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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
preserve the consistency of a database with respect to the cardinality constraints in a schema. Yet, once an ER schema
is translated into a logical database schema, the direct correlation between the cardinality constraints and application
transaction is lost, since the components of the ER schema might be decomposed among those of the logical database
schema.

We suggest to extend the Enhanced ER (EER) data model with integrity methods that take the cardinality constraints
into account. The integrity methods can be fully defined by the cardinality constraints, using a small number of primitive
update methods, and are automatically 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. These integrity
routines may be implemented as database procedures, if arelational DBMS is utilized, or as class methods, if an object-
oriented DBMS is utilized.

INTRODUCTION is first reverse-engineered to an EER schema, and later on
Chen (1976) introduced the Entity Relationship (ER) translated and implemented in a new DBMS. Yet, the EER
data model as a means for describing in a diagrammatic forminodel deals only with the static (structural) aspects of the data
entities and relationships among entities in the subject domodel (namely, entities, relationships and attributes) but not
main. The ER model enjoys widespread popularity as a tool fofvith behavioral aspects (namely procedures to manipulate the
conceptual database design, and received many extensiofgtathatis defined by the schema, and to preserve the integrity
and variations, which are generally termed the Enhanced ERf data). These aspects are taken care of at the implementation
(EER) model. An EER schema can be translated into logicaleVel, either by the DBMS (for example, when a relational
database schemas, usually relational, and implemented witRBMS performs referential integrity checks), or by the appli-
some specific DBMS, using its specific DDL (data definition cation programs.
language). Application programs that manipulate the database  An EER schema supports the specification of cardinality
access the DBMS via its DML (data manipulation |anguage),constraints, thatrestrictthe dependencies among entities within
either directly or through a host programming language. 2 relationship type (see, for example, Lenzerini & Santucci,
EER can be used not only to design a conceptual schemb983; Lenzerini & Nobili, 1990; Ferg, 1991; Thalheim, 1992];
that will later on be translated into a logical schema, but alsol halheim, 1998). For example, the cardinality constraints can
as a platform for database integration, i.e. to create a met&Pecify that a department must have at least five workers and
schema for a multi data base environment, in which there ar@t most eighty. The cardinality constraints have direct impact
heterogeneous databases, utilizing different data models. C&N maintenance transactions of the target system, since inser-
operation or federation of such databases is possible if #0ns or deletions of entities or relationships might affect
common meta-schema is created. EER can be the high_|evéqalated entities. This impact can be captured by operations that
model used for that purpose. Similarly, the EER model is used transaction must trigger in order to preserve the cardinality
in database re-engineering: the data model of a legacy-systefPnstraints. Yet, once an EER schema is translated into a
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logical database schema, the direct correlation between th£994; Bock & Rian, 1993; Shoval & Shiran, 1997). Shoval &
cardinality constraints and maintenance transactions is lostShiran (1997) concluded that even if the objective is to design
since the components of the EER schema are usually deconand implement an OO schema, within an OO-DBMS or any
posed among those of the target database schema. Moreovether OO programming environment, the following strategy is
at this level it is up to application programmers to correctly recommended: first, design an EER schema; then map itto an
capture the constraints. equivalent OO schema. Finally, augment the OO schema with
In this paper we suggest to enhance the EER model witlthe necessary behavioral constructs (e.g., methods and mes-
the behavioral aspects of the cardinality constraints (see alssages).
Lazarevic & Misic, 1991). Specifically, we suggest extending A recent effort to standardize all aspects of object mod-
the EER data model withtegrity methods, i.e. methods that  eling is accomplished within the Unified Modeling Language
maintain the consistency of data according to the schem@UML) initiative (Fowler, 1997]; Booch et al, 1999). UML is
definition. Maintenance of consistency means that any ata collection of visual languages that covers the static data,
tempt to add, delete or change entities and relationships in thgrocess and behavioral perspectives in modeling. The data
subject domain of a schema is checked against the schenmodeling aspect in UML is handled by class diagrams and
definitions, as expressed by cardinality constraints. The integebject diagrams, and also provides an Object Constraint
rity methods can be fully defined by the cardinality constraint. Language. The static part of UML is richer than the conven-
Hence, once the enhanced EER schema is mapped to a logid@nal object schemas in object-oriented databases and in
schema, the integrity methods can be mapped to respectiyerogramming languages. The EER model is an integral part of
integrity routines. These integrity routines may be imple- UML—actually, UML includes all constructs of EER schemas,
mented as database procedures, if a relational DBMS igxcept for weak entity types. Indeed, we use the EER model as
utilized, or as class methods, if an object-oriented DBMS isa representative for the static part of object modeling, in
utilized. The integrity methods are built on toppoimitive general. Our work can be viewed in the wider aspect of
update methodsthat perform the update transactions. This extending UML with structure sensitive methods. The exten-
separation adds a layer of abstraction that enables to define tls#on of the EER data model with methods blurs the difference
