Hasthehighestriskofthethreepossiblestrategies

E.Mayrequireagreatdealofrework

B,C,andEarecorrectanswers.

 18. Buildingthedatawarehouseanddatamartssimultaneously

A.Createsthelargestsingleprojectofallthepossiblestrategies

B.HasthepotentialtotakethelongesttodeliveranyOLAPfunctions

C.Hasthelowestriskofthethreepossiblestrategies

D.Hasthehighestriskofthethreepossiblestrategies
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E.Mayrequireagreatdealofrework

A,B,andDarecorrectanswers

 19. Datamining

A.Createsascaled-downdatawarehouse

B.Extractspreviouslyunknowndatacorrelationsfromthedatawarehouse

C.Canbesuccessfulwithsmallamountsofdata

D.Ismostusefulwhentheorganizationisagileenoughtotakeactionbasedontheinformation

E.Usuallyrequireslargedatavolumesinordertoproduceaccurateresults

B,D,andEarecorrectanswers.

 20. Propertiesofdatawarehousesystemsinclude

A.Holdinghistoricratherthancurrentinformation

B.Long-runningqueriesthatprocessmanyrowsofdata

C.Supportforday-to-dayoperations

D.Processorientation

E.Mediumtolowtransactionvolume

A,B,andEarecorrectanswers.

Chapter13:IntegratingXMLDocuments
andObjectsintoDatabases
 1. XMLis____________.

ageneral-purposemarkuplanguageusedtodescribedata

 2. HowdoSQLdatabasesandXMLdocumentsvaryintermsofdatastructure?

XMLdefinessequenceandahierarchicaltreestructure,whileSQLdoesnot.

 3. IftwoorganizationsarebothusingXML,doesthatmeanthattheyhaveastandardwayof
exchangingdatawithouthavingtocreateinterfacesoftware?

Notnecessarily.Thetwoorganizationsmustuseacommondefinitionfortheelementswithinthe
XMLdocumentstobeexchangedbeforetheycanprocessthemwithouttheneedtoperformany
interpretationorconversion.

 4. ThevalidsecondarytypemodifiersfortheSEQUENCEtypemodifierare__________.

TheSEQUENCEtypemodifiercannothaveasecondarytypemodifier.
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 5. The____________XMLschematypeismappedfromtheSQLNUMERICdatatype.

xs:decimal

 6. The____________XMLschematypeismappedfromtheSQLDATEdatatype.

xs:date

 7. ThetwowaysthatnullvaluesfromthedatabasecanberepresentedbySQL/XMLare________
and____________.

Absentelement,xsi:nil="true"

 8. WhichofthefollowingarecommonusesofXML?

A.Displaydatabasedataonawebpage

B.Createstaticwebpages

C.Transmitdatabasedatatoanotherparty

D.Enforcebusinessrulesondocuments

AandCarecorrectanswers.

 9. WhichofthefollowingarevalidtypemodifiersfortheXMLdatatype?

A.DOCUMENT

B.SEQUENCE

C.SQLXML

D.CONTENT

A,B,andDarecorrectanswers.

 10. WhichofthefollowingSQL/XMLfunctionscreatesanelementbasedonatablecolumn?

A.XMLQUERY

B.XMLELEMENT

C.XMLFOREST

D.XMLDOCUMENT

E.XMLPARSE

Cisthecorrectanswer.

 11. Object-orientedprogramming

A.Usesmessagesasavehicleforobjectinteraction

B.Allowsanobjecttodirectlyaccessthevariablesinarelatedobject

C.Usesmethodstodefinethebehaviorofanobject
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D.Requiresobjectstohaveaprimarykey

E.Supportstheuseofcomplexobjects

A,C,andEarecorrectanswers.

 12. Object-oriented(OO)applications

A.RequiretheuseofanOOdatabase

B.ArewritteninanOOlanguage

C.Usedevelopmentenvironmentsthatusuallycomewithpredefinedclasses

D.Usedevelopmentenvironmentsthatusuallycomewithpredefinedmethods

E.MaybewrittenittheCprogramminglanguage

B,C,andDarecorrectanswers.

