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Abstract. SQL generallyallows several solutionsto one single problem.The
reasorfor thisis thatSQL s languageconceptdack orthogonality Becausenore
solutionsareallowed, SQL usersareuncertainwhetherthe specificsolutionthey
choseis correctand performswell. This paperpresentsas nev methodto tackle
this practicalproblemby introducingthe orthogonalsemanticconceptsrom the
Xplain datalanguagen thedevelopmeniphaseof relationaldatabaseshis con-
versionmethodresultsin unique,consistentwell-performingandportableSQL
definitionsand SQL queries.Over a period of several years,we testedthe ap-
proachextensiely and appliedit in practice,for which we useddatabaseand
queriesof differentcomplexities. The methodproved to be time saving in both
designand implementation.This paperpresentsan overvien of the principles
usedin theautomatedool for cornverting safeXplain into equallysafeSQL.

1 Intr oduction

The basicconstructsof SQL are easyto learn. As usersmove on to more advanced
querieslike joins or correlatedsub-querieshowever the lack of orthogonalityandthe
ahundanceof pitfalls [3], [4], [10] cancauseconfusion.Thesedaysthereis a practical
alternatve, onethatcanevenbeusedin morephase®f building informationsystems.

We adwcatethe useof Xplain [9], which with the advent of a new tool thatcan
createSQL from Xplain statementfiasbecomequite practical. Xplain hasboth a vi-
sualandtextual componentaswill be shawvn in the next section.Both its visual and
textual presentatiorare extremelysimpleandcanbe explainedin a matterof minutes
to any audienceXplain doesnot offer the multiplicity of relationshipgoundin thein-
formationmodelingliterature but offersall possiblecaseswith thesetwo relationships:
aggreationandspecialisatior{including multiple inheritance]7].

The visual side of Xplain doesnot strain peoples cognitive abilities. It just of-
fers easydrawing anddistinctionof aggreyationandinheritancelt is practicalto use
Xplain whena certainexactnesshasto be introducedduring designor requirements
analysisphasesThe visual model canbe refinedfrom high-level businesssemantics
to the semanticdetail necessanyfor information systems.The visual designcan be
codedstraightforvardly into the languageof Xplain. Thetool presentedn this paper



xpl ai n2sql , providesan additionalincentie to captureknowledgeinto semantic
databasemodels,becausehis tool cantransformtheseXplain statementsnto ANSI
SQL andits mary dialects.Both datadefinition and datamanipulationare supported.
The transformatiorprocesshasbuilt-in expert knowledgeaboutthe targetedSQL di-
alectto produceoptimal SQL code.

Thispaperis organisedasfollows. After ashortintroductiononthesemanticXplain
conceptsanoverview is givenof thetechniquesisedfor corvertingsemantiaefinition
andmanipulationrcommandsnto SQL equivalents Also someinsightin theimplemen-
tationis given.Thelastsectionincludesanoverview of thehistoryof theautomatedool
andgivesinformationaboutsomepracticalapplicationareasn which the systemhas
beenusedsuccessfully

2 Xplain concepts

In designingdatabases conceptual model is producedwhich consistof descriptions
of relevantobjecttypes.Abstractionis avital concepin semanticlatabaseshreetypes
aredistinguishedclassificationaggrgationandgeneralizationThey make useof the

fundamentatype-attribute relationship.

2.1 Classification

The real world is describedby consideringthe propertiesof relevant objects,where
a propertyis definedas a fundamentahotion, but no valueis assignedo it. The ab-
stractionleadingto a propertyis called classification.The examples(i.e. instances)
occurringin adatabasandrequiredfor therecognitionof a propertyarepurely meant
asillustrations.The propertyis not beingdefinedhereby Propertiesarerepresentetly
rectanglesn diagramsseefigure 1 andfigure 2. The counterparbf classificationis
calledinstantiation.

2.2 Aggregation

Aggregationis definedasthe collection of a certainnumberof propertiesin a type,
whichin itself canberegardedasa new property(notetheanalogywith the mathemat-
ical setconcept).A propertyoccurringin an aggreationis called an attribute of the
type.An emptytypeis calledbase.

Aggregationallows view independenceave candiscusghe obtainedype (possibly
asa property)without referringto the underlyingattributes.By applyingthis principle
repeatedlywe cansetup ahierarchy(in thesensef anetwork) of propertiesExamples
aregivenin figure 1 andfigure 2. Normally the hierarchycontainsonly aggreyated
types.

