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SQL: SQL: HistoryHistory

•• SQLSQL ((SStructuredtructured QQuery uery LLanguageanguage) ) isis thethe mostmost popularpopular and welland well--knownknown relational relational 
DB DB languagelanguage todaytoday.  .  

•• Almost Almost everyevery relational DBMS relational DBMS „„understandsunderstands" SQL !" SQL !

•• SQL has SQL has beenbeen developeddeveloped in in thethe earlyearly 1970s at 1970s at IBMIBM ((as interfaceas interface to to thethe relationalrelational
prototypeprototype DBMS "System R").DBMS "System R").

•• Original Original namename:  :  SEQUELSEQUEL ((StructuredStructured EnglishEnglish Query Query LanguageLanguage))

•• First SQL First SQL standardstandard:: SQL1 in 1986 SQL1 in 1986 byby ANSI in ANSI in thethe USA, USA, revisedrevised in 1989in 1989

•• ConsiderableConsiderable extensionsextensions of of thethe standardstandard overover thethe yearsyears:  :  
SQL2SQL2 oror SQL92, resp., SQL92, resp., SQL3SQL3 oror SQL:1999, SQL:2003SQL:1999, SQL:2003

•• AttentionAttention !  !  NearlyNearly everyevery commercialcommercial DB DB productproduct has has itsits own own „„dialectdialect" of SQL. " of SQL. 
NoneNone of of themthem implementsimplements itit completelycompletely and and exactlyexactly..

•• . . . and: SQL . . . and: SQL isis a a „„hugehuge““ languagelanguage –– moremore thanthan 1500 1500 pagespages of of standardstandard text.text.
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SQL: SQL: BooksBooks

Chris Date, Hugh Darwen: 
„A Guide to the SQL Standard"

ISBN 0-201 964-260 
Addison Wesley, 1997 (4th  edition)
~ € 44

Chris Date, Hugh Chris Date, Hugh DarwenDarwen: : 
„„A Guide to A Guide to thethe SQL Standard"SQL Standard"

ISBN ISBN 00--201201 964964--260 260 
AddisonAddison Wesley, 1997 (4th  Wesley, 1997 (4th  editionedition))
~~ €€ 4444

„„ClassicalClassical" (" (butbut arguablyarguably still still thethe best)best)
sourcesource aboutabout SQL:SQL:

Good Good newnew bookbook aboutabout thethe newnew SQL SQL standardstandard::
MeltonMelton/Simon:  "SQL:1999 /Simon:  "SQL:1999 UnderstandingUnderstanding Relational Relational LanguageLanguage

ComponentsComponents", Academic Press, 2002", Academic Press, 2002
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Basics of SQLBasics of SQL

•• SQL has SQL has itsits ownown terminologyterminology of relational of relational conceptsconcepts::

datasheetdatasheet tabletable
fieldfield columncolumn
recordrecord rowrow
datadata typetype domaindomain

•• TablesTables in SQL in SQL areare no proper relations, no proper relations, butbut maymay containcontain duplicatesduplicates and and maymay bebe
orderedordered. . DuplicatesDuplicates cancan bebe eliminatedeliminated byby thethe useruser, , thoughthough..

•• TheThe namename „„StructuredStructured English Query English Query LanguageLanguage““ indicatesindicates thatthat SQL SQL isis a a keywordkeyword--
basedbased languagelanguage whichwhich readsreads likelike simple English: All simple English: All keywordskeywords areare English English naturalnatural
languagelanguage wordswords. . KeywordsKeywords areare „„reservedreserved““ and and maymay notnot bebe usedused forfor otherother purposespurposes. . 

•• SQL SQL isis a a purelypurely textualtextual languagelanguage withoutwithout graphicalgraphical elementselements..

•• SQL SQL consistsconsists of of twotwo sublanguagessublanguages::
•• a a datadata definitiondefinition languagelanguage (DDL)(DDL) forfor definingdefining databasesdatabases schemasschemas
•• a a datadata manipulationmanipulation language language (DML)(DML) forfor expressingexpressing queriesqueries and and updatesupdates

AccessAccess SQLSQL
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DataData Manipulation in SQLManipulation in SQL

–– 3.13.1 ––
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QueriesQueries and and updatesupdates in SQL: in SQL: OverviewOverview

•• SQL SQL datadata manipulationmanipulation languagelanguage:  :  statementsstatements forfor „„manipulatingmanipulating"" datadata

•• TwoTwo formsforms of of manipulationmanipulation::
•• Evaluation of Evaluation of queriesqueries
•• ExecutionExecution of of updatesupdates

•• TheThe formatformat of of simple simple queriesqueries has has alreadyalready beenbeen addressedaddressed in in connectionconnection withwith
Access: Access: 

SELECTSELECT--FROMFROM--WHEREWHERE statementsstatements

•• ButBut thethe SQL SQL queryquery languagelanguage ((as partas part of of thethe SQLSQL--DML) DML) cancan do do muchmuch moremore!!

•• GoalGoal of of thisthis sectionsection:  :  IntroductionIntroduction to to thethe foundationsfoundations of of thisthis powerfulpowerful languagelanguage

•• YouYou cancan becomebecome an an expertexpert in SQL in SQL byby muchmuch moremore intenseintense trainingtraining and and selfself--
studiesstudies onlyonly !!

•• At At thethe end of end of thisthis sectionsection: Treatment of : Treatment of update update statementsstatements in SQLin SQL
(INSERT, DELETE, UPDATE etc.)(INSERT, DELETE, UPDATE etc.)
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Query Query typestypes in SQLin SQL

DBDBDB

yesyesyes

nonono

Table Table expressionexpression

Conditional expressionConditional expression

ResultResult::
derivedderived tabletable

ResultResult:  :  
truthtruth valuevalue

In SQL, In SQL, therethere areare two two 
typestypes of of queriesqueries::

ProblemProblem (?):   (?):   OnlyOnly table table expressionsexpressions cancan
bebe directlydirectly posedposed as queriesas queries byby thethe useruser
((similarsimilar to to selectionselection queriesqueries in Access) !in Access) !
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Table Table expressionsexpressions: Basic : Basic structurestructure

•• Basic Basic componentcomponent of of anyany SQL SQL queryquery:   :   SELECTSELECT--FROMFROM--WHEREWHERE blocksblocks

•• SyntacticSyntactic structurestructure in in thethe simplestsimplest casecase::

SELECT (list_of_column_names)
FROM (list_of_table_names)
WHERE condition

SELECTSELECT (list_of_(list_of_columncolumn__namesnames))
FROMFROM (list_of_table_(list_of_table_namesnames))
WHEREWHERE conditioncondition

columnscolumns of of thethe resultresult tabletable
„„inputinput““ tablestables
selectionselection conditioncondition

•• ExampleExample::

SELECT    capital, population
FROM cities, countries
WHERE population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

Find all Find all capitalscapitals withwith
moremore thanthan a a millionmillion
populationpopulation !!

•• In SQL, In SQL, upperupper oror lowerlower casecase doesdoes notnot matter matter forfor table and table and columncolumn namesnames..
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MeaningMeaning of SELECT of SELECT blocksblocks: : PrinciplePrinciple

MeaningMeaning of a SELECTof a SELECT--FROMFROM--WHERE block:WHERE block:

FROMFROM

WHEREWHERE

SELECTSELECT

Input Input tablestables

ResultResult tabletable

CombinationCombination of of 
all all input tablesinput tables

ChoiceChoice of of 
certain rowscertain rows

ChoiceChoice of of 
certain columnscertain columns

DerivedDerived
tablestables
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Evaluation of Evaluation of exampleexample queryquery

SELECT    capital, population
FROM cities, countries
WHERE population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

LetLet usus applyapply thisthis 33--step processstep process forfor evaluatingevaluating thethe exampleexample queryquery overover thethe „„EuropeEurope““ DB: DB: 

77 77 citiescities 46 46 countriescountries



©© 2008 2008 Prof. Dr. Rainer Prof. Dr. Rainer MantheyManthey LSILSI--FIMFIM 1111

Evaluation of Evaluation of exampleexample queryquery (2)(2)

SELECT    capital, population
FROM cities, countries
WHERE population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

In In thethe firstfirst stepstep, a , a hugehuge table table containingcontaining all 46 * 77 =   3542 all 46 * 77 =   3542 combinationscombinations of of rowsrows on on cititescitites
and and rowsrows in in countriescountries isis formedformed –– at least at least conceptuallyconceptually. . 

city      country      population      year    country    code  city      country      population      year    country    code  capital    area      populationcapital    area      population

3542 3542 rowsrows !!!!

ThisThis hugehuge table table isis calledcalled thethe productproduct of of citiescities and and countriescountries. . NeverNever form a form a productproduct unlessunless
youyou makemake suresure to to „„cutcut itit downdown““ immediatelyimmediately afterafter –– oror unlessunless youyou actuallyactually wantwant itit thatthat bigbig!!
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Evaluation of Evaluation of exampleexample queryquery (3)(3)

SELECT    capital, population
FROM cities, countries
WHERE population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

In In thethe nextnext stepstep, all , all thosethose rowsrows areare eliminatedeliminated fromfrom thethe enormousenormous productproduct table table whichwhich dodo
notnot satisfysatisfy thethe WHEREWHERE--condition condition –– onlyonly 46 46 capitalscapitals remainremain, of , of whichwhich 16 16 areare bigbig enoughenough. . 

city      country      population      year    country    code  city      country      population      year    country    code  capital    area      populationcapital    area      population

16 16 rowsrows !!!!

Still, Still, allall the columns remain the columns remain –– even though most of them are irrelevant for the query.even though most of them are irrelevant for the query.
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Evaluation of Evaluation of exampleexample queryquery (4)(4)

SELECT    capital, population
FROM cities, countries
WHERE population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

FinallyFinally, , thethe unwantedunwanted columnscolumns areare eliminatedeliminated –– i.e., i.e., onlyonly capitalcapital and and populationpopulation remainremain..
OOPS, OOPS, therethere isis a a problemproblem: : WeWe do do knowknow whichwhich populationpopulation copycopy to to taketake ((thethe oneone originatingoriginating
fromfrom citiescities) ) butbut thethe DB system DB system doesndoesn‘‘t t knowknow! ! LetLet usus postponepostpone thethe problemproblem!!

city      country      city      country      populationpopulation year    country    code    year    country    code    capitalcapital area      populationarea      population

16 16 rowsrows !!!!

The elimination of columns is called the The elimination of columns is called the projectionprojection operation, by the way.operation, by the way.
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ConditionsConditions in in thethe WHERE WHERE partpart

=         <>=         <>
<           ><           >
=<       >==<       >=

•• TheThe WHERE WHERE partpart of an SFWof an SFW--block block isis –– in in itsits basicbasic form form –– nothingnothing butbut a a selectionselection
condition condition composedcomposed of of individualindividual comparisonscomparisons of of columncolumn valuesvalues of of thethe tables tables 
mentionedmentioned in FROM in FROM withwith otherother columncolumn valuesvalues oror constantsconstants..

•• ComparisonsComparisons makemake useuse of of thethe followingfollowing sixsix comparisoncomparison operatorsoperators::

•• ComparisonsComparisons cancan bebe logicallylogically combinedcombined byby thethe threethree basicbasic operatorsoperators of of proposiproposi--
tionaltional logiclogic ((calledcalled junctorsjunctors), ), writtenwritten in in keywordkeyword notationnotation::

AND            OR             NOTAND            OR             NOT

•• ArbitraryArbitrary nestingnesting isis possiblepossible ((usingusing bracketsbrackets). ). ThereThere areare moremore complexcomplex condicondi--
tionstions whichwhich wewe will will introduceintroduce laterlater..

•• TheThe purposepurpose of of thethe WHEREWHERE--partpart isis to to selectselect thosethose rowsrows, , whichwhich satisfysatisfy thethe condicondi--
tiontion forfor inclusioninclusion intointo thethe answeranswer table.table.
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Excursus: Excursus: PropositionalPropositional logiclogic

Theory of propositions and their connecting operators:   Theory of propositions and their connecting operators:   PropositionalPropositional logiclogic

A  proposition (statement) is a sentence (a linguistic entity)
of which it is reasonable to say that it is true or false. 

A  A  proposition (statement)proposition (statement) is a sentence (a linguistic entity)is a sentence (a linguistic entity)
of which it is reasonable to say that it is true or false. of which it is reasonable to say that it is true or false. 

(Aristotle, Greek mathematician, 384(Aristotle, Greek mathematician, 384--322 B.C.)322 B.C.)

