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Abstract

This paperpresentsthetypesystemof thedatabaseprogramminglanguageDBPL [SEM88] within the
framework proposedin [ADG � 89].

1 Rationale of DBPL

ThedatabaseprogramminglanguageDBPL [SEM88] is a successorof Pascal/R[Sch77] andintegratesa
set-andpredicate-orientedview of relationaldatabasemodellinginto thesystemprogramminglanguage
Modula-2[Wir85]. Basedonintegratedprogramminglanguageanddatabasetechnologyit offersauniform
andconsistentframework for theimplementationof databaseapplications.

A centraldesignissueof DBPL wasthedevelopmentof abstractionmechanismsfor databaseapplica-
tion programming[MRS89]. DBPL’s bulk datatypesarebasedon thenotionof (nested)sets.First-order
predicatesareprovidedfor setevaluationandprogramcontrol. Particularemphasishadbeenput on the
interactionbetweentheseextensionsandthetypesystemof Modula-2.

The rationaleof thedesignof DBPL couldbecharacterizedby theslogan“power throughorthogo-
nality”. Insteadof designinga new languagefrom scratch,westartedwith a modernsystemprogramming
languageandextendedits simple,but powerful concepts(e.g.,for modularization,proceduralabstraction,
andproceduretypes)orthogonallyinto threedimensions:

� Bulk datamanagementthrougha datatypeset(relation).

� Abstractionfrom bulk iterationthroughaccessexpressions.

� Persistentmodulesandtransactionsfor sharing,recovery, andconcurrency control.

Section2 presentsthetypesystemof DBPL within theframework proposedin [ADG � 89]. To sim-
plify thecomparisonof DBPL with otherlanguages,thepresentationstrictly follows thestructuredefined
in theframework paper, althoughthis leadsto someomissionsof essentialfeaturesof DBPL (e.g.,control
abstraction,transactions,views).
�
This researchwassupportedin partby theEuropeanCommissionunderESPRITcontract# 892(DAIDA).�
Appearedin Proc.of the2ndInternationalWorkshoponDatabaseProgrammingLanguages,Portland,Oregon, June1989.
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2 The Type System of DBPL

2.1 The Nature of the Type System

DBPL is afully upwardcompatibleextensionof Modula-2.Therefore,it inheritstheelaboratetypesystem
of Modula-2that is extendedorthogonallyby a set(relation)type andspecificfunction typesfor subset
definitionandsetevaluation(selectorandconstructortypes).

The inclusionof these“database”conceptsinto the type systemof a strongly typedprogramming
languageaimsto overcomethe traditionalcompetenceandimpedancemismatchbetweenprogramming
languagesanddatabasemanagementsystems,sinceit provides

� auniformtreatmentof volatileandpersistentdata,

� a uniform treatmentof large quantitiesof objectswith a simplestructureandsmall quantitiesof
objectswith acomplex structure,aswell as

� auniform(static)compatibilitycheckbetweenthedeclarationandtheutilizationof eachvalue.

DBPL is stronglytyped;all typechecksareperformedstatically.

Low level implementationdetails(e.g.,storagelayout of records,existenceof index structures)are
completelyhiddenfrom theDBPL programmerwhousestypesonly for datamodelling.

DBPL utilizesthenotionof typecompatibilityto associatestaticallycheckedaccessrightswith views
on largecollectionsof sharedobjects.Thedefinitionof accessrestrictionsgainsimportancein connection
with the moduleconceptof DBPL to define“safe” databaseinterfacesfor differentclientsof the same
database.

2.2 Expressiveness

DBPLoffersthetraditionalordinaltypes(INTEGER,CARDINAL,LONGINT,LONGCARD,CHAR,BOOLEAN)
andrealnumbers(REAL, LONGREAL).

DBPL supportsapplication-specificextensionsof the set of basictypesby meansof enumeration
types.