Aggregationis indicatedby a line connectingthe centersof two facing rectangle
sides,while the aggreyatetypeis (accordingits definition) placedabove its attributes.
Of course,aggreyationalso hasits counterpartthe descriptionof a type as a set of
certainattributesis called decomposition. We definea type by listing its attributes,so
we could have thefollowing type definitions:
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Fig. 1. Aggregation

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

Typedefinitionscarry semanticsthey containthe essentiapropertiesandrelation-
ships.Aggregationscanbe describedby meansof the verbto have. Accordingto the
above type definition, an item hasa description,stock and price. Identificationsare
propertiesdenotedby type namesThis interpretationmplies singularidentifications.
Attributes(not types!) may containroles. An exampleis ‘item_description’relatedto
type ‘description’. Rolesareseparatedrom thetype by anunderscore.

2.3 Generalization

The third type of abstractionjmportantto conceptuaimodels,is generalizationit is
definedhererecognizingof similar attributesfrom varioustypesandcombiningthese
in anew type (notethe analogywith the intersectionoperationfrom mathematicaset
theory).

We canequallydiscusshe new type without mentioningthe underlyingattributes,
andit canin itself againsene asa property(i.e. it allows view independence)An
exampleis addingthetype‘invoicedsale’to theforegoingdefinitions.This typehasall
theattributesof typesaleandadditionallytheattributes:name street zip codeandcity.
Thetype'invoicedsale’mustthereforebe concevedof asthe specialisatiorof thetype
sale.

In abstractiorhierarchiesgeneralizationgre schematicallyrepresentedy a line
thatconnectdacingcornersof rectangleswherethe generalizedype is placedbelov
thespecializenes.The oppositeof generalizations calledspecialisation.

The generalizatioriogethemwith the attributesto be addedto it is (by definition of
theconceptdescribedn thetypedefinitionof thespecialisationSothetypedefinition
of the specialisatiorof saleis:

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

Specialisationarecommonlyassociate@ith theverbto be. Accordingto theabove
type definitions,aninvoicedsaleis a salewith name street,zip codeandcity.
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Fig. 2. Generalization

3 Conversion of definition commands

The Xplain languagehasseveralcommanddgor datadefinition anddataintegrity. This
sectionshaws the corversionof the base, type andinit commandgo SQL. Our first
completesemantiexample(including basetypes)is asfollows:

base day (A3) ("Mon”,"Tue”"Wed","Thu”,”Fri", "Sat").
base week(12).

base amount(R4,2).
base description(A13).
base stock(14).

base price (R4,2).
base number(14).

base name(A60).

base street(A60).

base zip code(A10).
base city (A40).

type item (A4) = description stock,price.
type sale(Ad) =week,day, item, numberamount.
type invoicedsale(A4) = [sale],name streetzip code,city.

3.1 Converting basecommands

Dependingon the capabilitiesof the target SQL implementationthe base command
is corvertedto a UDT (User Defined Type) or not corvertedat all. Whenit is not
corverted,the domainis simply remembere@ndusedwhereser a base definition oc-
cursin atypedefinition. An exampleof this is shovn in section3.2. For example,the
conversionby xpl ai n2sql of theforegoingbase definitionsinto the InterBaseSQL
implementatiorresultsin thefollowing domain definitions:

createdomain Tdayascharacter(3hot null

check(valuein ('Mon’, 'Tue’,’"Wed’, 'Thu’, 'Fri’, 'Sat’));
createdomain Tweekassmallint;
createdomain Tamountasfloat;



createdomain Tdescriptionascharacter(13);
createdomain Tstockassmallint;
createdomain Tprice asfloat;

createdomain Tnumberassmallint;

InterBaseSQL alsosupportsdomainrestrictions seethedefinitionof domainTday.
The domainrestrictionoutputis suppressed thetarget SQL implementatiordoesnot
supportthem.

3.2 Converting type commands

Thetype commands corvertedinto the SQL createtable statementFor example the
corversionof theabove-listedtype definitions(includingdomains)}o InterBaseresults
in thefollowing SQL definitions:

createtable item (
id_item character(4hot null primary key,
descriptionTdescriptionnot null,
stockTstocknot null,
price Tpricenot null);

createtable sale(
id_salecharacter(4hot null primary key,
weekTweeknot null,
dayTdaynot null,
id_itemcharacter(4hot null
constraint cst_sale litemreferencestem (id_item),
numberTnumbemot null,
amountTamountnot null);

Thetype conversionprocesandleghefollowing threeaspects:

1. The externalrepresentatiomf the type identificationis corvertedinto a standard
columnwith a correspondingepresentationeitherinteger or characterThis col-
umnhastheprimary key constraint.