 13. Smalltalk

A.WasdevelopedbyLinusTorvalds

B.Wasdevelopedin1972

C.WasdevelopedattheXeroxPARCfacility

D.IsbasedontheCprogramminglanguage

E.WasthefirstOOprogramminglanguagetoincludeawindowingsystemanduseofamouse

B,C,andEarecorrectanswers.

 14. C++

A.WasdevelopedbyAlanKay

B.Wasdevelopedin1976

C.WasdevelopedatAT&TBellLaboratories

D.IsbasedontheJavaprogramminglanguage

E.Allowsprogrammerstoignoretheobjectparadigmiftheywish

CandEarecorrectanswers.

 15. Java

A.WasdevelopedbySunMicrosystems

B.Mayberunonlyonlargesystemswithlotsofmemory

C.Wasdevelopedaround1995

D.Isaninterpretivelanguage

E.Isageneral-purposeOOlanguage

A,C,D,andEarecorrectanswers.
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 16. Objectpersistence

A.Preservesthestateofanobjectbetweenexecutionsofanapplication

B.Preservesthestateofanobjectacrosstheshutdownandstartupofthecomputersystem

C.Loadsobjectsintomemorytopreservethempermanently

D.Occurswhentheapplicationrequeststhatanobjectbesaved

E.CanbeaccomplishedonlywithanOOdatabase

A,B,andDarecorrectanswers.

 17. TheeventsnecessarytoretrieveanobjectfromanOOdatabaseinclude

A.Amessageissenttotheobject,sotheobjectmustbeloadedintomemory.

B.ArequesttoretrievetheobjectissenttotheOOdatabase.

C.Objectreferencesareswizzledintomemoryaddresses.

D.Relationaldataisassignedtoanobjectclass.

E.Theobjectismadeavailabletotheapplicationenvironment.

A,B,C,andEarecorrectanswers.

 18. Theadvantagesofobject-relationaldatabasesinclude

A.Objectsarestoredwithintables.

B.Complexdatatypesaresupported.

C.Ad-hocquerycapabilityisfullysupported.

D.Classstructuresandinheritancearefullysupported.

E.Centrallystoredfunctions(methods)improvereuse.

B,C,andEarecorrectanswers.

 19. Thedisadvantagesofobject-relationaldatabasesinclude

A.Thecombinationismorecomplexthaneitherpureobject-orientedorpurerelationaldatabases.

B.Ad-hocquerycapabilityislimited.

C.Objectsaretable-centric.

D.Neitherrelationalpuristsnorobjectpuristsareenamoredwiththiscombination.

E.Objectapplicationsarenotasdata-centricasrelationalones.

A,C,D,andEarecorrectanswers.
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 20. Whenconsideringtheselectionofadatabasemodel,whichofthefollowingfactsshouldbe
takenintoaccount?

A.Ordinaryfilesystemfilescanhandlesimpledata,providedtherearenoad-hocqueryrequirements.

B.Relationaldatabasescanhandlesimpledatathathasad-hocqueryrequirements.

C.Object-orienteddatabasesarebestathandlingcomplexdata.

D.Object-relationaldatabasescanhandlecomplexdatathathasad-hocqueryrequirements.

E.Object-orienteddatabasescanhandlecomplexdata,providedtherearenoad-hocqueryrequirements.

