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    20世纪末，以计算机和通信技术为代表的信息科学和技术对世界经济、科技、

军事、教育和文化等产生了深刻影响。信息科学技术的迅速普及和应用，带动了世

界范围信息产业的蓬勃发展，为许多国家带来了丰厚的回报。

    进入21世纪，尤其随着我国加入WTO，信息产业的国际竞争将更加激烈。我

国信息产业虽然在20世纪末取得了迅猛发展，但与发达国家相比，甚至与印度、爱

尔兰等国家相比，还有很大差距。国家信息化的发展速度和信息产业的国际竞争能

力，最终都将取决于信息科学技术人才的质量和数量。引进国外信息科学和技术优

秀教材，在有条件的学校推动开展英语授课或双语教学，是教育部为加快培养大批

高质量的信息技术人才采取的一项重要举措。

    为此，教育部要求由高等教育出版社首先开展信息科学和技术教材的引进试点

工作。同时提出了两点要求，一是要高水平，二是要低价格。在高等教育出版社和

信息科学技术引进教材专家组的努力下，经过比较短的时间，第一批引进的20多种

教材已经陆续出版。这套教材出版后受到了广泛的好评，其中有不少是世界信息科

学技术领域著名专家、教授的经典之作和反映信息科学技术最新进展的优秀作品，

代表了目前世界信息科学技术教育的一流水平，而且价格也是最优惠的，与国内同

类自编教材相当。

    这项教材引进工作是在教育部高等教育司和高教社的共同组织下，由国内信息

科学技术领域的专家、教授广泛参与，在对大量国外教材进行多次遴选的墓础上，

参考了国内和国外著名大学相关专业的课程设置进行系统引进的。其中，Johnwiley

公司出版的贝尔实验室信息科学研究中心副总裁Silberschatz教授的经典著作《操作

系统概念》，是我们经过反复谈判，做了很多努力才得以引进的。williamstallings
先生曾编写了在美国深受欢迎的信息科学技术系列教材，其中有多种教材获得过美