mapping of a behavior-enhanced EER schema into sombetween OO schemas to EER schemas.
target database schema, in terms of the primitive methods  In the following section the EER data model is intro-
alone. duced, and subsequent sections describe the suggested en-
Another popular data model, which is closely related to hancement with structure methods.
the EER model, is the Object-Oriented (OO) model. The OO
model supports static data abstraction usibgct classes
and models system behavior through “methods” (proceduresT"IE ENHANCED-ENTITY-
that are attached to object classes, with message passing aRELATIONSHIP (EER) DATA MODEL
means for communication among objects. Moreover, unlike EER is a data model for describing entities, their proper-
EER, which is mainly used for conceptual data modeling, theties, and inter-relationships. A set of entities that share a
OO approach is also utilized on the OO-DBMS level. Conse-common structure is captured as amtity type Regular
guently, there is a direct transition from an OO data model tqproperties of entities are captured as ttadiributes The
its implementation as an OO-DBMS. Therefore, there is aattributes are associated with the entity types, and can be either
tendency to assume that the OO approach can/will replaceimpleor compositeln most entity types, entities are identi-
EER as a data modeling tool (see, for example, Kornatzky &fied by an attribute (or attributes), called a key (or keys). In
Shoval, 1994; Elmasri & Navathe, 1994; Dittrich, 1987).  some entity types, entities are identified by their inter-relation-
Nevertheless, the EER model might still be superior for ships to other entities. Such entity types are tenvesak
the task of conceptual data modeling, since it enables finer Interactions among entities are modeled by relation-
distinctions between entity types to relationship types, andships. Arelationship typerelates several entity types; it
provides an explicit account for the associated constraintsdenotes a set of relationships among their entities. The number
Indeed, the direct transition between the levels of analysispf entity types related by a relationship type isiity (= 2).
design and implementation is just one criterion. Other prefer-The role of an entity type within a relationship type is specified
ence criteria among modeling tools involve various perspecby its role-name Role-names are mandatory in case that an
tives, e.g. learnability, comprehension (i.e., how easy it is forentity type plays several roles within a single relationship type.
users to understand the schema), and quality of design (i.eT,wo-ary relationship types are callbthary. A binary rela-
how accurate and complete is the schema that is being déionship type that relates an entity type to itself is calteaty.
signed). Indeed, experimental comparisons show that EER iSpecialization and generalization inter-relationships among
superior to OO with respect to the criteria of comprehensiongntity types are singled out as special kinds of relationships.
quality of design, time needed for completion of a design task, Thecardinality constraint@re set on relationship types,
and designers preference of models (Shoval & Frumermanrmand characterize numerical dependencies among entities within
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the relationship types. Existing EER models support a variety sales, and in at most seven —paaticipation constrainbn
of cardinality constraints, and sometimes use the same nota- the relationship type sale.
tion with different semantics (Lenzerini & Santucci, 1983; 4. EverySalespersorentity that sells a product in some city
Lenzerini & Nobili, 1990; Ferg, 1991; Thalheim, 1992; can be constrained to sell that product in at least two more
Thalheim, 1998). There are two main kinds of cardinality cities — alook-across constrairn the relationship type
constraints:participation and look-across Both kinds of sale
cardinality constraints can be imposed either on the entity In this paper we consider only look-across cardinality
types related by the relationship type, or on the entities thatonstraints. For binary relationship types, the constraints are
already occur in the relationship type. For example: Let'simposed on the related entity types (and thus, happen to
assume a ternary relationstsple among the entity types coincide with participation constraints); for non-binary rela-
SalespersonCity andProduct. tionship types the cardinality constraints are imposed on the
1. EverySalespersorentity must be involved in at least three relationship types themselves.
sales events -a-participation constrainbn the entity type Figure 1 presents an EER diagram for a medical clinic.
Salesperson Rectangles describe entity types, diamonds describe relation-
. EverySalespersorentity must sell at least two and at most ship types, circles describe attributes, solid lines among rect-
five products in every city — l@mok-across constrairmn angles describe entity type hierarchies, and dotted line rect-
the entity typeSalesperson angles and diamonds stand for weak entity types and their
. If aSalespersorentity is already active, i.e., involved in relationships to the respective owner entity types.
some sales event, then it is involved in at least two more We now turn to a more formal description of the EER

Figure 1: An EER diagram for a medical clinic information system
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model (see also Calvanese et al, 1998). An EER schemsaymbol and of a relationship type (if any) is an attribute of the
consists ofentity typesymbols,relationship typesymbols  type. A key of a weak entity type symbol is defined through
(each with associated aritydle namesymbols, andttribute relatedowner entity type symbols. Every weak entity type
symbols. Entity type symbols can be strong (denoting nonsymbol E is associated with one or more binary relationship
weak entity types) aveak Attribute symbols can smpleor type symbols R,... , R, termed the identifying relationship
compositeA composite attribute symbol is associated with atypes of E, such that for each identifying relationship type R
set of attribute symbols (other than itself). Furthermore, eactof E, the EER schema includes a relationship construct:
attribute symbol is eithesingle-valuedr multi-valued