A,B,C,D,andEarecorrectanswers.
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Appendix B
Solutions to the Try 
This Exercises
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TryThis5-1

ThisappendixcontainsmysolutionstotheTryThisexercisescontainedinvariouschapters.
Inanydesignendeavor,manysolutionsarepossible.Databasedesignisnodifferentin
thisregard;itisnotanexactscience,andthereforethereissomelatitudeforalternative
solutions.Ifyoursolutionisdifferentfrommine,thatdoesnotnecessarilymeanthatyour
solutionisincorrect,providedyoursolutionmeetstherequirementsstatedintheexercise.
ThesourcefilesforthesesolutionsmayalsobedownloadedfromtheMcGraw-Hill

Professionalwebsite.Followthesestepstodownloadthefiles:

 1. Openyourwebbrowserandgotowww.mhprofessional.com.

 2. IntheSearchbox,nearthetopofthepage,typeDatabasesABeginner’sGuideand
clickSEARCH.

 3. Clickonthedisplayedimageofthebooktodisplaythebook’sinformationpage.

 4. Findthedownloadlinksundertheimageofthebookalongtheleftmargin.Select
thefilesyouwantandeitherclicktoopenthemorright-clicktosavethemtoyour
personalcomputer.

  Solution: Project Database  
Management Tasks

ProjectPhase Task
Planning w. Evaluate available DBMS options

Requirements Gathering f. Determine the views required by the business users

r. Identify the attributes required by the business users

t. Identify and document business data requirements

Conceptual Design l. Specify a logical name for each entity and attribute

q. Document business rules that cannot be represented in the data model

s. Identify the relationships between the entities

Logical Design a. Normalization

b. Add foreign keys to the database

d. Specify the unique identifier for each relation

g. Remove data that is easily derived

h. Resolve many-to-many relationships

l. Specify a logical name for each entity and attribute

p. Translate the conceptual data model into a logical model

www.mhprofessional.com
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q. Document business rules that cannot be represented in the data model

s. Identify the relationships between the entities

Physical Design c. Specify the physical placement of database objects on storage media

e. Specify the primary key for each table

j. Modify the database to meet business requirements

m. Specify a physical name for each table and column

o. Specify database indexes

Construction i. Define views in the database

u. Ensure that user data requirements are met

Implementation and Support k. Denormalize the database for performance

n. Add derivable data to improve performance

v. Tune the database to improve performance

Ongoing Support j. Modify the database to meet business requirements

k. Denormalize the database for performance

n. Add derivable data to improve performance

u Ensure that user data requirements are met

v. Tune the database to improve performance

 Solution: UTLA Academic Tracking
HerearethenormalizedrelationsforTryThis6-1,with(PK)denotingprimarykeyattributes:

COURSE:COURSEID(PK),TITLE,DESCRIPTION,NUMBEROFCREDITS

INSTRUCTOR:INSTRUCTORID(PK),INSTRUCTORNAME,HOMEADDRESSSTREET,
HOMEADDRESSCITY,HOMEADDRESSSTATE,
HOMEADDRESSZIPCODE,HOMEPHONE,OFFICEPHONE

COURSESECTION:SECTIONID(PK),CALENDAR_YEAR,SEMESTER,COURSEID,
BUILDING,ROOM,MEETINGDAY,MEETINGTIME,
INSTRUCTORID

STUDENT:STUDENTID(PK),STUDENTNAME,HOMEADDRESS,
HOMEADDRESSCITY,HOMEADDRESSSTATE,
HOMEADDRESSZIPCODE,HOMEPHONE

STUDENTSECTION:STUDENTID(PK),SECTIONID(PK),GRADE

COURSEPREREQUISITE:COURSEID(PK),PREREQUISITECOURSEID(PK)

COURSEINSTRUCTORQUALIFIED:INSTRUCTORID(PK),COURSEID(PK)
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Afewnotesonthisparticularsolutionareinorder:

● NosimplenaturalkeyexistsfortheCourseSectionrelation,soasurrogatekeywasadded.

● TheCoursePrerequisiterelationcanbequiteconfusing.Thisistheintersection
relationforamany-to-manyrecursiverelationship.Acoursecanhavemany
prerequisites,whichmaybefoundbyjoiningCOURSEIDintheCOURSErelation
withCOURSEIDintheCOURSEPREREQUISITErelation.Atthesametime,
anycoursemaybeaprerequisiteformanyothercourses.Thesemaybefoundby
joiningCOURSEIDintheCOURSErelationwithPREREQUISITECOURSEID
intheCOURSEPREREQUISITErelation.Thismeansthattworelationshipsexist
betweentheCOURSEandCOURSEPREREQUISITE:oneinwhichCOURSE
IDistheforeignkeyandanotherinwhichPREREQUISITECOURSEIDisthe
foreignkey.ComparingtheupcomingillustrationsfortheCOURSEandCOURSE_
PREREQUISITEtablesshouldhelpmakethispointclear.