国教材和学术著作者协会颁发的计算机科学与工程教材奖，这批弓}进教材中就有他

的两本著作。留美中国学者JiaweiHan先生的《数据挖掘》是该领域中具有里程碑

意义的著作。由达特茅斯学院ThomasConnen和麻省理工学院、哥伦比亚大学的几



位学者共同编著的经典著作《算法导论》，在经历了11年的锤炼之后于2001年出版

了第二版。目前任教于美国Massachusetts大学的Jame sKurose教授，曾在美国三所

高校先后10次获得杰出教师或杰出教学奖，由他主编的《计算机网络》出版后，以

其体系新颖、内容先进而倍受欢迎。在努力降低引进教材售价方面，高等教育出版

社做了大量和细致的工作。这套引进的教材体现了权威性、系统性、先进性和经济

性等特点。

    教育部也希望国内和国外的出版商积极参与此项工作，共同促进中国信息技术

教育和信息产业的发展。我们在与外商的谈判工作中，不仅要坚定不移地引进国外

最优秀的教材，而且还要千方百计地将版权转让费降下来，要让引进教材的价格与

国内自编教材相当，让广大教师和学生负担得起。中国的教育市场巨大，外国出版

公司和国内出版社要通过扩大发行数量取得效益。

    在引进教材的同时，我们还应做好消化吸收，注意学习国外先进的教学思想和

教学方法，提高自编教材的水平，使我们的教学和教材在内容体系上，在理论与实

践的结合上，在培养学生的动手能力上能有较大的突破和创新。

    目前，教育部正在全国35所高校推动示范性软件学院的建设和实施，这也是加

快培养信息科学技术人才的重要举措之一。示范性软件学院要立足于培养具有国际

竞争力的实用性软件人才，与国外知名高校或著名企业合作办学，以国内外著名IT

企业为实践教学基地，聘请国内外知名教授和软件专家授课，还要率先使用引进教

材开展教学。

    我们希望通过这些举措，能在较短的时间，为我国培养一大批高质量的信息技

术人才，提高我国软件人才的国际竟争力，促进我国信息产业的快速发展，加快推

动国家信息化进程，进而带动整个国民经济的跨越式发展。

教育部高等教育司
  二00二年三月
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DatabasemanagementhasevolvedfromasPecializedc0mPuteraPPlicatiOntoa
centralcomPonentofamoderncol11Putingenvironment，and，asaresult，knowl-
edgeaboutdatabasesystemshasbecomeanessentialPartofaneducationincom-
Puterscience·Inthistext，wePresentthefundamentalconcePtsofdatabasemanage-
ment.TheseconcePtsincludeasPectsofdatabasedesign，databaselanguages，and
database一systemimPlementation·

  Thistextisintendedforafirstcourseindatabasesattheiuniororseniorunder-
graduate，orfirst一yeargraduate，level·Inadditiontobasicmaterialforafirstcourse，
thetextcontainsadvancedmaterialthatcanbeusedforcoursesuPPlements，。ras
introductorymaterialf0ranadvancedc0urse·

  W亡assumeonlyafamiliaritywithbasicdatastructures，comPuterorganization，
andahigh一levelProgramminglanguagesuchasJava，C，orpascal.W亡Presentcon-
cePtsasintuitivedescriPtions，manyofwhicharebasedonourrunningexamPleof
abankenterPrise.ImPortanttheoreticalresultsarecovered，butformalProofsare
omitted.ThebibliograPhicalnotescontainPointerstoresearchPaPerSinwhichre-
sultswerefirstPresentedandProved，aswellasreferencestomaterialforfurther
reading·InPlaceofProofs，figuresandexal11P1esareusedtosuggeStwhyareSultis
tYUe

  ThefundamentalconcePtsandalgorithmscoveredinthebookareoftenbased
onthoseusedinexistingcommercialorexPerimentaldatabasesystems·Ouraimis
toPresenttheseconcePtsandalgorithmsinageneralsettingthatisnottiedtoone
Particulardatabasesystem.DetailsofParticuIarcommercialdatabasesystemsare
discussedinParts，“Casestudies.，’

  InthisfourtheditionofDatabaseSystemConcePts，wehaVeretainedtheoVerallstyle
ofthefirstthreeeditions，whileaddressingtheevolutionofdatabasemanagement·
SeveralnewchaPtershavebeenaddedtocoVernewtechno1ogies·EveryChaPterhas
beenedited，andmosthavebeenmodifledextensively.W亡shalldescribethechanges
indctailshortly.

XV



xVI PrefaCe

Organization
ThetextisorganizedineightmajorParts，PlusthreeaPPendices:

.overVieW(ChaPterl).ChaPter1Providesageneraloverviewofthenature
  andPurPoseofdatabasesystems·W亡exPlainhowtheconcePtofadatabase
  systemhasdeveloPed，whatthecommonfeaturesofdatabasesystemSare，
  whatadatabasesystemdoesfortheuser，andhowadatabasesysteminter-
  faceswithoPeratingsystems.W匕alsointroduceanexamPledatabaseaPPliCa-
  tion:abankingenterPriseconsistingofmultiPIebankbranchesThisexamPle
  isusedasarunningexamPlethroughoutthe book.ThischaPterismotiva-
  tional，historical，andeXPlanatoryinnature.

.Datamodels(ChaPtersZand3)·ChaPterZPresentstheentity一relationshiP
  model‘ThismodelProvidesahigh一levelviewoftheissuesindatabasedesign，
  andoftheProblemsthatweencounterincaPturingthesemanticsofrealistic
  aPPlicationswithintheconstraintsofadatamodel.ChaPter3focusesonthe
  relationaldatamodel，coveringthereleVantre1ationalalgebraandrelational
  calculus.

·Relationaldatabases(ChaPters4through7)ChaPter4focusesonthemost
  influentialoftheuser一orlentedrelationallanguages:SQL.ChaPterscovers
  twootherrelationallanguages，QBEandDatalog.ThesetwochaPtersdescribe
  datamaniPulation:queries，uPdates，insertions，anddeletions.Algorithms
  anddesignissuesaredeferredtolaterchaPters.Thus，thesechaPtersaresuit-
  ableforintroductorycoursesorthoseindividualswhowantto1earnthebasics
  ofdatabasesystems，withoutgettingintothedetailsoftheinterna1algorithms
  andstructure.

