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Abstract

Multiple inheritance has been repeatedly identi�ed as an important object�oriented modeling con�

struct for advanced applications�Today most emerging standards such as ODMG object model and

UML have some support for multiple inheritance� However� no relevant work has been done on

schema evolution of an object model that has multiple inheritance� In this paper� we present a formal

representation for ODMG schemas in terms of so�called schema graphs� which o�ers a formal basis

for the study of schema evolution� Moreover� we analyze the evolution taxonomy for object oriented

models in terms of multiple inheritance� Schema evolution is concerned with the study of schema

changes and how they may a�ect other parts of the database� Thereby� we de�ne the semantics of

each schema change by explaining its impact on the rest of the schema� instances and methods� We

provide a comprehensive pre�conditions solution in order to maintain schema consistency� In this

direction we achieve the notion of a proper schema graph� a restricted form of schema graph obtained

by introducing certains constraints in order to specify a consistent ODMG schema�

Keywords� Schema Evolution� Object Oriented Data Models� ODMG� Schema Graph�

� Introduction

Multiple inheritance has been repeatedly identi�ed as an important object�oriented modeling construct
for advanced applications� Moreover� databases and software systems have complex structures which are
likely to continually undergo changes during their lifetime� This is certainly true for OODBs� which have
been mainly developed to model highly dynamic applications scenarios where not only the data� but also
their structure �i�e� schema� is subject to change� Today most emerging standards such as ODMG object
model and UML have some support for multiple inheritance� However� no relevant work has been done
on schema evolution of an object model that has multiple inheritance� In this paper� we present the
schema evolution taxonomy for object oriented models with multiple inheritance�

Schema evolution is usually applied due to two reasons� �i� as the result of a bad schema design
involving the removing of anomalies and redundancies in the schema� or �ii� because the domain being
modelled is evolving� These reasons produce schema modi�cations of structural nature� Most object�
oriented database systems �OODBS� today support some form of re�structuring support via schema
evolution �	
� 	�� 
� 	�� �
� However� this existing support of OODBs is limited to individual types only�
More complex changes� such as combining two types or rede�ning the relationship between two types�
are either very di�cult or even impossible to achieve with current commercial database technology�
In fact� most OODBs would typically requiere the user to write ad�hoc programs to accomplish such
transformations� In the last few years� research has begun to look into this issue of complex changes
�	� �� �
� Nevertheless� this work is again limited by providing a set of evolution operations that work
only on single inheritance hierachies� To address this limitation� in this paper� we analyse and address
the repercussions of considering multiple inheritance on an object model on the existing taxonomy of
schema evolution primitives�



Our development is based on the ODMG standard �		
 which today is the only source for a reliable
basis to develop open OODB applications� The ODMG standard de�nes an object model which supports
the core features of an object data model in terms of the basic concepts such as object� object identity�
class and multiple hierarchy�

Peters and Ozsu �	�
 have introduced a sound axiomatic model to formalize and compare schema
evolution modules of OODBs� We utilize their notations with our extensions for the description of our
invariants and primitives�

In summary� the contributions of this paper are� �i� We characterize the consistency problems that
arise from the use of the existing evolution primitives on ODMG considering multiple inheritance� �ii�
We provide a solution based on pre�conditions for maintaining consistency while providing evolution� and
�iii� Schema evolution is concerned with the study of schema changes and how they may a�ect other
parts of the database� Thereby� we de�ne the semantics of each ODMG schema change by explaining its
impact on the rest of the schema� instances and methods�

The remainder of the paper is organized as follows� Section � presents a brief description for ODMG
schemas� In Section � we give a formalization of ODMG in terms of a schema graph� In Section 
 we
show the notion of consistent schema evolution for ODMG� Section � presents the di�erent structural
schema changes and de�nes the semantics of ODMG schema changes by explaining its impact on the rest
of the schema� instances and methods� Section � concludes the paper giving some �nal remarks�

� ODMG Standard� The Object Model

This section brie�y presents the main features of ODMG Data Model� The ODMG �Object Database
Management Group� Data Model �		
 is an extension of the OMG Data Model ��
� This model proposes
a standard for object�oriented databases� It provides the basis for product�independent interfaces and
thus portable applications�
A complete de�nition of ODMG� and a discussion of its features� may be found in �	�� 		
�

Objects� The term object comprises both literals and mutable objects� Literals are immutable� i�e�
their contents cannot be changed� �Mutable� Objects are identi�ed by an object identi�er �oid� and their
attribute values can be modi�ed� The domain of an object identi�er is the database in which the object
exists� In the reminder we use value as synonym for immutable object and object as synonym for mutable
object�

Types� Types specify structure and behavior of an object� �Same as the abstract data type concept
in programming languages�� Structure is de�ned as a set of properties� behavior is de�ned as a set of
operations� A type has one interface and one or more implementations� The interface de�nes the external
interface supported by instances of the type �their properties and the operations�� An implementation�
de�nes data structures in terms of which instances of the type are physically represented and the methods
that operates on those data structures to support the externally visible state and behavior de�ned in the
interface� The types are organized in a type lattice� Each type inherits structure and behavior from all
its supertypes� The extension of a type is the set of all objects of the type� The type of an object is
determined at creation time� i�e� each object is a direct instance of exactly one type� and at the same
type indirect instance of all its supertypes� A key �attributes� can be de�ned in a type to specify the
unicity of an attribute group in the extension� it provides a surrogate for alternative object identity�

Classes� Classes implement a type and have an extension� Although the interfaces are the same for
all instances of a type� the implementations may di�er� Classes can be organized hierarchically by
specialization� Each object created in a class has the type which is implemented by this class� It belongs
to the extension of its creation class and to each extension of the creation class� superclasses� �When we
don�t need to distinguish between the type and a class of a type we will refer generically as class��



Properties� Two kinds of property are de�ned in the model � attribute and relationship� Attributes
de�ne the structure �or state� of an object type� Attributes can be marked as keys to provide a sur�
rogate for alternative object identity� keys specify the unicity of an attribute group in the extension�
Relationships are de�ned between two mutable object type with the ability to de�ne 	�	� 	�M� and
M�N cardinalities for them� guaranteeing referential integrity� Relationships themselves have no names�
Instead� named traversal paths are de�ned for each direction of traversal�

Operations� They de�ne object behavior� For each operation� an operation signature is included in the
object type de�nition by the type programmer� The signature includes the argument names and types�
exceptions potentially raised� and types of the values returned� if any� Operations are always de�ned on
a single object type� Operation names need be unique only within a single type de�nition� They are
implemented in a target language for which an ODMG mapping is de�ned� e�g� C���

Schemas� Schemas consist of a set of classes� whose extents are stored in a single database� and the
relationships between them� The schema de�nes the contents and structure of the database�

Inheritance� Types may be organized into a graph of subtypes and supertypes� A subtype inherits all
of the characteristics of its supertypes� It may also de�ne additional characteristics that apply only to
its instances� The intention is that an instance of a subtype may be treated like an instance of each of its
supertypes� An instance of the subtype supports all of the state and behavior of the supertype as well as
new state and�or behavior unique to is more specialized nature� The subtypes may extend or rede�ne the
properties de�ned by its supertypes� Multiple inheritance is supported� This raises the possibility that
a type will inherit characteristics that have the same name �but di�erent semantics� from two di�erent
supertypes� This form of name con�ict is handled by requiring the inheriting type to rede�ne the name
of one of the inherited characteristics�

� Formalizing ODMG

This section presents a formal representation for ODMG schemas� called Schema Graph� We also present
a restricted form of it� called Proper Schema� obtained by the introduction of additional constraints to a
schema graph in order to specify a consistent ODMG�Schema� We conclude this section showing a formal
representation for methods and instances�

��� Schema De�nition

A Schema Graph is a labelled directed graph that captures the inheritance hierarchies and relationships of
a schema� It has two kinds of vertices �classes and immutable types� and two kinds of edges �specialization
and relationship edges�� A specialization edge is unlabelled and represents an inheritance relationship
between two classes� Relationship edges are labelled and represent the properties of a class �attribute
edges� or a semantic relation between classes�

De�nition ��� �Schema Graph� A Schema Graph is a quadruple given by G � �V�E� S�K� where

� V is a �nite set of vertices V � C � TI � where C is a set of mutable types� also called classes� and
TI is a set of immutable types�

� E is a �nite set of relationship and attribute edges� E � ER�EA� where ER is the set of relationship
edges� ER � C �LE �LE �C� and EA is the set of attribute edges� EA � C �LE � V � with LE a
�nite set of edge labels� each described by a character string�

� S is a �nite set of specialization edges� S � C � C�

� K is a function which associates cardinality constraints to relationship edges and attributes edges�
K � KR �KA� where KR � ER � f�	� 	
� �	� N 
� �N� 	
� �N�N 
g� and KA � EA � f�	
� �N 
g�



Given a schema graph G � �V�E� S�K� we use the following notational conventions� p
a
��� q denotes

a generic edge e � E �this notation will be used in those cases where it does not matter whether e is a

relationship or an attribute edge�� p
a
�� q with a 	 ��� �� denotes a relationship edge �p� �� �� q� � ER�

p
a
� q denotes an attribute edge �p� a� q� � EA� and p �
 q denotes a specialization edge s � S� such

that p is a specialization of q�
The graphical representation use the following conventions� classes are represented by boxes with its

name inside of the box� inheritance is represented by arrows� Each arrow connecting two classes starts at
the subclass and ends at the superclass� Attributes are speci�ed by arrows from the class to the attribute�s
domain with the attribute name on the arrow� Relationships are represented by double�directed arrows�
The cardinality permitted by the relationship type is indicated by the following arrows� �� one�to�one�
��� one�to�many and ���� many�to�many�

Not every arbitrary schema graph speci�es a valid ODMG schema� The following restrictions are
requiered to hold�

De�nition ��� �Proper Schema� A schema graph G � �V�E� S�K� is a proper schema i� it satis�es�

�� Uniqueness in the context of a class� The occurrence of a relationship or attribute in the context of
a class is unique� In other words� the labels of the edges that incide a class must be unique� That

is� for every p � C� q� r � V � p
a
��� q and p

a
��� r implies q 	 r�

�� Acyclicity of subtyping� Class specializations are acyclic�

p �
 r� �
 � � � ri �
 � � � ri�� �
 q implies q ��
 p�

	� Monotonicity of Inheritance� Specialization is preserved along equal attributes
relationships� That
is� if r is a specialization of p� and on p and r holds certain attribute
relationship with q and s

respectively� then s is a specialization of q and the attribute
relationship between r and s is at least
as speci�c as the one between p and q�

p
a
��� q� r

a
��� s and r �
 p implies s �
 q and K�r

a
��� s� � K�p

a
��� q�

being � the standard ordering between natural numbers�

The two kinds of edges of a schema graph induce two kinds of reachability relations� First� we de�ne an
inheritance reachability relation to connect sub� and superclasses in a schema graph�

De�nition ��� Let G � �V�E� S�K� be a proper schema graph� We denote by
�
�
� the transitive closure

of the specialization relation�

The
�
�
 relation can be used to compute� for a given class� the set of its sub� and superclasses�

De�nition ��	 Let G � �V�E� S�K� be a proper schema graph� We denote by
�
��� the transitive closure

of the relationship relation�

De�nition ��
 Let G � �V�E� S�K� be a proper schema graph� Between two classes p and q holds an

inherited relationship� denoted by 

�� if there exist w�w� � C such that p
�
�
 w� w

�
�� w� and

w�
�
�� q�

The concept of a path in a schema graph can now be naturally de�ned from the above notion of
reachability�

De�nition ��� �Path� Let G � �V�E� S�K� be a proper schema graph� For every u� v � V � we say that
there is a path between u and v� denoted by u� v� if one of the following cases holds�

�� u� v � C and u
�
�
 v�



�� u� v � C and u
�
�� v�

	� u� v � C and u

� v�

�� u� v � V � and �p � C such that p� u and p� v�

�� u� v � V � and �p � C such that u� p and p� v�


� u � C� v � V � and u� v

�� u � V � v � C and v � u

Note� however� that for two given vertices there may be more than one path�

��� Instance De�nition

The instance of a schema consists of a set of interrelated objects� which are collected into classes� Con�
sequently� we model instance by a triple I � �O�Eo�M�� where O is a set of objects� Eo is a set of
object�relationships and M � O � C is a mapping which partitions the set of objects into classes�

De�nition ��� �Extension of a class� The extension of a class p is the set of objects which belong to
all the subclasses of p �included p��

Ext�p� �� fo � O jM�o�
�

�
 pg

De�nition ��
 �Direct Extension of a class� The direct extension of a class p is the set of objects
which belong to p�

DExt�p� �� fo � O jM�o� � pg

Lemma ��� For every o � O and p� q � C� if M�o� � p and o � Ext�q� then p
�

�
 q�

As next we formalize the relationship between instance and schema �we use similar abbreviations and
notational conventions to the ones used at the schema level��

De�nition ��� �Instance satisfying a Schema� Let G � �V�E� S�K� be a proper schema� O a set
of objects and EO � O � LE � O a set of object�relationships� An instance I � �O�EO �M� satis�es the
schema G i�

�� Relationship for each object�relationship

�a� � op� oq � O� op
a
��� oq implies � p� q � C� such that op � Ext�p� and oq � Ext�q� and p

a
���

q�

�b� � p�q � C� p
a
��� q� � op� oq � O� op � Ext�p� and oq � Ext�q� implies op

a
��� oq�

�� Cardinality constraint � op� oq� oq� � O� � p�q � C� p
a
��� q with K� p

a
��� q� � �N����

if op
a
��� oq and op

a
��� oq� � then oq 	 oq� �

� Schema Consistency

The result of a schema change should be a new schema without inconsistencies� However� the evolution of
a schema may produce various inconsistencies in other parts of the database� There are two fundamental
problems to consider� namely structural and behavioral consistency ��
� Structural consistency guarantees
the correctness of the performed schema changes and re�ects their impact on the instances of the database�
Behavioral consistency refers to the impact of schema changes on existing programs� i�e� each method
must continue to respect its signature and its code must not result in run�time errors or unexpected



results� Since behavioral consistency is beyond the scope of this work� we will provide only a restricted
support for operation modi�cations� namely only changes in name and signature� Even though� we can
identify the operations a�ected by a schema modi�cation and generate hints for code that should be
modi�ed by hand� Those operations that may produce unexpected results after a schema modi�cation
shall be marked as potentially invalid and the user warned about this�

The traditional approach to the structural consistency problem is to de�ne a number of constraints�
called invariants� that need to be preserved by the schema modi�cations in order to ensure the consistency
of the resulting schema� Following �	�
� a consistent schema is a directed acyclic graph class structure
that satis�es the uniqueness of property de�nitions in the context of a class �acyclicity invariant� distinct
name invariant and domain compatibility invariant� in other words� monotonicity of inheritance extended
to attributes�� The inheritance process is constrained by a set of invariants �same origin invariant and
multiple inheritance invariant�� In addition� all attributes� relationships and methods must make reference
to classes which actually exist �referential integrity invariant��
Schema invariants must hold in every state of the database� Rather than checking schema consistency
after performing a schema change� a set of preconditions should be de�ned for each modi�cation in order
to ensure schema consistency preservation�

One could expect that the semantics of structural modi�cations should be independent of the chosen
implementation method� Unfortunately� for much of the work in the area of schema evolution this is not
the case� since there is no uni�ed semantics for modi�cations� As mentioned in ��
� there are� in general�
many possible interpretations of a particular schema modi�cation� For example� in an object�oriented
data model supporting optional attributes� suppose that we change an attribute of a class from being
optional to become required� There are a number of ways in which such schema modi�cation may be
re�ected at the instance level� we could insert a default value for the attribute wherever it is omitted� or
we could simply delete any object from the class for which the attribute is missing� The set of invariants
that de�ne a consistent schema thus provides a basis for a semantics of schema speci�cations� This shows
that in addition to having a set of invariants for de�ning when a schema is consistent� one needs a precise
de�nition of the semantics of each basic schema change at the three levels� schema� method� and instance
level�

At the instance level� instances populating the extension of a class have to correspond to the actual
class de�nition� Hence� whenever a schema modi�cation occurs� the instances in the database have to
re�ect such change� There are four instance operations associated with schema evolution� creation�
derivation� modi�cation and deletion ��
� New instances can be created or derived from old ones�
Derivation requires a source� a destination� and a derivation rule� The source identi�es the class location
of the old instance� while the destination the class location of the new instance� The derivation rule is a
function to be applied to the old values to compute the new ones� Modi�cation is similar to derivation� but
source and destination are the same and the instances preserve their object identity �Oid�� In most cases
of schema evolution� instances must retain their identity� This is necessary� e�g�� to preserve relationship
integrity� But there are also changes in which the user might decide that identity preservation no longer
applies� For instance� in the partition of a class into two new classes� each instance must be split into
two� neither of them retaining the same identity as the original one� but both derived from it by applying
di�erent derivation rules�

� ODMG Structural Schema Modi�cations

In general� structural modi�cations of an object�oriented database are grouped into two types� �i� changes
to a class� and �ii� changes to the class lattice� Changes to a class consist of changes to its properties�
such as changing the name or domain of an attribute� adding or dropping an attribute or method� etc�
Changes to the class lattice includes e�g� adding or dropping a class� and changing the superclass�subclass
relationship between a pair of classes�

Structural modi�cations can also be categorized according to their results �	�� �
� When changes imply
a re�building of the schema due to the use of di�erent constructs to represent the same information� we
talk about pure structural changes or capacity preserving changes� For example� when an attribute is
moved to another class or a class is renamed� On the other hand� changes may imply loss or addition



	� Changes to a class�

�a� Rename a class� its attributes� relationships or operations� �P�

�b� Add a new attribute� relationship or operation� �A�

�c� Remove an existing attribute� relationship or operation��R�

�� Changes to the class lattice�

�a� Add a new class� �A�

�b� Remove an existing class� �R�

�c� Add a specialization edge� �P�

�d� Remove a specialization edge� �P�

Figure 	� A Taxonomy of Schema Changes�

of information capacity� e�g� when removing an attribute from a class or adding a new one� respectively�
When modi�cations imply a loss of information capacity we talk about capacity reducing changes� whereas
in the opposite case we talk about capacity augmenting changes� In Figure	� we give an account of a
comprehensive set of schema changes for ODMG related with their action on information capacity where
�A� indicates a capacity augmenting change� �R� indicates a capacity reducing change and �P� indicates
a capacity preserving change�

Due to space limitations� in the following we only present some examples of ODMG Schema Evolu�
tion�The speci�cation of the complete structural schema changes can be found in �	�
�

Add a specialization edge This modi�cation adds an inheritance edge between two classes� It is
annotated as an information augmenting change�

Preconditions� The involved classes must already exist� The new specialization edge must not induce
a cycle in the inheritance graph �Def� ��� Acyclicity of subtyping��

Schema� The properties provided by the new superclass �either inherited or locally de�ned� are prop�
agated to all its subclasses� the same rede�nitions errors as those presented for the addition of properties
may arise here� For example� by the creation of an specialization edge from a class p to a superclass q� if
the class p has an attribute whose name already exists in q� then the domain compatibility invariant would
be violated unless the attribute corresponds to a specialization of the inherited one� Moreover� name con�
�icts may occur� A name con�ict occurs when a subclass already inherits a property with the same name
but coming from a di�erent superclass� This is illustrated in Figure �� The initial schema shows a class
MobilHome that inherits the attributes stay and circulate from the class CarExc� The addition of the spe�
cialization edge from MobilHome to the class BicycleExc produces a multiple inheritance con�ict between
the two attributes BicycleExc�stay and CarExc�stay� By the monotonicity of inheritance �Def� ������ the
class MobilHome inherits both attributes stay from each of its superclasses �CarExc and BicycleExc�� but�
in order to maintain the structural consistency of the schema� the user is induced to include a rede�nition
of one of the con�icting attributes� e�g� �MobilHome�hotel rede�nes BicycleExc�stay��

The attributes circulate from classes BicycleExc and CarExc do not present any con�ict as both at�
tributes have a common origin� namely Excursion�circulate� So� in this case the most specialized attribute
is inherited� i�e� BicycleExc�circulate�

Instances� At the instance level the impact of adding a specialization edge is reduced to the addition of
a set of properties� which leads to an instance modi�cation operation� Default values must be provided by
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Figure �� Addition of an specialization edge�

the user for the inherited attributes which are not rede�ned in the subclass� The propagation is stopped
in case of locally rede�nition of a property�

Methods� At the method level� this modi�cation may induce a change of behavior in inherited methods
that use rede�ned attributes� These methods are given to the user for manual modi�cation�

Remove a specialization edge This modi�cation removes the inheritance edge between two classes�
Since some inherited attributtes may be lost from the specialized subclass it is annotated as an information
reducing change�

Preconditions� The specialization edge must exist�

Schema� Removing a superclass reference from a class p might lead to inconsistencies in the schema
since somewhere in the schema the class p could be used as rede�nition domain of some attribute� This
kind of error is illustrated in Figure �� Suppose that the specialization edge between SecondaryRoad and
Road is removed� This leads to a domain compatibility invariant violation in the class BicycleExc since
the rede�nition of the circulate attribute is no longer valid� By default the system will remove such
attributes�

 BicycleExc

   circulate

   circulate

ExcursionRoad

SecondaryRoad

Road

SecondaryRoad

Figure �� Con�ict when removing a specialization edge�

Instances� At the instance level the impact of removing a specialization edge is reduced to the removal
of a set of properties� The propagation is stopped in case of locally rede�nition of a property or because
they are still inherited through an alternative path�

Methods� This modi�cation induces the removal of methods that use attributes that were inherited
through the removed specialization edge�



Add a new attribute� relationship or operation The addition of a new attribute� relationship or
operation x to an already existent class p� is an information augmenting change�

Preconditions� Since the same rules apply for the addition of both an attribute and a relationship
we use here the generic term �property� to refer to both� Obviously� the property or operation to be
added must have a distinct name� since we must preserve the uniqueness of properties and operations
�Def� ����	�� Moreover� in case that the new property rede�nes an inherited one� the monotonicity of
inheritance �Def� ������ needs to be maintained� This means that the new property must be a special�
ization of the inherited one� The same invariant must be maintained in all subclasses of the class where
the new property is being added� i�e�� properties locally de�ned must be specializations of the new one�
�A relationship is more specialized than another if its cardinality is more restrictive than the one of the
other�� Figure 
 illustrates cases of valid and invalid additions of an attribute�

(a)

(b)