Subrangetypesarederivedfrom eitherbasicor enumerationtypes. They imposeadditionalrestric-
tions on the rangeof valuesdescribedby the subrangetype. Within expressions,valuesof a subrange
typearecompatiblewith valuesof their basetype. Assignmentsof valuesof a basetypeto variablesof a
compatiblesubrangetypearecheckedat runtime.

Bit stringsaredeclaredassetsof ordinaltypes.

DBPL providesthefollowing typeconstructors:

Records: The scopeof the field labelsis the recorddefinition itself. They arealsoaccessibleasfield
designatorsreferringto componentsof variablesof thatrecordtypeandwithin aWITH statement.

Variants: DBPL inheritsvariant recordsfrom Modula-2,which aremoregeneralthan thoseof Pascal
becauseboth,nestedandconsecutivevariantsectionsaresupported.Accessto fieldswithin avariant
sectionrequiresa run-timecheckof thetagfield.
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Arrays: Arraysarecomposedof afixednumberof elements.Theseelementsare(positionally)designated
by indices,which arevaluesof the index type. Thelattermustbeanenumerationtype,a subrange
type,or thebasictypeBOOLEAN or CHAR.

Althougharraysareof limited usefor theimplementationof dynamicdatastructures,they allow an
efficient implementationof datastructuresthathaveastaticallyknown maximumsize.

Stringsarearraysof characterswith afixedmaximumlength.Thecompatibilityrulesfor stringsare
relaxedin orderto allow assignmentsof stringsof length � to variablesof length 	�
�� .

References: DBPL providespointertypesonly to beupwardcompatiblewith Modula-2. Dynamicdata
structuresanddatastructureswith sharedsubobjectsareimplementedin DBPL by meansof (keyed)
sets.Therefore,referencesarenofirst classcitizensin DBPL, e.g.,they cannotbemadepersistent.

Procedures: The type of a procedureis derived from its signature.In DBPL thereareordinaryproce-
duresandtransactionprocedures.The latteraremarkedby thesymbolTRANSACTION insteadof
PROCEDURE 
 . Eachof themcanbefurthersubdividedinto properproceduresandfunctionproce-
dures.Thelatterareactivatedby a functiondesignatorwithin anexpresion,whereasproperproce-
duresareactivatedby a procedurecall statement.

A functionresultmusthave a basicor a referencetype. Therearetwo kindsof parameters,namely
valueand variableparameters.If the parameteris an array, the specificationof the actualindex
boundscanbeomitted.Theparameteris thensaidto beanopenarrayparameter.

Opaque Types: DBPL providesopaquetypes,which hidetherepresentationof a typedeclaredwithin a
definitionmodule. The implementationmodulecontainsthe concretetype,which mustbea basic
typeor a referencetype� . If thehiddenrepresentationchangesbut the interfaceremainsthesame,
clientmoduleswill notneedto bereprogrammed,or evenrecompiled.

Sets: Setsarethemostimportanttypesfor therepresentationof bulk collectionsof simpleor composite
objectsin DBPL.

A settypespecifiesa structureconsistingof elementsof identicaltype,calledthesetelementtype.
Thenumberof elements,calledthecardinalityof theset,is not fixed. A setvariablenevercontains
morethanoneelementfor a givenvalueof thesetelementtype(i.e.,duplicatesarenotallowed).

Keyedsetshave theadditionalconstraintthata keyedsetvariablenevercontainsmorethanoneele-
mentfor agivenkey value.Thedeclarationof akeyedsettypethereforedefinesa list of components
of thesetelementtypethatuniquelydetermineseachsetelement� .
Notethatrelationsof therelationaldatamodelarejust thespecificcaseof keyedsetsof flat records.

Selectors: In DBPL setevaluationis achievedthroughaccessexpressions:

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

is anexpressionthatdenotesexactly thoseelementsin theset,Set, thatfulfil theselectionpredicate
p, just as the arithmeticexpression����� denotes��� . The predicatep may be existentially and
universallyquantified.