  ChaPter6PresentsconstraintofromthestaridPointofdatabaseintegrity
andsecurity二ChaPter7showshowconstraintscanbeusedinthedesignof
arelationaldatabase.Referentialintegrity;mechanismsforintegritymainte-
nance，suchastriggersandassertions;andauthorizationmechanismsarePre-
sentedinChaPter6.ThethemeofthischaPteristheProtectionofthedatabase
fromaccidentalandintentionaldamage.

  ChaPter7introducesthetheoryofrelationaIdatabasedesign·Thetheory
offunctionaldePendenciesandnorma1izationiscove此d，withemPhasison
themotivationandintuitiveunderstandingofeachnormalform.Theoverall
Processofdatabasedesignisa1sodescribedindetail.

·object一baseddatabasesandxML(Chapterssthrough1O).ChaPterscovers
  object一orienteddatabases.ItintroducestheconcePtsofobject一orientedPro-
  gramming，andshowshowtheseconcePtsformt11ebasisforadatamodel.
  NoPriorknowledgeofobject一orientedlanguagesisassumed.ChaPtergcov-
  ersobject一relationaldatabases，andshowshowthesQL:1999standardextends
  therelationaldatamodeltoincludeObject一orientedfeatures，suchasin--heri-
  tance，comPleXtyPeS，andobjectidentity.
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  ChaPter10coversthexMLstandardfordatarePresentation，whichissee-
ingincreasinguseindatacommunicationandinthestorageofcomPlexdata
tyPes.ThechaPteralsodescribesquerylanguagesforXML.

.Datastorageandquerying(ChaPtersllthrough14).ChaPterlldealswith
  disk，file，andfile一systemstructure，andwiththemaPPingofrelationaland
  objectdatatoafilesystem.Avarietyofdata一accesstechniquesarePresented
  inChaPter12，includinghashing，B十一treeindices，andgridfileindices.ChaP-
  ters13and14addressquery一evaluationalgorithms，andqueryoPtimization
  basedonequivalence一Preservingquerytransformations·

    ThesechaPtersProvideanunderstandingoftheinternalsofthestorageand
  retrievalcomPonentsofadatabase.

·Transactionmanagement(ChaPters15through17)ChaPter15focuseson
  the fundamentalsofatransaction一Processingsystem，includingtransaction
  atomicity，consistency，isolation，anddurability，aswel1asthenotionofserial-

  izability.
    ChaPter16focusesonconcurrencycontroIandPresentsseveraltechniques

  forensuringserializability，i报ludinglocking，timestamPing，andoPtimistic
  (validation)techniques.ThechaPteralsocoversdeadlockissuesChapter17
  coversthePrimarytechniquesforensuringcorrecttransactionexecutionde-
  sPitesystemcrashesanddiskfailures.Thesetechniquesincludelogs，shadow
  Pages，checkPoints，anddatabasedumPs.

.Databasesystemarchitecture(ChaPters18throughZO)、ChaPterlscovers
  comPuter一systemarchitecture，anddescribestheinfluenceoftheunderlying
  comPutersystemonthedatabaSesystem·、垅discusscentralizedsystems，
  client一serversystems，Parallelanddistributedarchitectures，andnetwork
  tyPesinthischaPter.ChaPter19coversdistributeddatabasesystemS，revis-
  itingtheissuesofdatabasedesign，transactionmanagement，andqueryeval-
  uationandoPtimization，inthecontextofdistributeddatabaSes·ThechaP-
  teralsocoversissuesofsystemavai1abilityduringfailuresanddescribesthe
  LDAPdirectorysystem·

    ChaPterZO，onParalleldatabasesexPloresavarietyofParal1e1izationtech-
  niques，includingl/oparallelism，interqueryandintraqueryparallelism，and
  interoPerationandintraoPerationParallelism·ThechaPteralsodescribes
  Parallel一systemdesign·

