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Abstract

This paperpresentghe type systemof the databas@rogrammindanguageDBPL [SEM88] within the
framawork proposedn [ADG T89].

1 Rationaleof DBPL

The databas@rogrammindanguageDBPL [SEM8§ is a successoof Pascal/R[Sch77 andintegratesa

set-andpredicate-orientediew of relationaldatabasenodellinginto the systemprogramminganguage
Modula-2[Wir85]. Basenintegratedorogrammindanguagenddatabaséchnologyit offersauniform

andconsistenframawvork for theimplementatiorof databasapplications.

A centraldesignissueof DBPL wasthedevelopmenbf abstractiormechanisméor databasapplica-
tion programmingMRS89. DBPL's bulk datatypesarebasedon the notionof (nested)sets.First-order
predicatesare providedfor setevaluationandprogramcontrol. Particularemphasiiadbeenput on the
interactionbetweertheseextensionsandthetype systemof Modula-2.

The rationaleof the designof DBPL could be characterizedby the slogan“power throughorthogo-
nality”. Insteadof designinga new languagdrom scratchwe startedwith a modernsystenmprogramming
languageandextendedts simple,but powerful conceptge.g.,for modularizationprocedurabbstraction,
andproceduraypes)orthogonallyinto threedimensions:

¢ Bulk datamanagemerthrougha datatypeset(relation).
e Abstractionfrom bulk iterationthroughaccessxpressions

¢ Persistentmodulesandtransactiongor sharingrecovery, andconcurreng control.

Section2 presentghe type systemof DBPL within the framavork proposedn [ADG*89]. To sim-
plify thecomparisorof DBPL with otherlanguagesthe presentatiorstrictly follows the structuredefined
in theframawork paper althoughthis leadsto someomissionf essentiafeaturesof DBPL (e.g.,control
abstractiontransactionsyiews).

*Thisresearctwassupportedn partby the EuropearCommissiorunderESPRITcontract# 892 (DAIDA).
 Appearedn Proc. of the 2nd InternationalWbrkshopon DatabaseProgrammingLanguayes, Portland, Oregon, June1989.



2 The Type System of DBPL

2.1 TheNature of the Type System

DBPL is afully upwardcompatibleextensionof Modula-2.Thereforejt inheritsthe elaboratdypesystem
of Modula-2thatis extendedorthogonallyby a set(relation)type and specificfunctiontypesfor subset
definitionandsetevaluation(selectorandconstructotypes).

The inclusion of these"database’conceptsnto the type systemof a strongly typed programming
languageaimsto overcomethe traditional competencand impedancenismatchbetweenprogramming
languagesinddatabasenanagemergystemssinceit provides

¢ auniformtreatmenbf volatile andpersistentata,

¢ a uniform treatmentof large quantitiesof objectswith a simple structureand small quantitiesof
objectswith acomplex structure aswell as

¢ auniform (static)compatibilitycheckbetweerthe declaratiorandthe utilization of eachvalue.

DBPL is stronglytyped;all type checksareperformedstatically

Low level implementatiordetails(e.g.,storagelayout of records,existenceof index structuresire
completelyhiddenfrom the DBPL programmewho usesypesonly for datamodelling.

DBPL utilizesthenotionof typecompatibilityto associatstaticallychecledaccessights with views
onlargecollectionsof sharedbjects.The definitionof accessestrictionsgainsimportancen connection
with the module conceptof DBPL to define“safe” databasénterfacesfor differentclients of the same
database.

2.2 EXxpressiveness

DBPL offersthetraditionalordinaltypes(l NTEGER, CARDI NAL, LONG NT, LONGCARD, CHAR, BOOLEAN)
andrealnumberqREAL, LONGREAL).

DBPL supportsapplication-specifiextensionsof the setof basictypesby meansof enumeration
types.

Subrangdypesarederived from eitherbasicor enumeratiortypes. They imposeadditionalrestric-
tions on the rangeof valuesdescribedby the subrangdype. Within expressionsyaluesof a subrange
type arecompatiblewith valuesof their basetype. Assignment®f valuesof a basetypeto variablesof a
compatiblesubrangdypearechecledatruntime.