Toassistyouinvisualizinghowallthisworks,thefollowingillustrationsshoweach
ofthetablesasimplementedinaMicrosoftAccessdatabase,eachloadedwiththedata
fromtheoriginaluserview(report)examples.ThelastillustrationshowstheERDforthe
solution,usingtheMicrosoftRelationshipspanelasthepresentationmedia.
COURSEtable:

INSTRUCTORtable:
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COURSE_SECTIONtable:

STUDENTtable:

STUDENT_SECTIONtable:

COURSE_PREREQUISITEtable:
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TryThis6-2

COURSE_INSTRUCTOR_QUALIFIEDtable:

ERDforTLAUniversity:

 Solution: Computer Books Company
HerearethenormalizedrelationsforTryThis6-2,withprimarykeysnotedwith(PK):

BOOK:ISBN(PK),BOOKTITLE,SUBJECTCODE,PUBLISHERID,
EDITIONCODE,EDITIONCOST,SELLINGPRICE,
QUANTITYONHAND,QUANTITYONORDER,
RECOMMENDEDQUANTITY,PREVIOUSEDITIONISBN

CUSTOMERORDER:CUSTOMERORDERNUMBER(PK),CUSTOMERID,
ORDERDATE

CUSTOMERORDERBOOK:CUSTOMERORDERNUMBER(PK),ISBN(PK),
QUANTITY,BOOKPRICE
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SUBJECT:SUBJECTCODE(PK),DESCRIPTION

AUTHOR:AUTHORID(PK),AUTHORNAME

BOOK-AUTHOR:AUTHORID(PK),ISBN(PK)

CUSTOMER:CUSTOMERID(PK),CUSTOMER_NAME,STREETADDRESS,CITY,
STATE,ZIPCODE,PHONENUMBER,BALANCEDUE

PUBLISHER:PUBLISHERID(PK),PUBLISHERNAME,STREETADDRESS,
CITY,STATE,ZIPCODE,AMOUNTPAYABLE

SHIPPEDORDER(RECEIVABLE):SALESINVOICENUMBER(PK),
CUSTOMERORDERNUMBER,SALESTAX,SHIPPINGCHARGES

SHIPPEDORDERBOOK:SALESINVOICENUMBER(PK),ISBN(PK),
PRICE_AT_SALE,QUANTITY

PURCHASE(PAYABLE):PURCHASEINVOICENUMBER(PK),PUBLISHER_ID,
INVOICEDATE,INVOICEAMOUNT

PURCHASEBOOK:PURCHASEINVOICENUMBER(PK),ISBN(PK),QUANTITY,
COSTEACH

HereisanERDthatshowsthecompletedesign,implementedinMicrosoftAccess:
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TryThis7-1  Solution: Draw an ERD in Information 
Engineering (IE) Format

ThefollowingillustrationshowsmysolutiontoTryThis7-1:

PERSON

PERSON_ID

FIRST_NAME 
LAST_NAME 
BIRTH_DATE 
GENDER 
FATHER_PERSON_ID (FK) 
MOTHER_PERSON_ID (FK)

MARRIAGE

PERSON_ID_1 (FK) 
PERSON_ID_2 (FK) 
MARRIAGE_DATE

END_DATE

EMPLOYEE

PERSON_ID (FK)

EMPLOYEE_ID 
HIRE_DATE 
TERMINATION_DATE

CUSTOMER

CUSTOMER_NUMBER

NAME 
ADDRESS 
CITY 
STATE 
ZIP_CODE 
PHONE

Spouse 1

Reachable via

works for

CUSTOMER CONTACT

PERSON_ID (FK)

CUSTOMER_ID (FK)

