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DatabaseManagementSystem(DBMS) 

Unit-1 

 

• DBMS containsinformationaboutaparticularenterprise 

– Collectionofinterrelated data 

– Setofprogramstoaccessthedata 

– Anenvironmentthatisboth convenientandefficienttouse 



• DatabaseApplications: 

– Banking:alltransactions 

– Airlines:reservations,schedules 

– Universities:registration,grades 

– Sales:customers,products,purchases 

– Onlineretailers:ordertracking,customizedrecommendations 

– Manufacturing:production,inventory,orders,supplychain 

– Humanresources:employeerecords,salaries,taxdeductions 

• Databasestouchallaspectsofourlives 

 
PurposeofDatabaseSystems 

 
• Intheearlydays,databaseapplications werebuilt directlyon topof filesystems 

• Drawbacksofusingfilesystems tostoredata: 

– Dataredundancyand inconsistency 

• Multiplefileformats,duplicationofinformationindifferentfiles 

– Difficultyinaccessingdata 

• Needto write anew programto carryouteach new task 

– Dataisolation —multiplefilesandformats 

– Integrityproblems 

• Integrityconstraints(e.g.accountbalance 

>0)become“buried”inprogramcoderather thanbeingstated explicitly 

• Hardtoaddnewconstraintsorchange existingones 

– Atomicityof updates 

• Failuresmayleavedatabaseinaninconsistent statewith 

partialupdatescarriedout 

• Example:Transferoffundsfromoneaccounttoanothershouldeithercompl

eteornot happenat all 

– Concurrentaccess bymultipleusers 

• Concurrentaccessedneededforperformance 

• Uncontrolledconcurrent accessescanleadtoinconsistencies 

• Example: Two people reading a balance and updating it at 

thesametime 

– Securityproblems 

• Hardtoprovideuseraccesstosome,butnotall,dataDatab

asesystems offer solutions toall the aboveproblems 

LevelsofAbstraction 

• Physicallevel: describes howarecord(e.g.,customer)isstored. 

• Logicallevel: describesdatastoredindatabase,andtherelationshipsamongthedata.type 

customer =record 



 

 

 

 
end; 

customer_id : 

string;customer_name : 

string;customer_street : 

string;customer_city:integer

; 

• Viewlevel: applicationprogramshidedetailsofdatatypes.Views 

canalsohideinformation(such asanemployee’s salary)forsecuritypurposes. 

 
View of Data 

 
Anarchitectureforadatabasesystem 

InstancesandSchemas 

• Similartotypes andvariablesinprogramminglanguages 

• Schema– thelogical structureofthedatabase 

– Example:Thedatabaseconsistsofinformationaboutasetofcustomersandaccou

ntsand therelationship between them) 

– Analogousto typeinformation ofavariablein a program 

– Physicalschema:databasedesignatthephysicallevel 

– Logicalschema:databasedesignatthelogical level 

• Instance–theactualcontent ofthe databaseataparticularpoint intime 

– Analogousto thevalueof avariable 

• PhysicalData Independence – 

theabilitytomodifythephysicalschemawithoutchangingthelogical schema 

– Applicationsdependonthelogicalschema 

– Ingeneral,theinterfacesbetweenthevariouslevelsandcomponentsshouldbewellde

fined so thatchanges insome parts do notseriouslyinfluenceothers. 

DataModels 

• Acollectionoftoolsfordescribing 

– Data 

– Datarelationships 

– Datasemantics 



– Dataconstraints 

• Relationalmodel 

• Entity-Relationshipdatamodel(mainlyfordatabasedesign) 

• Object-baseddatamodels(Object-orientedandObject-relational) 

• Semistructureddatamodel(XML) 

• Otheroldermodels: 

– Networkmodel 

– Hierarchicalmodel 

DataManipulationLanguage(DML) 

• Language foraccessingand manipulatingthedataorganized bythe 

appropriatedatamodel 

– DMLalso known as querylanguage 

• Twoclassesoflanguages 

– Procedural –userspecifies whatdatais requiredandhowto getthosedata 

– Declarative(nonprocedural)–userspecifies what 

dataisrequiredwithoutspecifyinghow to get thosedata 

• SQListhemostwidelyusedquerylanguage 

DataDefinitionLanguage(DDL) 

• SpecificationnotationfordefiningthedatabaseschemaEx

ample: createtable account ( 

account-number char(10), 

balance integer) 

• DDLcompilergeneratesasetof tablesstored inadatadictionary 

• Datadictionarycontainsmetadata(i.e.,dataaboutdata) 

– Databaseschema 

– Datastorageanddefinitionlanguage 

• Specifiesthestoragestructureandaccessmethodsused 

– Integrityconstraints 

• Domainconstraints 

• Referentialintegrity(referencesconstraintinSQL) 

• Assertions 

– Authorization

RelationalModel 



 
SQL 

• SQL:widelyusednon-procedural language 

– Example:Findthenameofthecustomerwithcustomer-id192-83-

7465selectcustomer.customer_name 

from customer 

wherecustomer.customer_id=‘192-83-7465’ 

– Example: Find the balances of all accounts held by the customer with customer-

id192-83-7465 

selectaccount.balance 

from depositor,account 

wheredepositor.customer_id= ‘192-83-7465’ and 

depositor.account_number=account.account_number 

• Applicationprogramsgenerallyaccess databasesthroughoneof 

– Language extensionstoallowembeddedSQL 

– Application program interface (e.g., ODBC/JDBC) which allow SQL queries 

tobesent to adatabase 

DatabaseDesign 

Theprocessofdesigningthe generalstructureofthedatabase: 

• LogicalDesign –Deciding 

onthedatabaseschema.Databasedesignrequiresthatwefinda“good”collectionof relation 

schemas. 

– Businessdecision – Whatattributes shouldwerecordin thedatabase? 

– Computer Sciencedecision –What relation schemas should we have and 

howshouldthe attributesbedistributedamong thevarious relation schemas? 

• PhysicalDesign –Decidingonthephysicallayoutofthe database 

 
TheEntity-RelationshipModel 

• Modelsanenterpriseasa collectionof entities andrelationships 

– Entity: a “thing” or “object” in the enterprise that is distinguishable from 

otherobjects 

• Describedbyaset ofattributes 

– Relationship:anassociationamongseveralentities 

• Representeddiagrammaticallybyanentity-relationship diagram: 

• 



 
 

Object-RelationalDataModels 

• Extendthe relationaldatamodelbyincludingobject orientationandconstructsto 

dealwithadded data types. 