Examples of elementary statements:Examples of elementary statements:

• 5 < 6                  true
• 8 is a prime number false
• The moon is made of cheese false

•• 5 5 << 6                  6                  truetrue
•• 8 is a prime number8 is a prime number falsefalse
•• The moon is made of cheeseThe moon is made of cheese falsefalse
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PropositionalPropositional operatorsoperators

•• Compound statementsCompound statements are composed from other statements by means of logical are composed from other statements by means of logical 
operatorsoperators (connectors).(connectors).

•• BinaryBinary (dyadic) operators of(dyadic) operators of propositionalpropositional logic:logic:

Conjunction ∧ "and"           (also:  & ) 
Disjunction ∨ "or" (also:  | )

ConjunctionConjunction ∧∧ "and"           "and"           (also:  & ) (also:  & ) 
DisjunctionDisjunction ∨∨ "or""or" (also:  (also:  | | ))

•• UnaryUnary (monadic) operator:  (monadic) operator:  

•• Elementary statements as well as other compound statements maElementary statements as well as other compound statements may be connectedy be connected
via such operators in order to form arbitrarily nested compvia such operators in order to form arbitrarily nested complex propositions, e.g.:  lex propositions, e.g.:  

Negation ¬ "not"NegationNegation ¬¬ "not""not"

((5 < 6)  ∧ (8 is a prime number)) ∨ ¬ (The moon is made of cheese)((5 ((5 << 6)  6)  ∧∧ (8 is a prime number)) (8 is a prime number)) ∨∨ ¬¬ (The moon is made of cheese)(The moon is made of cheese)
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Meaning of operators (1)Meaning of operators (1)

•• Operators are syntactical "tools", by which the meaning ("seOperators are syntactical "tools", by which the meaning ("semantics") mantics") 
of compound statements can be derived from the meaning of of compound statements can be derived from the meaning of their parts.their parts.

•• How this is to be done is determined by soHow this is to be done is determined by so--called called truth tablestruth tables::

A       BA       B
T       TT       T
T       FT       F
F       TF       T
F       FF       F

A A ∧∧ BB
TT
FF
FF
F      F      

T:  trueT:  true
F:  falseF:  false

e.g.e.g. Truth tableTruth table
for for conjunctionconjunction

•• To be read this wayTo be read this way:   If :   If AA is true and is true and BB is false,is false,
then the statement then the statement A A ∧∧ BB has the truth value false.has the truth value false.
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Meaning of operators (2)Meaning of operators (2)

•• Truth tables of the binary operators:Truth tables of the binary operators:

•• A bit unusual:A bit unusual: PropositionalPropositional oror is  not exclusive, it is not a real alternative,is  not exclusive, it is not a real alternative,
but but ““subsumessubsumes”” propositionalpropositional andand..

A       BA       B
T       TT       T
T       FT       F
F       TF       T
F       FF       F

AA ∨∨ BB
TT
TT
TT
F      F      

•• Truth table of negation:Truth table of negation:
AA
TT
FF

¬¬ AA
FF
TT

A       BA       B
T       TT       T
T       FT       F
F       TF       T
F       FF       F

A A ∧∧ BB
TT
FF
FF
F      F      

oror:: andand::

notnot::
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Evaluating compound statementsEvaluating compound statements

Truth values of compound statements can be derived systematicallTruth values of compound statements can be derived systematically from the y from the 
truth values of their parts, using the meaning of the operators truth values of their parts, using the meaning of the operators involved, e.g.:involved, e.g.:

TT FF

TTFF

TT

((5 < 6)  ∧ (8 is a prime number)) ∨ ¬ (The moon is made of cheese)((5 ((5 << 6)  6)  ∧∧ (8 is a prime number)) (8 is a prime number)) ∨∨ ¬¬ (The moon is made of cheese)(The moon is made of cheese)

FF

A       BA       B
T       TT       T
T       FT       F
F       TF       T
F       FF       F

A A ∧∧ BB
TT
FF
FF
F      F      

andand::

AA
TT
FF

¬¬ AA
FF
TT

notnot::
A       BA       B
T       TT       T
T       FT       F
F       TF       T
F       FF       F

AA ∨∨ BB
TT
TT
TT
F      F      

oror::
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ImplicitImplicit and and explicitexplicit referencesreferences to to inputinput tablestables

SELECT countries.capital, cities.year
FROM cities, countries
WHERE cities.year >= 2000 AND

cities.city = countries.capital ;

SELECTSELECT countriescountries..capitalcapital, , citiescities..yearyear
FROMFROM citiescities, , countriescountries
WHEREWHERE citiescities..yearyear >=>= 2000 2000 ANDAND

citiescities..citycity = = countriescountries..ccapitalapital ;;

SELECT    capital, year

FROM cities, countries

WHERE year  >= 2000 AND
city=capital ;

SELECT    SELECT    capitalcapital, , yearyear

FROMFROM citiescities, , countriescountries

WHEREWHERE year  year  >=>= 2000 2000 ANDAND
citycity==capitalcapital ;;

•• In In thethe exampleexample queryquery, , threethree namesnames areare mentionedmentioned ((capitalcapital, , yearyear , , citycity) ) whichwhich referrefer toto
certaincertain columnscolumns of of thethe twotwo inputinput tablestables citiescities and and countriescountries. . IfIf youyou rememberremember thethe schemaschema
of of eacheach table, table, youyou knowknow whichwhich columncolumn comescomes fromfrom whichwhich table.  SQL table.  SQL remembersremembers!!

•• ByBy prefixingprefixing columncolumn namesnames withwith theirtheir „„parentparent tabletable““ namename, , youyou cancan makemake thesethese referencesreferences
explicitexplicit in a in a queryquery. . DoingDoing so so helpshelps readersreaders unfamiliarunfamiliar withwith thethe schemaschema. Access . Access alwaysalways usesuses
thisthis style style whenwhen generatinggenerating SQL SQL fromfrom QBA QBA queriesqueries::
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DisambiguatingDisambiguating referencesreferences

SELECT capital, cities. population
FROM cities, countries
WHERE cities. population >= 1000 AND

city = capital ;

SELECTSELECT capitalcapital, , citiescities. . populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE citiescities. . populationpopulation >=>= 1000 1000 ANDAND

citycity = = ccapitalapital ;;

SELECT    capital, population

FROM cities, countries

WHERE population >= 1000 AND
city=capital ;

SELECT    SELECT    capitalcapital, , populationpopulation

FROMFROM citiescities, , countriescountries

WHEREWHERE populationpopulation >=>= 1000 1000 ANDAND
citycity==capitalcapital ;;

•• In In thethe original original versionversion of of thethe exampleexample, , populationpopulation was was usedused insteadinstead of of yearyear. . HoweverHowever, , both both 
tablestables havehave a a populationpopulation rowrow! ! ThusThus, , eveneven thethe SQL system SQL system doesdoes notnot knowknow to to whichwhich rowrow I I 
am am actuallyactually referringreferring to to –– thethe oneone in in citiescities, , oror thethe oneone in in countriescountries::

??

•• For For resolvingresolving ambiguitiesambiguities likelike thisthis, , itit isis eveneven necessarynecessary to to useuse table table namesnames as prefixesas prefixes
in order to in order to explicitlyexplicitly determinedetermine thethe intendedintended referencereference table table –– mixingmixing implicitimplicit and and expliexpli--
citcit referencingreferencing isis possiblepossible::
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•• IfIf youyou preferprefer, , youyou cancan introduceintroduce shorthandsshorthands –– oror eveneven otherother namesnames –– forfor referingrefering to to thethe
inputinput tablestables in in thethe fromfrom clauseclause, e.g. X , e.g. X forfor citiescities and Y and Y forfor countriescountries (just (just likelike variablesvariables
in in mathematicalmathematical formulasformulas):):

•• Such Such shorthandsshorthands ((oror alternative alternative namesnames) ) areare calledcalled alias alias namesnames ((oror aliasesaliases forfor shortshort). ). 
TheyThey areare declareddeclared in in thethe FROMFROM--partpart usingusing thethe keywordkeyword AS.AS.

•• YouYou cancan mix mix stylesstyles of of referencingreferencing: : explicitexplicit (table (table namename oror alias alias namename) ) oror implicitimplicit,, asas
longlong as itas it isis possiblepossible to to uniquelyuniquely determinedetermine whichwhich columncolumn refersrefers to to whichwhich table, e.g.:table, e.g.:

Alias Alias namesnames forfor tablestables

SELECT Y.capital, X.population
FROM cities AS X, countries AS Y
WHERE X.population >= 1000 

AND X.city = Y.capital;

SELECTSELECT YY..capitalcapital, , XX..populationpopulation
FROMFROM cities cities ASAS XX, countries, countries ASAS YY
WHEREWHERE XX..populationpopulation >=>= 1000 1000 

ANDAND XX..citycity = = YY..capitalcapital;;

SELECT CT.capital, population
FROM cities, countries AS CT
WHERE population >= 1000 

AND city = CT.capital;

SELECTSELECT CTCT..capitalcapital, , populationpopulation
FROMFROM cities, countriescities, countries ASAS CTCT
WHEREWHERE populationpopulation >=>= 1000 1000 

ANDAND citycity = = CTCT..capitalcapital;;
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Aliases Aliases forfor resolvingresolving ambiguitiesambiguities

•• UsingUsing aliasesaliases isis unnecessaryunnecessary in in mostmost casescases –– howeverhowever, , youyou areare advisedadvised to to useuse
themthem ((despitedespite thethe extra extra efforteffort) ) wheneverwhenever thethe implicitimplicit referencesreferences of of columnscolumns to to 
tablestables areare confusingconfusing forfor youyou ((oror othersothers, , readingreading youryour queryquery).).

•• As As soonsoon asas a table a table isis mentionedmentioned moremore thanthan onceonce in a in a queryquery, , howeverhowever, , itit isis unun--
avoidableavoidable to to useuse aliasesaliases in order to in order to resolveresolve possiblepossible ambiguitiesambiguities, e.g.:, e.g.:

SELECT X.country1, Y.country2
FROM common_border AS X, common_border AS Y
WHERE X.country2 = Y.country1    

SELECTSELECT X.country1, Y.country2X.country1, Y.country2
FROMFROM common_border AS X, common_border AS Y
WHEREWHERE X.country2 = Y.country1    X.country2 = Y.country1    

XX

YY

country1country1

country1country1 country2country2

country2country2

•• WithoutWithout thethe variables variables itit wouldwould bebe unclearunclear, , whichwhich of of thethe threethree adjacentadjacent countries countries 
isis actuallyactually meantmeant, , as theyas they havehave identicalidentical columncolumn namesnames. . UsingUsing thethe aliasesaliases asas
prefixprefix to to thethe columncolumn namesnames resolvesresolves thethe ambiguityambiguity..
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•• In order to properly understand further fundamental operatorIn order to properly understand further fundamental operators in SQL, s in SQL, 
it is necessary to get a basic idea of a particular varianit is necessary to get a basic idea of a particular variant of mathematicalt of mathematical
set theoryset theory, called , called relational algebrarelational algebra..

•• The mathematical concept of a The mathematical concept of a setset is of fundamental importance for almost is of fundamental importance for almost 
every area of computer science.every area of computer science.

•• The notion of a set is "defined" in an The notion of a set is "defined" in an informalinformal way, as is common practiceway, as is common practice
in mathematics (by intuition, in mathematics (by intuition, ““naive set theory").naive set theory").

•• Sets are composed of Sets are composed of elementselements (Cantor(Cantor’’s s ““distinct objectsdistinct objects””). In a set, each). In a set, each
element appears exactly once (i.e., there are element appears exactly once (i.e., there are no duplicatesno duplicates). The order in). The order in
which elements appear does not matter (i.e., sets are which elements appear does not matter (i.e., sets are unorderedunordered).  ).  

Excursus: Set theory and relational algebraExcursus: Set theory and relational algebra

"A set is a collection into a whole of definite, distinct objects 
of our perception or our thought."

"A"A setset is a collection into a whole of definite, distinct objects is a collection into a whole of definite, distinct objects 
of our perception or our thought."of our perception or our thought."

GeorgGeorg Cantor (1845Cantor (1845--1918), originator of set theory1918), originator of set theory
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Examples of setsExamples of sets

99
417616417616 2121

256256382382

Sets are rather collections of Sets are rather collections of 
abstract ideas or individuals abstract ideas or individuals 
("objects") than shopping ("objects") than shopping 
bags.bags.

Almost Almost everythingeverything cancan bebe in a in a setset..

elementselements
of of thethe setssets
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Relations Relations areare setssets, , tootoo!!