Spouse 2

Father
Mother
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TryThis8-1

TryThis10-1

  Solution: Mapping a Logical Model  
to a Physical Database Design

ThefollowingillustrationshowsmysolutiontoTryThis8-1:

  Solution: Database Object Privileges
HerearetheSQLstatementsusedinTryThisexercise10-1:

CREATETABLEDEPARTMENT
(DEPARTMENT_CODECHAR(3),
DEPARTMENT_NAMEVARCHAR(50));


GRANTSELECT,INSERTONDEPARTMENTTOUSER1;

INSERTINTODATA1.DEPARTMENT
VALUES('001','Executive');

SELECT*FROMDATA1.DEPARTMENT
WHEREDEPARTMENT_CODE='001';

DELETEFROMDATA1.DEPARTMENT
WHEREDEPARTMENT_CODE='001';


ADDRESS
CITY
STATE

WORKER

WORKER_ID

WORKER_TYPE 
FIRST_NAME 
LAST_NAME 
FTE_RATIO 
HOURLY_RATE

CONTRACTOR

WORKER_ID (FK)

START_DATE 
END_DATE

EMPLOYEE

WORKER_ID (FK)

EMPLOYEE_TYPE 
HIRE_DATE 
TERMINATION_DATE 
REINSTATEMENT_DATE 
PAY_GRADE 
ANNUAL_SALARY

PROJECT_ASSIGNMENT

WORKER_ID (FK) 
PROJECT_ID (FK)

START_DATE 
END_DATE 
FTE_RATIO

PROJECT

PROJECT_ID

PROJECT_NAME
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TryThis11-1

TryThis12-1

DROPTABLEDATA1.DEPARTMENT;

DROPTABLEDEPARTMENT;

  Solution: SQL Transaction Support
HerearetheSQLstatementsusedinTryThisexercise11-1:

DROPTABLEDEPARTMENT;

CREATETABLEDEPARTMENT
(DEPARTMENT_CODECHAR(3),
DEPARTMENT_NAMEVARCHAR(50));

SETIMPLICIT_TRANSACTIONSON

INSERTINTODEPARTMENT
VALUES('001','Executive');

SELECT*FROMDEPARTMENT;

ROLLBACK;

INSERTINTODEPARTMENT
VALUES('001','Executive');

COMMIT;

ROLLBACK;

SELECT*FROMDEPARTMENT;

DROPTABLEDEPARTMENT;
COMMIT;

   Solution: Design Star Schema Fact  
and Dimension Tables

HerearethefactanddimensiontablesdesignedinTryThisexercise12-1:

BOOK(FACT):ISBN(PK),SUBJECTCODE(FK),PUBLISHERID(FK),
EDITIONCOST,SELLINGPRICE,QUANTITYONHAND,QUANTITYONORDER,
RECOMMENDEDQUANTITY

BOOKTITLE(DIMENSION):BOOKTITLE,EDITIONCODE,PREVIOUSISBN
SUBJECT(DIMENSION):SUBJECTCODE(PK),DESCRIPTION
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TryThis13-1

AUTHOR(DIMENSION):ISBN(PK),AUTHORID(PK),AUTHORNAME

PUBLISHER(DIMENSION):PUBLISHERID(PK),PUBLISHERNAME,STREETADDRESS,
CITY,STATE,ZIPCODE

  Solution: Using SQL/XML Functions
IfyouarenotusinganOracledatabasewithOracle’sHRsampleschema,hereistheSQL
codetocreateanEmployeestablewiththenecessarycolumnsandpopulateitwiththe
threerowsneededforthisexercise:

CREATETABLEEMPLOYEES
(EMPLOYEE_IDNUMBER(6)NOTNULL,
FIRST_NAMEVARCHAR(20),
LAST_NAMEVARCHAR(20),
PHONE_NUMBERVARCHAR(20),
DEPARTMENT_IDNUMBER(4));