Every entity type symbol is associated with a set of
attribute symbols, called igttributes An attribute symbol
can be singled out akay A strong entity type symbol has at Each entity type symbawner(E) is termed amwner
least onenandatory keyA relationship type symbol can also  entity typeof E for R. The cardinality constraints for E in the
have attributes, and may be associated with an optional keyelationship constructs for its identifying relationships mean
Every relationship type symbol of arity n is associated with nthat every entity of E is associated with a single owner entity,
entity type symbols, each with an associated role name synfor every identifying relationship. The key of E consists of the
bol, and minimum and maximum cardinality constraints. Thiskeys of its owners, and its own partial key (if exists), which is
complex association is captured by the syntactic relationshi@ny of its attributes. That ikey(E) = key(ownef(E)), ... ,
construct keyowne(E)), A ), where A is an attribute of E.

A database instance D of an EER schema ER is defined
by a non-empty finite domain of entities D, a domain assign-
mentdomfor the attributes, and a meaning assignment for the

where E(1< i< n) are entity type symbols, R{L< i < symbols of the schemdomis a partial mapping that associ-
n) are role names, and mamd maxare natural numbers orthe ates a pair (A, T) of a simple attribute symbol A and a type
special symbob. For example, the above look-across con- symbol T (entity or relationship) with a value dondan(A, T).
straint on the relationship typeale “Every Salesperson  domis extended to composite attributes by defidog(A, T)
entity that already sells a product in some city is constrained=donm(A,,T) x.... xdon(A ,T) for acomposite attribute symbol
to sell that product in at least two more cities and at most five’A that is associated with the attribute symbols.A A. The
is captured by the relationship construct: legal values of an attribute A of a type T are the values in
dom(A,T). The application of the meaning assignment to a
symbol s of ER is denoted.dt is defined as follows:

1. For an entity type symbol EX s an entity type, i.e., a subset
of D. The elements of™Eare entities.

The role names Rdre used to identify the components 2. For a relationship type symbol R with arity i R a
of the relationship constructs. Thatis, @ = E, for 1<i< relationship type, i.e. an n-ary relation over D. The ele-
n. In practice, role names are optional; if they are not provided ments of R are relationships, and their components are
within the schema, then they are schema created. A conven- labeled with role names. That is, instead of viewing rela-

R(RN: E[n, m], RN’ : owne(E)[1, 1] ).

R(RN, : E[min,, max], ..., RN, : E[min_, max])

salgSalespersonSalespersofil, «],
product :Product[1, ], city : City[3, 5])

tional simplified cardinality notation uses 1 for m#max =
1, and a letter (e.g., n) for mip 0, max = «. So we get
cardinality constraints such as 1:n:m, 1:n, 1:1, etc.

An entity type symbol may be associated with a set of
entity type symbols (other than itself) that fornsipecializa-
tion or sub-typing The entity type symbol is called theper-

type of the specialization, and the associated entity type3.

symbols are called itsubtypesThe super-type and subtype

tionships as ordered tupels, they are rather viewed as sets of
labeled components. If the role names in the relationship
construct of R are RN ... , RN, then we refer to the
relationships in Ras sets of the formr = {RNl, ..., RN,

. e}, We define RNr) = e, (L<i < n). The role name
symbols RN, ..., RN are refered to as the roles df.R

For an attribute symbol A of a type symbol T (entity or
relationship), (A ,T9 is an attribute of T, i.e., a partial

function from P into either dom(A,T) — if A is single-
valued, or into the power set of dom(A,T) — if A is multi-

relations are extended to include their transitive closure. The
sets of attributes of an entity type and of any of its super-types
are disjoint (no over-writing). The specialization hadsra, valued.
which is one of three values X, T, XT. The kind X marks A database instance of a schema ER is consistent if it
disjointness of the specialization subtypes, the kind T marksatisfies the intended meaning of keys, relationship con-
that the specialization covers the whole super-type, and thetructs, cardinality constraints, and sub-typing relationships.
kind XT marks both. An entity type symbol may participate, An EER schema isonsistentf it has a consistent database
as a subtype, in at most a single specialization. instance. The constraints set by keys mean, for strong entity
A key of a type is a means for identifying the instancestypes and for relationship types, that the key attribute values
of the type via their attributes. A key of a strong entity type uniquely identify the instances of the types. For weak entity
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types, their owner entities and their key attribute valuesschema. Every such implementation can be defined in terms of
uniquely identify them. A sub-typingof Eby E.. , E inER, the primitive update methods alone. The integrity methods
constrains P to be a subset oPE1<i<n). Ifthe kind of the  stay intact. The advantage of this approach is that the integrity
specialization is X, then the set8 &re disjoint; if the kindis  methods are defined, and their properties are proved, once and
T, then the sets'Ecover the setEif the kind is XT, thenboth  for all on the EER level. Since the definitions and proofs are
constraints hold. Note that these constraints imply inheritanceather complex, the advantage is clear.