• Allowattributesof tuplesto havecomplextypes, includingnon-atomic 

valuessuchasnestedrelations. 

• Preserverelationalfoundations,inparticularthedeclarativeaccesstodata, 

whileextendingmodeling power. 

• Provideupwardcompatibilitywith existingrelational 

languages.XML:ExtensibleMarkupLanguage 

• Definedbythe WWWConsortium (W3C) 

• Originallyintendedasadocumentmarkuplanguagenotadatabaselanguage 

• Theabilitytospecifynew tags,and to createnested tagstructures madeXMLagreatwayto 

exchangedata, not just documents 

• XMLhasbecomethebasis forallnew generationdata interchangeformats. 

• A wide variety of tools is available for parsing, browsing and querying 

XMLdocuments/data 

StorageManagement 

• Storage manager is a program module that provides the interface between the low-

leveldata stored in the database and the application programs and queries submitted to 

thesystem. 

• Thestoragemanager is responsibleto the following tasks: 

– Interactionwiththefilemanager 

– Efficientstoring,retrievingandupdatingofdata 

• Issues: 

– Storageaccess 

– Fileorganization 

– Indexingandhashing 

QueryProcessing 

1. Parsingandtranslation 

2. Optimization 

3. Evaluation 



 
• Alternativewaysof evaluatingagivenquery 

– Equivalentexpressions 

– Differentalgorithmsforeachoperation 

• Cost differencebetweenagood and abad wayofevaluating a querycan beenormous 

• Needtoestimatethe costofoperations 

– Depends critically on statistical information about relations which the 

databasemust maintain 

– Needtoestimatestatisticsforintermediateresultstocomputecostofcomplexexpres

sions 

TransactionManagement 

• Atransactionisacollection ofoperationsthatperformsasinglelogicalfunctionin 

adatabase application 

• Transaction-management component ensures that the database remains in a 

consistent(correct)statedespitesystemfailures(e.g.,power 

failuresandoperatingsystemcrashes)andtransaction failures. 

• Concurrency-control manager controls the interaction among the concurrent 

transactions,toensurethe consistencyof thedatabase. 

DatabaseArchitecture 

Thearchitectureof adatabasesystems is greatlyinfluenced by 

theunderlyingcomputer systemonwhichthedatabaseisrunning: 

• Centralized 

• Client-server 

• Parallel(multi-processor) 

• Distributed 



 
DatabaseUsers 

Usersaredifferentiated bythe waytheyexpect tointeract 

withthesystem 

• Applicationprogrammers –interactwithsystemthroughDMLcalls 

• Sophisticatedusers–form requestsina database querylanguage 

• Specializedusers–write 

specializeddatabaseapplicationsthatdonotfitintothetraditionaldata processing 

framework 

• Naïveusers–invokeoneofthepermanentapplication 

programsthathavebeenwrittenpreviously 

– Examples,peopleaccessingdatabaseovertheweb,banktellers,clericalstaff 

DatabaseAdministrator 

• Coordinatesalltheactivitiesofthedatabasesystem;thedatabaseadministratorhasagoodu

nderstanding of theenterprise’sinformation resources and needs. 

• Databaseadministrator'sdutiesinclude: 



– Schemadefinition 

– Storagestructureandaccessmethoddefinition 

– Schemaandphysicalorganizationmodification 

– Grantinguser authoritytoaccess thedatabase 

– Specifyingintegrityconstraints 

– Actingasliaisonwithusers 

– Monitoringperformance andrespondingtochangesinrequirements 

HistoryofDatabaseSystems 

• 1950s and early1960s: 

– Dataprocessingusingmagnetictapesforstorage 

• Tapesprovideonlysequential access 

– Punchedcards forinput 

• Late1960sand1970s: 

– Harddisksallowdirectaccesstodata 

– Networkandhierarchicaldatamodelsinwidespreaduse 

– TedCodddefinesthe relationaldatamodel 

• Wouldwin theACM TuringAward for this work 

• IBMResearchbeginsSystemRprototype 

• UCBerkeleybeginsIngresprototype 

– High-performance(fortheera)transactionprocessing 

• 1980s: 

– Research relationalprototypesevolveintocommercialsystems 

• SQLbecomesindustrial standard 

– Parallelanddistributeddatabasesystems 

– Object-orienteddatabasesystems 

• 1990s: 

– Largedecision support and data-mining applications 

– Largemulti-terabytedata warehouses 

– EmergenceofWebcommerce 

• 2000s: 

– XMLandXQuerystandards 

– Automateddatabaseadministration 



Unit-2 
RelationalModel 

• StructureofRelationalDatabases 

• FundamentalRelational-Algebra-Operations 

• AdditionalRelational-Algebra-Operations 

• ExtendedRelational-Algebra-Operations 

• NullValues 

• ModificationoftheDatabase 

BasicStructure 

• Formally,givensetsD1,D2,…. Dnarelation risa subsetof 

D1xD2x …x Dn 

Thus,arelation isaset ofn-tuples (a1, a2,…, an)where eachaiDi 

• Example:If 

– customer_name={Jones,Smith,Curry, Lindsay,…} 

/*Setof allcustomer names*/ 

– customer_street={Main,North,Park,…}/*setofallstreetnames*/ 

– customer_city ={Harrison, Rye, Pittsfield, …} /* set of all city names 

*/Thenr ={ (Jones, Main,  Harrison), 

(Smith, North, 

Rye),(Curry, North, 

Rye),(Lindsay,Park,Pittsfiel

d)} 

isa relationover 

customer_namexcustomer_streetx  customer_city 

1. AttributeTypes 

• Eachattributeof arelationhasaname 

• Theset ofallowed values foreachattributeiscalled thedomain oftheattribute 

• Attributevaluesare(normally)requiredtobeatomic;thatis,indivisible 

– E.g.thevalueofanattributecanbeanaccountnumber,butca

nnot be aset of account numbers 

• Domainissaidto beatomicifall itsmembersareatomic 

• Thespecial value nullis amemberof everydomain 

• Thenullvalue causescomplications inthe definitionofmanyoperations 

– Weshallignoretheeffectofnullvaluesinourmainpresentationandconsidertheireff

ect later 

2. RelationSchema 

• A1,A2,…,Anareattributes 

• R=(A1, A2,…, An) isarelationschema 

Example: 

Customer_schema=(customer_name,customer_street,customer_city) 

• r(R)denotesa relation r ontherelationschemaR 



Example: 

customer(Customer_schema) 

3. RelationInstance 

• Thecurrent values (relation instance)ofarelationarespecified byatable 

• An element t of r is a tuple, represented by a row in a 

tableRelationsareUnordered 

n Orderof tuples isirrelevant (tuples maybestoredin an arbitraryorder)n 

 Example:accountrelation with unorderedtuples 

 

 
Database 

• Adatabase consistsofmultiplerelations 

• Informationaboutan enterpriseisbrokenupintoparts,witheach 

relationstoringonepartofthe information 

account:storesinformationaboutaccounts 

depositor :stores information about which 

customerownswhich account 

customer:storesinformationabout customers 

• Storingallinformation asasinglerelationsuchas 

bank(account_number, balance, customer_name, 

..)resultsin 

– repetitionofinformation 

• e.g.,iftwocustomers ownanaccount (Whatgetsrepeated?) 