INSERTINTOEMPLOYEES
VALUES(100,'Steven','King','515.123.4567',90);
INSERTINTOEMPLOYEES
VALUES(101,'Neena','Kochhar','515.123.4568',90);
INSERTINTOEMPLOYEES
VALUES(102,'Lex','DeHaan','515.123.4569',90);
COMMIT;

HereistheSQLstatementusedinTryThis13-1:

SELECTXMLELEMENT("Employee",
XMLATTRIBUTES(EMPLOYEE_IDASID),
XMLFOREST(FIRST_NAMEAS"FirstName",
LAST_NAMEAS"LastName",
PHONE_NUMBERAS"Phone"))
FROMEMPLOYEES
WHEREDEPARTMENT_ID=90
ORDERBYEMPLOYEE_ID;
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Index

*(asterisk),132–133,138,148
||(concatenationoperator),150
!(exclamationpoint),80
*(multiplicationoperator),105
%(percentsign),137–138
+(plussign),148,150
#(poundsign),80
?(questionmark),138
_(underscore),137,138
;(semicolon),119
[](squarebrackets),105
=(equalto)operator,80
>(greaterthan)operator,80
>=(greaterthanorequalto)operator,80
<(lessthan)operator,80
<=(lessthanorequalto)operator,80
<>(notequalto)operator,80,91–94
()parentheses,136,156,157
80/20rule,183

A
Access.SeeMicrosoftAccess
accesssecurity,314–322

ACID(Atomicity,Consistency,Isolation,
Durability),333

ACMSIGMOD(SpecialInterestGroupon
ManagementofData)conference,
22–23

AcmeIndustriesexample,192–209
ActiveServerPages(ASP),294
Actuateproduct,358
adhocqueries,8,17,21,65,392–393
Administrationoption,125
aggregatefunctions

SQL,150–154
“TryThis”exercise,106–109

aggregation,230
aliases.Seesynonyms
ALTERcommand,159
ALTERTABLEstatement,161–162
AmericanNationalStandardsInstitute
(ANSI),120

AmericanNationalStandardsInstitute/
StandardsPlanningandRequirements
Committee(ANSI/SPARC),6

analysisparalysis,175
ANDoperator,94,140–141
anomalies,192–193
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ANSI(AmericanNationalStandards
Institute),120

ANSI/SPARC(AmericanNationalStandards
Institute/StandardsPlanningand
RequirementsCommittee),6

answers,toself-tests,401–445
ANYtype,377
API(applicationprogramminginterface),295
ApplicationBuilderoption,125
ApplicationExpress.SeeOracle
ApplicationExpress

applicationgateway,307
applicationprogramminginterface(API),295
applicationprograms,8,11,13,38,72
applicationserver,287–297
applications.SeealsoOracle
ApplicationExpress
bugfixes,181
building,72
connectingdatabasesto,295–297
described,6
Java,295,296–297
minimaluseof,313
object-oriented,385–392
RapidApplicationDevelopment,183
securityguidelines,311–314
testingexposures,314

ARPANET,290
artificialidentifiers,196
ASkeyword,150
ASP(ActiveServerPages),294
asterisk(*),132–133,138,148
asymmetrickeys,312
atomicquality,32
atomicity,333
Atomicity,Consistency,Isolation,Durability
(ACID),333

AT&TBellLaboratories,387
attributes

atomic,32
described,32
multivalued,194,195,199,207–208
relationaldatabases,32
as“unitfact,”32
XML,374

auditingsystems,322–323
autocommitmode,155,334,335
Autocommitoption,126

automaticcommit,155
AVGfunction,107,143

B
Bachman,CharlesW.,22–23
BACKUPDATABASEprivilege,320
baseclass,230
BCNF(Boyce-CoddNormalForm),206–207
BEGINTRANSACTIONstatement,334
behaviordiagrams,243
behaviors,386
BETWEENoperator,136–137
blocks,339
Boyce-CoddNormalForm(BCNF),206–207
Britton-Lee,24
browsers.SeeObjectBrowser;webbrowsers
bruteforceattacks,311
bufferoverflows,314
buffers,331
bugfixes,181
bugs,181
buildnumbering,346
businessintelligencetools,358
BusinessObjects,358
businessrules,38,265–271