of attributes and relationships through specialization relation-

ships. Primitive Methods
Arelationship construct R(RNE,[min , max], ..., RN, The primitive methods perforinsertion, deletion, re-
: E[Imin_, max]) in ER imposes the following constraints:  trieval andattribute modificatiorin a database instance D of
1. ROEPX..XEP. an EER schema ER. They are associated with the entity and the

2. The cardinality bounds on the i-th component delimit therelationship type symbols of the schema. Insertions always
number of elements in EiD that can be related to giveninvolve the creation of a new entity or relationship. Conse-
elements of the other entity types. The meaning for binaryquently, in a database instance created only with the primitive
and non-binary relationship types is different: In binary methods, entity types that are not related by the subtype/super-
relationship types the cardinality constraints in one entitytype relation have no entities in common. Similarly, all rela-
type apply to every entity of the other entity type, while in tionship types are mutually disjoint.

non-binary relationship types the cardinality constraints in The primitive methods should be sensitive to the subtype
the i-th component apply only to every-Related combi-  and super-type relations in the sense that an insertion of an
nation of entities from the other entity types. entity to the entity type'Hnserts italso to all super entity types
One.Binary relationship types: of EP . Similarly, deletion of an entity fromPEleletes it also
Fori=1,2andj= 2,1, respectively: from all sub entity types ofE
For all ein EJD , The addition of methods requires operations for retriev-
min, < cardinality ( Opnji= o) (R°)) < max. ing the components of an EER schema, and of the information
For example, in Figure 1 the constraint associated with instances in a database instance of a schema.
supervisionsupervises Physician0, 1], These operations can be denoted as follows:
supervised-by Physician0, «]) 1. Schema level operationg-or an entity type symbol E, the

means that in every consistent database instance D, for relationship type symbols that their constructs involve E or
every PhysiciarP entity p, selection of p on the role a super type symbol of E, and the corresponding role

namesupervised-bin the relationship typmupervisiorP, names, are given byrels={[R, RN] | RN(R)=FE',E'=
yields at most a single relationship. E or is a super type symbol of E }. For a relationship type
Two. Non-binary relationship types symbol R, the role names are given byolRe. names
Forall{RN,:e,..,RN:e }inRP 2. Database level operations
Forall 1<i<n, One. For an entity e of E e.A retrieves the value on e of
min, < cardinality (O'{RNI —el.. RNIL= -1, RN = cit, .. RNn = en) attribute (A, E'P?, where E’ is either E or a super-type
(RP) < (max_i. of E). e.A is uniquely defined since the sets of
For example, the constraint attribute symbols associated with E and its super-
salgSalespersonSalespersofil, ], types are mutually disjoint. lkgal key valuéor A of
product: Product[1, o], city : City[3, 5]) E in Dis avalue in the domain that D assigns to a key
means that in every consistent database instance D, for attribute symbol A of E. For every [R, RN]in E.rels,
every salé relationship with a Salesperson s and a e.relationships( [R , RN] ) are thé Relationships
product p, selection of s and p on the role nagadss- whose RN componentis e, ando_of relationshigs
persorandproduct respectively, inthe relationship type [R, RN]) is their number.
sale®, yields between three to five relationships. Two. For a relationship r of Rr.A retrieves the value of
attribute (A, R} on r. r.RN retrieves the RN entity
EER EXTENDED WITH METHODS component of r, for every role name RN in
We suggest extending the EER schema with integrity Rrole_namesA legal relationshipfor Rin D is a
methods, which are update methods that are sensitive to the labeled set {RN: e , .., RN:e }, such that
cardinality constraints. The integrity methods should be de- Rrole_names{RN,, ..., RN} and eiis an entity
fined on top of primitive update methods, which are integrity in an entity type identified by the role name RN

insensitive. The rational behind this separation is that of the

Abstract Data Types (ADT) approach: The primitive update Primitive methods for an entity type symbolE: vis a
methods serve as abstraction barriebetween the integrity ~ !egal key value for A of E in D.

methods and a logical database implementation of the EER. Einsert(A:v)— Creates a newentity e, such thate.A
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=v,andforevery[R, RN]in Eels, e.no_of relationships
[R,RN]) =0, anc.relationshipé[R, RN ]) =¢. The entity

Integrity-Preserving Policies
In order to preserve the consistency of the database, an

e is added to all super entity types 8f Ehe return value
is e.

