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Abstract. SQL generallyallows several solutionsto one single problem.The
reasonfor this is thatSQL’s languageconceptslackorthogonality. Becausemore
solutionsareallowed,SQLusersareuncertainwhetherthespecificsolutionthey
choseis correctandperformswell. This paperpresentsa new methodto tackle
this practicalproblemby introducingtheorthogonalsemanticconceptsfrom the
Xplain datalanguagein thedevelopmentphaseof relationaldatabases.Thiscon-
versionmethodresultsin unique,consistent,well-performingandportableSQL
definitionsandSQL queries.Over a periodof several years,we testedthe ap-
proachextensively andappliedit in practice,for which we useddatabaseand
queriesof differentcomplexities. The methodproved to be time saving in both
designand implementation.This paperpresentsan overview of the principles
usedin theautomatedtool for convertingsafeXplain into equallysafeSQL.

1 Intr oduction

The basicconstructsof SQL areeasyto learn.As usersmove on to more advanced
querieslike joins or correlatedsub-queries,however the lack of orthogonalityandthe
abundanceof pitfalls [3], [4], [10] cancauseconfusion.Thesedaysthereis a practical
alternative,onethatcanevenbeusedin morephasesof building informationsystems.

We advocatethe useof Xplain [9], which with the advent of a new tool that can
createSQL from Xplain statementshasbecomequitepractical.Xplain hasbotha vi-
sualandtextual component,aswill be shown in the next section.Both its visual and
textual presentationareextremelysimpleandcanbeexplainedin a matterof minutes
to any audience.Xplain doesnot offer themultiplicity of relationshipsfoundin thein-
formationmodelingliterature,but offersall possiblecaseswith thesetwo relationships:
aggregationandspecialisation(includingmultiple inheritance)[7].

The visual side of Xplain doesnot strain people’s cognitive abilities. It just of-
fers easydrawing anddistinctionof aggregationandinheritance.It is practicalto use
Xplain whena certainexactnesshasto be introducedduring designor requirements
analysisphases.The visual modelcanbe refinedfrom high-level businesssemantics
to the semanticdetail necessaryfor information systems.The visual designcan be
codedstraightforwardly into the languageof Xplain. The tool presentedin this paper,



2

xplain2sql, providesan additional incentive to captureknowledgeinto semantic
databasemodels,becausethis tool can transformtheseXplain statementsinto ANSI
SQL andits many dialects.Both datadefinitionanddatamanipulationaresupported.
The transformationprocesshasbuilt-in expert knowledgeaboutthe targetedSQL di-
alectto produceoptimalSQLcode.

Thispaperis organisedasfollows.After ashortintroductiononthesemanticXplain
concepts,anoverview is givenof thetechniquesusedfor convertingsemanticdefinition
andmanipulationcommandsinto SQLequivalents.Also someinsightin theimplemen-
tationis given.Thelastsectionincludesanoverview of thehistoryof theautomatedtool
andgivesinformationaboutsomepracticalapplicationareasin which thesystemhas
beenusedsuccessfully.

2 Xplain concepts

In designingdatabases,a conceptual model is produced,which consistsof descriptions
of relevantobjecttypes.Abstractionis avital conceptin semanticdatabases;threetypes
aredistinguished:classification,aggregationandgeneralization.They make useof the
fundamentaltype-attribute relationship.

2.1 Classification

The real world is describedby consideringthe propertiesof relevant objects,where
a propertyis definedasa fundamentalnotion,but no valueis assignedto it. The ab-
stractionleadingto a property is called classification.The examples(i.e. instances)
occurringin a databaseandrequiredfor therecognitionof a propertyarepurelymeant
asillustrations.Thepropertyis not beingdefinedhereby. Propertiesarerepresentedby
rectanglesin diagrams,seefigure 1 andfigure 2. The counterpartof classificationis
calledinstantiation.