If thetypeidentificationrepresentatiois integer, xpl ai n2sql attemptdo create
anauto-incrementingrimarykey if thetargetSQL implementatiorsupportst and
if this optionhasnot beendisabledby theuser

2. Therearesereralsemantiargumentsagainstnull values.Commonlyaspecializa-
tion is themostappropriatanodelingsolution.Thatis why Xplain doesnotsupport
thesevalues.Accordingto the Xplain manual[12], every attribute of atype should
thereforehave avalue.And asXplain doesnot have the concepiof nulls, therefore
every columnshouldbenot null. Xplain supportspecificatiorof possiblyderived
default values,thereforea userdoesnot needto specifya valuefor every column
in hisinsertstatements.

In arelationalcontext we canalsodiscover several agumentsagainstnulls. This
helpsus,for example,to avoid unpleasansurprisesn where clausesandto avoid
situationswhereindexescannotbe defined.



Whenthe UDT is being created most SQL implementationsallow specification
of the default null/not null optionfor thattypein the createtable statementFor
reasonsf clarity, xpl ai n2sql thereforewrites alwaysnot null or null in the
createtable statement.
Therearetwo exceptions:oneexceptionis explainedin section3.4. The otheris
whencolumnscontainbinarylargeobject(BLOB) data(memoor graphicrepresen-
tations).Thesecolumnsarenull by default. Evenwhentheemptystringis assigned
to amemofield, up to onedatabas@ageis used(2K or evenmore).Sousingnull
in suchcasesnakessense.
Thereis onemoreexception:a usercanforce a nullableattribute, baseor type, by
puttingthe xpl ai n2sql specifickeyword optional in front of it. This is useful
whenthedatamodels reverseengineeredrom arelationalmodel.

3. If anattributerefersto anothertype,xpl ai n2sql addstheforeignkey key con-
straintto thattable.

xpl ai n2sql alsorecogniseshe semantiabstractiorof specialisationConsider
the specialisatiorin the foregoingsemantianodel:

type invoicedsale(A4) = [sale],name streetzip code city.
Thisis corvertedto:

createtable invoiced sale(
id_invoiced salecharacter(4hot null primary key,
id_salecharacter(4hot null unique
constraint cstinvoiced sale1saler eferencessale(id_sale),
nameTnamenot null,
streetTstreetnot null,
zip_codeTzip_codenot null,
city Tcity not null);

Specialisationsare corvertedinto 1-to-(0,1)relationshipsby meansof a foreign key
anda unigue constraint.So every salecanoccurat mostonceasinvoicedsale.Note
herethat Xplain supportsmultiple inheritance so usingthe parentkey asthe subtype
key will notwork.

3.3 Naming corventions

CorvertingXplainidentifiers(i.e. basenamesor typenames)nto SQL identifiersis not
always straightforward. The first reasonis that Xplain supportsspacesn identifiers.
The secondis that an Xplain identifier might be a resened word in the target SQL
implementation.

Most SQL implementationsupportso-calledquotedidentifiers,which are part of
the ANSI-92 standardldentifierssurroundedvith doublequotescancontainspace®r
canberesenredkeywords.

The example belov shows the corversionof the type item to PostgreSQL This
dialectsupportqjuotedidentifiers,but it doesnot supportUDTSs.



createtable "item” (
"id _item” character(4hot null primary key,
"description”character(13pot null,
"stock” int2 not null,
"price” numeric(6,2not null);

Quotedidentifiersdo not solve all identifier problems For example, UDTs usually
cannotbe quoted.So columnnamescanbe quoted,but not their datatypes.For base
namecornversionanothertechniqueis neededreplacethe spacesn basenamesby
underscore$ _') andaddanunderscorassufiix or prefixif theresultingidentifieris a
keywordin a particularSQL implementation.

Microsoft SQL Sener 7.0supportgquoteddentifiers,but alsobracletedidentifiers:
identifierssurroundedvith squarebraclets.Squarebracletsseento be allowedevery-
where,evenin columntypes,sobasetypescanhave spacesooin thisimplementation.

3.4 Converting init constraints

The init statemenis one of the most difficult statementdo convert. ANSI-92 SQL
supportssomethingcomparableo init in the form of the keyword default. But only
literal expressiongi.e. numbersor charactersareallowed.

As anexamplewe initialise thenumberof every sale.Thisdefaultcanbeoverridden
whenanew saleis inserted but if no numberis specifiedthe numberwill be 1:

init default saleits number=1.
As thisis aliteral expressiongcorversioncanbe doneasfollows:

createtable sale(
id_salecharacter(4hot null primary key,
weekTweeknot null,
dayTdaynot null,
id-item character(4pot null
constraint cstsale litemreferencestem (id_item),
numberTnumber
default 1 not null,
amountTamountnot null);

An init expressionthatis not a literal is muchharderto support.The target SQL im-
plementationshouldhave the capabilityto specify a before-insertrigger for the init
default commandandanafterinserttriggerfor theinit command.