C
Clanguage,387
C++language,387
calculatedcolumns,103–106
CallLevelInterface(CLI),295
candidates,197
cardinality,32–33
Cartesianproducts,95,143–144
CASCADECONSTRAINTSclause,163
cascadingdeletes,49
catalogviews,127–129
CBC(ComputerBooksCompany)exercise,
214–216

CentralIntelligenceAgency(CIA),23
centralizedmodel,282–284
CGI(CommonGatewayInterface),293–294
CGIscripts,293–294
chains,pointer,14,16
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changecontrolprocess,346–347
changemanagement,346–347
changerequesttracking,346
checkconstraints,55,162,270
check-out/check-in,347
Chen,Peter(Dr.),23,222,223–224
Chen’sformat,223–224
“chicken”method,181
childrows,49
child/parentrelationships,15
CIA(CentralIntelligenceAgency),23
ciphertext,312
circuit-levelgateway,307
classhierarchy,21
CLI(CallLevelInterface),295
clienttools,121
clients

described,285,311
securityguidelines,311–314
SQL,119,121

client/servermodel,285–290
CLOSEstatement,332
CODASYL(ConferenceonDataSystems
Languages),22

Codd,E.F.(Ted),17,22–23,179,190,354
Cognosproduct,358
Cohera,24
“coldturkey”implementation,181
columnfunctions,107
columns.Seealsotables

adding,161–162
calculated,103–106
constraints,255
derived,104
described,44
foreignkey,47–48,51
guidelinesfor,255
hiding/showing,57
labels,105
listingall,81–82
listingall(SQL),132–133
locking,340
names,105,255
namingconventions,263–264
NULL,98–99
omittingfromviews,322
partitioning,256
primarykey,47
relationaldatabases,44–46

removing,161–162
selectingfordisplay,82–83
selectingfordisplay(SQL),133–134
updating,157–158

COM(CommonObjectModel),296
command-basedqueries,64,65
command-basedquerylanguages,64,65
comments,266
commit,333
COMMITstatement,154–155
COMMITTRANSACTIONstatement,334
CommonGatewayInterface(CGI),293–294
CommonObjectModel(COM),296
comparisonoperators,80
compilers,311,387
complexobjects,21,386
compoundrowselection,90–91
ComputerAssociates,23
ComputerBooksCompany(CBC)exercise,
214–216

concatenationoperator(||),150
conceptualdatabasedesign,30–41,66–73,178
concurrentupdates,337–340
conditionaloperators,SQL,136–141
conditionalrelationships,34–35
ConferenceonDataSystemsLanguages
(CODASYL),22

conformeddimensions,359
connections.Seedatabaseconnections
consistency,333
constraints

businessrulesas,38
check,55,162,270
column,255
described,38,46,266
droppedtablesand,163
enforcingwithtriggers,56
foreignkey,47,268
integrity,53–55
names,46
namingconventions,263–264
NOTNULL,53–55,267
primarykey,47,161–162,267–268
referential,47–51,75,161,268
relationaldatabases,46–55
unique,162,269

constructionphase,179–180
CONTENTtype,377
contention,340
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cookies,313
correlatedsubselects,142–143
COUNTfunction,107
CREATEANYTABLEprivilege,320
CREATEcommand,159
CREATEDATABASEprivilege,320
CREATEINDEXstatement,163
Createribbon,69
CREATEROLEprivilege,321
CREATESESSIONprivilege,320
CREATETABLEprivilege,320
CREATETABLEstatement,160
CREATEUSERprivilege,320
CREATEUSERstatement,322
CREATEVIEWstatement,162–163
credentials,login,311–312
Criteriaoption,79–80
“crow’sfoot”methodology,18
CRUDmatrix,245–246
cursor,330
cursordeclarations,330–332
cursorprocessing,330–332