Bit stringsaredeclaredassetsof ordinaltypes.
DBPL providesthefollowing typeconstructors:
Records: The scopeof the field labelsis the recorddefinitionitself. They arealsoaccessiblasfield
designatorseferringto componentsf variablesof thatrecordtype andwithin aW TH statement.

Variants. DBPL inheritsvariantrecordsfrom Modula-2, which are more generalthanthoseof Pascal
becaus®oth,nestecandconsecutie variantsectionsaresupported Accesgo fieldswithin avariant
sectionrequiresarun-timecheckof thetagfield.



Arrays. Arraysarecomposeaf afixednumberof elementsTheseelementare(positionally)designated

by indices,which arevaluesof theindex type. The lattermustbe an enumeratiortype, a subrange
type,or thebasictype BOOLEAN or CHAR.

Althougharraysareof limited usefor theimplementatiorof dynamicdatastructuresthey allow an
efficientimplementatiorof datastructureghathave a staticallyknovn maximumsize.

Stringsarearraysof charactersvith afixedmaximumlength. Thecompatibilityrulesfor stringsare
relaxedin orderto allow assignmentsf stringsof lengthn to variablesof lengthm > n.

References: DBPL providespointertypesonly to be upward compatiblewith Modula-2. Dynamicdata

structuresanddatastructuresvith sharedsubobjectareimplementedn DBPL by meanf (keyed)
sets.Thereforeyeferencesrenofirst classcitizensin DBPL, e.g.,they cannotbe madepersistent.

Procedures: Thetype of a procedurds derived from its signature.In DBPL thereare ordinary proce-

duresandtransactiorproceduresThe latter are marked by the symbol TRANSACTI ON insteadof
PROCEDURE!. Eachof themcanbe further subdiidedinto properproceduresindfunction proce-
dures.Thelatterareactivatedby a functiondesignatowithin anexpresion,whereagproperproce-
duresareactivatedby a procedurecall statement.

A functionresultmusthave a basicor areferencaype. Therearetwo kindsof parametershamely
value and variable parameters.If the parameteiis an array the specificationof the actualindex
boundscanbeomitted. The parameters thensaidto beanopenarray parameter

Opaque Types. DBPL providesopaquetypes,which hide the representationf a type declaredwithin a

definition module. The implementatiormodulecontainsthe concretetype, which mustbe a basic
typeor areferenceyp€®. If the hiddenrepresentatiochangesut the interfaceremainsthe same,
clientmoduleswill not needto bereprogrammedyr evenrecompiled.

. Setsarethe mostimportanttypesfor the representationf bulk collectionsof simpleor composite

objectsin DBPL.

A settype specifiesa structureconsistingof elementf identicaltype, calledthe setelementype.
Thenumberof elementscalledthe cardinalityof the set,is notfixed. A setvariablenever contains
morethanoneelemenfor a givenvalueof the setelementype(i.e.,duplicatesarenot allowed).

Keyedsetshave the additionalconstrainthat a keyed setvariablenever containsmorethanoneele-
mentfor agivenkey value. Thedeclaratiorof akeyedsettypethereforedefinesalist of components
of the setelementypethatuniquelydeterminegachsetelement.

Notethatrelationsof therelationaldatamodelarejustthe specificcaseof keyedsetsof flat records.

Selectors. In DBPL setevaluationis achievedthroughaccessxpressions

EACH e IN Set: p(e, .. ci ..)

is anexpressiorthatdenotesxactly thoseelementsn theset,Set , thatfulfil theselectionpredicate
p, just asthe arithmeticexpression5 + 7 denotesl2. The predicatep may be existentially and
universallyquantified.

Set Type{EACH e IN Set: p(e, .. ci ..)}

is a setexpressionthat denoteghe setof (copiesof) the elementsselectedby the enclosedaccess
expression.