– theneedfornullvalues 

• e.g.,torepresenta customerwithoutanaccount 

• Normalizationtheory(Chapter7) dealswith howtodesign 

relationalschemasThecustomer Relation 



 
4.Keys 

• LetKR 

• K is asuperkeyofRif values forKaresufficient to identifyauniquetupleof 

eachpossiblerelation r(R) 

– by “possible r ” we mean a relation r that could exist in the enterprise we 

aremodeling. 

– Example:{customer_name,customer_street}and 

{customer_name} 

areboth superkeys of Customer, if no twocustomers can 

possiblyhavethesamename 

• In real life, an attribute such as customer_id would be used instead 

ofcustomer_name to uniquely identify customers, but we omit it to keep 

ourexamplessmall,and insteadassumecustomernames areunique. 

• K is acandidatekeyifKis minimal 

Example:{customer_name} is acandidate keyfor Customer,sinceit is 

asuperkeyandnosubset ofit is a superkey. 

• Primary key: a candidate key chosen as the principal means of identifying tuples within 

arelation 

– Shouldchoosean attributewhosevalue never, orveryrarely, changes. 

– E.g.email addressis unique, butmaychange 

5. ForeignKeys 

• Arelation schemamayhaveanattributethat corresponds to the 

primarykeyofanotherrelation.Theattributeiscalled a foreign key. 

– E.g.customer_nameandaccount_numberattributesofdepositor 

areforeignkeystocustomer and account respectively. 



– Only values occurring in the primary key attribute of the referenced relation 

mayoccurin the foreign keyattributeof the referencing relation. 

• Schemadiagram 

6. QueryLanguages 

• Languageinwhichuserrequestsinformationfrom thedatabase. 

• Categoriesoflanguages 

– Procedural 

– Non-procedural,ordeclarative 

• “Pure”languages: 

– Relationalalgebra 

– Tuplerelationalcalculus 

– Domainrelational calculus 

• Purelanguagesformunderlying basisofquerylanguages thatpeopleuse. 

FundamentalRelationalAlgebra 

• Procedurallanguage 

• Sixbasicoperators 

– select:

– project:

– union:

– setdifference:– 

– Cartesianproduct:x 

– rename:

• Theoperators takeoneortwo relationsas inputs andproduceanewrelation as aresult. 



 

 
    

    

 

 
 

    

    

SelectOperation 

• Notation:p(r) 

• piscalledtheselectionpredicate 

• Definedas: 

 
p(r)={t|trandp(t)} 

Wherep is aformula in propositional calculusconsisting ofterms connectedby:(and), 

(or), (not) 

Eachtermisoneof: 

<attribute> op <attribute> or 

<constant>whereop is one of:  =,, >, . <.

• Exampleofselection: 

 
branch_name=“Perryridge”(account) 

 

 
   

   

 



• Notation: 

 
whereA1,A2are attributenamesandrisa relationname. 

• Theresultisdefinedastherelationofkcolumnsobtainedbyerasingthe columnsthatarenot listed 

• Duplicaterows removed fromresult,sincerelationsaresets 

• Example:Toeliminatethebranch_name attribute ofaccount 

 
account_number,balance(account) 

 

 

 

 

 

 

 

 
 

 

 

 

 
• Notation:r s 

• Definedas: 

rs ={t|tr orts} 

• Forr s to bevalid. 

1. r,s must havethe samearity(same number ofattributes) 

2. The attribute domains must be compatible (example: 

2ndcolumnofr deals with the same typeof valuesasdoes the2nd 

columnofs) 

• Example:tofindallcustomerswitheitheranaccountoraloan 

customer_name(depositor)customer_name(borrower) 



 

 
 

       

 
  

 
  

 
    

 

 

 
 

  

  

 

• Notationr – s 

• Definedas: 

r– s  ={t|tr and ts} 

• Setdifferencesmustbetakenbetweencompatiblerelations. 

– rand s musthavethe same arity 

– attributedomains of r and s must becompatible 
 

 
 

 

     

• Notationr x s 

• Definedas: 

rx s ={t q|tr and qs} 

• Assumethatattributesof r(R)ands(S) aredisjoint.(Thatis,RS=). 

• Ifattributesofr(R)ands(S)arenotdisjoint,thenrenamingmustbeused.Compo

sitionof Operations 

• Canbuildexpressionsusingmultipleoperations 

• Example:A=C(rxs) 

• rxs 

• A=C(rxs) 



 

 
 

 
     

 
     

     

RenameOperation 

• Allowsustoname,and thereforetoreferto,the resultsofrelational-algebraexpressions. 

• Allowsus to refer toarelation bymorethan onename. 

• Example: 

x(E) 

returnstheexpression EunderthenameX 

• If arelational-algebraexpressionEhasarityn, then 

 
returns the result of expression E under the name X, and with 

theattributesrenamed toA1, A2, ….,An. 

 
AdditionalRelationalalgebraOperations 

 
Wedefineadditionaloperationsthatdonotaddanypowertotherelationalalg

ebra, but that simplifycommon queries. 

• Setintersection 

• Naturaljoin 

• Division 

• Assignment 

Set-IntersectionOperation 

• Notation:r s 

• Definedas: 

• rs ={ t|tr and ts } 

• Assume: 

– r,s havethe samearity 

– attributesof r ands arecompatible 

• Note:r s =r – (r – s) 



 

 
 

  
 

 
 

  

  

 

 

 

Natural-JoinOperation 

• LetrandsberelationsonschemasRandSrespectively. 

Then,r sis arelation on schemaRS obtained as follows: 

– Considereach pairoftuplestrfrom r andtsfroms. 