2.2 Aggregation

Aggregation is definedas the collection of a certainnumberof propertiesin a type,
which in itself canberegardedasanew property(notetheanalogywith themathemat-
ical setconcept).A propertyoccurringin an aggregationis calledan attribute of the
type.An emptytypeis calledbase.

Aggregationallowsview independence:wecandiscusstheobtainedtype(possibly
asa property)without referringto theunderlyingattributes.By applyingthis principle
repeatedly, wecansetupahierarchy(in thesenseof anetwork)of properties.Examples
are given in figure 1 and figure 2. Normally the hierarchycontainsonly aggregated
types.

Aggregationis indicatedby a line connectingthe centersof two facingrectangle
sides,while theaggregatetype is (accordingits definition)placedabove its attributes.
Of course,aggregationalso hasits counterpart:the descriptionof a type as a set of
certainattributesis calleddecomposition. We definea typeby listing its attributes,so
we couldhavethefollowing typedefinitions:
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sale

item

Fig.1. Aggregation

type item(A4) = description,stock,price.
type sale(A4) = week,day, item,number, amount.

Typedefinitionscarrysemantics;they containtheessentialpropertiesandrelation-
ships.Aggregationscanbe describedby meansof the verb to have. Accordingto the
above type definition, an item hasa description,stock and price. Identificationsare
propertiesdenotedby typenames.This interpretationimplies singularidentifications.
Attributes(not types!)may containroles. An exampleis ‘item description’relatedto
type‘description’.Rolesareseparatedfrom thetypeby anunderscore.

2.3 Generalization

The third type of abstraction,importantto conceptualmodels,is generalization;it is
definedhererecognizingof similar attributesfrom varioustypesandcombiningthese
in a new type(notetheanalogywith the intersectionoperationfrom mathematicalset
theory).

We canequallydiscussthenew typewithout mentioningtheunderlyingattributes,
and it can in itself againserve as a property(i.e. it allows view independence).An
exampleis addingthetype‘invoicedsale’to theforegoingdefinitions.This typehasall
theattributesof typesaleandadditionallytheattributes:name,street,zip codeandcity.
Thetype‘invoicedsale’mustthereforebeconceivedof asthespecialisationof thetype
sale.

In abstractionhierarchies,generalizationsareschematicallyrepresentedby a line
thatconnectsfacingcornersof rectangles,wherethegeneralizedtype is placedbelow
thespecializedones.Theoppositeof generalizationis calledspecialisation.

Thegeneralizationtogetherwith theattributesto beaddedto it is (by definitionof
theconcept)describedin thetypedefinitionof thespecialisation.Sothetypedefinition
of thespecialisationof saleis:

type invoicedsale(A4) = [sale],name,street,zip code,city.

Specialisationsarecommonlyassociatedwith theverbto be. Accordingto theabove
typedefinitions,aninvoicedsaleis asalewith name,street,zip codeandcity.
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Fig.2. Generalization

3 Conversionof definition commands

TheXplain languagehasseveralcommandsfor datadefinitionanddataintegrity. This
sectionshows the conversionof the base, type and init commandsto SQL. Our first
completesemanticexample(includingbasetypes)is asfollows:

base day(A3) (”Mon”,”Tue”,”Wed”,”Thu”,”Fri”, ”Sat”).
base week(I2).
base amount(R4,2).
base description(A13).
base stock(I4).
base price(R4,2).
base number(I4).
base name(A60).
base street(A60).
base zip code(A10).
base city (A40).

type item(A4) = description,stock,price.
type sale(A4) = week,day, item,number, amount.
type invoicedsale(A4) = [sale],name,street,zip code,city.