(1,2,3)(1,2,3)

(2,4,5)(2,4,5)

(3,6,9)(3,6,9)

11 2     32     3
22 4     54     5
33 6     96     9

RR SS
a   ba   b
c   dc   d
x   yx   y

(a,b)(a,b)

(c,d)(c,d)
(x,y)(x,y)

Database relations (Database relations (visualizedvisualized in in tabulartabular form) form) cancan bebe regardedregarded as setsas sets, , tootoo. . TheirTheir elementselements
areare calledcalled tuplestuples in in mathematicsmathematics: : 

R R isis a a setset of 3of 3--tuplestuples ((oror triplestriples), S ), S isis a a setset of 2of 2--tuplestuples ((oror pairspairs). ). 
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Sets of Sets of tuplestuples thatthat areare no relationsno relations

(1,2,3)(1,2,3)

(2,4,5)(2,4,5)

(3,6,9)(3,6,9)

11 2     32     3
22 4     54     5
33 6     96     9

•• Not Not everyevery setset of of tuplestuples isis a a relationrelation, , thoughthough!!

•• Relations Relations areare homogeneoushomogeneous, i.e., , i.e., containcontain elementselements ((tuplestuples) of ) of thethe samesame kindkind::
•• samesame numbernumber of of componentscomponents ((calledcalled arityarity in in mathematicsmathematics))
•• samesame typetype of of componentscomponents at at respectiverespective positionspositions

(1,2,3)(1,2,3)
(a,b)(a,b)

(2,4,5)(2,4,5)

(x,y)(x,y)

11 2     32     3
22 4     54     5

a   ba   b
x   yx   y

a a relationrelation

notnot a a relationrelation
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Operators for combining sets (1) Operators for combining sets (1) 

AA

BB

A A −− BB

A   A   ∩∩ BB

B B −− AA

A   A   ∪∪ BB
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Operators Operators forfor combiningcombining setssets (2)(2)

•• ThereThere areare threethree basicbasic operatorsoperators forfor combiningcombining setssets in in generalgeneral, i.e. , i.e. forfor constructingconstructing aa
newnew resultresult setset fromfrom thethe elementselements of  of  twotwo inputinput setssets A and B:A and B:

•• IfIf applyingapplying themthem to to setssets thatthat areare relations, relations, wewe havehave to to makemake suresure thatthat bothboth inputinput setssets
areare „„of of thethe samesame kindkind““ (i.e. (i.e. havehave thethe samesame arityarity and and typetype), ), otherwiseotherwise thethe resultresult setset
wouldwould notnot bebe a proper a proper relationrelation againagain. . ThusThus, , thethe threethree setset operatorsoperators „„behavebehave““ a a bitbit
differentlydifferently ifif usedused asas relational relational algebraalgebra operatorsoperators..

•• In In SQLSQL, , therethere areare keywordkeyword forfor thethe threethree operatorsoperators, , differingdiffering slightlyslightly fromfrom theirtheir namesnames
in in setset theorytheory: : 

union A  ∪ B          contains all elements of A together with those in B

intersection A  ∩ B     contains all elements from A which are in B, too.

difference A  − B contains all elements from A which are not in B              

unionunion A  A  ∪∪ B          B          containscontains all all elementselements of A of A togethertogether withwith thosethose in Bin B

intersectionintersection A  A  ∩∩ B     B     containscontains all all elementselements fromfrom A A whichwhich areare in B, in B, tootoo..

differencedifference A  A  −− B B containscontains all all elementselements fromfrom A A whichwhich areare notnot in B              in B              

UNIONUNION INTERSECT         MINUSINTERSECT         MINUS
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Combining relations via set operatorsCombining relations via set operators

1      2     31      2     3
2      4     52      4     5
3      6     93      6     9

RR
1      2     31      2     3
22 6     76     7
33 6     96     9
4      1     54      1     5

QQ

1      2     31      2     3
2      4     52      4     5
3      6     93      6     9
2      6     72      6     7
4      1     54      1     5

R  R  UNIONUNION QQ

11 2     32     3
3      6     93      6     9

R  R  INTERSECTINTERSECT QQ

2      4     52      4     5R  R  MINUSMINUS QQ
22 6     76     7
4      1     54      1     5 Q  Q  MINUSMINUS RR

duplicatesduplicates eliminatedeliminated!!
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Set operators in SQLSet operators in SQL

1      2     31      2     3
2      4     52      4     5
3      6     93      6     9

RR
1      2     31      2     3
22 6     76     7
33 6     96     9
4      1     54      1     5

QQ

1      21      2
2      42      4
3      63      6
2      62      6
4      14      1

A     B     CA     B     C A     B     CA     B     C

(SELECT   A, B   FROM   R)
UNION

(SELECT   A, B   FROM   Q)

(SELECT   A, B   FROM   R)(SELECT   A, B   FROM   R)
UNIONUNION

(SELECT   A, B   FROM   Q)(SELECT   A, B   FROM   Q)

In SQL, In SQL, setset operatorsoperators
maymay bebe appliedapplied to to anyany
twotwo expressionsexpressions denotingdenoting
relations of relations of thethe samesame kindkind. . 

A     B A     B 
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•• EachEach clauseclause of a SELECTof a SELECT--FROMFROM--WHERE block WHERE block correspondscorresponds to an to an operatoroperator of relationalof relational
algebraalgebra, , tootoo::

•• ExampleExample::

•• TheThe order of order of evaluationevaluation mattersmatters in SQL:  1) in SQL:  1) product   product   2) 2) selection  selection  3) 3) projectionprojection

•• DonDon‘‘t t bebe fooledfooled byby SELECT SELECT correspondingcorresponding to to thethe projectionprojection partpart ratherrather thanthan selectionselection!  !  

RA RA operatorsoperators „„hiddenhidden““ behindbehind SELECTSELECT--FROMFROM--WHEREWHERE

SELECT    capital, cities.population
FROM cities, countries
WHERE cities.population  >= 1000 AND

city=capital ;

SELECT    SELECT    capitalcapital, , citiescities..populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE citiescities..population  population  >=>= 1000 1000 ANDAND

citycity==capitalcapital ;;

projection         πA, B eliminates all columns except A and B

selection σcond eliminates all rows except those satisfying condition cond

product R × S      set of all combinations of tuples from R and S 

projection         projection         ππA, BA, B eliminateseliminates all all columnscolumns exceptexcept A and BA and B

selectionselection σσcondcond eliminateseliminates all all rowsrows exceptexcept thosethose satisfyingsatisfying condition condition condcond

productproduct R R ×× S      S      setset of all of all combinationscombinations of of tuplestuples fromfrom R and S R and S 

ππcapitalcapital, , cititescitites..populationpopulation

σσcitiescities..populationpopulation >= 1000 >= 1000 
AND  AND  citycity = = capitalcapital

citiescities ×× countriescountries
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•• ThereThere isis a a specialspecial notationnotation forfor situationssituations, , wherewhere twotwo tablestables connectedconnected viavia a a productproduct are are 
logicallylogically linkedlinked viavia a a selectionselection condition condition involvinginvolving oneone columncolumn fromfrom eacheach table, table, tootoo::

•• Such Such linkinglinking conditionsconditions areare calledcalled joinjoin conditionsconditions, and , and thethe operationoperation isis calledcalled a a joinjoin in RA.in RA.
A A joinjoin maymay appearappear in in thethe FROM FROM partpart in in placeplace of of thethe commacomma ((indicatingindicating productproduct). ). TheThe
joinjoin condition condition isis movedmoved to to thethe FROM FROM partpart, , tootoo::

•• Note Note thatthat JOIN JOIN isis allowedallowed in a FROM in a FROM partpart onlyonly, , notnot asas an independent an independent operatoroperator suchsuch asas,,
e.g. UNION. e.g. UNION. –– In Access, In Access, thisthis form of form of joinjoin isis calledcalled thethe INNER JOININNER JOIN..

TheThe JOIN JOIN operatoroperator in SQL and RAin SQL and RA

SELECT    countries.capital, cities.population
FROM cities, countries
WHERE cities.population  >= 1000 AND

cities.city=countries.capital ;

SELECT    SELECT    countriescountries..capitalcapital, , citiescities..populationpopulation
FROMFROM citiescities, , countriescountries
WHEREWHERE citiescities..population  population  >=>= 1000 1000 ANDAND

citiescities..citycity==countriescountries..capitalcapital ;;

SELECT    countries.capital, cities.population
FROM cities  JOIN countries ON cities.city=countries.capital
WHERE cities.population  >= 1000;

SELECT    SELECT    countriescountries..capitalcapital, , citiescities..populationpopulation
FROMFROM cities  cities  JOINJOIN countriescountries ONON citiescities..citycity==countriescountries..capitalcapital
WHEREWHERE citiescities..population  population  >=>= 1000;1000;

joinjoin symbolsymbol in RA:in RA:
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NestingNesting blocksblocks in SQL: in SQL: TheThe IN IN operatoroperator

•• IfIf onlyonly columnscolumns fromfrom oneone of of thethe twotwo tablestables involvedinvolved isis requiredrequired in in thethe resultresult table of atable of a
queryquery, , thethe otherother table table cancan bebe accessedaccessed in an inner block in an inner block nestednested in in thethe WHERE WHERE partpart: : 

SELECT    countries.capital
FROM cities, countries
WHERE cities.population >= 1000 AND

cities.city=countries.capital ;

SELECT    SELECT    countriescountries..capitalcapital
FROMFROM citiescities, , countriescountries
WHEREWHERE citiescities..populationpopulation >=>= 1000 1000 ANDAND

citiescities..citycity==countriescountries..capitalcapital ;;

SELECT    countries.capital
FROM countries
WHERE countries.capital IN

(SELECT cities.city
FROM    cities
WHERE cities.population >= 1000);

SELECT    SELECT    countriescountries..capitalcapital
FROMFROM countriescountries
WHEREWHERE countriescountries..capitalcapital ININ

(SELECT (SELECT citiescities..citycity
FROM    FROM    citiescities
WHERE WHERE citiescities..populationpopulation >=>= 1000);1000);

•• TheThe keywordkeyword ININ ((connectingconnecting a a columncolumn namename and a and a subquerysubquery) ) correspondscorresponds to to thethe operatoroperator ∈∈
representingrepresenting thethe isis elementelement ofof relationshiprelationship betweenbetween an an objectobject and a and a setset in in setset theorytheory..
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NOT IN NOT IN forfor simulatingsimulating MINUSMINUS

•• In Access, In Access, thethe MINUSMINUS operatoroperator expressingexpressing setset differencedifference isis unknownunknown. . HoweverHowever, an, an
identicalidentical resultresult cancan bebe obtainedobtained usingusing block block nestingnesting and and thethe NOT INNOT IN operatoroperator::

•• Apart Apart fromfrom beingbeing a a bitbit moremore intuitive, intuitive, thisthis formulationformulation showsshows moremore explicitlyexplicitly thatthat setset
differencedifference isis notnot a a symmetricsymmetric operationoperation:   R  MINUS  S   :   R  MINUS  S   ≠≠ S  MINUS  RS  MINUS  R

•• In In additionaddition, , thethe nestingnesting style style indicatesindicates clearlyclearly thatthat thethe rowsrows „„survivingsurviving““ in in thethe differencedifference
all come all come fromfrom thethe leftleft operandoperand table.table.

(SELECT  city     FROM cities)
MINUS

(SELECT  capital FROM countries)

(SELECT  (SELECT  city     city     FROM FROM citiescities))
MINUSMINUS

(SELECT  (SELECT  capitalcapital FROM FROM countriescountries))
WhichWhich citiescities areare no no capitalscapitals??