– If trandtshavethe samevalueon eachof theattributes in RS,addatuplettotheresult, 

where 

• thasthe samevalue astron r 

• thasthe samevalue astson s 

• Example:

R = (A, B, C, 

D)S=(E, B,D) 

– Resultschema =(A,B, C, D, E) 

– r sisdefinedas: 

r.A,r.B,r.C,r.D,s.E(r.B= s.Br.D= s.D(rxs)) 
 

 

 

 

 

 

     

Division Operation 

• Notation: 

• Suitedtoqueriesthatincludethephrase“forall”. 

• Letrands berelationson schemasRand Srespectivelywhere 

  

  

 

  

  

 

    

 

   

   

 



– R=(A1, …, Am, B1, …, Bn) 

– S=(B1, …, Bn) 

Theresult of  rs is arelation on schema 

R– S=(A1, …, Am) 

rs ={ t|tR-S(r)us (tur ) } 

Wheretu means theconcatenation oftuplestandu to produceasingletuple 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

• Property 

– Letq=r  s 

– Thenq isthelargestrelation satisfyingq xsr 

• DefinitionintermsofthebasicalgebraoperationLet 

r(R)and s(S)berelations, and let SR 

rs=R-S(r)–R-S( (R-S(r )xs )–R-S,S(r ))To 

seewhy 

– R-S,S(r) simplyreordersattributes ofr 

– R-S(R-S(r) xs)–R-S,S(r) )givesthose tuplest in 

 
R-S(r ) suchthat for some tupleu s,tur. 

AssignmentOperation 

• Theassignment operation() providesaconvenient wayto expresscomplex queries. 

– Writequeryas asequential program consisting of 

• aseriesof assignments 

• followedbyanexpressionwhosevalueisdisplayedasaresultofthequery. 

– Assignmentmustalwaysbemadetoatemporaryrelation variable. 

• Example:Writer s as 



temp1R-S(r ) 

temp2R-S((temp1 xs)–R-S,S(r)) 

result =temp1 –temp2 

– The result to the right of the is assigned to the relation variable on the left 

ofthe. 

– Mayusevariable in subsequent expressions. 

ExtendedRelational-Algebra-Operations 

• GeneralizedProjection 

• AggregateFunctions 

• OuterJoin 

GeneralizedProjection 

• Extendstheprojectionoperation byallowing arithmetic functionsto beused 

intheprojectionlist. 

• Eis anyrelational-algebraexpression 

• EachofF1, F2,…,Fnarearearithmeticexpressions involvingconstantsandattributes 

intheschema ofE. 

• Given relation credit_info(customer_name, limit, credit_balance), find how much 

moreeachperson can spend: 

customer_name,limit–credit_balance(credit_info) 

AggregateFunctionsandOperations 

• Aggregationfunction takesacollectionofvaluesandreturnsasinglevalue 

asaresult.avg:averagevalue 

min:minimum 

valuemax:maximum 

valuesum:sum of 

valuescount:numberofva

lues 

• Aggregateoperation inrelationalalgebra 

• Eis anyrelational-algebraexpression 

– G1,G2…, Gnis alist ofattributes onwhichto group(can be empty) 

– EachFiisanaggregate function 

– EachAiisanattributename 



 

 

 
 

   

   

 

 

 

 

 
 

   

  
 

 

 

 
  

  

• Resultofaggregation doesnothaveaname 

– Canuserenameoperation togiveitaname 

– Forconvenience,wepermitrenamingaspartof aggregateoperation 

OuterJoin 

• Anextensionofthejoinoperation thatavoidslossofinformation. 

• Computes the join and then adds tuples form one relation that does not match tuples 

intheother relation to theresult of thejoin. 

• Usesnull values: 

– nullsignifies that thevalue isunknown ordoes not exist 

– All comparisonsinvolvingnullare(roughlyspeaking) false bydefinition. 

• Weshall studyprecisemeaning of comparisons with nulls later 



 

 

 

 

 
 

   

   

 
 

 
  

  

 

 

 

 
 

 

 

 

 
 

    

 
    

 

 

 

 

 
    

 
    



 

 

 
 

 
    

    

 

 
 

    

    

 

NullValues 

 
• Itis possiblefortuples tohaveanullvalue, denoted bynull, forsomeof their attributes 

• null signifies anunknown valueorthat avalue doesnot exist. 

• Theresult of anyarithmeticexpression involvingnullis null. 

• Aggregatefunctionssimplyignorenullvalues (asinSQL) 

• Forduplicateelimination andgrouping, nullistreated 

likeanyothervalue,andtwonullsareassumed to bethe same (as in SQL) 

• Comparisonswithnullvaluesreturnthespecialtruthvalue:unknown 

• If falsewasusedinsteadofunknown,then not(A<5) 

wouldnot be equivalent to A>= 5 

• Three-valuedlogicusingthe truthvalueunknown: 

• OR:(unknownortrue)  = 

true,(unknownorfalse) = 

unknown(unknownorunknown)=un

known 

• AND:(trueand unknown) 

 =unknown,(f

alseand unknown) = 

false,(unknownand 

unknown)=unknown 

• NOT:(not unknown) =unknown 

• InSQL“P isunknown” evaluates totrueif predicatePevaluatesto unknown 

• Resultofselectpredicateistreated asfalseif itevaluatesto unknown 

ModificationoftheDatabase 

• Thecontent ofthe databasemaybemodified using the following operations: 

– Deletion 

– Insertion 

– Updating 

• Alltheseoperationsareexpressed usingtheassignmentoperator. 

Deletion 



• Adeleterequest isexpressedsimilarlytoaquery,exceptinsteadof 

displayingtuplestotheuser, theselected tuplesare removedfrom thedatabase. 

• Can deleteonlywholetuples;cannot delete values ononlyparticular attributes 

• Adeletionisexpressedinrelationalalgebraby: 

rr – E 

whereris a relation andEis arelational algebraquery. 

Insertion 

• Toinsert datainto arelation, weeither: 

– specifyatupleto be inserted 

– writeaquerywhoseresult is a set of tuples to beinserted 

• inrelationalalgebra,aninsertionisexpressedby: 

r rE 

whereris a relation andEis arelational algebraexpression. 

• The insertion of a single tuple is expressed by letting Ebe a constant relation 

containingonetuple. 