For implementationsiot supportingoefore-insertriggers,columnswith inits must
allow null, soit is allowed not to specifya value.Triggersare usuallyfired after con-
straintchecking.Soanot null specificatiorrequiresa valueto be specified evenif an
init expressioris specifiedIn thetriggeritself thevalueof thecolumnwill bereplaced
if it is aninit expressioror conditionallyreplacedf it is aninit default expression.

As anexample,considerthefollowing type definitions:



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

init saleits unit_price= itemits price.
TheMicrosoft TransactSQL codebecomes:

createtrigger [tr_salelnit]jon [sale]
for insert
as
update [sale]
set
unit_price= [item].[price]
frominserted
join [sale]on
[sale].[idsale]= inserted.[id _sale]
join [item] on
[item].[id_item] = [sale].[id.item]
go

4 Conversion of manipulation commands

The Xplain languagehasseveral commandso retrieve and modify data.This section
presentsorversionfor theretrieval commandget andextend. The datamodification
commandsnsert, update anddel ete aretrivial. Currently xpl ai n2sql doesnotsup-
portthenew (recursie) cascade command.

4.1 Converting getcommands

Obviously, the get statementis corvertedinto a selectstatementFor example,the
Xplain commando list all itemsis:

get item.
Corvertedinto (InterBase)SQL this becomes:

select*
fromitem;

If theits constructoccurs,ajoin is generatedthis is a save corversion.The Xplain
commando getall salesjncludingitem descriptionsis:

get saleitsweek,day, itemits description.

Corvertedinto (InterBase)SQL this becomes:



selectsale.idsale,sale.weeksale.dayitem.description
fromsale
join itemon
item.id.item = sale.iditem;

Not every SQL implementationsupportsthe abose ANSI-92 style joins. For imple-
mentationghatdo not supportthe new-stylejoin, the old-stylejoin is generatedPost-
greSQLis anexample:

select’sale”id _sale”,"sale”"week”, "sale”"day”, "item”."description”
from"sale”, "item”
where

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

4.2 Converting extendcommands

The Xplain extend commandaddsa new temporarycolumnto a table.This columnis
usedfor intermediateresultsin complex derivations.No SQL implementatiorknown
by theauthorssupportgemporarycolumns.Only someof theimplementationsupport
temporarytables,which arealmostasuseful.lt is possibleto createa new, temporary
tablewith two columns:onecontainsthe primary key of every columnfrom the table
whichis extendedthe seconcdcontainghe contentsof the new column.A join of these
two tableshasthe effect of a tableextendedwith anadditionalcolumn.

As anexamplewe determingheturnover peritem. In Xplain this is formulatedas
follows:

extend itemwith turnover=
total saleitsamount
per item.

get itemitsturnover.
Convertedinto Microsoft TransactSQL, thisbecomes:

select
[id_item],
(coalesce(
(selectsum([sale].[amount])
from [sale]
where
([sale].[iditem] = [accesstype].[id_item] )
), 0)) as[turnover]
into [#item.turnover]
from [item] accessype

select[item].[id _item], [turnover]
from [item]
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join [#item.turnorer]on
[#item.turnover].[iditem] = [item].[id _item]

The extend commands corvertedinto a select which doesnot outputthe results,
but insertsthemin a tablebecausef theinto clause.This tableis temporarybecause
of the'#' signin front of thetablename.The secondselectjust joins the original table
with thetemporarytableto outputtheresults.

The first selectstatemenusesa correlatedsubqueryto get the sum of salesfor
everyitem. It is importantthatthe SQL pitfall of missingitemscanbe avoided[10] by
selecting’rom theitem table.Becausef missingsales certainsumscanbenull. nulls
areanothemitfall, because userexpectsto be ableto selectitemswith no saleswith
somethindike ‘turnover= 0'. UsingthelsNull functionwe inserta 0 insteadof a null
if asumis null.

Usingthis examplewe cannow definethreerequirement&n SQL implementation
hasto supportto be ableto correctlycorvertanextend commandwithout pitfalls:

1. Theimplementatiorshouldhave the notionof atemporarytable;

2. Theimplementatiorshouldsupportsubqueries;

3. Theimplementatiorshouldhave afunctionlike coalesc€ ANSI-92 standard)This
functionis alsocalledIsNull or NVL in someimplementations.