. Edelete( A : v) — Deletes from Eand from all entity
types EP such that E’ in EBubs the entity e identified by

integrity update method mightinvoke associated update meth-
ods or be refused. We distinguish four integrity-preserving
policies:

1. Reject— the update operation is refused. This is in some

the value v of (A, B) (i.e., e.A = V), if any.

3. Eretrieve ( A : v ) — Retrieves from Ethe entity e
identified by e.A = v, if any. The return value is either e, or
NULL, if there is no such entity.

4. Eretrieve_all() — Retrieves all entities in’E

Primitive methods for a relationship type symbolR:
Letr={RN, :e,..,RN:e }be alegal relationship for R
in D.

1. Rinsert(r)— Creates an RD relationship r with r.RN
e (L<i<n). The return value is r. The entities ex(l< n)
are updated as follows:eo_of_relationships([R, R is
increased by one, and r is added tektionships( [R, RN
D

2. Rdeletg(r)— Deletes from Rthe specified relationship,
if any. If there is a deletion, the entities ei(1< n) are
updated to decreasen®_of_relationships( [R, RN) by
one, and remove r from.elationships( [R, RN).

3. Rretrieve (r) — Retrieves r from R if any. The return
value is either r, or NULL, if there is no such relationship.

4. Rretrieve_all}() — Retrieves all relationships in°PR

Primitive methods for attribute modifications:
These methods perform modification, removal, and re-
trieval of a value of an attribute of an instance of a type.

Simultaneous modification of multiple attributes can be handled
by introducing compound update methods. Let T be a typed.

symbol (entity or relationship). If T is an entity type symbol,
let v be a legal key value for T in D. If T is a relationship type
symbol, let v be a legal relationship for T in D. Let A be an

attribute symbol associated with T, and val a legal attribute

value for (A, T) in D, i.e.yal belongs talon(A, T).

1. Tmodify( v, A, val ) — If A is a single-valued attribute
symbol, val is substituted for any previous value of the
attribute (A, T¥ on the instance (entity or relationship)
identified by v. If A is a multi-valued attribute symbol, val
is added to any previous value of the attribute (Aph)the
instance identified by v.

sense a brute force action for integrity preservation. It
should only be used with caution, in order to not block
database updates.

. Propagate — an insertion or deletion of an instance

violates a cardinality constraint, and invokes appropriate
deletion or insertion actions. Propagation is achieved by
dispatching the impact of a newly inserted or deleted entity
or relationship to its neighboring relationships. Among the
four integrity-preserving action®ropagateis the most
faithful to the policy of integrity preservation. But it is also
the most expensive, and one should be careful not to
embark on an unlimited sequence of update operations.
Since the schema is consistent, it has consistent (finite)
database instances. In general, it is worthwhile that the user
can guarantee full propagation before actual updates are
applied.

. Nullify — violation of a cardinality constraintis relaxed by

the insertion of a newull entity, and including it in a
relationshipNullify is a compromise between the desire to
preserve integrity, and the inability or unwillingness to
propagate. In &ullify operation a “fictional” entity is
inserted to an entity type and connected to “real” entities,
so that their integrity is preserved. The assumption is that
cardinality constraints do not apply to null entities. A null
entity can be replaced by a real one by reconnecting its
related entities to a real entity.
Schema revision— integrity violation is removed by
revising, or re-defining, the cardinality constraints. The
revision can only decrease a minimum cardinality con-
straint, or increase a maximum cardinality constraint.
Schema revisionis intended to resolve impossible cardi-
nality constraints, or emerges from new definition of the
domain. It seems that one should be careful notto abuse this
intention by using this action as a replacement for simple
Propagate or for Nullify so to temporarily preserve all
constraints.

These integrity-preserving policies represent conven-

tional approaches for integrity maintenance (Etzion & Dahav,

2. Tremove v, A, val ) — If A'is a single-valued attribute 1998). We suggest that these policies should be determined in

symbol, and the value of the attribute (A,%™n the

an interactive mode, and not be fixed in advance for the

instance identified by v, is val, it is replaced by NULL. If different types of the schema (as suggested in Lazarevic &
A is a multi-valued attribute symbol, val is removed from Mimic, 1991).

the value of the attribute (A, Tdf the instance identified
by v.