1In contrastto ordinary procedurespestedandrecursve calls of transactionsreinadmissable Persistenvariablescanonly be
accesseduringthe executionof a transactionTransactionsanberegardedasatomicwith respecto their effectson the database.

2In mostDBPL applicationsthe hiddenrepresentationf anopaquetypeis a key valuefor a setvariable;keys actasa “handle”
for furtherinformationsstoredwithin setelementsincekeys aretherelationalsolutionof theidentificationproblem.

3The currentimplementatiordoesnt supportkey componentshatarepartof variantsectionsof arecordtype or thatareof type

set.



FOR EACH e IN Set: p(e, .. ci ..) DO.. END

providesselectedterationoverthoseelementsienotedy theenclosediccesexpression.
Finally, accesgxpressionganbenamedandparameterized:

SELECTOR sp ON (S: SetType) WTH (.. pi: Ti ..): SetType;
BEG N

EACHe INS: p(e, .. pi ..)
END sp;

Like proceduresn Modula-2,selectorsn DBPL have typesbasedn the selectorsignature Dueto
theimportanceof bulk dataaccessn databas@rogrammingPDBPL hasselectottypes(andselector
variables)asfirst-clasdanguageconstructs.

Selectedelationvariablescanbe comparedvith updateablelatabaseiews.

Constructors extendthe notion of selectorsthey arebasedon relationallycompleteaccessxpressions
(notjust one-ariableselectionskandprovide (throughrecursion)the power of deductve databases
[JLS8Y, [SL8Y, [SGLJ8Y.

DBPL is a type-completéanguage:compositetypes(records variants,arrays,proceduressets,se-
lectorsandconstructorsganbe constructedrom elementof any (simpleor composite DBPL type. Fur
thermore objectsof any type canbe usedin ary contet (e.g.,asparametersf proceduresr right hand
sidesof assignmentsin a uniformway. This orthogonalitywithin a programminganguagesnhance#s
modellingpower andcomprehensibility

An active line of researctis the extensionof the relationalmodeltowardsrelationswith relation-
valuedattributes(nestedrelations,non-first-normal-fornrelations NF2 relations).In DBPL the concept
of type completenesénaturally” leadsto a datamodelwherenestedrelationsare just a specialcaseof
nestedypestructures.

Recursve datastructuresmndsharingof subobjecthave to bemodelledn DBPL by meanof associa-
tive identifiereg(key valuesof settypes),i.e., recursve typesarenot allowed (see[Lam85 and[LMS84]
for a presentatiorof a recursive datamodel,implementedon top of the “flat” relationaldatamodel of
Pascal/R).

DBPL is amonomorphidanguageTheonly polymorphicfunctionsarethe predefinedperationon
sets(teston membershipjnsertions,deletions,updatesguantifiedpredicatesselectve and constructve
accesxpressions).

2.3 Typesand Values

Valuesof all DBPL typesarefirst classlanguageobjects: They canbe named,denotedby expressions,
storedin (persistentyariablesandpassedsvalueandvariableparameters.

DBPL hasa uniform mechanisnto constructvaluesof a compositetype (array record,variant,set)
by an enumeratiorof its elementsthe elementsareenclosedn curly bracletsandprecededy the name
of thetypethatis to be constructedFurthermoreit is possibleto selectelementf a compositevalueby
apathconsistingof arrayindex expressionstecordcomponentsandkey valuesfor sets.

Accessexpressiongseesection2.2) canbe seerasa generalizatiorof thesesingle-elementonstruc-
tion andselectiormechanisms.

In DBPL, it is possibleto emulate(persistentpbjectsusing modulesand opaquetypes. However,
DBPL is no object-orientedanguagesinceit neithersupportsnheritancenor late binding.



The predefinecequalityoperator=, of DBPL is overloaded:

¢ It denotesstructuralequalityif it is appliedto operand®f abasicor astringtype.

e Itis notapplicableto operand®f record,variantor arraytypes.

¢ It denotesetequalitybasednthevaluesof thekey component# it is appliedto operand®f aset
type.

DBPL neitherhasnull valuesnor objecttypes.