SELECT  city  
FROM     cities
WHERE  city  NOT IN  (SELECT capital FROM countries)

SELECT  SELECT  city  city  
FROM     FROM     citiescities
WHERE  WHERE  city  city  NOT IN  NOT IN  (SELECT (SELECT capitalcapital FROM FROM countriescountries))
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SimulatingSimulating intersectionintersection byby meansmeans of JOINof JOIN

•• Access Access doesdoes notnot supportsupport thethe INTERSECTINTERSECT operatoroperator eithereither,, as itas it cancan bebe simulatedsimulated byby means means 
of a of a joinjoin on on allall columnscolumns of of thethe twotwo tablestables returningreturning onlyonly thosethose rowsrows thatthat havehave identical identical 
valuesvalues in all of in all of thesethese columnscolumns::

•• In In thisthis casecase, , thethe order of order of thethe inputinput tablestables doesdoes notnot matter. matter. TheThe aboveabove isis equivalentequivalent to: to: 

(SELECT  city     FROM cities  WHERE  population > 1000)
INTERSECT

(SELECT  capital FROM countries)

(SELECT  (SELECT  city     city     FROM FROM cities  cities  WHERE  WHERE  populationpopulation > 1000)> 1000)
INTERSECTINTERSECT

(SELECT  (SELECT  capitalcapital FROM FROM countriescountries))

SELECT   city     
FROM      cities  JOIN countries  ON city = capital  
WHERE   cities.population > 1000

SELECT   SELECT   city     city     
FROM      FROM      cities  cities  JOINJOIN countries  countries  ONON citycity = = capital  capital  
WHERE   WHERE   citiescities..populationpopulation > 1000> 1000

SELECT   city     
FROM      countries JOIN cities ON city = capital  
WHERE   cities.population > 1000

SELECT   SELECT   city     city     
FROM      FROM      countriescountries JOINJOIN citiescities ONON citycity = = capital  capital  
WHERE   WHERE   citiescities..populationpopulation > 1000> 1000
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MultiMulti--table table queriesqueries in SQL: in SQL: SummarySummary

•• WithinWithin a SELECTa SELECT--FROMFROM--WHERE block, WHERE block, twotwo tablestables cancan bebe combinedcombined in in twotwo waysways::
•• byby simplysimply listinglisting thethe tablestables in in thethe FROM FROM partpart separatedseparated byby a a commacomma: : productproduct
•• byby explicitexplicit JOINJOIN in in connectionconnection withwith a a joinjoin condition in condition in thethe ON ON partpart

•• TwoTwo independent independent subqueriessubqueries cancan bebe combinedcombined usingusing oneone of of thethe threethree setset operatorsoperators inin
infixinfix notationnotation:  :  UNION, INTERSECT, and MINUSUNION, INTERSECT, and MINUS..

•• A  SELECTA  SELECT--FROMFROM--WHERE block WHERE block cancan bebe nestednested withinwithin thethe WHERE WHERE partpart of of anotheranother
block block byby meansmeans of of thethe (NOT) IN(NOT) IN operatoroperator, , comparingcomparing a a columncolumn in in thethe outerouter block block withwith a a 
columncolumn in in thethe SELECT SELECT partpart of of thethe inner block.inner block.

•• JOINJOIN--ON ON isis notnot strictlystrictly necessarynecessary,, as itas it cancan bebe expressedexpressed byby productproduct and and selectionselection..

•• MINUS MINUS cancan bebe expressedexpressed usingusing NOT IN and NOT IN and nestingnesting..

•• INTERSECT INTERSECT cancan bebe expressedexpressed byby a JOIN on all a JOIN on all columnscolumns..

•• ThusThus, SELECT, SELECT--FROMFROM--WHERE WHERE blocksblocks withwith ININ--style style nestingnesting and UNION and UNION areare sufficientsufficient
forfor expressingexpressing almostalmost all multiall multi--table table queriesqueries ((thisthis isis thethe SQL SQL subsetsubset supportedsupported byby Access). Access). 
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DuplicateDuplicate eliminationelimination in SQLin SQL

•• SQL SQL answeranswer tablestables areare no relations in no relations in thethe sense of sense of setset theorytheory and relational and relational algebraalgebra::
ProjectionProjection and and unionunion maymay produceproduce duplicateduplicate answersanswers whichwhich areare notnot automatically automatically 
eliminatedeliminated in SQL!in SQL!

•• FortunatelyFortunately, , duplicatesduplicates cancan bebe explicitlyexplicitly eliminatedeliminated byby thethe useruser usingusing thethe keyword keyword 
DISTINCT DISTINCT afterafter SELECT:SELECT:

SELECT DISTINCT Name
FROM countries 
WHERE      Name in (SELECT country 

FROM cities
WHERE population > 1000)   

SELECT SELECT DISTINCTDISTINCT NameName
FROMFROM countries countries 
WHERE      Name in (SELECT WHERE      Name in (SELECT country country 

FROM FROM citiescities
WHERE WHERE populationpopulation > 1000)   > 1000)   

NameName
FranceFrance
GermanyGermany
Germany Germany 
. . .. . .

•• ItIt isis recommendablerecommendable to to alwaysalways useuse SELECT DISTINCTSELECT DISTINCT as soonas soon asas a a „„realreal““
projectionprojection occursoccurs, , exceptexcept ifif thethe SELECT SELECT partpart refersrefers to a to a keykey columncolumn onlyonly. . ––
ThereThere isis no no convincingconvincing reasonreason forfor workingworking withwith duplicatesduplicates in SQL!in SQL!
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Aggregate Aggregate functionsfunctions

•• Important  classImportant  class of of „„builtbuilt--inin““--functionsfunctions in SQL: in SQL: Aggregate functionsAggregate Aggregate functionsfunctions

COUNT
SUM
AVG
MAX
MIN

COUNTCOUNT
SUMSUM
AVGAVG
MAXMAX
MINMIN

CardinalityCardinality
SumSum
Average  Average  
MaximumMaximum
MinimumMinimum

• Computation Computation of of oneone scalarscalar valuevalue fromfrom a a setset of of scalarscalar values values ((the aggregatethe aggregate) ) 
originating fromoriginating from oneone column column of of oneone table: table: 

Table
AggregateAggregate

Function valueFunction value
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Aggregate Aggregate functionsfunctions (2)(2)

ExamplesExamples of of aggregateaggregate expressionsexpressions in in thethe SELECTSELECT--partpart::

SELECT SUM ( P.salary ) AS Total
FROM professors AS P
WHERE P.Rank = ‚C3‘

SELECT SUMSUM ( P.salary ) AS Total
FROM professors AS P
WHERE P.Rank = ‚C3‘

ComputeCompute thethe overall salary overall salary of all C3of all C3--professorsprofessors !!

SELECT    P.Name
FROM        professors  AS P
WHERE     P.Rank = ‚C3‘ AND   

P.Age    >   ( SELECT MAX (Q.Age)
FROM       professors  AS  Q
WHERE    Q.Rank = ‚C4‘ )

SELECT    P.Name
FROM        professors  AS P
WHERE     P.Rank = ‚C3‘ AND   

P.Age    >   ( SELECT MAXMAX (Q.Age)
FROM       professors  AS  Q
WHERE    Q.Rank = ‚C4‘ )

WhichWhich C3C3--professorsprofessors areare olderolder thanthan all C4all C4--professorsprofessors??

advisable advisable in orderin order
to to have have a a columncolumn
name for each name for each 
column column in in the answerthe answer
tabletable
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Aggregate Aggregate functionsfunctions (3)(3)

• Often usedOften used in in connectionconnection withwith aggregate functionsaggregate functions::
extendedextended SELECTSELECT--blocks  withblocks  with subdivision subdivision of of thethe resultat tablesresultat tables in in groupsgroups

•• Syntactic extensionSyntactic extension: : GROUP BYGROUP BY--clauseclause ((after after SELECTSELECT--FROMFROM--WHERE)WHERE)

•• Basic Basic ideaidea:    :    The resultThe result of of thethe evaluation evaluation of SELECTof SELECT--FROMFROM--WHERE (a table) WHERE (a table) 
is divided intois divided into „„subtablessubtables““ ((groupsgroups) ) withwith identicalidentical valuesvalues for certainfor certain
grouping columnsgrouping columns ((specifiedspecified in in thethe GROUP BYGROUP BY--partpart))

•• Aggregate Aggregate functions are applied functions are applied to to groupsgroups ((asas aggregatesaggregates), ), if if GROUP BY has GROUP BY has beenbeen
specifiedspecified::

•• If If no no explicit grouping is specifiedexplicit grouping is specified, , the entire the entire table table is assumed as one big is assumed as one big „„groupgroup““..

SELECT          P.Rank,   AVG( P.Age )  AS  AvgAge
FROM              professors  AS  P
GROUP BY P.Rank

SELECT          P.Rank,   AVG( P.Age )  AS  AvgAge
FROM              professors  AS  P
GROUP BY P.Rank

e.g.:e.g.:
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Aggregate Aggregate functionsfunctions (4)(4)

SELECT          P. Rank,   AVG( P.Age )  AS   AvgAge
FROM              professors  AS  P
WHERE          P.Name <> ‚Ken‘
GROUP BY P. Rank

SELECT          P. Rank,   AVGAVG( P.Age )  AS   AvgAge
FROM              professors  AS  P
WHERE          P.Name <> ‚Ken‘
GROUP BYGROUP BY P. Rank

Name    Rank   Age

Jim         C4         43
John       C3         33
Ken        C4         57
Lisa        C4         39
Tom       C2         32
Eva        C3         36

Name    Rank   AgeName    Rank   Age

Jim         C4         43Jim         C4         43
John       C3         33John       C3         33
Ken        C4         57Ken        C4         57
Lisa        C4         39Lisa        C4         39
Tom       C2         32Tom       C2         32
Eva        C3         36Eva        C3         36

Name    Rank     Age

Jim         C4         43
Lisa        C4         39

John       C3         33
Eva         C3         36

Tom       C2         32

Name    Rank     AgeName    Rank     Age

Jim         C4         43Jim         C4         43
Lisa        C4         39Lisa        C4         39

John       C3         33John       C3         33
Eva         C3         36Eva         C3         36

Tom       C2         32Tom       C2         32

GROUPGROUP BYBY

Rank  AvgAge 
C2         32.0
C3         34.5
C4         41.0

Rank  Rank  AvgAge AvgAge 
C2         32.0C2         32.0
C3         34.5C3         34.5
C4         41.0C4         41.0

AVGAVG

Illustration Illustration withwith
example dataexample data::
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SortingSorting tablestables in SQLin SQL

•• SortingSorting of of thethe resultresult table table cancan bebe specifiedspecified at at thethe end of a SELECTend of a SELECT--blockblock
((afterafter GROUPGROUP BYBY, , ifif presentpresent at all)at all)

•• ExampleExample::
SELECT  X.Rank, X.Salary
FROM     professors AS X
ORDER BY   X.Rank DESC , 

X.Salary ASC 

SELECT  X.Rank, X.SalarySELECT  X.Rank, X.Salary
FROM     FROM     professorsprofessors AS XAS X
ORDER BY   ORDER BY   X.RankX.Rank DESC , DESC , 

X.Salary X.Salary ASC ASC 

•• „„DirectionDirection““ of of sortingsorting:   :   ASCASC ((ascendingascending, , defaultdefault valuevalue ifif unspecifiedunspecified))
DESCDESC ((descendingdescending))

•• TheThe orderorder of of columnscolumns isis alwaysalways respectedrespected whenwhen sortingsorting, , thusthus introducingintroducing
multiple multiple sortingsorting criteriacriteria. . 

•• SortingSorting cancan bebe specifiedspecified independent of independent of aggregationaggregation..
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Null Null values values (1)(1)

In In tablestables of a relational of a relational databasedatabase therethere mightmight bebe numerousnumerous emptyempty cellscells –– forfor variousvarious reasonsreasons
and and withwith different different meaningsmeanings. In SQL, . In SQL, therethere isis thethe featurefeature of a of a null null valuevalue associatedassociated withwith thisthis..
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Null Null valuesvalues (2)(2)

• SQL  SQL  offersoffers a a predefinedpredefined, universal , universal null null valuevalue, , intendedintended to to represent unknown orrepresent unknown or
missing informationmissing information in a in a systematicsystematic way. way. The keyword The keyword NULLNULL represents represents suchsuch
valuesvalues..

•• CorrectCorrect usageusage of  NULL of  NULL isis difficultdifficult, , partlypartly becausebecause therethere areare a a numbernumber of of 
inconsequentinconsequent design design decisionsdecisions in in thethe SQL SQL standardstandard.  .  

•• Null Null valuesvalues cancan bebe interpretedinterpreted in a in a numbernumber of different of different waysways. . 
Possible interpretations arePossible interpretations are::

•• ValueValue existsexists, , butbut isis presentlypresently unknownunknown..
•• ItIt isis knownknown thatthat in in thisthis rowrow no no valuevalue existsexists in in thethe respectiverespective columncolumn..
•• ItIt isis notnot knownknown ifif a a valuevalue existsexists oror ifif so, so, whatwhat itit isis likelike..

•• Intended interpretationIntended interpretation of null of null valuesvalues in SQL:  in SQL:  ValueValue existsexists, , butbut isis unknownunknown!!

•• ThusThus:  Nulls :  Nulls are calledare called „„valuesvalues““! ! Each twoEach two occurrences occurrences of a null of a null value representvalue represent
differentdifferent „„real" real" values  presentlyvalues  presently (still) (still) unknownunknown..