3. Tgef( v, A) — Retrieves the value of attribute (APDf
the instance identified by v.

Integrity Methods of Entity Types
The integrity_insert andintegrity delete operations

might invoke thé’ropagatepolicy for integrity preservation.
Propagation for insertion is caused by non-zero minimum
constraints in binary relationship constructs, since they imply

16 vol. 10 No. 4
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that a newly added entity must be related to another entitythroughpatient-visits. Again we need to ask the user for a
Minimum constraints in non-binary relationship constructs docandidate patient, which in this case can be an old or a new
not pose any restriction on a new entity, since they apply onlypatient. In any case, since there are no minimal restrictions on
to already existing relationships. Propagation for deletion ispatient-visits relationships, the propagation stops. In order to
caused by relationships in which the deleted entity partici-avoid or terminate propagation, the user might decide to
pates. Maximum constraints are not violated by insertions oMNullify missing entities in relationships. For example, if the
deletions of entities, but should be considered when an alreadgepartment of the new physician does not exist in the database
existing entity is connected to a new relationship (see nexyet, the user can insert a new null entity toDegartment
subsection). entity type, and connect it to the new physicianimeks-for
relationship. Later on, when the missing department is in-
I. The Integrity_Insert Method serted, the user can reconnect the current physician entity to it.
Theintegrity_insert method for an entity type symbol
E, and a legal key value v for A of E in a database instance D, II. The Integrity_Delete Method
involves the following operations: If A : v does not identify an Theintegrity _delete method for an entity type symbol
already existing entity in a new entity with the key value E, and a legal key value v for A of E in a database instance D,
v for A is inserted into E and the insertion effect is propa- involves the following operations: If A : vindeed identifies an
gated. The propagation involves observation of all binaryalready existing entity in'then the entity is deleted, and the
relationship symbols with which E or any ancestor of E isdeletion effectis propagated. The propagation involves obser-
associated. If the minimum cardinality constraints that they sevation of all relationships that include the removed entity.
on an entity in E are not met by the new entity, then the These relationships can be instances of relationship tyhes R
involved relationship types are asked to provide the missindgor R in E.rels. For each such relationship, the user can choose
relationships with the new entity. This way the insertion is one of four possibilitiesRejectthe updateNullify the refer-
propagated from E to its related relationship type symbols, an@énces to the removed entifgeconnectthe relationship, or
from there it can further propagate to new entity type symbolsDeletethe relationship. In thReconnectoption, the user is
Example: asked to replace the deleted entity with another one, new or
Consider the EER schema from Figure 1. In order toold. Insertion of a new entity might propagate as above. In the
insert aPhysicianentity with a license number ph12345 to a Deleteoption, the relationship is deleted, and the effect may
database instanc@®hysician.integrity insert(license-no :  propagate, either to further deletion of the related entity (for a
ph12345) is applied. Integrity preservation requires that sevbinary relationship), or to further deletions of other relation-
eral constraints be checked, before the real insertion takeships in the same relationship type (for a non-binary relation-
place. First, we need to check that this physician is not alreadghip). Note that it may not be possible to avoid propagation by
inthe database. Second, we need to observe all binary relatiodeleting the relationships before the entities, since the deletion
ship type symbols whose constructs invdgsicianor any of a binary relationship is sanctioned, if it violates the mini-
ancestor oPhysician to see whether their cardinality con- mum constraints set on the related entities.
straints are not violated. The binary relationship type symbols Example:

supervision, physician-scheduleandmanagesdo not con- Consider the EER schema from Figure 1. In order to
strain the new entity since they have zero minimum con-delete thé&hysicianentity with license number ph12345 from
straints. the databasePhysician.integrity deletdlicense-no:

The binary relationship type symbutisating andworks- ph12345) is applied. Integrity preservation requires that sev-
for provide minimum requirements on the number of relation-eral constraints be checked, before the real deletion takes
ships involving each physician instance: Every physicianplace. First, we need to check that this physician is indeed in
must have at least one visit, and must work for some departhe database. Second, we need to decide what to do with each
ment. So, we have to ask the user for a candidate visit to beelationship in which this entity participates. As explained
related to the new physician through the treating relationshippbove, we can choose amdreject, Nullify, Reconnector
type, and for a candidate department entity as well. The usebelete For example, due to the cardinality constraints on the
might provide an already existing entity, or suggest a new onetreating relationship type, the physician entity must have at
Indeed, the required department entity may be an alreadieast one treating relationship. If we decide to reconnect the
existing one, but the required visit must be a new entity, sinceelationship, it might be to an already existing physician, or to
for any visit there is exactly one physician. So, every visita new physician. For an existing physician, we need to check
entity already in the database, already has its physician relateghether it does not exceed the maximum of 20 visits. For a

to it throughtreating. Once the user provides a n&fisit new physician, it should be inserted, connected, and the effect
entity, the process of integrity preservation has to repeat itselfof the insertion propagated.