2.4 Relationshipsamong Types
Therearetwo reasonsvhy DBPL usesnameequivalenceo definethetype equivalencerelationship:

1. Thetypesystemof Modula-2is basedon nameequialence.

2. Persistenvariablesare introducedby “normal” variable declarationswithin a databaselefinition
module. All accesgo databasesariablesis definedstatically basedon the standardmport and
exportmechanismsf Modula-2.

As thereis no dynamicbindingbetweerdatabaseariablesandthe programsausingthem,all compat-
ibility checkscanbe performedat compileandlink-time.

The handlingof abstract,‘concrete”andunnamedypesin DBPL is adoptedwithout changedrom
Modula-2.

Modulesin DBPL arenotfirst-classvalues but merelyunitsof encapsulatiorgompilationandpersis-
tence:Any compilationunit of DBPL (interface implementatioror programmodule)canbedeclaredasa
DATABASE module.All variabledeclaredatthe outmostscopeevel of suchamodulewill be persistent
i.e.,in contrastto otherprogramvariablestheir lifetime is longerthanthatof all programsamportingthis
databasenodule.

Persistentariablesaresharedbjectsandcanthusbe accessetly severalprogramssimultaneously
An accesgo a persistentariablemustbe part of the executionof a transaction.Transactionguarantee
serializability (andfailure recovery). The (userdefined)initialization of databaseariablesis performed
only onceduringdatabaséfetime, namelybeforeary accesdo the persistenvariableshasbeenmade.

25 Typesand Subtypes

DBPL only providesprimitive subtypingrulesfor its basetypes(integers,reals)andsubrangeypes.

DBPL neitherhas subtypingrules for recordor objecttypesasin Oberon[Wir87] and Modula-
3 [CDGT8§], nor hasit type inferencerules for selectorand constructortypes (e.g., see Machiavelli
[OBBT8Y in a ML-style typesystem).

2.6 Databaselssues

Persistencés an attribute of a module(seesection2.4). All variablesdeclaredwithin a databasenodule
arepersistenandsharecdbijects.



Changedo a (databasedlefinition moduleonly affect clientsof thatinterface,which have to be re-
compiled.Changego a (database)mplementatiormoduleareinvisible to its clients.

The corversionof persistentdataof an “old” versionof a databasenoduleinto a representation
suitablefor a revised versionof that module hasto be doneexplicitely. This processis supportedby
specifictools,outsidethe scopeof thelanguageDBPL, andsois the definitionof accespathsetc.

2.7 Other Issues

In the DBPL projectthereis a strongcommitmentto implementability A multi-userDBPL systemun-

der VAX-VMS is usedat the university of Frankfurtsince1985for courseson databasgrogramming.
Basedon this implementationthereare several prototypeextensionsfor concurreng control (optimistic,

pessimisticand mixed stratgies), storagestructuresor complec objects,recursve queriesand distribu-

tion. The constructiorof a distributed DBPL systemis basedon ISO/OSIcommunicatiorstandardsnd
involveda re-implementatiomf the compilerto generateative codefor the IBM-PC/AT.

3 Concluding Remarks

Themostprominenteatureof theDBPL typesysternis thetype-completéntegrationof setsandfirst-order
predicatesnto a stronlytyped,monomorphidanguagewith persistencasanorthogonabproperty

This integrationis motivatedby the insight that the developersof data-intensie applicationsneed
languagesupportfor efficient, set-orientecaccesso both, privateandsharedcollectionsof data.

Although Type systemsareacrucial partin the designof databas@rogrammindanguagesthereare
otherissuesf particularimportancefor DBPLSs:

e How to decomposéarge databasapplicationprogramsnto manageableanits,which canbe devel-
opedandmaintainedndependently?

¢ How to supportconcurreng, sharingandfailurerecovery by appropriatéransactiormodels?

¢ Whataboutdataandfunctiondistribution andcommunication?

Issuedik e thesenfluencedhedesignandimplementatiorof DBPL [MRS89 [JGLT88] [MRS84 but are
de-emphasizenh this paper
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