CaravanExc BicycleExc

Excursion

Road

 Invalid addition of
  circulate

to Excursion

   circulate
FirstRoad

  circulate
to Excursion

 Road

SecondaryRoad

   circulate

 SecondaryRoadRoad

   circulate    circulate

 Valid addition of

CaravanExc BicycleExc

   Excursion

 SecondaryRoad 

   circulate

CaravanExc BicycleExc

Excursion

 SecondaryRoad Road

   circulate    circulateInitial Schema

SecondaryRoad FirstRoad

 Road

   circulate

Figure 
� Addition of a new property�

The initial schema of Figure 
 shows a categorization of Excursions into CaravanExc and BicycleExc�
Both have an attribute circulate which indicates the kind of road they can circulate� Roads in turn are
categorized into SecondaryRoad� and FirstRoad� CaravanExc can circulate by all kind of roads whereas
BicycleExc can circulate only by SecondaryRoad� The addition of an attribute circulate with domain Road

to the class Excursion �Fig� 
�a� satis�es the domain compatibility invariant since it is a generalization
of both attributes circulate from classes CaravanExc and BicycleExc� On the contrary� the addition of
an attribute circulate with domain FirstRoad to the class Excursion �Fig� 
�b� leads to a downward
rede�nition error �since the FirstRoad class is neither a superclass of Road or SecondaryRoad�� The same
situation may occur by the addition of a relationship in relation to its cardinality� The addition of a new
attribute� relationship or operation must verify uniqueness of name in context of a class and existence of
its parameter types �referential integrity��

Schema� This modi�cation has no impact on the rest of the schema�

Instances� This modi�cation leads to an instance modi�cation operation� Adding an attribute to a class
implies its addition to all instances of the class and its propagation to all subclasses� Such propagation
is stopped in case of a locally rede�nition of the attribute because a local property overrides inherited
ones� Because null values are not allowed in ODMG� the addition of an attribute to a class must be
accompanied by a default value for that attribute� The addition of a relationship or an operation has not
impact on the instance level�



Methods� The addition of a new class� property or operation to a class presents no impact on methods
when there is no inherited property with the same name in that class� Otherwise� all methods referring
to the inherited property are marked in order to warn the developer since the modi�cation may have
changed the behavior of the method� However� there may be also some other kind of methods� for example
a method that �prints all attributes of a class�� which need to be modi�ed� One possible solution is to
provide the user with a list of methods associated to the modi�ed class and let her�him decide which
methods require manual adaptation�

Remove an existing property or operation This modi�cation deletes a property or operation from
a class� Obviously� it is annotated as an information reducing change�

Preconditions� The remove of a property or an operation x from a class p� may only be performed on

the class that de�ne them� p � C and �q � p
x
��� q or x � Op�p�

Schema� This modi�cation may produce a rename of a rede�ned inherited property in cases of multiple
inheritance con�icts�

Instances� Removing an attribute from a class implies an instance modi�cation operation� The re�
moved attribute must be deleted from all instances of the class� The remove operation is propagated to
all subclasses until a subclass has the same attribute locally de�ned� Removing a relationship implies the
deletion of all object�relationships from it� Removing an operation has not impact on the instance level�

Methods� All methods referring directly or indirectly to the removed property or operation are also
removed� If there is an inherited property replacing the removed one� then the modi�cation may only
produce a change in the behavior of the method� In this case the validity of the method must be con�rmed
by the user�

� Final Remarks

In this work we have addressed the issue of schema evolution in case of multiple inheritance� Within
this context we have analyzed the most relevant e�ects of schema evolution operations on other elements
of the object model� We propose a schema graph formalization of ODMG in order to specify schema
consistency of schema evolution operations in terms of pre�conditions� We have already developped a
prototype that automatically transforms from ODL schemas to Schema Graphs and vice�versa� We are
currently working in an implementation of the taxonomy of schema evolution operations considering the
multiple inheritance with pre�conditions as proposed in this work�
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