3.1 Converting basecommands

Dependingon the capabilitiesof the target SQL implementation,the base command
is convertedto a UDT (User DefinedType) or not convertedat all. When it is not
converted,thedomainis simply rememberedandusedwherever a base definitionoc-
cursin a typedefinition.An exampleof this is shown in section3.2.For example,the
conversionby xplain2sql of theforegoingbase definitionsinto theInterBaseSQL
implementationresultsin thefollowing domain definitions:

createdomain Tdayascharacter(3)not null
check(valuein (’Mon’, ’Tue’, ’Wed’, ’Thu’, ’Fri’, ’Sat’));

createdomain Tweekassmallint;
createdomain Tamountasfloat;
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createdomain Tdescriptionascharacter(13);
createdomain Tstockassmallint;
createdomain Tpriceasfloat;
createdomain Tnumberassmallint;

InterBaseSQLalsosupportsdomainrestrictions,seethedefinitionof domainTday.
Thedomainrestrictionoutputis suppressedif thetargetSQL implementationdoesnot
supportthem.

3.2 Converting type commands

The type commandis convertedinto theSQL createtable statement.For example,the
conversionof theabove-listedtype definitions(includingdomains)to InterBaseresults
in thefollowing SQL definitions:

createtable item(
id_itemcharacter(4)not null primary key,
descriptionTdescriptionnot null ,
stockTstocknot null ,
priceTpricenot null );

createtable sale(
id_salecharacter(4)not null primary key,
weekTweeknot null ,
dayTdaynot null ,
id_itemcharacter(4)not null

constraint cst_sale_1itemreferencesitem (id_item),
numberTnumbernot null ,
amountTamountnot null );

Thetypeconversionprocesshandlesthefollowing threeaspects:

1. The external representationof the type identificationis convertedinto a standard
columnwith a correspondingrepresentation:eitherintegeror character. This col-
umnhastheprimary key constraint.
If thetypeidentificationrepresentationis integer,xplain2sql attemptsto create
anauto-incrementingprimarykey if thetargetSQLimplementationsupportsit and
if thisoptionhasnot beendisabledby theuser.

2. Thereareseveralsemanticargumentsagainstnull values.Commonlyaspecializa-
tion is themostappropriatemodelingsolution.Thatis why Xplain doesnotsupport
thesevalues.Accordingto theXplain manual[12], everyattributeof a typeshould
thereforehaveavalue.And asXplain doesnot havetheconceptof nulls, therefore
everycolumnshouldbenot null . Xplain supportsspecificationof possiblyderived
default values,thereforea userdoesnot needto specifya valuefor every column
in his insertstatements.
In a relationalcontext we canalsodiscover severalargumentsagainstnulls. This
helpsus,for example,to avoid unpleasantsurprisesin whereclauses,andto avoid
situationswhereindexescannotbedefined.



6

When the UDT is beingcreated,mostSQL implementationsallow specification
of thedefault null /not null option for that type in thecreatetable statement.For
reasonsof clarity, xplain2sql thereforewrites alwaysnot null or null in the
createtable statement.
Therearetwo exceptions:oneexceptionis explainedin section3.4. The other is
whencolumnscontainbinarylargeobject(BLOB) data(memoorgraphicrepresen-
tations).Thesecolumnsarenull by default.Evenwhentheemptystringis assigned
to a memofield, up to onedatabasepageis used(2K or evenmore).Sousingnull
in suchcasesmakessense.
Thereis onemoreexception:a usercanforcea nullableattribute,baseor type,by
putting thexplain2sql specifickeyword optional in front of it. This is useful
whenthedatamodelis reverseengineeredfrom a relationalmodel.

3. If anattributerefersto anothertype,xplain2sql addstheforeignkeykey con-
straintto thattable.

xplain2sql alsorecognisesthesemanticabstractionof specialisation.Consider
thespecialisationin theforegoingsemanticmodel:

type invoicedsale(A4) = [sale],name,street,zip code,city.

