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Enforcing Cardinality
Congraintsin the ER Modd
With Integrity M ethods'

Mira Balaban and Peretz Shoval
Ben-Gurion University of the Negev, Israel

Entity-Relationship (ER) schemas include cardinality constraints that restrict the
dependencies among entities within a relationship type. The cardinality constraints have
direct impact on application transactions, since insertions or deletions of entities or
relationships might affect related entities. Application transactions can be strengthened to
preservetheconsistency of adatabasewith respect tothecardinality constraintsin aschema.
Y et, once an ER schemaistranslated into alogical database schema, the direct correlation
betweenthecardinality constraintsand application transactionislost, since the components
of the ER schema might be decomposed among those of thelogical database schema.

Wesuggest extending the Enhanced-ER (EER) datamodel withintegrity methodsthat
can enforce the cardinality constraints. The integrity methods can be fully defined by the
cardinality constraints, using asmall.number of primitive update methods, and are automati-
cally created for a given EER diagram. A translation of an EER schema into a logical
database schema can create integrity routines by translating the primitive update methods
alone. Theseintegrity routines may beimplemented as database procedures, if arelational
DBMSis utilized, or as class methods, if an object-oriented DBMSiis utilized.

INTRODUCTION

TheEntity-Relationship (ER) datamodel wasintroduced by Chen (1976) asameansfor
describing in adiagrammatic form, entities and rel ationships among entities in the subject
domain. The ER model enjoys widespread popularity as a tool for conceptual database
design, and received many extensions and variations, which are generaly termed the
Enhanced-ER (EER) model. An EER schemacan betransl ated intol ogical database schemas,
usually ‘relational, and implemented with some specific DBMS, using its specific data
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definition language (DDL). Application programs that manipul ate the database access the
DBM Sviaitsdatamanipulationlanguage (DML), either directly or through ahost program-
ming language.

EER can be used not only to design aconceptual schemathat will later on betranslated
into alogical schema, but also as aplatform for database integration, i.e., to create ameta-
schema for a multi database environment in which there are heterogeneous databases,
utilizing different datamodels. Cooperation or federation of such databasesispossibleif a
common meta-schemaiis created. EER can be the high-level model used for that purpose.
Similarly, theEER model i susedindatabasere-engineering; thedatamodel of alegacy-system
isfirst reverse-engineered to an EER schema, and later on translated and implementedin a
new DBMS. Y et, theEER model dealsonly withthestatic (structural) aspectsof thedatamodel
(namely, entities, relationships and attributes), but not with behavioural aspects (namely,
proceduresto manipulatethe datathat isdefined by the schema, and to preservetheintegrity
of data). These aspectsaretaken careof at theimplementationlevel, either by theDBM S
(for example, when arelational DBM S performsreferential integrity checks), or by the
application programs.

An EER schemasupportsthe specification of cardinality constraints, whichrestrict the
dependencies among entities within a relationship type (see, for example, Lenzerini &
Santucci, 1983; Lenzerini & Nobili, 1990; Ferg, 1991; Thalheim,1992; Thalheim, 1998;
Balaban & Shoval, 2001). For example, the cardinality. constraints can specify that a
department must have at least five workers and at most two-hundred; or that an employee
must work for one department only. The cardinality constraints have direct impact on
maintenance transactions of . the target System, since insertions or deletions of entities or
relationships might affect related entities. Thisimpact can be captured by operationsthat a
transaction must trigger in order to preserve the cardinality constraints. Y et, once an EER
schema.is translated into a logical database schema, the direct correlation between the
cardinality constraints and maintenance transactions is lost, since the components:of the
EER schemaareusually decomposed among those of thetarget databaseschema. M oreover,
at thislevel it is up to application programmers to correctly capture theconstraints.

In this chapter, we suggest to enhance the EER model with the behavioural aspects of
the cardinality constraints (see also Lazarevic &-Misic, 1991; Balaban & Shoval, 2001).
Specifically, wesuggest extending the EER datamodel withintegrity methods, i.e., methods
that maintain the consistency of dataaccording to the schema definition. Maintenance of
consistency meansthat any attempt-to add, delete or change entitiesand relationshipsinthe
subject domain of a schema is checked against the schema definitions, as expressed by
cardinality constraints. The integrity methods can be fully defined by the cardinality
constraint. Hence, once the enhanced EER schema is mapped to a logical schema, the
integrity methods can be mapped to respective integrity routines. These integrity routines
may be implemented as database procedures, if arelational DBMS is utilized, or as class
methods, if an object-oriented DBM Sis utilized. The integrity methods are built on top of
primitive update methodsthat perform the update transactions. This separation addsalayer
of abstractionthat enabl esthe mapping of abehavior-enhanced EER schemainto sometarget
database schema, in terms of the primitive methods alone.

Another popular datamodel, which is closely related to the EER model, isthe Object-
Oriented (OO) model. The OO model supports static data abstraction using object classes,
and models system behavior through-methods (procedures) that are attached to object
classes, with message passing as a means for communication among objects. Moreover,
unlike EER; which ismainly used for conceptual data modeling, the OO approach is aso
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