Updating 

• Amechanism to change avalue inatuplewithoutchargingallvaluesin thetuple 

• Usethegeneralizedprojectionoperatortodothis task 

• EachFiiseither 

– the I thattributeof r, if theIthattributeis not updated, or, 

– iftheattributeisto beupdated Fiisan expression, involving onlyconstants 

andtheattributes of r, whichgives thenew valuefortheattribute 



 
 

SQL(structurequerylanguage) 

Unit3 

 

DataDefinitionLanguage 

Allowsthespecificationofnot onlyaset ofrelations butalso 

informationabouteachrelation,including: 

 
• Theschemaforeach relation. 

• Thedomainofvalues associatedwith eachattribute. 

• Integrityconstraints 

• Theset of indicesto bemaintainedforeach relations. 

• Securityand authorization informationforeach relation. 

• Thephysicalstoragestructureof eachrelationondisk. 

DomainTypesinSQL 

• char(n).Fixedlengthcharacter string,withuser-specifiedlengthn. 

• varchar(n).Variablelengthcharacterstrings,with user-specifiedmaximum lengthn. 

• int.Integer(a finitesubsetoftheintegersthatismachine-dependent). 

• smallint.Smallinteger(amachine-dependentsubsetoftheintegerdomaintype). 

• numeric(p,d).Fixed point number, with user-specified precision of p digits, with n 

digitstotheright of decimal point. 

• real,doubleprecision.Floatingpointanddouble-

precisionfloatingpointnumbers,withmachine-dependentprecision. 

• float(n).Floatingpointnumber,with user-specifiedprecisionofatleastndigits. 

• Morearecovered in Chapter4. 

CreateTableConstruct 

• An SQL relation is defined using the create table 

command:createtable r (A1D1, A2D2, ..., AnDn, 

(integrity-constraint1), 

..., 

(integrity-constraintk)) 

– ris thenameofthe relation 

– eachAiisan attributename inthe schemaof relationr 

– Diis thedata typeofvalues in thedomain ofattributeAi 

• Example: 

create table 

branch(branch_name char(15) 

not null,branch_city

 char(30), 

assets integer) 

IntegrityConstraintsinCreateTable 

• not null 



• primarykey(A1, ...,An) 

• Example:Declarebranch_nameas the primarykeyfor branch 

• . 

• createtablebranch 

(branch_name char(15), 

branch_city char(30), 

assets

 integer,pri

marykey(branch_name)) 

• primary key declaration on an attribute automatically ensures not null in SQL-

92onwards, needs to beexplicitlystated in SQL-89 

DropandAlterTableConstructs 

• The drop table command deletes all information about the dropped relation from 

thedatabase. 

• Thealtertablecommandisusedtoaddattributestoanexistingrelation:altertab

le r add AD 

whereAis thenameof theattributetobe added to relationr  and Disthedomain of A. 

– Alltuplesin therelation areassignednull as thevalue forthenewattribute. 

• Thealtertablecommandcan alsobeusedto drop 

attributesofarelation:altertable r dropA 

whereAisthenameof anattributeof relationr 

– Dropping of attributes not supportedbymanydatabases 

BasicQueryStructure 

• SQLisbasedonsetandrelationaloperationswithcertainmodificationsandenhan

cements 

• Atypical SQLqueryhasthe form: 

 
selectA1, A2,..., An 

from r1, r2, ..., rm 

whereP 

– Airepresentsanattribute 

– Ri representsarelation 

– Pisapredicate. 

• Thisqueryis equivalent to the relational algebraexpression. 

 
• Theresult of an SQLqueryis arelation. 

TheselectClause 

• Theselectclauselist theattributes desiredin theresult ofaquery 

– correspondstotheprojectionoperationoftherelationalalgebra 



• Example:findthenames ofallbranchesinthe 

loanrelation:select branch_name 

from loan 

• Inthe relationalalgebra,thequerywouldbe: 

Õbranch_name(loan) 

• NOTE:SQLnamesare caseinsensitive (i.e.,youmayuse upper-or lower-caseletters.) 

– E.g.Branch_Name≡BRANCH_NAME≡branch_name 

– Somepeople useuppercasewherever weusebold font. 

• SQLallows duplicatesin relations aswell asin queryresults. 

• Toforcetheeliminationofduplicates,insertthekeyworddistinctafterselect. 

• Findthenamesofallbranchesintheloanrelations,andremoveduplicatesselectd

istinctbranch_name 

fromloan 

• The keyword all specifies that duplicates not be 

removed.selectall branch_name 

fromloan 

• Anasteriskintheselectclausedenotes “allattributes” 

select*

fromloan 

• Theselectclausecancontainarithmeticexpressions involvingtheoperation,+,–,*,and 

/,and operating onconstants or attributesoftuples. 

• Thequery: 

selectloan_number,branch_name,amount*100fro

mloan 

would return a relation that is the same as the loan relation, except that the value of 

theattributeamount is multiplied by100. 

ThewhereClause 

• Thewhereclausespecifies conditionsthat theresultmust satisfy 

– Correspondstotheselectionpredicateoftherelationalalgebra. 

• Tofindall loannumberforloans madeatthePerryridgebranch withloan 

amountsgreaterthan $1200. 

selectloan_number 

fromloan 

wherebranch_name ='Perryridge'and amount>1200 

• Comparisonresultscanbecombinedusingthelogicalconnectivesand,or,and not. 

• Comparisonscanbeappliedtoresultsofarithmeticexpressions. 

• SQLincludesabetweencomparisonoperator 

• Example:Find theloan numberofthoseloans withloan amountsbetween$90,000and 

$100,000(that is, ³ $90,000and £ $100,000) 



• selectloan_number 

fromloan 

whereamount between 90000 and 100000 

ThefromClause 

• Thefrom clauselists the relationsinvolved in thequery 

– CorrespondstotheCartesianproductoperationoftherelationalalgebra. 

• FindtheCartesian productborrower Xloan 

select* 

fromborrower,loan 

Findthename,loannumberandloanamountofallcustomershavinga 

loan at thePerryridgebranch. 

selectcustomer_name, borrower.loan_number,amount 

fromborrower,loan 

whereborrower.loan_number=loan.loan_number  and 

branch_name='Perryridge' 

TheRenameOperation 

• TheSQLallowsrenamingrelationsandattributesusingtheasclause: 

old-nameasnew-name 

• Findthename,loan numberandloan amount ofallcustomers; renamethe columnname 

loan_numberasloan_id. 

• selectcustomer_name,borrower.loan_numberasloan_id,amount 

fromborrower,loan 

whereborrower.loan_number=loan.loan_number 

TupleVariables 

• Tuplevariables aredefinedin thefromclausevia the useoftheasclause. 