The new visit might not be related toMedicine entity If we decide to delete thi&eating relationship, the
through prescriptions, but it must have #atient entity, minimum cardinality constraints on thésit entity type
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should be checked. In general, Yiait entity could be related  entity f, and &choolentity s study.connec{study.physician

to severaPhysicianentities, then it might have been possible : p, study.profession: f, study.school: s} ) is applied. If the

to delete the relationship without violating the cardinality entities do existin the database instance, and can be connected
constraints. However, here, since every visit must be related taithout violating the maximum cardinality constraints set on
exactly one physician, deletion of the relationship violates thestudy, the relationship is inserted to teudy relationship
database integrity, and must invoke propagation of the deletype. Sincestudy is non-binary, an auxiliary method,

tion to the related visit. In order to avoid or terminate thestudy.make_consistent {study.physician : p,
propagation, the user might decideNollify the Physician study.profession: f, study.school: s} ) should be applied.
entity in thetreating relationship of that visit. Assume, for example, that there are no ostedy relation-
ships with the physician p and the school s. Then, one such
Integrity Methods of Relationship Types study relationship is still missing (there should be at least 2,

The operations amnnect, disconnegtandreconnect and at most 3). Then the user can be asked to choose among
The connect operation inserts a new relationship between Reject, Nullify, Connector Schema revision If Nullify is
existing entities, thdisconnectoperation deletes a relation- chosen, then a new null entity is inserted toRhefession
ship, and theeconnect operation replaces an entity in a entity type, and connected to the entities p and s to yield a new
relationship. Our policy is to restrict thennectanddiscon- study relationship. IfConnectis chosen, an existing or a new
nect operations so that they do not propagate outside thérofessionentity is connected to p and s to yield a iséuwrdy
relationship type under consideration. If they violate therelationship. If thérofessionentity is new, it should also be
integrity of the related entities (for binary relationship types made consistent (by invokirgrofession.make_consistent
only) they are rejected, and can be replaced by other operan it).
tions, such asreconnect or integrity_insert or
integrity _delete. Thereconnectoperation, on the other hand, II. The Disconnect Method
can propagate to the related entity types, when an entity ina  The disconnect method for a relationship type symbol R,
relationship is replaced by a new entity. This propagationand a legal relationship r = { RNe, ..., RN : ¢ } for R in
cannot be avoided, since the database integrity might block tha database instance D, involves the following operations: If r

independent insertion of the new entity. exists in R, and if the deletion of the relationship does not
violate minimum cardinality constraints set on the participat-
I. The Connect Method ing entity types in R (possible only if R is binary), then the
The connectmethod for a relationship type symbol R, relationship is disconnected, and the effect is propagated to
and a legal relationshipr={RNe , ..., RN : e }forRin other relationships in'Rif needed. The method should treat

a database instance D, involves the following operations: If ifferently binary relationship types and non-binary ones. For
does not already exist inPRand if all entities ei (¥i<n) a binary R, preserving the integrity of its cardinality con-
already exist, the new relationship is tested not to violate thestraints might require deletion of the related entities (since the
cardinality constraints set on R. If the test succeeds, the newonstraints are imposed on the related entities). We feel that in

relationship is inserted toPR such cases, itis more reasonable to start with the deletion of the
Example: related entities and not with their relationship. Hence, viola-
Consider the EER schema from Figure 1. In order totion of the cardinality constraints for a binary R leads to

connect aPhysician entity p to aVisit entity v, rejection. For a non-binary R, violation of its cardinality

treating.connec{ {treating.physician: p,treating.visit : v} constraints might require reconnection or disconnection of
) is applied {reating.physician andtreating.visit are the  other relationships in'Ris applied to every selection of n-1
schema provided role names for tineating relationship  entities from r, to see whether they still meet the minimum
type). If both entities do exist in the database instance, and cazardinality specified for the n-th entity type symbol.
be connected without violating the maximum cardinality Example:
constraints set otneating, the relationship is inserted to the Consider the EER schema from Figure 1. In order to
treating relationship type. Note that the maximum constraint disconnect thé&reating relationship {reating.physician: p,
on thevisit entity v is 1. That means that for the connection totreating.visit : v}, the methodtreating.disconnec{
be performed, v must have been inconsistent prior to thdtreating.physician: p,treating.visit : v} ) is applied. If the
connection. This can be the case, for example, if the currentisit entity is maximally consistent(i.e., vis related only to the
treating.connect operation was invoked from within Physicianentity p), thedisconnectshould be rejected, since
Visit.integrity _insert (Patient.ID : p123, date : 3.1.98), as- itviolates the minimum cardinality constraints seVasit. In
suming thatv is identified by the key val&®aient.ID : p123, any case, sincereating is binary, no further updates are
date : 3.1.98). No further updates are invoked dieeing invoked.
is binary. In order to disconnect thetudy relationship

In order to connect@hysicianentity p to @rofession { study.physician: p,study.profession: f, study.school: s},
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the methodstudy.disconnec{ {study.physician : p, name RN in R (given by R.E_of RN). First, it is checked
study.profession: f, study.school: s} ) is applied. First, the whether A : v identifies an already existing entity in
relationship should be deleted from thteidy relationship  (R.E_of RN?Y. In that case, if this entity can be connected to

type. Sincestudy is non-binary, an auxiliary method the entities g, ..., € to form a new relationship r" inRr’ is
inserted to R. If not, the user is asked to replace A : v by
study.make_deleted_relationship_consistent another legal key value. If A : v does not identify an entity in