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

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

�
In contrastto ordinaryprocedures,nestedandrecursive callsof transactionsareinadmissable.Persistentvariablescanonly be

accessedduringtheexecutionof a transaction.Transactionscanberegardedasatomicwith respectto theireffectson thedatabase.�
In mostDBPL applications,thehiddenrepresentationof anopaquetypeis a key valuefor a setvariable;keys actasa “handle”

for furtherinformationsstoredwithin setelementssincekeys aretherelationalsolutionof theidentificationproblem.�
Thecurrentimplementationdoesn’t supportkey componentsthatarepartof variantsectionsof a recordtypeor thatareof type

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

providesselectediterationover thoseelementsdenotedby theenclosedaccessexpression.

Finally, accessexpressionscanbenamedandparameterized:

SELECTOR sp ON (S: SetType) WITH (.. pi: Ti ..): SetType;
BEGIN
EACH e IN S: p(e, .. pi ..)

END sp;

Like proceduresin Modula-2,selectorsin DBPL have typesbasedon theselectorsignature.Dueto
theimportanceof bulk dataaccessin databaseprogramming,DBPL hasselectortypes(andselector
variables)asfirst-classlanguageconstructs.

Selectedrelationvariablescanbecomparedwith updateabledatabaseviews.

Constructors extendthenotionof selectors;they arebasedon relationallycompleteaccessexpressions
(not just one-variableselections)andprovide (throughrecursion)thepower of deductive databases
[JLS85], [SL85], [SGLJ89].

DBPL is a type-completelanguage:compositetypes(records,variants,arrays,procedures,sets,se-
lectorsandconstructors)canbeconstructedfrom elementsof any (simpleor composite)DBPL type.Fur-
thermore,objectsof any typecanbeusedin any context (e.g.,asparametersof proceduresor right hand
sidesof assignments)in a uniform way. This orthogonalitywithin a programminglanguageenhancesits
modellingpowerandcomprehensibility.

An active line of researchis the extensionof the relationalmodel towardsrelationswith relation-
valuedattributes(nestedrelations,non-first-normal-formrelations,NF� relations).In DBPL theconcept
of type completeness“naturally” leadsto a datamodelwherenestedrelationsarejust a specialcaseof
nestedtypestructures.

Recursivedatastructuresandsharingof subobjectshavetobemodelledin DBPLby meansof associa-
tive identifieres(key valuesof settypes),i.e., recursive typesarenot allowed(see[Lam85] and[LMS84]
for a presentationof a recursive datamodel, implementedon top of the “flat” relationaldatamodelof
Pascal/R).

DBPL is amonomorphiclanguage.Theonly polymorphicfunctionsarethepredefinedoperationson
sets(teston membership,insertions,deletions,updates,quantifiedpredicates,selective andconstructive
accessexpressions).

2.3 Types and Values

Valuesof all DBPL typesarefirst classlanguageobjects:They canbe named,denotedby expressions,
storedin (persistent)variablesandpassedasvalueandvariableparameters.

DBPL hasa uniform mechanismto constructvaluesof a compositetype(array, record,variant,set)
by anenumerationof its elements:theelementsareenclosedin curly bracketsandprecededby thename
of thetypethatis to beconstructed.Furthermore,it is possibleto selectelementsof a compositevalueby
a pathconsistingof arrayindex expressions,recordcomponents,andkey valuesfor sets.

Accessexpressions(seesection2.2)canbeseenasageneralizationof thesesingle-elementconstruc-
tion andselectionmechanisms.

In DBPL, it is possibleto emulate(persistent)objectsusingmodulesandopaquetypes. However,
DBPL is noobject-orientedlanguage,sinceit neithersupportsinheritancenor latebinding.
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Thepredefinedequalityoperator, � , of DBPL is overloaded:

� It denotesstructuralequalityif it is appliedto operandsof a basicor a stringtype.

� It is notapplicableto operandsof record,variantor arraytypes.

� It denotessetequalitybasedon thevaluesof thekey componentsif it is appliedto operandsof a set
type.

DBPL neitherhasnull valuesnorobjecttypes.