D
data

complex,19
encrypted,309,310,312–313
intersection,36–37
locking,338–341
logicaldataindependence,10
physicaldataindependence,8–9
redundant,193
relationships.Seerelationships
sensitive,312–313

dataabstraction,layersof,6–9
databank,6
DataControlLanguage(DCL),120,164–165
DataDefinitionLanguage.SeeDDL
datafiles,7–8,9
dataflowdiagram(DFD),240–243
dataflows,242–243
dataintegrity,265–271
“datajail,”18
DataManipulationLanguage(DML),119,
154–159,345

datamarts,344,363–364

datamodeler,30
DataQueryLanguage(DQL),119,131–154
datarelationships.Seerelationships
datasets,18
datastore,241
DataTypeoption,75
datatypes

described,44
extensions,45–46
frommajorRDBMSvendors,46
names,44
options,45–46
relationaldatabases,44–46
SQL,380–383
tabledesignand,270
TIMESTAMP,121
XML,376–378
XMLschema,380–383

datawarehouses,344,355–362,364
datawarehousing,354
databaseactivities,173
databaseadministrators.SeeDBAs
databaseclients.Seeclients
databaseconnections

toapplications,295–297
concurrentupdateproblem,337–338
toJavaapplications,296–297
logincredentials,311–312
multipleconnections,337–338
securityissues,306–310
terminalemulators,283
viaODBC,295–296
viaOLEDB,296

databasedesign
conceptualdatabase,30–41,66–73,178
logical.Seelogicaldatabasedesign
Northwinddatabaseexample,
38–41,66–73

physical.Seephysicaldatabasedesign
databasedesigner,30
databaseinstances.Seeinstances
databasemachines,24
databasemanagementsystem.SeeDBMS
databasemodels,10–21

centralizedmodel,282–284
client/servermodel,285–290
deploymentmodels,282–290
described,4
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distributedmodel,284–285
flatfiles,10–13
hierarchicalmodel,13–15
Internetcomputingmodel,285,
288–290

networkmodel,15–17
object-orientedmodel,19–21
object-relationalmodel,21
relationalmodel,17–19

databaseobjects.Seeobjects
databaseowner(DBO),319
databasequeries.Seequeries
databaseservers.Seealsoservers

client/servermodel,285–290
defined,315
securityissues,305–311,315–317
vs.servers,315

databasespecialist,174
DatabaseTaskGroup(DBTG),22
DatabaseToolsribbon,69,70
databases

automaticallycommittingchanges,126
createdbySQLServer,316
deploying.Seedeployment
described,4,316
fundamentals,3–27
history,22–24
Ingres,23,24,120
layersofdataabstraction,6–9
lifecycle,171–188
lockingmechanisms,338–341
MOLAP,360–362
normalizing.Seenormalization
Northwind.SeeNorthwinddatabase
object-oriented,21,386,388–390,392
object-relational,392–393
OLAP,354–366
OLEDB,296
operational,354
properties.Seeproperties
relational.Seerelationaldatabases
removingobjectsfrom,163–164
security.Seesecurity
tables.Seetables
universal,21
views.Seeviews
vs.databanks,6
vs.files,4–5
toWeb,290–295

data-drivenapproach,174–175
DatasheetView,75,76
Date,C.J.(Chris),209
DATEdatatype,121
DB2,24
DBArole,321
DBAs(databaseadministrators),7,30,319
DBMS(databasemanagementsystem)

installingminimalsoftwarefor,311
layersofdataabstraction,6–9
overview,5

DBMScatalog,9
DBO(databaseowner),319
DBTG(DatabaseTaskGroup),22
DCL(DataControlLanguage),120,164–165
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described,42
designing,254–265
dimension,358–360,365–366
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Internet;Web

X
Xerox,386–387
XML(ExtensibleMarkupLanguage),371–397

basics,372–375
overview,292–293,372
popularityof,293
SQL/XML,372,376–385

XMLattributes,374
XMLdatatype,376–378

XMLelements,374
XMLnames,380
XMLschemadatatypes,380–383
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