The authorsonly know two two SQL implementationsvhich fullfill thesethree
requirementsOracleandMicrosoft SQL Sener.

For implementationghatdo not supportthe lasttwo requirementsxpl ai n2sq|l
cannotprovide a corversion.Usershave to revert to the tediousmanualcorversions.
For implementation®nly lacking the notationof a temporarytable,somealternatves
canbegiven:

— Usea view insteadof a temporarytable. However, it is possiblethat not every
useris authorizedo createviews. Thereforethis approactprobablyworksonly for
staticcaseswherethe possibleextendsarepreformulated.

Views createcbnthefly by oneuserarevisible for andusableby othersusersof the
samedatabaseTo avoid namingconflicts,view nameshave to be uniqueto allow
onthefly view creationto work.

— Useanormaltableinsteadof a temporarytable.Normal tablesarealsosubjectto
theproblemdistedabove.

— In-line the extend whenever the extendoccursin a select.The extend commands
nottranslatedn this case put simply rememberedWhenthe outcomeof anextend
is usedin a get commandthe subquenyis written atthat place.Unfortunately this
canleadto awful andinefficientqueries.

5 Implementation aspects

xpl ai n2sql isanOpenSourceprogramwrittenin Eiffel. Usingthe SmallEiffel com-
piler [2], xpl ai n2sql canbemadeavailableon 22 platforms.xpl ai n2sql wona
silver award atthe Eiffel '99 Struggle.
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xpl ai n2sql isafineexampleof theBuilderpattern5], [6]. TheDir ector partici-
pantis implementedy thetokenizerandparsetin XPLAIN _SCANNERandXPLAIN-
_PARSER.The Builder participantis implementedoy the classSQL GENERATOR.
For expressiorparsingthe Inter preter pattern[5], [6] is used.More informationabout
theimplementatiorcanbefoundin the manual[1].

Full source,documentationsamplesand binariesfor FreeBSD,BeOS and Mi-
crosoftWindows NT areavailableat http://www.pobox.com/ " bened/xplain).

6 Supported SQL dialects

Currentlyxpl ai n2sql corvertsXplain to Microsoft SQL Sener, InpriseInterbase,
PostgreSQLANSI-92 SQL, and others.It mustbe notedherethat Xplain generates
morethanjust createtable statementsf alsogeneratemsert,updateanddeletestored
proceduredor eachtable. The latestversioncangenerateéADO middleware codefor
Delphi.

Besideghe advantageof alanguagehat supportsboth aggreationandspecialisa-
tion with easg(unlike SQL), porting databaseodecomesalmostfor free,seefigure 3.

semantic
definitions
1. relational 2. relational o n. relational
implementation implementation implementation

Fig. 3. Systemportability

7 Practical experiences

Xplain modelinghasbeenusedthroughoutNeder\Ware's consultang practicefor al-
most7 years.But the manualcorversionto SQL provedto be tedious.In 1996a pre-
cursorof xpl ai n2sql wasusedto developandgeneratéhe databasef anadminis-
trative programof the Urk Fish Auction, thelargestflatfishauctionin Europe[8]. This
databaseonsistedf morethan110tables.

Somesmallerexampleswvherexpl ai n2sql hasbeenusedto designandgenerate
thedatabaséncludeabookloanandlibrary managemernrogram(Library Gameren),
a contacttaskandorderprogram(Funderings&chniekNoord, Tolbert),anda money
loanprogram(Reac,Rotterdam).

Currentlyxpl ai n2sql is usedto (re-)write the core of Ortec’s computeraided
planningsoftwarefor (internationalltransportUsing Xplain, mappingobjectsdefined
in the OO-modelingstageto arelationaldatabas@rovedto be quite straightforward.
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In all thesecaseghe automaticcorversionof Xplain to SQL hasprovedto bevery
time-saing: Xplain is not only morecompactbut it is alsolesseasyto createdesign
faults. We found that whensomethingcould not be expressedn Xplain, the database
designcouldbeimprovedandthisimprovementwould alsofit in Xplain. A comparatie
study of studentswho designeda relationaland semanticdatabasgointsin the same
direction[11].

8 Conclusion

With xpl ai n2sql it hasbecomepracticalto usethe Xplain languagen relationalen-

vironmentsBecauseXplain is a concisdanguagehatis orthogonalijt is easyto learn.
The fundamentais-a and has-a abstractionsave elegantlanguagedefinitions.Defi-

nition andmanipulationin a databaservironmentthereforebecomesimpleactiities.

Thebuild-in expertknowledgeusedin the corversionfrom Xplain to SQL bringsthese
adwantagedo todaysbusinessapplications.
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