(study.physician: p,study.profession: f, study.school s) (R.E_of _RNY, anew entity with the key value A : visinserted
to (R.E_of RNY, the new relationship is inserted t8,Rnd

should be applied. Assume, for example, that prior to thethe effect of the entity insertion is propagated in D.
disconnection, there were exactly two study relationships with Example:
the physician p and the school s. Then, following the discon- Consider the EER schema from Figure 1. In order to
nection, one such relationship is missing. The user can beeconnect théreating relationship freating.physician : p,
asked to choose amoiReject, Nullify, Connect, Discon-  treating.visit : v}, to a new physician, identified by the key
nect, orSchema revisionlf Nullify is chosen, thenanewnull value license_no : ph567&f Physician, the method
entity is inserted to the Profession entity type, and connectetreating.reconnec{ {treating.physician: p,treating.visit :
to the entities p and s instead of shedy relationship thatwas v}, treating.physician, license_no : ph5678is applied. If v
just deleted. IfConnect is chosen, an existing or a new isthe only visit of the physician entity p, then after the deletion
Professionentity is connected to p and s to yield a séwdy of {treating.physician : p, treating.visit : v }, p becomes
relationship. If thé’rofessionentity is new, it should also be inconsistent as it must have at least one visit. The user can be
made consistent (by invokirgrofession.make_consistent  asked to compensate for the misdirgting relationship of
on it). If Disconnectis chosen, then the remainistudy p either by connecting it to\ésit entity (a new one — real or
relationship with physician p and school s, is disconnected. lhull, or an already existing one), or by deleting p. After that,
Schema revisionis chosen, then the minimum bound on the the physician p’, identified by the license number ph5678 can
study.professionrole of thestudy relationship type is de- be inserted téhysician (if it is not already there), the new

creased (from 2 to 1). treating relationship {reating.physician: p’,treating.visit
: v } can be connected, and p’ should also be made consistent
[ll. The Reconnect Method if it is new.
This operation stands fordisconnectoperation that is In order to reconnect thetudy relationship

followed by aconnectoperation. However, under the integrity { study.physician: p,study.profession: f, study.school: s},
preservation policyreconnectis essential since otherwise, to a new physician, identified by the key valioense no :
there would be no way to reconnect a relationship that includeph5678of Physician, study.reconnedt{study.physician:
an entity with mandatory participation, and participates in nop, study.profession: f, study.school: s}, study.physician
other relationship. For example, if Fred is an employee thaticense_no : ph5678is applied. Sincetudy is non-binary,
moves from the Eye-Department to the Internal-Departmentthe deletion of the relationshipsfudy.physician : p,
disconnecting the (Fred, Eye-Department) relationship is restudy.profession: f, study.school: s} does not affect any
jected due to the mandatory participatioftofployeein the entity inconsistency. Then the physician p’, identified by the
works-for relationship type. Hence, the move cannot belicense numbeph5678is inserted tdPhysician (if it is not
achieved as a sequencedafconnectandconnect already there), the nestudy relationship §tudy.physician:
Thereconnectmethod for a relationship type symbol R, p’, study.profession: f, study.school: s} can be connected,
accepts three parameters: A legal relationship for R in aand p’ should also be made consistent if it is new. Situwky
database instance D, a role name RN for R, and a legal keig non-binary, the effect of the deletstlidy relationship
value A : v for the super entity type symbol identified by RN should also propagate to the rest ofshely relationships.
in R given by R.E_of RN, with respect to D. For simplicity,
we denote the relationshipr={RN:e,RN ,...,RN: g Consistency preserving property of the integrity methods:
}, where RN is the role name whose entity e should bereplaced  The integrity methods suggested in this paper are valu-
by the new entity that is identified by A : v. Thezonnect able since they can preserve the integrity of a consistent
method involves the following operations: If r exists hahd database instance. That is, if D is a consistent data base
if the deletion of the relationship does not violate minimum instance of an EER schema ER, and D’ results from D by the
cardinality constraints on the replaced entity e (possible onlyapplication of an integrity method, then D’ is@nsistent up
if R is binary), then the relationship is disconnected, the effecto null entitiesinstance of ER. That is, D’ satisfies all key,
is propagated to other relationships i) &d if the insertion  relationship construct and sub-typing constraints, and all
of the new relationship does not violate maximum cardinality cardinality constraints set on real entities. If D’ includes no
constraints set on R, the relationship is reconnected. This lastull entities, then it is a consistent instance of ER.
test refers to the super entity type symbol identified by the role
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