•• HoweverHowever:  Nulls :  Nulls themselves donthemselves don‘‘t t havehave a a typetype butbut alwaysalways take thetake the typetype of of thethe resp.resp.
columncolumn underunder considerationconsideration..
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Null Null valuesvalues (3)(3)

•• In In queriesqueries, , emptiness emptiness of a of a particular cell can be tested by using the keyword particular cell can be tested by using the keyword NULL.NULL.
Note Note that that NULL NULL does notdoes not represent represent „„thethe““ null null value value ((as there are infinitely manyas there are infinitely many
of of themthem), ), but simply serves as but simply serves as a a test conditiontest condition applied applied to a to a particular field particular field of a of a 
particular rowparticular row. . 

•• One immediate One immediate consequence consequence of of this particular interpretation this particular interpretation of of empty cells empty cells aliasalias
null null values is that values is that NULL NULL may may notnot be used be used in in comparisonscomparisons, i.e. , i.e. the following arethe following are
not allowednot allowed in SQL:in SQL:

•• InsteadInstead, , there is there is a a special special test test operator operator IS IS which can be used which can be used to express to express checkschecks
for for „„nullnessnullness““ (i.e. (i.e. emptiness emptiness of of cellscells), e.g.:), e.g.:

•• MoreoverMoreover, , you you cannot joincannot join rows rows on on empty cellsempty cells, , as two as two different different occurrences occurrences ofof
a null a null value value (in (in two two different different rowsrows) ) are are different different by definitionby definition, and , and thus cannotthus cannot
be identified be identified ((or comparedor compared).).

Name = NULL              Age > NULLName = NULL              Age > NULL

Name  IS NULL            Age IS NOT NULLName  IS NULL            Age IS NOT NULL
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Null Null valuesvalues (4)(4)

Name   Age

Jim        33
Tom      NULL

Name   AgeName   Age

Jim        33Jim        33
Tom      NULLTom      NULL

personperson

•• Aggregate Aggregate functionsfunctions ignoreignore NULL NULL „„on on purposepurpose““!!

•• Access Access offersoffers a a builtbuilt--in in functionfunction ((nznz), ), thoughthough, , forfor transformingtransforming all all NULLsNULLs in a in a 
fieldfield byby 0 0 whenwhen usedused in a in a queryquery, e.g. , e.g. nznz([age],0) (([age],0) (nznz standsstands forfor nullnull--toto--zerozero))

SUM (Age):       33SUM (Age):       33
COUNT (Age):    1COUNT (Age):    1

AVG(Age):        33AVG(Age):        33

•• In In comparisonscomparisons (and (and otherother conditionsconditions) NULL ) NULL leadsleads to to usageusage of a of a threethree--valued valued 
logiclogic, i.e. a , i.e. a logiclogic withwith threethree ratherrather thanthan twotwo truthtruth valuesvalues::

TRUE, FALSE, TRUE, FALSE, UNKNOWNUNKNOWN
WheneverWhenever NULL NULL occursoccurs duringduring evaluationevaluation, UNKNOWN , UNKNOWN maymay resultresult, , dependingdepending
on on thethe logicallogical operatorsoperators involvedinvolved ((detailsdetails areare beyondbeyond thethe scopescope of of thisthis chapterchapter).).

• ExampleExample:  :  IfIf A=3, B=4 and A=3, B=4 and IS NULL CIS NULL C, , thenthen . . .. . .
•• A > B   A > B   ANDAND B > B > CC resultsresults in       FALSEin       FALSE
•• A > B   A > B   OROR B > B > CC resultsresults in       UNKNOWNin       UNKNOWN
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OuterOuter joinsjoins

• Automatic Automatic generationgeneration of null of null valuesvalues whenwhen usingusing an an OUTER JOINOUTER JOIN--operatoroperator::
{ LEFT | RIGHT | FULL } [ OUTER ]  JOIN{ LEFT | RIGHT | FULL } [ OUTER ]  JOIN

• SemanticsSemantics:  :  „„NormalNormal““ joinjoin extendedextended byby rowsrows filledfilled up up withwith NULLsNULLs, , containingcontaining
valuesvalues whichwhich wouldwould otherwiseotherwise notnot appearappear in a in a joinjoin..

•• ExampleExample::

A     B
1      2
1      3
2      1

A     B
1      21      2
1      31      3
2      12      1

pp

B     C
2     5
3     4
5     3

B     C
2     52     5
3     43     4
5     35     3

qq

AlwaysAlways containscontains
INNER JOININNER JOIN
as subtableas subtable !!

SELECT  *
FROM     p  FULL OUTER JOIN q   ON  p.B >= q.B

SELECT  *SELECT  *
FROM     p  FROM     p  FULL OUTER JOINFULL OUTER JOIN q   ON  p.B >= q.Bq   ON  p.B >= q.B

A           p.B        q.B         C
1            2            2             5
1 3            2             5
1            3            3             4
2            1            NULL   NULL
NULL NULL 5            3

A           p.B        q.B         C
1            2            2             51            2            2             5
11 3            2             53            2             5
1            3            3             41            3            3             4
2            1            2            1            NULL   NULLNULL   NULL
NULLNULL NULLNULL 5            35            3
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OuterOuter joinsjoins (2)(2)

•• LEFTLEFT and and RIGHT OUTER JOINRIGHT OUTER JOIN:   :   OnlyOnly thethe "non"non--joiningjoining" " elementselements of of thethe
leftleft oror right table, resp., right table, resp., areare filledfilled up up withwith NULLsNULLs.  .  

•• ExampleExample::

A     B
1      2
1      3
2      1

A     B
1      21      2
1      31      3
2      12      1

pp

B     C
2     5
3     4
5     3

B     C
2     52     5
3     43     4
5     35     3

qq

((leftleft))

(right)(right)

•• In AccessIn Access--SQL:  SQL:  OnlyOnly LEFT JOIN and RIGHT JOIN LEFT JOIN and RIGHT JOIN areare supportedsupported,,
no FULL OUTER JOIN; "OUTER" no FULL OUTER JOIN; "OUTER" isis omittedomitted..

A           p.B        q.B         C
1            2            2             5
1 3            2             5
1            3            3             4
2            1            NULL   NULL
NULL NULL 5            3

A           p.B        q.B         C
1            2            2             51            2            2             5
11 3            2             53            2             5
1            3            3             41            3            3             4
2            1            2            1            NULL   NULLNULL   NULL
NULLNULL NULLNULL 5            35            3

SELECT  *
FROM     p  LEFT OUTER JOIN q   ON  p.B >= q.B

SELECT  *SELECT  *
FROM     p  FROM     p  LEFT OUTER JOINLEFT OUTER JOIN q   ON  p.B >= q.Bq   ON  p.B >= q.B
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EmptyEmpty tablestables (and (and notnot so so emptyempty onesones) ) 

•• HowHow doesdoes an an emptyempty tabletable look look likelike in SQL ?in SQL ?

•• In In setset theorytheory, , „„emptyempty““ meansmeans: : withoutwithout elementselements. . ThusThus, an , an emptyempty table table doesdoes notnot
containcontain anyany rowrow..

•• DonDon‘‘t t confuseconfuse thisthis withwith a table a table containingcontaining just just oneone rowrow thethe fieldsfields of of whichwhich
allall consistconsist of NULL of NULL valuesvalues –– such a table such a table isis notnot ((reallyreally) ) emptyempty! ! 

•• In In thethe datasheetdatasheet viewview of Access of Access thethe differencedifference isis clearlyclearly visiblevisible::

citycity_at__at_riverriver
City      City      RiverRiver

City      City      RiverRiver

nonnon--emptyempty table, table, consistingconsisting of aof a
„„NULLNULL--rowrow““

emptyempty table table notnot containingcontaining anyany rowrow
citycity_at__at_riverriver
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BooleanBoolean queriesqueries in SQLin SQL

•• HowHow to "to "simulatesimulate" a " a yesyes/no/no--queryquery in SQL ?in SQL ?

•• With  With  table table queriesqueries, , onlyonly an an indirectindirect answeranswer isis possiblepossible::
An An emptyempty answeranswer table table isis interpretedinterpreted asas „„nono““..

•• MoreMore reasonablereasonable, , butbut notnot ((yetyet) ) possiblepossible asas a a „„standstand--alonealone““ queryquery accordingaccording to to 
thethe SQL SQL standardstandard::

e.ge.g.:   .:   IsIs therethere a a citycity withwith moremore thanthan 4 4 millionmillion inhabitantsinhabitants??

SELECT   Name
FROM      city
WHERE   Inhabitants > 4000 ;

SELECT   NameSELECT   Name
FROM      FROM      citycity
WHERE   WHERE   InhabitantsInhabitants > 4000 ;> 4000 ;

NameName
ParisParis
LondonLondon

Name   Name   

ifif yesyes::
nonnon--emptyempty
answeranswer tabletable

ifif no:no:
emptyempty tabletable

CHECK   EXISTS (SELECT   Name FROM  city WHERE   Inhabitants > 4000 ) CHECK   EXISTSCHECK   EXISTS ((SELECT   Name FROM  SELECT   Name FROM  citycity WHERE   WHERE   InhabitantsInhabitants > 4000 ) > 4000 ) 
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Update Update operationsoperations in SQL: in SQL: OverviewOverview

• AlreadyAlready mentionedmentioned at at thethe beginningbeginning of of thisthis sectionsection: : 
Update Update statementsstatements areare partpart of of thethe DMLDML--sublanguagesublanguage of SQL, of SQL, tootoo! ! 

•• SQL SQL offersoffers threethree basicbasic operationsoperations forfor changingchanging datadata::
•• INSERTINSERT insertioninsertion of of rowsrows
•• UPDATEUPDATE modificationmodification of of valuesvalues in in columnscolumns
•• DELETEDELETE deletiondeletion of of rowsrows

•• All All threethree typestypes of update of update operationoperation cancan bebe combinedcombined withwith queriesqueries forfor retrievingretrieving
thethe rowsrows of a of a particularparticular table to table to bebe insertedinserted//updatedupdated//deleteddeleted. . 

•• ReminderReminder: : ThereThere isis thethe dangerdanger of a of a terminologyterminology conflictconflict::
•• „„UpdateUpdate““ in in thethe generalgeneral sense sense refersrefers to to anyany kind kind of of changechange
•• UPDATE in SQL UPDATE in SQL meansmeans columncolumn valuevalue replacementreplacement onlyonly

•• RecommendationRecommendation:  :  TryTry update update statementsstatements in in AccessAccess and and observeobserve howhow actionaction
queriesqueries of of typetype insertioninsertion//modificationmodification//deletiondeletion areare automaticallyautomatically transformed transformed 
intointo SQL SQL statementsstatements, and , and vicevice versaversa. . 
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INSERTINSERT--OperationOperation

• Format of Format of insertionsinsertions::

INSERT   INTO <table-name> [ ( <list-of-columns> ) ]  <table-expression>INSERT   INTOINSERT   INTO <table-name> [ ( <list-of-columns> ) ]  <table-expression>

• Two Two variantsvariants: : 
•• DirectDirect referencereference to to oneone oror moremore rowsrows to to bebe insertedinserted, e.g., e.g.

•• IndirectIndirect identificationidentification of of thethe rowsrows to to bebe insertedinserted viavia a a queryquery, e.g., e.g.

INSERT INTO professors  (Name, Rank, Department)
VALUES ( ‚Cremers‘, ‚C4‘, ‚III‘)

INSERT INTOINSERT INTO professors  professors  (Name, Rank, Department)(Name, Rank, Department)
VALUESVALUES ( ( ‚‚CremersCremers‘‘, , ‚‚C4C4‘‘, , ‚‚IIIIII‘‘))

INSERT  INTO professors
SELECT *
FROM researchers  AS R
WHERE R.qualification = ‚PhD‘

INSERT  INTOINSERT  INTO professorsprofessors
SELECT **
FROM researchers  researchers  AS RAS R
WHERE R.R.qualificationqualification = = ‚‚PhDPhD‘‘

keywordkeyword forfor directdirect
specificationspecification of of rowsrows

Notation of a Notation of a tupletuple
in SQLin SQL
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UPDATEUPDATE-- and DELETEand DELETE--operationoperation

• Format of Format of modificationsmodifications::

• ModifiesModifies all all rowsrows of "table of "table namename" " satisfyingsatisfying thethe WHEREWHERE--partpart accordingaccording to to thethe
assignmentsassignments of of valuesvalues to to columnscolumns givengiven in in thethe SETSET--part.part.