·othertoPio5(ChaPters21through24).Chapter21coversdatabaseapPli-
  cationdeveloPmentandadministrationToPicSincludedatabaseinterfaces，
  Particularly功尼binterfaces，performancetuning，Performancebenchmarks，
  standardizatinn，anddatabaseissuesine一commerce.ChaPter22coversquery-
  ingtechniques，includingdecisionsuPPortsystems，andinformationretrieval.
  ToPicscoveredintheareaofdecisionsuPPortincludeon1ineana1yticalPro-
  cessing(OLAp)techniques，SQL:1999suPPortfor0LAp，datamining，anddata
  warehousing.ThechaPteralsodescribesinformationretrievaltechniquesfor
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queryingteXtualdata，includinghyPerlink一asedtechniquesusedinV性于b
searchengines.

  ChaPter23coversadvanceddatatyPesandnewaPPlications，including
temPoraldata，sPatialandgeograPhicdata，multimediadata，andissuesinthe
managementofmobileandPersonaldatabases.Finally，ChaPter24dealswith
advancedtransactionProcessing.W已discusstransaction一Processingmonitors，
high-Performancetransactionsystems，real一timetransactionsystems，and
transactionalworknows.

·casestudies(ChaPters25through27).InthisPartwePresentcasestudiesof
  threeleadingcommercialdatabasesystems，includingoracle，IBMDBZ，and
  MicrosoftsQL Server.ThesechaPtersoutlineuniquefeaturesofeachofthese
  Products，anddescribetheirinternalstructure.TheyProvideawealthofin-
  terestinginformati0nabouttheresPectiVeProducts，andheIPyouseehowthe
  variousimPlementationtechniquesdescribedinearlierPartsareusedinreal
  systems.TheyalsocoverseveralinterestingPracticalasPectsinthedesignof
  realsystems·

.onlineaPPendices.AlthoughmostnewdatabaseaPPlicationsuseeitherthe
  relationalmodelortheobject一orientedmodel，thenetworkandhierarchical
  datamodelsarestillinuse.Forthebenefitofreaderswhowishto1earnabout

  thesedatamodels，weProvideaPPendicesdescribingthenetworkandhier-
  archicaldatamodels，inAPPendicesAandBresPectively;theaPPendicesare
  availableonlyonlme (httP:/lWWW·bell一IabS·com/tOPic/books/db一book).

    APPendixCdescribesadvancedrelationaldatabasedesign，includingthe
  theoryofmultivalueddePendencies，10讯dePendencies，andtheProject一oin
  anddomain一keynormalforms·ThisaPPendixisforthebenefitofindividuals
  whowishtocoverthetheoryofrelationaldatabasedesigninmoredetail，and
  instructorswhowishtodosointheircourses.ThisaPPendix，too，isavailable
  oulyonline，onthew边bPageofthebook.

TheFou比hEdition

TheProductionofthisfourtheditionhasbeenguidedbythemanycommentsand
suggestionswereceivedconcerningtheearliereditions，byourownobservations
whileteachingatIITBombay，andbyouranalysisofthedirectionsinwhichdatabase
technologyisevolving·

  OurbasicProcedurewastorew ritethematerialineachchaPter，bringingtheolder
materialuPtodate，addingdiscussionsonrecentdeve1oPmentsindatabasetechno卜
ogy，andlmProvingdescriPtionsoftoPicsthatstudentsfounddifficulttounderstand.
EachchaPternowhasalistofreviewter哪，whichcanhelPyoureviewkeytoPics
coveredinthechaPter.W亡havealsoaddedatoolssectionattheendofmostchaP-
ters，whichProvideinformationonsoftwaretoolsrelatedtothetoPicofthechaPter·
W连havealsoaddednewexercises，anduPdatedreferences.

  勺晚haveaddedanewchaPtercoveringXML，andthreecasestudychaPterscov-
eringtheleadingcommercialdatabasesystems，includingoracle，IBMDBZ，andMi-
crosoftSQLServer’
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