This is convertedto:

createtable invoicedsale(
id invoicedsalecharacter(4)not null primary key,
id salecharacter(4)not null unique

constraint cst invoicedsale1salereferencessale(id sale),
nameTnamenot null ,
streetTstreetnot null ,
zip codeTzip codenot null ,
city Tcity not null );

Specialisationsareconvertedinto 1-to-(0,1)relationshipsby meansof a foreign key
anda unique constraint.So every salecanoccurat mostonceasinvoicedsale.Note
herethatXplain supportsmultiple inheritance,sousingthe parentkey asthe subtype
key will notwork.

3.3 Naming conventions

ConvertingXplain identifiers(i.e.basenamesor typenames)into SQLidentifiersis not
alwaysstraightforward. The first reasonis that Xplain supportsspacesin identifiers.
The secondis that an Xplain identifier might be a reserved word in the target SQL
implementation.

Most SQL implementationssupportso-calledquotedidentifiers,which arepartof
theANSI-92standard.Identifierssurroundedwith doublequotescancontainspacesor
canbereservedkeywords.

The examplebelow shows the conversionof the type item to PostgreSQL.This
dialectsupportsquotedidentifiers,but it doesnotsupportUDTs.
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createtable ”item” (
”id item” character(4)not null primary key,
”description”character(13)not null ,
”stock” int2 not null ,
”price” numeric(6,2)not null) ;

Quotedidentifiersdo not solve all identifierproblems.For example,UDTs usually
cannotbe quoted.So columnnamescanbe quoted,but not their datatypes.For base
nameconversionanothertechniqueis needed:replacethe spacesin basenamesby
underscores(‘ ’) andaddanunderscoreassuffix or prefix if theresultingidentifieris a
keyword in aparticularSQL implementation.

MicrosoftSQLServer7.0supportsquotedidentifiers,but alsobracketedidentifiers:
identifierssurroundedwith squarebrackets.Squarebracketsseemto beallowedevery-
where,evenin columntypes,sobasetypescanhavespacestoo in this implementation.

3.4 Converting init constraints

The init statementis one of the most difficult statementsto convert. ANSI-92 SQL
supportssomethingcomparableto init in the form of the keyword default. But only
literal expressions(i.e. numbersor characters)areallowed.

As anexampleweinitialisethenumberof everysale.Thisdefaultcanbeoverridden
whenanew saleis inserted,but if no numberis specified,thenumberwill be1:

init default saleits number= 1.

As this is a literal expression,conversioncanbedoneasfollows:

createtable sale(
id salecharacter(4)not null primary key,
weekTweeknot null ,
dayTdaynot null ,
id itemcharacter(4)not null

constraint cst sale1itemreferencesitem (id item),
numberTnumber,

default 1 not null ,
amountTamountnot null );

An init expressionthat is not a literal is muchharderto support.The target SQL im-
plementationshouldhave the capability to specifya before-inserttrigger for the init
default commandandanafter-inserttriggerfor theinit command.

For implementationsnot supportingbefore-inserttriggers,columnswith inits must
allow null , so it is allowednot to specifya value.Triggersareusuallyfired aftercon-
straintchecking.Soa not null specificationrequiresa valueto bespecified,evenif an
init expressionis specified.In thetriggeritself thevalueof thecolumnwill bereplaced
if it is aninit expressionor conditionallyreplacedif it is aninit default expression.

As anexample,considerthefollowing typedefinitions:
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type item(A4) = description,stock,price.
type sale(A4) = week,day, item,number, unit price,amount.

init saleits unit price= item its price.

TheMicrosoftTransactSQLcodebecomes:

createtrigger [tr saleInit]on [sale]
for insert
as

update [sale]
set

unit price= [item].[price]
fr om inserted
join [sale]on

[sale].[id sale]= inserted.[id sale]
join [item] on

[item].[id item] = [sale].[id item]
go

4 Conversionof manipulation commands

The Xplain languagehasseveral commandsto retrieve andmodify data.This section
presentsconversionfor the retrieval commandsget andextend. Thedatamodification
commandsinsert, update anddelete aretrivial. Currently,xplain2sql doesnotsup-
port thenew (recursive)cascade command.