•• Syntax of an Syntax of an individualindividual assignmentassignment::

UPDATE <table-name> 
SET <list-of-assignments>
[ WHERE  <conditional-expression>  ]

UPDATEUPDATE <table<table--namename> > 
SETSET <list<list--ofof--assignmentsassignments>>
[ WHERE  <[ WHERE  <conditionalconditional--expressionexpression>  ]>  ]

<column-name>  =   { <scalar-expression> | DEFAULT | NULL }<column-name>  =   { <scalar-expression> | DEFAULT | NULL }

•• ExampleExample::

•• QuiteQuite similarsimilar: : DeletionsDeletions

UPDATE professors
SET Name = ‚N.N.‘
WHERE     Dept = ‚II‘

UPDATEUPDATE professorsprofessors
SETSET Name = Name = ‚‚N.N.N.N.‘‘
WHERE     WHERE     DeptDept = = ‚‚IIII‘‘

assignment  assignment  ((actionaction))
condition  (test in condition  (test in thethe „„old"old"

statestate))

DELETE  FROM <table-name> 
[  WHERE  <conditional-expression>  ]

DELETE  FROM <table-name> 
[  WHERE  <conditional-expression>  ]



©© 2008 2008 Prof. Dr. Rainer Prof. Dr. Rainer MantheyManthey LSILSI--FIMFIM 5555

DataData Definition in SQLDefinition in SQL

–– 3.23.2 ––

Data Definition in SQLData Definition in SQLData Definition in SQL

CREATE TABLECREATE TABLE

Foundations of Information Management (WS 2008/09)Foundations of Information Foundations of Information ManagementManagement (WS 200(WS 20088/0/099))
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Schema Schema definitiondefinition in SQLin SQL

•• TheThe DDLDDL--partpart of SQL of SQL isis a a languagelanguage forfor definingdefining a relational DB a relational DB schemaschema, i.e.,, i.e.,
a a collectioncollection of table of table structuresstructures. . BeforeBefore a a databasedatabase cancan bebe populatedpopulated withwith datadata,,
itsits schemaschema has to has to bebe defineddefined..

•• SQL SQL offersoffers a a numbernumber of of operationsoperations forfor definingdefining a a schemaschema::
CREATE TABLE, CREATE VIEW, CREATE DOMAIN etc.CREATE TABLE, CREATE VIEW, CREATE DOMAIN etc.

•• In In additionaddition to to definingdefining thethe structurestructure (i.e. (i.e. thethe typetype) of ) of thethe tablestables, a , a numbernumber of of 
semanticsemantic rulesrules cancan bebe associatedassociated withwith thethe schemaschema. . ThereThere areare threethree kindskinds of suchof such
rulesrules::

•• ViewView definitionsdefinitions (also (also calledcalled deductivedeductive rulesrules))
•• IntegrityIntegrity constraintsconstraints (normative (normative rulesrules))
•• TriggersTriggers ((activeactive rulesrules))

•• OnceOnce a a schemaschema has has beenbeen defineddefined and and datadata havehave beenbeen insertedinserted intointo thethe resultingresulting
databasedatabase, , itit isis possiblepossible to to modifymodify thethe structurestructure and and thethe rulesrules of a of a databasedatabase byby
meansmeans of of specialspecial operationsoperations of of thethe SQLSQL--DDL:   DDL:   schemaschema evolutionevolution
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CREATE TABLE: CREATE TABLE: PrinciplePrinciple

•• Most Most importantimportant DDLDDL--operationoperation:  Creation of a :  Creation of a newnew tabletable

CREATE TABLE  <table-name>
( <lists-of-table-elements>) ;

CREATECREATE TABLE  <TABLE  <tabletable--namename>>
( <( <listslists--ofof--tabletable--elementselements>>)) ;;

Unique withinUnique within oneone andand
thethe samesame schemaschema

•• "Table "Table elementselements" " are are 
•• definitionsdefinitions of of namename and and datadata typetype of of eacheach columncolumn, , andand
•• constraintsconstraints referringreferring to to thethe newlynewly createdcreated table.table.

•• Syntax of a table Syntax of a table definitiondefinition::

CREATE TABLE  <table-name>
<column-name1> <type1> [<column-constraints1>],
<column-name2> <type2> [<column-constraints2>], 
. . .
<column-namen> <typen> [<column-constraintsn>]
[<table-constraints>]

CREATE TABLE  <CREATE TABLE  <tabletable--namename>>
<<columncolumn--namename11> <type> <type11> [<> [<columncolumn--constraintsconstraints11>],>],
<<columncolumn--namename22> <type> <type22> [<> [<columncolumn--constraintsconstraints22>], >], 
. . .. . .
<<columncolumn--namenamenn> <> <typetypenn> [<> [<columncolumn--constraintsconstraintsnn>]>]
[<table[<table--constraintsconstraints>]>]

IntegrityIntegrity constraintsconstraints
•• forfor individualindividual columnscolumns
•• forfor thethe entireentire tabletable
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CREATE TABLE: CREATE TABLE: ExampleExample

ExampleExample:  :  
SQLSQL--statementstatement definingdefining a table a table FootballMatchFootballMatch containingcontaining thethe resultsresults ofof
footballfootball matchesmatches in in thethe national national leagueleague::

CREATE TABLE FootballMatch
( 
Date date,
HomeTeam text,
GoalsH number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
GuestTeam text,
GoalsG number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
Round number(15) NOT NULL  

CHECK ( > 0 AND < 35),
PRIMARY KEY (Date, HomeTeam),
FOREIGN  KEY ( HomeTeam )  REFERENCES  Teams,
FOREIGN  KEY ( GuestTeam )  REFERENCES  Teams
) ;

CREATECREATE TABLETABLE FootballMatchFootballMatch
( ( 
DateDate date,date,
HomeTeamHomeTeam text,text,
GoalsHGoalsH numbernumber(15) DEFAULT NULL(15) DEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
GuestTeamGuestTeam text,text,
GoalsGGoalsG numbernumber(15) DEFAULT NULL(15) DEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
RoundRound numbernumber(15) NOT NULL  (15) NOT NULL  

CHECK ( CHECK ( >> 0 AND < 35),0 AND < 35),
PRIMARY KEY (Date, PRIMARY KEY (Date, HomeTeamHomeTeam),),
FOREIGN  KEY ( FOREIGN  KEY ( HomeTeamHomeTeam )  REFERENCES  Teams,)  REFERENCES  Teams,
FOREIGN  KEY ( FOREIGN  KEY ( GuestTeamGuestTeam )  REFERENCES  Teams)  REFERENCES  Teams
) ;) ;

TableTable
elementselements

Table Table namename
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CREATE TABLE FootballMatch
( 
Date date,
HomeTeam text,
GoalsH number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
GuestTeam text,
GoalsG number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
Round number(15) NOT NULL  

CHECK ( > 0 AND < 35),
PRIMARY KEY (Date, HomeTeam),
FOREIGN  KEY ( HomeTeam )  REFERENCES  Teams,
FOREIGN  KEY ( GuestTeam )  REFERENCES  Teams
) ;

CREATECREATE TABLETABLE FootballMatchFootballMatch
( ( 
DateDate date,date,
HomeTeamHomeTeam text,text,
GoalsHGoalsH numbernumber(15) DEFAULT NULL(15) DEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
GuestTeamGuestTeam text,text,
GoalsGGoalsG numbernumber(15) DEFAULT NULL(15) DEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
RoundRound numbernumber(15) NOT NULL  (15) NOT NULL  

CHECK ( CHECK ( >> 0 AND < 35),0 AND < 35),
PRIMARY KEY (Date, PRIMARY KEY (Date, HomeTeamHomeTeam),),
FOREIGN  KEY ( FOREIGN  KEY ( HomeTeamHomeTeam )  REFERENCES  Teams,)  REFERENCES  Teams,
FOREIGN  KEY ( FOREIGN  KEY ( GuestTeamGuestTeam )  REFERENCES  Teams)  REFERENCES  Teams
) ;) ;

CREATE TABLE: General CREATE TABLE: General structurestructure

EachEach table table definitiondefinition consistsconsists of of twotwo partsparts: : TheThe definitionsdefinitions of of thethe individualindividual
columnscolumns, and (, and (possiblypossibly) ) constraintsconstraints validvalid forfor thethe entireentire table:table:

ColumnColumn
definitionsdefinitions

TableTable
constraintsconstraints
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CREATE TABLE: CREATE TABLE: ColumnColumn definitionsdefinitions

CREATE TABLE FootballMatch
( 
Date date,
HomeTeam text,
GoalsH number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
GuestTeam text,
GoalsG number(15) DEFAULT NULL

CHECK ( > = 0 OR IS NULL),
Round number(15) NOT NULL  

CHECK ( > 0 AND < 35),
. . . 
)

CREATECREATE TABLETABLE FootballMatchFootballMatch
( ( 
DateDate date,date,
HomeTeamHomeTeam text,text,
GoalsHGoalsH numbernumber(15)(15) DEFAULT NULLDEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
GuestTeamGuestTeam text,text,
GoalsGGoalsG numbernumber(15)(15) DEFAULT NULLDEFAULT NULL

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
RoundRound numbernumber(15)(15) NOT NULL  NOT NULL  

CHECK ( CHECK ( >> 0 AND < 35),0 AND < 35),
. . . . . . 
))

<column-name> <data-type> [ <column-constraints> ]<<columncolumn--namename> <> <datadata--typetype> > [ <[ <columncolumn--constraintsconstraints> ]> ]

Syntax of Syntax of columncolumn definitionsdefinitions::

EachEach columncolumn definitiondefinition
itselfitself consistsconsists of of twotwo
partsparts, , tootoo::

•• thethe declarationdeclaration of aof a
columncolumn namename and aand a
typetype of of itsits values values 

•• ((possiblypossibly) ) specialspecial
constraintsconstraints forfor thethe
valuesvalues in in thisthis columncolumn

uniqueunique withinwithin
thethe samesame tabletable
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CREATE TABLE: CREATE TABLE: ColumnColumn constraintsconstraints

CREATE TABLE FootballMatch
( 
Date date,
HomeTeam text,
GoalsH number(15)  DEFAULT NULL  

CHECK ( > = 0 OR IS NULL),
GuestTeam text,
GoalsG number(15)  DEFAULT NULL  

CHECK ( > = 0 OR IS NULL),
Round number(15)  NOT NULL  

CHECK ( > 0 AND < 35),
. . .
)

CREATECREATE TABLETABLE FootballMatchFootballMatch
( ( 
DateDate date,date,
HomeTeamHomeTeam text,text,
GoalsHGoalsH numbernumber(15)  (15)  DEFAULT NULL  DEFAULT NULL  

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
GuestTeamGuestTeam text,text,
GoalsGGoalsG numbernumber(15)  (15)  DEFAULT NULL  DEFAULT NULL  

CHECK ( CHECK ( >> = 0 OR IS NULL),= 0 OR IS NULL),
RoundRound numbernumber(15)  (15)  NOT NULL  NOT NULL  

CHECK ( CHECK ( >> 0 AND < 35),0 AND < 35),
. . .. . .
))

[ NOT NULL | UNIQUE ]
[ PRIMARY KEY ]
[ DEFAULT   { <literal> | NULL } ]
[ REFERENCES <table-name> ]
[ CHECK <condition> ]

[ NOT NULL | UNIQUE ][ NOT NULL | UNIQUE ]
[ PRIMARY KEY ][ PRIMARY KEY ]
[ DEFAULT   {[ DEFAULT   { <<literalliteral>> | NULL } ]| NULL } ]
[ REFERENCES[ REFERENCES <<tabletable--namename> > ]]
[ CHECK[ CHECK <<condition>condition> ]]

Syntax of Syntax of columncolumn constraintsconstraints::

EachEach columncolumn definitiondefinition
itselfitself consistsconsists of of twotwo
partsparts, , tootoo::

•• thethe declarationdeclaration of aof a
columncolumn namename and aand a
typetype of of itsits values values 

•• ((possiblypossibly) ) specialspecial
constraintsconstraints forfor thethe
valuesvalues in in thisthis columncolumn

leftleft--hand hand sideside remains remains 
implicitimplicit: : currentcurrent columncolumn
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CREATE TABLE: Table CREATE TABLE: Table constraintsconstraints

CREATE TABLE FootballMatch
( . . .
PRIMARY KEY (Date, HomeTeam),
FOREIGN  KEY (HomeTeam)  REFERENCES  Teams,
FOREIGN  KEY ( GuestTeam )  REFERENCES  Teams
)

CREATECREATE TABLETABLE FootballMatchFootballMatch
( . . .( . . .
PRIMARY KEY (Date, PRIMARY KEY (Date, HomeTeamHomeTeam),),
FOREIGN  KEY (FOREIGN  KEY (HomeTeamHomeTeam)  REFERENCES  Teams,)  REFERENCES  Teams,
FOREIGN  KEY ( FOREIGN  KEY ( GuestTeamGuestTeam )  REFERENCES  Teams)  REFERENCES  Teams
))

Syntax of Syntax of table table constraintsconstraints::

[ UNIQUE  ( <list-of-column-names> ) ]
[ PRIMARY  KEY ( <list-of-column-names> ) ]
[ FOREIGN  KEY ( <list-of-column-names> )  

REFERENCES <table-name> ]
[ CHECK  ( <condition> ) ]

[ UNIQUE  ([ UNIQUE  ( <<listlist--ofof--columncolumn--namesnames>> ) ]) ]
[ PRIMARY  KEY ([ PRIMARY  KEY ( <<listlist--ofof--columncolumn--namesnames>> ) ]) ]
[ FOREIGN  KEY ([ FOREIGN  KEY ( <<listlist--ofof--columncolumn--namesnames>> )  )  

REFERENCESREFERENCES <<tabletable--namename>> ]]
[ CHECK  ([ CHECK  ( <<condition>condition> ) ]) ]

TheThe second second partpart of a table of a table definitiondefinition isis optional. optional. ItIt consistsconsists of of oneone oror moremore
table table constraintsconstraints, , normallynormally expressingexpressing a a restrictionrestriction on on severalseveral columnscolumns::
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ConstraintsConstraints in table in table definitionsdefinitions

•• Table Table definitionsdefinitions (CREATE TABLE) (CREATE TABLE) containcontain twotwo veryvery similarsimilar kindskinds ofof
constraintsconstraints::

•• columncolumn constraintsconstraints
•• table table constraintsconstraints (also (also calledcalled: : rowrow constraintsconstraints))

•• ColumnColumn constraintsconstraints areare abbreviationsabbreviations of of certaincertain specialspecial formsforms of table of table constraintsconstraints
wherewhere thethe namename of of thethe resp. resp. columncolumn remainsremains implicitimplicit, e.g. , e.g. 