2.4 Relationships among Types

Therearetwo reasonswhy DBPL usesnameequivalenceto definethetypeequivalencerelationship:

1. Thetypesystemof Modula-2is basedonnameequivalence.

2. Persistentvariablesare introducedby “normal” variabledeclarationswithin a databasedefinition
module. All accessto databasevariablesis definedstatically basedon the standardimport and
exportmechanismsof Modula-2.

As thereis nodynamicbindingbetweendatabasevariablesandtheprogramsusingthem,all compat-
ibility checkscanbeperformedatcompileandlink-time.

Thehandlingof abstract,“concrete”andunnamedtypesin DBPL is adoptedwithout changesfrom
Modula-2.

Modulesin DBPL arenotfirst-classvalues,but merelyunitsof encapsulation,compilationandpersis-
tence:Any compilationunit of DBPL (interface,implementationor programmodule)canbedeclaredasa
DATABASE module.All variablesdeclaredat theoutmostscopelevel of sucha modulewill bepersistent,
i.e., in contrastto otherprogramvariables,their lifetime is longerthanthatof all programsimportingthis
databasemodule.

Persistentvariablesaresharedobjectsandcanthusbeaccessedby severalprogramssimultaneously.
An accessto a persistentvariablemustbepartof theexecutionof a transaction.Transactionsguarantee
serializability(andfailure recovery). The (user-defined)initialization of databasevariablesis performed
only onceduringdatabaselifetime, namelybeforeany accessto thepersistentvariableshasbeenmade.

2.5 Types and Subtypes

DBPL only providesprimitivesubtypingrulesfor its basetypes(integers,reals)andsubrangetypes.

DBPL neitherhassubtypingrules for recordor object typesas in Oberon[Wir87] and Modula-
3 [CDG� 88], nor has it type inferencerules for selectorand constructortypes (e.g., seeMachiavelli
[OBBT89] in aML-style typesystem).

2.6 Database Issues

Persistenceis anattributeof a module(seesection2.4). All variablesdeclaredwithin a databasemodule
arepersistentandsharedobjects.
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Changesto a (database)definitionmoduleonly affect clientsof that interface,which have to be re-
compiled.Changesto a (database)implementationmoduleareinvisible to its clients.

The conversionof persistentdataof an “old” versionof a databasemoduleinto a representation
suitablefor a revised versionof that modulehasto be doneexplicitely. This processis supportedby
specifictools,outsidethescopeof thelanguageDBPL, andsois thedefinitionof accesspathsetc.

2.7 Other Issues

In the DBPL projectthereis a strongcommitmentto implementability. A multi-userDBPL systemun-
der VAX-VMS is usedat the university of Frankfurtsince1985 for courseson databaseprogramming.
Basedon this implementation,thereareseveralprototypeextensionsfor concurrency control (optimistic,
pessimisticandmixed strategies),storagestructuresfor complex objects,recursive queriesanddistribu-
tion. Theconstructionof a distributedDBPL systemis basedon ISO/OSIcommunicationstandardsand
involveda re-implementationof thecompilerto generatenativecodefor theIBM-PC/AT.

3 Concluding Remarks

Themostprominentfeatureof theDBPL typesystemis thetype-completeintegrationof setsandfirst-order
predicatesinto a stronlytyped,monomorphiclanguagewith persistenceasanorthogonalproperty.

This integration is motivatedby the insight that the developersof data-intensive applicationsneed
languagesupportfor efficient,set-orientedaccessto both,privateandsharedcollectionsof data.

AlthoughTypesystemsareacrucialpart in thedesignof databaseprogramminglanguages,thereare
otherissuesof particularimportancefor DBPLs:

� How to decomposelargedatabaseapplicationprogramsinto manageableunits,whichcanbedevel-
opedandmaintainedindependently?

� How to supportconcurrency, sharingandfailurerecoveryby appropriatetransactionmodels?
� Whataboutdataandfunctiondistributionandcommunication?

Issueslike theseinfluencedthedesignandimplementationof DBPL [MRS89] [JGL� 88] [MRS84] but are
de-emphasizedin thispaper.
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