4.1 Converting getcommands

Obviously, the get statementis convertedinto a selectstatement.For example,the
Xplain commandto list all itemsis:

get item.

Convertedinto (InterBase)SQL this becomes:

select*
fr om item;

If the its constructoccurs,a join is generated;this is a save conversion.TheXplain
commandto getall sales,includingitemdescriptions,is:

get saleits week,day, item its description.

Convertedinto (InterBase)SQL this becomes:
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selectsale.idsale,sale.week,sale.day, item.description
fr om sale
join itemon

item.id item= sale.iditem;

Not every SQL implementationsupportsthe above ANSI-92 style joins. For imple-
mentationsthatdo not supportthenew-style join, theold-stylejoin is generated.Post-
greSQLis anexample:

select”sale”.”id sale”,”sale”.”week”, ”sale”.”day”, ”item”.”description”
fr om ”sale”, ”item”
where

(”item”.”id item” = ”sale”.”id item”);

4.2 Converting extendcommands

TheXplain extend commandaddsa new temporarycolumnto a table.This columnis
usedfor intermediateresultsin complex derivations.No SQL implementationknown
by theauthorssupportstemporarycolumns.Only someof theimplementationssupport
temporarytables,which arealmostasuseful.It is possibleto createa new, temporary
tablewith two columns:onecontainstheprimarykey of every columnfrom the table
which is extended;thesecondcontainsthecontentsof thenew column.A join of these
two tableshastheeffectof a tableextendedwith anadditionalcolumn.

As anexamplewe determinetheturnoverper item. In Xplain this is formulatedas
follows:

extend item with turnover=
total saleits amount
per item.

get item its turnover.

Convertedinto MicrosoftTransactSQL,this becomes:

select
[id item],
(coalesce(

(selectsum([sale].[amount])
fr om [sale]
where

( [sale].[id item] = [accesstype].[id item] )
), 0)) as[turnover]

into [#item.turnover]
fr om [item] accesstype

select[item].[id item], [turnover]
fr om [item]
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join [#item.turnover]on
[#item.turnover].[id item] = [item].[id item]

Theextend commandis convertedinto a select, which doesnot outputtheresults,
but insertsthemin a tablebecauseof the into clause.This tableis temporarybecause
of the‘#’ signin front of thetablename.Thesecondselectjust joins theoriginal table
with thetemporarytableto outputtheresults.

The first selectstatementusesa correlatedsubqueryto get the sum of salesfor
every item. It is importantthattheSQL pitfall of missingitemscanbeavoided[10] by
selectingfrom theitemtable.Becauseof missingsales,certainsumscanbenull . nulls
areanotherpitfall, becausea userexpectsto beableto selectitemswith no saleswith
somethinglike ‘turnover= 0’. UsingtheIsNull functionwe inserta 0 insteadof a null
if asumis null .

Usingthis examplewe cannow definethreerequirementsanSQL implementation
hasto supportto beableto correctlyconvertanextend commandwithoutpitfalls:

1. Theimplementationshouldhave thenotionof a temporarytable;
2. Theimplementationshouldsupportsubqueries;
3. Theimplementationshouldhaveafunctionlikecoalesce(ANSI-92standard).This

functionis alsocalledIsNull or NVL in someimplementations.

The authorsonly know two two SQL implementationswhich fullfill thesethree
requirements:OracleandMicrosoftSQL Server.

For implementationsthatdo not supportthe last two requirements,xplain2sql
cannotprovide a conversion.Usershave to revert to the tediousmanualconversions.
For implementationsonly lacking thenotationof a temporarytable,somealternatives
canbegiven:

– Use a view insteadof a temporarytable. However, it is possiblethat not every
useris authorizedto createviews.Thereforethisapproachprobablyworksonly for
staticcases,wherethepossibleextendsarepreformulated.
Viewscreatedonthefly by oneuserarevisiblefor andusableby othersusersof the
samedatabase.To avoid namingconflicts,view nameshave to beuniqueto allow
on thefly view creationto work.