• Find the customer names and their loan numbers for all customers having a loan at 

somebranch. 

• selectcustomer_name,T.loan_number,S.amount 

fromborrower asT, loanasS 

whereT.loan_number =S.loan_number 

n

 Findthenamesofallbranchesthathavegreaterassetsth

ansomebranch locatedin Brooklyn. 

selectdistinctT.branch_name 

frombranchas T,branch asS 

whereT.assets>S.assets andS.branch_city ='Brooklyn' 

n Keywordasis optionaland maybeomitted 

borrower asT ≡borrower T 

StringOperations 

• SQLincludesastring-

matchingoperatorforcomparisonsoncharacterstrings.Theoperator“like”usespatternst

hat aredescribedusing twospecial characters: 



– percent(%).  The%charactermatches anysubstring. 

– underscore(_).The_ charactermatchesanycharacter. 

• Findthenamesofallcustomerswhosestreetincludesthesubstring“Main”.selectc

ustomer_name 

fromcustomer 

wherecustomer_street like'%Main%' 

• Matchthename “Main%” 

like'Main\%'escape'\' 

• SQLsupports avarietyof string operationssuch as 

– concatenation(using“||”) 

– convertingfromuppertolower case(andviceversa) 

– findingstringlength,extractingsubstrings,etc. 

Orderingthe Display of Tuples 

• Listinalphabeticorderthenamesof allcustomershaving 

aloaninPerryridgebranchselectdistinctcustomer_name 

from borrower,loan 

whereborrowerloan_number=loan.loan_numberand 

branch_name='Perryridge'o

rder bycustomer_name 

• Wemayspecifydescfor descendingorder orascfor ascending order, 

foreachattribute;ascendingorder is the default. 

– Example:order bycustomer_namedesc 

Duplicates 

• Inrelationswith duplicates,SQLcan definehow manycopiesoftuples appearintheresult. 

• Multisetversions ofsomeoftherelationalalgebraoperators – givenmultiset relations r1 

and r2: 

1. (r1): Ifthereare c1copiesoftuplet1inr1,andt1satisfiesselections,,thenthereare 

c1copiesoft1in(r1). 

2. A(r ): Foreach copyoftuplet1inr1, thereisa copyoftuple A (t1)inA (r1)where 

A(t1) denotes theprojection ofthe singletuple t1. 

3. r1xr2:If thereare c1copies oftuplet1in r1andc2copiesoftuplet2in r2, therearec1x 

c2copies ofthe tuplet1.t2in r1xr2 

• Example:Supposemultisetrelationsr1(A,B)andr2(C)areasfollows: 

r1={(1,a)(2,a)} r2= {(2),(3),(3)} 

• ThenB(r1) would be{(a), (a)},whileB(r1) xr2would be 

{(a,2),(a,2), (a,3),(a,3),(a,3),(a,3)} 

• SQLduplicate semantics: 



selectA1,,A2,...,An 

from r1, r2, ..., rm 

whereP 

isequivalent tothemultiset versionofthe expression: 

A
1,A2,…,An

( P(r1r2…rm)) 
SetOperations 

• The set operations union, intersect, and except operate on relations and correspond to 

therelationalalgebraoperations

• Eachoftheaboveoperationsautomaticallyeliminatesduplicates;toretainallduplicatesusethe 

correspondingmultiset versionsunionall, intersectalland exceptall. 

 
Supposeatupleoccursmtimes inr and ntimes ins,then, it occurs: 

– m+n times inr union all s 

– min(m,n)times in r intersectalls 

– max(0,m – n)times in rexcept all s 

• Findall customerswho havealoan, an account,orboth: 

• (select customer_name from 

depositor)union 

(selectcustomer_namefromborrower) 

• Findallcustomers whohaveboth aloanand anaccount. 

• (select customer_name from 

depositor)intersect 

(selectcustomer_namefromborrower) 

• Findall customerswho haveanaccount butno loan. 

• (select customer_name from 

depositor)except 

(selectcustomer_namefromborrower) 

AggregateFunctions 

• Thesefunctionsoperate onthemultiset ofvaluesofacolumn ofarelation,andreturnavalue 

avg: average 

valuemin:minimum 

valuemax:maximum 

valuesum:sumof 

valuescount:numberof 

values 

• FindtheaverageaccountbalanceatthePerryridgebranch. 

• selectavg (balance) 

fromaccount 

wherebranch_name='Perryridge' 

• Findthenumberoftuples inthe customer relation. 



• selectcount(*) 

fromcustomer 

• Findthenumberof depositorsin the bank. 

• selectcount(distinctcustomer_name) 

fromdepositor 

NullValues 

• Itis possiblefortuplestohaveanullvalue, denoted bynull, forsomeof their attributes 

• null signifies anunknown valueorthat avalue doesnot exist. 

• Thepredicateisnullcanbeusedto checkfornullvalues. 

– Example: Find all loan number which appear in the loan relation with null 

valuesforamount. 

selectloan_number 

fromloan 

whereamount is null 

• Theresult of anyarithmeticexpression involvingnullis null 

– Example:5+ nullreturnsnull 

• However,aggregate functions simplyignorenulls 

– Moreon next slide 

NullValuesandThreeValued Logic 

• Anycomparisonwith null returnsunknown 

– 

– Example:5 <nullor  null <>null or null =null 

• Thsree-valuedlogic using the truth value unknown: 

– OR: (unknown or true)= true,(unknown 

or false)= 

unknown(unknownorunknown)=un

known 

– AND: (true and unknown)= 

unknown,(false and unknown) = 

false,(unknownandunknown)=unkno

wn 

– NOT:(not unknown)=unknown 

– “Pis unknown”evaluates to trueif predicatePevaluates to unknown 

• Resultofwhereclausepredicateistreated asfalse ifitevaluatesto unknown 

NullValuesandAggregates 

• Totalallloanamounts 

selectsum(amount)fr

omloan 

– Abovestatementignoresnullamounts 

– Resultisnull if thereis nonon-null amount 

• Allaggregateoperationsexceptcount(*)ignoretupleswith 

nullvaluesontheaggregatedattributes. 



 

NestedSubqueries 

• SQLprovidesamechanism forthe nestingofsubqueries. 

• Asubqueryis aselect-from-whereexpressionthat isnestedwithin anotherquery. 