TypeType numbernumber(15)  (15)  CHECK ( CHECK ( >> 0 AND < 35 ),0 AND < 35 ),

•• columncolumn constraintconstraint::

•• table table constraintconstraint::

CHECK ( CHECK ( TypeType >> 0 AND 0 AND TypeType < 35 )< 35 )

•• TheThe condition condition partpart of such a  of such a  CHECK CHECK constraint constraint has to has to bebe satisfiedsatisfied in in each each 
admissibleadmissible (legal, (legal, consistentconsistent) ) statestate of of thethe databasedatabase..
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UNIQUE and NOT NULLUNIQUE and NOT NULL

• UNIQUEUNIQUE--optionoption:  :  definitiondefinition of a of a keykey ((oror: : candidatecandidate keykey))
•• singlesingle--columncolumn keykey:   :   

in a in a columncolumn definitiondefinition:        <:        <columncolumn--namename>  . . .>  . . . UNIQUEUNIQUE
•• multimulti--columncolumn keykey::

separate UNIQUEseparate UNIQUE--clauseclause asas table table constraintconstraint:   :   
UNIQUEUNIQUE ( <( <listlist--ofof--columncolumn--namesnames>>))

•• SemanticsSemantics:   No :   No twotwo rowsrows will will everever havehave thethe samesame valuevalue in in columnscolumns belongingbelonging to to 
a a keykey..

•• ExceptionException:   Null :   Null valuesvalues –– NULL NULL maymay occuroccur severalseveral timestimes in a UNIQUEin a UNIQUE--columncolumn..

•• per tableper table:   :   ArbitrarilyArbitrarily manymany UNIQUEUNIQUE--declarationsdeclarations areare possiblepossible..

•• In a table In a table withwith UNIQUEUNIQUE--declarationsdeclarations nono duplicatesduplicates ((identical  rowsidentical  rows) ) cancan existexist!!

• ExclusionExclusion of null of null valuesvalues forfor individualindividual columnscolumns: <: <columncolumn--namename>  . . .>  . . . NOT NULLNOT NULL



©© 2008 2008 Prof. Dr. Rainer Prof. Dr. Rainer MantheyManthey LSILSI--FIMFIM 6565

PRIMARY KEY and DEFAULTPRIMARY KEY and DEFAULT

• Per tablePer table:  At :  At mostmost oneone ((candidatecandidate) ) keykey cancan bebe declareddeclared thethe primaryprimary keykey..
•• singlesingle--columncolumn primaryprimary keykey: : 

in in columncolumn definitiondefinition :  <:  <columncolumn namename>  . . .>  . . . PRIMARY KEYPRIMARY KEY
•• multimulti--columncolumn primaryprimary keykey::

separate separate clauseclause:          :          PRIMARY KEYPRIMARY KEY ( <( <listlist--ofof--columncolumn--namesnames>> ))

•• In In additionaddition:  No :  No columncolumn withinwithin a a primaryprimary keykey maymay containcontain NULLNULL!!

•• PRIMARY KEY  PRIMARY KEY  isis notnot thethe samesame asas UNIQUE NOT NULL !UNIQUE NOT NULL !
(in (in additionaddition: : UniquenessUniqueness of of thethe p. p. keykey withinwithin thethe table)table)

•• Not a real Not a real „„constraintconstraint", ", butbut ratherrather similarsimilar in in syntaxsyntax: : 
DeclarationDeclaration of a of a defaultdefault valuevalue forfor columnscolumns of a table:  of a table:  
ValueValue whichwhich isis automatically inserted ifautomatically inserted if no no explicitexplicit valuevalue isis given given 
duringduring thethe insertioninsertion of a of a newnew rowrow, e.g., e.g.

Type   number(15)  DEFAULT 0Type   Type   numbernumber(15)  (15)  DEFAULTDEFAULT 00
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ForeignForeign keykey constraintsconstraints

•• 2nd 2nd specialspecial form of form of constraintconstraint withinwithin a table a table declarationdeclaration::

•• SituationSituation:: ColumnColumn(s) of (s) of thethe table table declareddeclared ((calledcalled A) A) referencereference(s)(s) (i.e., (i.e., containscontains
valuesvalues of) a of) a candidatecandidate keykey oror primaryprimary keykey of a of a anotheranother ((„„foreignforeign““) ) 
table  Btable  B

BB

AA

Columns formingColumns forming thethe
foreignforeign keykey Condition:        A-columns contain only values

actually occurring in the referenced B-column(s)!
ConditionCondition:        :        AA--columnscolumns containcontain onlyonly valuesvalues
actuallyactually occurringoccurring in in thethe referencedreferenced BB--columncolumn(s)!(s)!

foreign key constraintforeign key constraint ((akaaka referentialreferential constraintconstraint))
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ForeignForeign keykey constraintsconstraints (2)(2)

Syntax of Syntax of thethe correspondingcorresponding constraintconstraint ((asas table table constraintconstraint):):

IfIf „„targettarget columnscolumns““ areare missingmissing::
primaryprimary keykey assumedassumed

CREATE TABLE   t1
(   a1 INT   PRIMARY KEY,

. . . . . 
)

CREATE TABLE   tCREATE TABLE   t11
(   a(   a11 INT   INT   PRIMARY KEYPRIMARY KEY,,

. . . . . . . . . . 
))

e.g.:e.g.:

CREATE TABLE   t2
(   b1 INT  REFERENCES    t1,

. . . . . 
)

CREATE TABLE   tCREATE TABLE   t22
(   b(   b11 INT  INT  REFERENCES    tREFERENCES    t11,,

. . . . . . . . . . 
))

FOREIGN KEYFOREIGN KEY (  <(  <listlist--ofof--columncolumn--namesnames>> ))
REFERENCESREFERENCES <<tabletable--namename> [ (  <> [ (  <listlist--ofof--columncolumn--namesnames>> ) ]) ]

abbreviatedabbreviated form form asas
columncolumn constraintconstraint

bb11 referencesreferences aa11
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ForeignForeign keykey constraintsconstraints (3)(3)

specifyspecify whatwhat happenshappens in in casecase of of integrityintegrity violationsviolations

•• CompleteComplete syntaxsyntax of a of a „„referentialreferential constraintconstraint““ providesprovides forfor variousvarious optionaloptional
extensionsextensions::

FOREIGN KEYFOREIGN KEY (  <list(  <list--ofof--columncolumn--namesnames> )> )
REFERENCESREFERENCES <base<base--tabletable--namename>  [ (  <list>  [ (  <list--ofof--columncolumn--namesnames> ) ]> ) ]

[ MATCH { FULL |  PARTIAL } ]
[ ON DELETE { NO ACTION | CASCADE | SET DEFAULT |

SET NULL} ]
[ ON UPDATE { NO ACTION | CASCADE | SET DEFAULT |

SET NULL} ]

[ [ MATCHMATCH { { FULLFULL |  |  PARTIALPARTIAL } ]} ]
[ [ ON DELETEON DELETE { { NO ACTIONNO ACTION | | CASCADECASCADE | | SET DEFAULTSET DEFAULT ||

SET NULLSET NULL} ]} ]
[ [ ON UPDATEON UPDATE { { NO ACTIONNO ACTION | | CASCADECASCADE | | SET DEFAULTSET DEFAULT ||

SET NULLSET NULL} ]} ]

•• DetailedDetailed discussiondiscussion of all of all thesethese extensionsextensions isis beyondbeyond thethe scopescope of of thisthis shortshort
introductionintroduction..

•• Access Access treatstreats referencesreferences and and referentialreferential integrityintegrity quitequite similarlysimilarly::
•• withwith changechange propagationpropagation:  ON UPDATE CASCADE:  ON UPDATE CASCADE
•• withwith deletedelete propagationpropagation:  ON DELETE CASCADE:  ON DELETE CASCADE

„Referential actions“„„Referential actionsReferential actions““
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Global Global constraints constraints in SQL in SQL 

•• Not Not supportedsupported byby anyany commercialcommercial DB system DB system till till 
nownow, , butbut defineddefined in in thethe SQL SQL standardstandard::

• AssertionsAssertions serveserve asas a a meansmeans forfor expressingexpressing global global integrityintegrity constraintsconstraints notnot tiedtied
to a to a particularparticular table, table, butbut ranging ranging overover severalseveral table.      table.      

•• SyntaxSyntax:: CREATE  ASSERTION <constraint-name>
CHECK     ( <conditional-expression> )

CREATE  ASSERTIONCREATE  ASSERTION <<constraintconstraint--namename>>
CHECK     ( <CHECK     ( <conditionalconditional--expressionexpression> )> )

• In In principleprinciple, , assertionsassertions areare sufficientsufficient forfor expressingexpressing allall imaginableimaginable constraintsconstraints, , 
i.e. all "i.e. all "locallocal" " formsforms of of constraintsconstraints areare redundant.redundant.

•• On On thethe otherother hand, hand, manymany constraintsconstraints cancan onlyonly bebe expressedexpressed via assertionsvia assertions, , butbut notnot
byby meansmeans of table of table constraintsconstraints..

•• ExampleExample:: CREATE  ASSERTION  lazy_professor
CHECK    NOT EXISTS

( SELECT  *  FROM  professor   
WHERE   Name  NOT  IN  ( SELECT  Teacher

FROM      courses ) ;

CREATE  ASSERTION  CREATE  ASSERTION  lazylazy__professorprofessor
CHECK    NOT EXISTSCHECK    NOT EXISTS

( SELECT  *  FROM  ( SELECT  *  FROM  professor   professor   
WHERE   WHERE   Name  NOT  IN  ( SELECT  Name  NOT  IN  ( SELECT  TeacherTeacher

FROM      FROM      coursescourses )) ;;

AssertionsAssertionsAssertions
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IntegrityIntegrity checkingchecking in SQLin SQL

•• ImportantImportant topictopic relatedrelated to SQL to SQL constraintsconstraints::
ModalitiesModalities ofof checkingchecking forfor constraintconstraint violationsviolations

•• ChangesChanges in SQL in SQL areare usuallyusually partpart of of greatergreater unitsunits of of changechange calledcalled transactionstransactions::
•• TransactionTransaction:  :  SequenceSequence of DML of DML statementsstatements viewedviewed asas „„indivisibleindivisible unitsunits""
•• TransactionsTransactions areare eithereither executedexecuted completelycompletely, , oror notnot at all!at all!
•• TransactionsTransactions alwaysalways havehave to to leadlead to to consistentconsistent DB DB statesstates satisfyingsatisfying allall

integrityintegrity constraintsconstraints statedstated in in thethe resp. DB resp. DB schemaschema..
•• moremore detaileddetailed discussiondiscussion of of thethe conceptconcept „„transactiontransaction": ": laterlater!  !  