– Usea normaltableinsteadof a temporarytable.Normal tablesarealsosubjectto
theproblemslistedabove.

– In-line theextend whenever theextendoccursin a select.Theextend commandis
not translatedin thiscase,but simply remembered.Whentheoutcomeof anextend
is usedin a get command,thesubqueryis written at thatplace.Unfortunately, this
canleadto awful andinefficientqueries.

5 Implementation aspects

xplain2sql is anOpenSourceprogramwrittenin Eiffel. UsingtheSmallEiffel com-
piler [2], xplain2sql canbemadeavailableon 22 platforms.xplain2sql won a
silverawardat theEiffel ’99 Struggle.
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xplain2sql isafineexampleof theBuilderpattern[5], [6]. TheDir ectorpartici-
pantis implementedby thetokenizerandparserin XPLAIN SCANNERandXPLAIN-
PARSER.The Builder participantis implementedby the classSQL GENERATOR.

For expressionparsingtheInter preter pattern[5], [6] is used.More informationabout
theimplementationcanbefoundin themanual[1].

Full source,documentation,samplesand binariesfor FreeBSD,BeOSand Mi-
crosoftWindowsNT areavailableat http://www.pobox.com/˜berend/xplain).

6 Supported SQL dialects

Currentlyxplain2sql convertsXplain to Microsoft SQL Server, InpriseInterbase,
PostgreSQL,ANSI-92 SQL, andothers.It mustbe notedherethat Xplain generates
morethanjustcreatetable statements;it alsogeneratesinsert,updateanddeletestored
proceduresfor eachtable.The latestversioncangenerateADO middlewarecodefor
Delphi.

Besidestheadvantageof a languagethatsupportsbothaggregationandspecialisa-
tion with ease(unlikeSQL),portingdatabasecodecomesalmostfor free,seefigure3.

Fig.3. Systemportability

7 Practical experiences

Xplain modelinghasbeenusedthroughoutNederWare’s consultancy practicefor al-
most7 years.But themanualconversionto SQL provedto be tedious.In 1996a pre-
cursorof xplain2sql wasusedto developandgeneratethedatabaseof anadminis-
trativeprogramof theUrk FishAuction, thelargestflatfishauctionin Europe[8]. This
databaseconsistedof morethan110tables.

Somesmallerexampleswherexplain2sql hasbeenusedto designandgenerate
thedatabaseincludea bookloanandlibrary managementprogram(Library Gameren),
a contact,taskandorderprogram(FunderingsTechniekNoord,Tolbert),anda money
loanprogram(Reac,Rotterdam).

Currentlyxplain2sql is usedto (re-)write the coreof Ortec’s computer-aided
planningsoftwarefor (international)transport.UsingXplain, mappingobjectsdefined
in theOO-modelingstageto a relationaldatabaseprovedto bequitestraightforward.
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In all thesecasestheautomaticconversionof Xplain to SQL hasprovedto bevery
time-saving: Xplain is not only morecompact,but it is alsolesseasyto createdesign
faults.We found thatwhensomethingcouldnot be expressedin Xplain, the database
designcouldbeimprovedandthisimprovementwouldalsofit in Xplain.A comparative
studyof studentswho designeda relationalandsemanticdatabasepointsin the same
direction[11].

8 Conclusion

With xplain2sql it hasbecomepracticalto usetheXplain languagein relationalen-
vironments.BecauseXplain is aconciselanguagethatis orthogonal,it is easyto learn.
The fundamentalis-a andhas-a abstractionshave elegant languagedefinitions.Defi-
nition andmanipulationin a databaseenvironmentthereforebecomesimpleactivities.
Thebuild-in expertknowledgeusedin theconversionfrom Xplain to SQLbringsthese
advantagesto todaysbusinessapplications.
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