• Acommonuseofsubqueriesistoperformtestsforsetmembership,setcomparisons,andsetcardi

nality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Views 

 
• Insome cases,itisnotdesirableforallusers toseetheentirelogicalmodel(thatis,alltheactual 

relations stored in thedatabase.) 



• Considerapersonwhoneeds toknowacustomer’sname,loannumberandbranch name,but has 

no need to see the loan amount.This person should see a relation described, inSQL, by 

 
(selectcustomer_name,borrower.loan_number,branch_name 

fromborrower,loan 

whereborrower.loan_number =loan.loan_number) 

• Aviewprovides amechanismto hidecertaindatafromtheviewof certainusers. 

• Any relation that is not of the conceptual model but is made visible to a user as a 

“virtualrelation”is calledaview. 

• A view is defined using the create view statement which has the 

formcreateview vas <queryexpression > 

where<queryexpression>is anylegal SQLexpression.  Theviewname isrepresented 

byv. 

• Onceaviewis defined, theviewname can beusedto referto thevirtualrelation 

thattheviewgenerates. 

• Whenaviewiscreated, thequeryexpressionis stored inthedatabase; 

theexpressionissubstitutedinto queries using theview. 

ModificationoftheDatabase–Deletion 

• Deleteallaccounttuples 

atthePerryridgebranchdeletefromaccount 

wherebranch_name='Perryridge' 

• Deleteall accounts ateverybranch locatedin 

thecity‘Needham’.deletefrom account 

wherebranch_namein (select branch_name 

frombranch 

wherebranch_city= 'Needham') 

 
Modificationof theDatabase –Insertion 

• Add anew tuple to account 

insertinto account 

values('A-

9732','Perryridge',1200)or equivalently 

 
insert into account (branch_name, balance, 

account_number)values('Perryridge',  1200, 'A-9732') 

• Add a new tuple to account with balance set to 

nullinsertintoaccount 

values('A-777','Perryridge',null) 



• Provideas agift for allloan customers ofthe Perryridgebranch, a$200 savings account. 

Lettheloannumberserveas theaccount number forthenew 

savingsaccountinsertinto account 

selectloan_number,branch_name,200fr

omloan 

wherebranch_name='Perryridge'i

nsertinto depositor 

selectcustomer_name,loan_number 

fromloan,borrower 

wherebranch_name='Perryridge' 

andloan.account_number=borrower.account_number 

• Theselectfrom wherestatement isevaluatedfullybeforeanyof 

itsresultsareinsertedintothe relation (otherwisequeries like 

insertintotable1select*fromtable1wo

uldcauseproblems) 

Modificationof theDatabase–Updates 

• Increaseallaccounts withbalancesover $10,000by6%,allotheraccountsreceive5%. 

– Write two update 

statements:updateaccount 

set balance = balance 

1.06wherebalance>10000 

updateaccount 

set balance = balance 

1.05wherebalance10000 

– Theorderisimportant 

– Canbedonebetterusing thecasestatement (next slide) 

JoinedRelations 

• Joinoperationstaketworelationsand returnasaresultanotherrelation. 

• Theseadditional operations aretypicallyusedassubqueryexpressions inthefrom clause 

• Joincondition–

defineswhichtuplesinthetworelationsmatch,andwhatattributesarepresentin the result of 

thejoin. 

• Jointype– defines how tuples in each relation that do not match anytuplein 

theotherrelation(based on thejoin condition) aretreated. 

 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

 

 
 

 
 

 
 

 

 

 

 

Unit4 

 
RelationalLanguages 

• TupleRelationalCalculus 

• DomainRelationalCalculus 

• Query-by-Example(QBE) 

• Datalog 

TupleRelationalCalculus 

• Anonprocedural querylanguage, where eachqueryis of theform 

{t|P(t ) } 

• Itisthe setofalltuplestsuchthat predicatePistruefort 

• tis atuplevariable, t [A]denotes thevalue oftuple t on attributeA 

• tr denotes that tuplet is in relation r 

• Pisaformula similartothat 

ofthepredicatecalculusPredicateCalculus Formula 

1. Setofattributes andconstants 

2. Setof comparisonoperators:(e.g.,,, ,, ,) 

3. Setof connectives:  and (), or(v)‚not () 

4. Implication():xy,ifxiftrue,thenyistrue 

xyxv y 

5. Setofquantifiers: 

⯈tr(Q (t))”thereexists”atupleintinrelationr 

suchthatpredicateQ(t)istrue 

⯈tr (Q(t))Qistrue“forall”tuples tinrelationr 

DomainRelationalCalculus 

• Anonprocedural querylanguageequivalentin power tothetuplerelational calculus 



• Eachqueryisan expression ofthe form: 

{x1, x2, …,xn|P(x1, x2, …,xn)} 

– x1,x2,…,xnrepresentdomainvariables 

– Prepresentsa formulasimilarto thatofthepredicatecalculus 

Query-by-Example(QBE) 

BasicStructure 

Queries on One 

RelationQueries on Several 

RelationsTheCondition Box 

TheResultRelation 

Ordering the Display of 

TuplesAggregate 

OperationsModificationoftheD

atabase 

QBE—BasicStructure 

A graphical query language which is based (roughly) on the domain relational 

calculusTwodimensionalsyntax–systemcreates templatesofrelations 

thatarerequestedbyusersQueriesareexpressed“byexample” 

Entity-

RelationshipModelModeli

ng 

Adatabasecan bemodeled as: 

a collection of 

entities,relationshipamonge

ntities. 

Anentityisan object thatexists andis distinguishable fromotherobjects. 

Example:specificperson,company,event,plantEnt

itieshaveattributes 

Example:peoplehave namesandaddresses 

Anentitysetis aset of entities ofthesame typethatsharethe sameproperties. 

Example:setofallpersons,companies,trees,holidays 

E-RDiagrams 

 

Rectangles represent entity 

sets.Diamondsrepresentrelationships

ets. 

Lineslink attributes to entitysets andentitysets to relationship sets. 



Ellipsesrepresent attributes 

Doubleellipsesrepresentmultivaluedattributes.D

ashedellipsesdenote derivedattributes. 

Underlineindicates primarykeyattributes(will studylater) 

E-RDiagramWithComposite,Multivalued,andDerivedAttributes 

Constraints 

We express cardinality constraints by drawing either a directed line (), 

signifying“one,” or an undirected line (—), signifying “many,” between the relationship 

set and theentityset. 