•• ImportantImportant motivationmotivation forfor introducingintroducing transactionstransactions::
SomeSome transitions fromtransitions from a a consistentconsistent statestate intointo a a consistentconsistent followfollow--
up up statestate areare onlyonly possiblepossible via via inconsistentinconsistent intermediateintermediate stepssteps!!

•• ConsequenceConsequence forfor integrityintegrity checkingchecking duringduring transactiontransaction processingprocessing::
CheckingChecking of of constraintsconstraints shouldshould ((moremore oror lessless alwaysalways) ) taketake placeplace
at at thethe endend of a of a transactiontransaction!!
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IntegrityIntegrity checkingchecking in SQL (2)in SQL (2)

• in SQL in SQL howeverhowever:  :  UnlessUnless defineddefined otherwiseotherwise, , integrityintegrity checkingchecking alwaysalways happenshappens
immediatelyimmediately (i.e., (i.e., directlydirectly afterafter thethe executionexecution of of eacheach update).update).

•• MotivationMotivation:  :  ManyMany simple table simple table constraintsconstraints cancan and and oughtought to to bebe checkedchecked immeimme--
diatelydiately as theyas they areare independent of independent of anyany otherother updatesupdates..

• ButBut in in particularparticular forfor „„referentialreferential cyclescycles““: : 
CheckingChecking at at transactiontransaction end end isis inevitableinevitable!

e.ge.g.:.:
C1:    „Each course is given by a professor!"

C2:    „Each professor has to give at least one course!"

CC11:    :    „„EachEach coursecourse isis givengiven byby a a professorprofessor!"!"

CC22:    :    „„EachEach professorprofessor has to has to givegive at least at least oneone coursecourse!"!"

course      course      professorprofessor

WhenWhen hiringhiring a a newnew professorprofessor a a consistentconsistent statestate cancan bebe reachedreached onlyonly
viavia a a transactiontransaction consistingconsisting of of twotwo individualindividual insertionsinsertions::

INSERT  INTO   INSERT  INTO   professorprofessor
INSERT  INTO   INSERT  INTO   coursecourse

EachEach intermediateintermediate statestate wouldwould bebe inconsistentinconsistent: : No No sequencesequence possiblepossible !!
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IntegrityIntegrity checkingchecking in SQL (3)in SQL (3)

•• ThusThus:   :   Two formsTwo forms of of integrityintegrity checkingchecking in SQLin SQL

IMMEDIATE and DEFERREDIMMEDIATEIMMEDIATE andand DEFERREDDEFERRED

• MeaningMeaning:   IMMEDIATE:   IMMEDIATE--constraintsconstraints areare immediatelyimmediately checkedchecked, , forfor DEFERREDDEFERRED--
constraintsconstraints checkingchecking isis deferreddeferred to to thethe end of end of thethe currentcurrent transactiontransaction..

•• UnfortunatelyUnfortunately:  :  WithoutWithout explicitlyexplicitly statingstating oneone of of thesethese alternatives, IMMEDIATEalternatives, IMMEDIATE
isis assumedassumed ((whichwhich somehowsomehow contradictscontradicts thethe ideaidea of a of a transactiontransaction).).

•• ThisThis defaultdefault assumptionassumption cancan bebe changedchanged forfor individualindividual constraintsconstraints byby declaring declaring 
themthem asas

INITIALLY  DEFERRED.INITIALLY  DEFERRED.INITIALLY  DEFERRED.

• „INITIALLYINITIALLY““, , becausebecause thethe checkingchecking statusstatus cancan bebe changedchanged dynamicallydynamically duringduring
a a runningrunning transactiontransaction:   :   

SET  CONSTRAINTS  { < listSET  CONSTRAINTS  { < list--ofof--constraintsconstraints > | ALL } > | ALL } 
{ DEFERRED | IMMEDIATE  }{ DEFERRED | IMMEDIATE  }

•• In In additionaddition:  :  SomeSome constraintsconstraints cancan bebe declareddeclared NOT  DEFERRABLENOT  DEFERRABLE. . ButBut the the 
eveneven moremore importantimportant NOT IMMEDIATE NOT IMMEDIATE doesdoes notnot existsexists in SQL!in SQL!

•• In In summarysummary: : IntegrityIntegrity checkingchecking in in „„fullfull" SQL " SQL cancan bebe a a difficultdifficult affairaffair !!
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ViewsViews

•• PredefinedPredefined queriesqueries forfor computationcomputation of of derivedderived tablestables asas in Access in Access cancan bebe declareddeclared
in an SQL in an SQL schemaschema asas well:well:

•• ViewsViews areare defineddefined in a separatein a separate CREATE VIEWCREATE VIEW statementstatement, , simplysimply assigningassigning aa
namename to a to a queryquery ((formulatedformulated in SQLin SQL--DML), e.g.:DML), e.g.:

CREATE VIEW metropolis AS
(  SELECT ID, Name, Inhabitants, Country

FROM city
WHERE Inhabitants  >= 1000 )  ;

CREATE VIEWCREATE VIEW metropolismetropolis ASAS
(  SELECT(  SELECT ID, Name, ID, Name, InhabitantsInhabitants, , CountryCountry

FROMFROM citycity
WHEREWHERE Inhabitants  Inhabitants  >=>= 1000 )  ;1000 )  ;

QueryQuery

NameName

•• AccordingAccording to to thethe latestlatest editionedition of of thethe SQL SQL standardstandard, , viewsviews maymay eveneven referrefer to to 
themselvesthemselves. Such . Such viewsviews areare calledcalled recursiverecursive. In . In thisthis casecase, , thethe keywordkeyword RECURRECUR--
SIVE has to SIVE has to bebe givengiven in front of VIEW.in front of VIEW.

•• RecursiveRecursive viewsviews areare veryvery usefuluseful forfor traversingtraversing datadata representingrepresenting graphsgraphs such such asas
mapsmaps oror hierarchieshierarchies (e.g., (e.g., „„Find all Find all connectionsconnections fromfrom X to Y of X to Y of arbitraryarbitrary lengthlength!!““) ) 

ViewsViewsViews
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QueriesQueries overover viewsviews

•• QueriesQueries involvinginvolving a a viewview areare interpretedinterpreted byby expandingexpanding thethe viewview namename, i.e. , i.e. byby
textuallytextually replacingreplacing itit byby thethe queryquery associatedassociated withwith itit in in thethe viewview definitiondefinition::

e.g.:e.g.: CREATE  VIEW C4-profs
AS ( SELECT  Name, Dept

FROM     professors
WHERE  Rank = ‚C4‘ )

CREATE  VIEWCREATE  VIEW C4C4--profsprofs
ASAS ( ( SELECT  Name, SELECT  Name, DeptDept

FROM     FROM     professorsprofessors
WHERE  Rank = WHERE  Rank = ‚‚C4C4‘‘ ))

SELECT   Name
FROM      C4-profs
WHERE   Dept = ‚III‘

SELECT   NameSELECT   Name
FROM      FROM      C4C4--profsprofs
WHERE   WHERE   DeptDept = = ‚‚IIIIII‘‘

SELECT   X.Name
FROM

AS  X

WHERE   X.Dept = ‚III‘

SELECT   X.NameSELECT   X.Name
FROMFROM

AS  XAS  X

WHERE   X.WHERE   X.DeptDept = = ‚‚IIIIII‘‘

( ( SELECT Name, SELECT Name, DeptDept
FROM     FROM     professors professors 
WHERE Rank = WHERE Rank = ‚‚C4C4‘‘ ) ) 

•• Note Note thatthat thisthis techniquetechnique doesdoes no no longerlonger workwork forfor recursiverecursive viewsviews,, as expansionas expansion
wouldwould nevernever terminateterminate! ! OtherOther, , moremore elaborateelaborate techniquestechniques areare requiredrequired in in this this 
casecase, , investigatedinvestigated withinwithin thethe specialspecial areaarea of of deductivedeductive databasedatabase researchresearch..
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TriggerTrigger and and activeactive databasesdatabases

• AlreadyAlready in in earlyearly versionsversions of SQL and in of SQL and in firstfirst relational systems an relational systems an automatic automatic 
triggeringtriggering of of followfollow--up up changeschanges byby thethe DBMS DBMS asas a a reactionreaction to to changeschanges explicitly explicitly 
statedstated byby usersusers oror applicationapplication programsprograms has has beenbeen suggestedsuggested. . 

•• DeclarationDeclaration of such of such implicitimplicit changeschanges and and theirtheir combinationcombination withwith triggeringtriggering eventsevents
cancan bebe donedone withinwithin an SQL an SQL schemaschema, , tootoo::

•• Other notionOther notion forfor triggertrigger:   :   Active ruleActive rule
•• Name of a DBMS Name of a DBMS supportingsupporting triggerstriggers:    :    ActiveActive DBMSDBMS
•• Name of Name of thethe correspondingcorresponding researchresearch areaarea:  :  Active databasesActive databases

•• In In thethe SQL92SQL92--StandardStandard a a triggertrigger conceptconcept was still was still missingmissing..

•• butbut: Most : Most commercialcommercial DB DB productsproducts alreadyalready provideprovide triggerstriggers in a in a ratherrather similarsimilar
form form sincesince manymany yearsyears (ORACLE, DB/2, (ORACLE, DB/2, SybaseSybase, , InformixInformix, e.g.)., e.g.).

•• In In thethe newnew SQL3SQL3--Standard (1999)Standard (1999) triggerstriggers havehave beenbeen standarizedstandarized forfor thethe firstfirst time.time.

TriggerTrigger
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ActiveActive rules rules 

• ActiveActive rulesrules areare called  called  ECAECA--rulesrules asas well, well, tgustgus referringreferring to to thethe threethree componentscomponents
of such of such rulesrules::

"event“
"condition“
"action"  

""eventevent““
"condition"condition““
""actionaction"  "  

E
C
A

EE
CC
AA

•• ExampleExample of an ECAof an ECA--rulerule (in pseudo(in pseudo--codecode):):

ON         modify(account(A), V_new)
IF V_new  < credit(A)
DO         block_account(A)

ON         ON         modifymodify((accountaccount(A), V_(A), V_newnew))

IFIF V_V_new  new  << creditcredit(A)(A)
DO         DO         block_block_accountaccount(A)(A)

E
C
A

EE
CC
AA
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ActiveActive rulesrules (2)(2)

General meaning of an active rule:
Additional, automatically triggerd „background activity"

General General meaningmeaning of an of an activeactive rulerule::
Additional, Additional, automaticallyautomatically triggerdtriggerd „„backgroundbackground activityactivity""

. . .

„„Surface processSurface process"  (e.g. a "  (e.g. a transactiontransaction))

?

. . .((suspendedsuspended))

„„Background Background activityactivity""

ObserveObserve

CheckCheck

ReactReact

E         C          AE         C          A

May May recursivelyrecursively triggertrigger
otherother activeactive rulesrules!!
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SQL SQL triggerstriggers: an : an exampleexample

ExampleExample of an SQL of an SQL triggertrigger:   :   

CREATE TRIGGER   firstCourse
AFTER  INSERT ON  professors
REFERENCING  NEW ROW AS  Newcomer
FOR  EACH  ROW
WHEN  (NOT EXISTS

( SELECT  *
FROM     courses
WHERE  Name = Newcomer.Name )

BEGIN ATOMIC
INSERT  INTO  courses

VALUES   (Newcomer.Name, NULL, 4-hrs.);
INSERT  INTO  exercises

VALUES   (Newcomer.Name, NULL, 2-hrs.)
END

CREATE TRIGGER   CREATE TRIGGER   firstCoursefirstCourse
AFTER  INSERT ON  AFTER  INSERT ON  professorsprofessors
REFERENCING  NEW ROW AS  REFERENCING  NEW ROW AS  NewcomerNewcomer
FOR  EACH  ROWFOR  EACH  ROW
WHEN  (NOT EXISTSWHEN  (NOT EXISTS

( SELECT  *( SELECT  *
FROM     FROM     coursescourses
WHERE  Name = WHERE  Name = NewcomerNewcomer.Name ).Name )

BEGIN ATOMICBEGIN ATOMIC
INSERT  INTO  INSERT  INTO  coursescourses

VALUES   (VALUES   (NewcomerNewcomer.Name, NULL, 4.Name, NULL, 4--hrshrs.);.);
INSERT  INTO  INSERT  INTO  exercisesexercises

VALUES   (VALUES   (NewcomerNewcomer.Name, NULL, 2.Name, NULL, 2--hrshrs.).)
ENDEND

Trigger nameTrigger name

Triggering Triggering 
updateupdate

ConditionCondition

ActionAction

„„TransitionTransition variable"variable"

Time of Time of triggeringtriggering