One-to-onerelationship: 

Acustomerisassociatedwithatmost oneloanviatherelationshipborrower 

Aloanis associatedwithat mostonecustomer via borrower 

One-To-ManyRelationship 

Inthe one-to-manyrelationship aloanis associated withat most onecustomer via 

borrower,acustomerisassociatedwithseveral (including0)loans viaborrower 

Many-To-OneRelationships 

In amany-to-onerelationshipaloanisassociated 

withseveral(including0)customersviaborrower, acustomeris associatedwith at most 

oneloanviaborrower 



 
 

Many-To-ManyRelationship 

Acustomerisassociatedwithseveral(possibly0)loansviaborrowerAloan

isassociatedwithseveral(possibly0) customersviaborrower 

 
 

Design Issues 

1. Useof entitysetsvs. attributes 

2. Choice mainly depends on the structure of the enterprise being modeled, and on 

thesemanticsassociatedwith theattributein question. 

3. Useof entitysets vs. relationship sets 

Possibleguidelineistodesignatearelationship 

settodescribeanactionthatoccursbetweenentities 

4. Binaryversusn-aryrelationshipsets 

5. Although it is possible to replace any nonbinary (n-ary, for n > 2) relationship set by 

anumberofdistinctbinaryrelationshipsets,an-aryrelationshipsetshowsmoreclearlythat 

severalentities participatein asinglerelationship. 

6. Placementofrelationshipattributes 

WeakEntitySets 

An entityset that doesnot haveaprimarykeyisreferred toasaweak entityset. 

Theexistenceof aweak entityset depends on theexistenceof aidentifying entityset 

it must relate to the identifying entity set via a total, one-to-many 

relationshipsetfrom theidentifying to the weakentityset 



Identifying relationshipdepictedusingadouble diamond 

The discriminator (or partial key) of a weak entity set is the set of attributes 

thatdistinguishesamong all theentities of aweak entityset. 

Theprimarykeyofa weakentitysetisformedbytheprimarykeyofthestrongentityset on 

which the weak entity set is existence dependent, plus the weak entity 

set’sdiscriminator. 



Unit5 
Relational Database 

DesignFeaturesofgoodrelationalde

signs 

branch=(branch_name, branch_city,assets) 

customer = (customer_id, customer_name, customer_street, 

customer_city)loan=(loan_number, amount) 

account=(account_number,balance) 

employee = (employee_id. employee_name, telephone_number, 

start_date)dependent_name=(employee_id, dname) 

account_branch = (account_number, 

branch_name)loan_branch = (loan_number, 

branch_name)borrower=(customer_id, 

loan_number) 

depositor = (customer_id, 

account_number)cust_banker=(customer_id,em

ployee_id,type) 

works_for=(worker_employee_id,manager_employee_id) 

payment = (loan_number, payment_number, payment_date, 

payment_amount)savings_account=(account_number, interest_rate) 

checking_account= (account_number,overdraft_amount) 
 

AtomicdomainsandFirstNormalForm 

Domain is atomic if its elements are considered to be indivisible 

unitsl Examplesof non-atomicdomains: 

 Setofnames,composite attributes 

 IdentificationnumberslikeCS101thatcanbebrokenupintopartsArelatio

nalschema Ris infirst normalform ifthedomainsof allattributesof Rareatomic 

Non-atomicvaluescomplicatestorageandencourageredundant(repeated)storageofdata 

1. Example:Setofaccountsstoredwitheachcustomer,andsetofowners 

storedwitheach account 

2. Weassumeallrelationsareinfirst normalform(andrevisit thisin 

Chapter9)Atomicityis actuallyapropertyof howtheelementsof the domainareused. 

l Example:Strings would normallybeconsidered indivisible 

2 Supposethatstudents are givenroll numberswhich arestringsof theform 

CS0012 orEE1127 

3  Ifthefirsttwocharactersareextractedtofindthedepartment,thedomainofrollnumbers

is not atomic. 

4 Doingsoisabadidea:leads toencodingofinformationinapplication 

programratherthan in the database. 



DecompositionFunctionalDependencies 

1. Constraintsonthesetoflegalrelations. 

2. Require that the value for a certain set of attributes determines uniquely the value 

foranotherset ofattributes. 

3. Afunctionaldependencyis ageneralizationofthe notionofa key. 

LetRbearelation schema 

 
RandR 

Thefunctional dependency 



holdson Rif and onlyifforanylegal relationsr(R), whenever anytwo tuplest1and t2ofr agreeonthe 

attributes, theyalso agreeon theattributes .  That is, 

t1[]=t2 []t1[]=t2[] 

Example:Considerr(A,B)withthefollowinginstanceof r. 
 

 
Useof 

Onthis instance,A BdoesNOThold,butBAdoeshold. 

FunctionalDependenciestheory 

Weusefunctionaldependenciesto: 

l testrelations to seeif theyarelegalunder agivensetof functional dependencies. 

If a relation r is legal under a set F of functional dependencies, we 

saythatr satisfies F. 

2 specifyconstraints ontheset oflegal relations 

We say that F holds on R if all legal relations on R satisfy the set 

offunctionaldependenciesF. 

UsingMultivaluedDependencies(MVDs) 

LetRbearelation schemaandletRand R.Themultivalued dependency 



holdsonRif inanylegal relation r(R),for allpairsfortuples t1and t2inr suchthatt1[] 

=t2[],thereexisttuplest3and t4inr suchthat: 

t1[]=t2 [] =t3[] =t4[] 

t3[] =t1[] 

t3[R–]=  t2[R–] 

t4[] =t2[]t4[R–

]=  t1[R–] 

UseofMultivaluedDependencies 

Weusemultivalueddependenciesintwoways: 

1. Totest relations to determinewhethertheyarelegal underagiven set of functional 

andmultivalueddependencies 



2. Tospecifyconstraints on thesetof legal relations.  Weshall thus concern ourselvesonly 

withrelationsthatsatisfyagivenset offunctionaland multivalueddependencies. 

Ifarelationr failstosatisfyagivenmultivalueddependency, 

wecanconstructarelations rthat does satisfythe multivalueddependencybyadding 

tuplestor. 

 
DatabaseDesign Process 

Wehaveassumed schemaRis given 

1. RcouldhavebeengeneratedwhenconvertingE-Rdiagramtoasetoftables.R could 

have been a single relation containing all attributes that are of 

interest(calleduniversal relation). 

2. Normalizationbreaks Rintosmallerrelations. 

Rcouldhavebeentheresultofsomeadhocdesignofrelations,whichwethentest/conve

rtto normal form. 
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