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Abstract

The federation of heterogeneous database systems is still a challenge for the database
system research. A main topic in federated database systems is the process of overcoming
the heterogeneity of component schemata and the process of deriving heterogeneous ex-
ternal schemata for global applications. Semantically rich data models increase the com-
plexity of managing heterogeneity. In this paper heterogeneity of component schemata
is overcome by homogenizing operations in a semantically poor data model. Heteroge-
neous external schemata can be derived from the federated schema by heterogenizing
operations which are inverse to the homogenizing operations. Due to the homogenizing
by decomposing of classes and heterogenizing by composing of classes, flexible schema
transformations and integration is possible.

Keywords: federated database design, generic integration model, homogenizing, het-
erogenizing
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Chapter 1

Introduction

In many large organizations, different legacy data management systems are main-
tained and operated. These data management systems and the data managed by them
have developed independently from each other. The data management systems are often
database management systems or merely file-based systems differing in several aspects
such as data model, query language, system architecture, etc. as well as the structure
and semantics of the data managed. In this context the term ‘heterogeneity of the data
management systems’ is commonly used. As a rule, applications for specific needs con-
tinue to be based on such systems. More recent applications often require access to
the distributed databases but their implementation fails due to heterogeneity. Federated
database management systems (FDBMS) are designed to overcome this problem. The
need for FDBMS and its architecture is explained in greater detail in [SL90]. FDBS’s
integrate data of legacy DBMS’s only virtually, that is ‘only’ the local schemata are in-
tegrated. In an FBDS different kinds of schemata have to be maintained and structured
thus forming the schema architecture proposed in [SLI0]:

1. Local schemata are the schemata provided by the existing local databases and are
based on specific data models.

2. Component schemata are the local schemata which are transformed into the data
model of the federated schema. On this level the data model heterogeneity is
overcome.

3. The distinction between the data allowed to be federated and that which is not
allowed to be federated, is defined by ezxport schemata. Only exported schema
elements and their data are accessible by the federation layer.

4. The federated schema represents the central, homogeneous schema and is generated
by an integration process of the export schemata.

5. The external schemata serve as specific interfaces for global applications. A specific
interface is a schema which represents either a specific view or a federated schema
which is based on a specific data model or a combination of both.



Mapping information needed for schema transformations, integration and auxiliary in-
formation has to be stored in a global DBMS.

An FDBS has to deal with the existing heterogeneity of the component DBS’s and
has to support heterogeneity on the global level. Heterogeneity on the global level is
caused by different views of global applications. Local heterogeneity is overcome by the
integration process resulting in the federated schema. Global heterogeneity is achieved by
mapping from the federated schema. We shall henceforth refer to the transformation to
heterogeneous, external schemata as heterogenizing. In order to move a local application
to global level, the FDBS has to enable the creation of an external schema which is
equivalent to the local schema.

[Sch95] proposes the use of a semantically poor data model in the form of a canonical
data model instead of a semantically rich data model, e.g. an object-oriented data
model such as in [PBE95, Hiar94, RBB195, TS93, BFHK94, CL94, GCS95, KKM93].
This suggestion is adopted here. The homogenizing and heterogenizing operations are
based on the semantically poor data model GIM introduced in [Sch95] and formally
defined in [SS96b]. In [SS96a, SS96¢| a more detailed description of integrating different
inheritance trees using GIM is given. The managing of integrity constraints in an FDBS
is explained in [CHJ*96].

This work introduces and explains different operations to homogenize heterogeneous
schemata into a federated schema and then in turn to heterogenize it into external
schemata.

The next chapter gives some fundamental principles of the proposed approach. In
Chapter 3 the homogenizing operations and in Chapter 4 the heterogenizing operations
will be described. Finally, Chapter 5 concludes by summing up and giving a short
outlook to the possible future developments in the area.
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Chapter 2

Heterogeneity in FDBS

The heterogeneity can be classified into three different levels:

e data model;
e schema;
e data.

This work focuses on schema heterogeneity. Unfortunately, the heterogeneity of the
schema level is dependent on the heterogeneity of the data model level. In [Kim95, SP91,
Dup94| different classifications of schema conflicts dependent on different data models
are proposed. Semantically rich data models cause more heterogeneity on the schema
level than semantically poor data models. This heterogeneity on schema level in turn
increases the complexity of the integration process. On the other hand, an FDBS has
to support such semantically rich data models. The author believes that a semantically
rich data model is only suitable to represent the specific view of an application instead
of representing the conceptual schema of a DBMS in accordance with the three-level
architecture [TK78|. Thus, the view proposed here is that semantically rich data models
should only be supported in local and external schemata. Here the semantically poor
data model GIM functions as the canonical data model. The following list shows the
basic concepts of the GIM:

o Simple datatypes: The concept of a relation in the first normal form is adopted
from relational database management systems in order to define the intension of a
class. A definition of derived (calculated) attributes is not supported;

e Non-overlapping class extensions means that the extensions of any two classes
are either disjunctive or identical. Subset relations or partial overlapping between
class extensions are not allowed. Therefore, integration by upward inheriting is not
applicable;

e Object identifier (OID) known from object-oriented systems [KC86];



e DBidirectional references (binary relationships) using the OID concept: A reference
expresses the relationship between exactly two objects. The GIM supports different
cardinalities (1:1, 1:n, m:n) of reference types between classes (relations). All
references in the GIM are bidirectional. Each reference has an inverse reference in
the GIM. References are considered as attributes of a class. Only such attributes
can be multi-valued.

o Integrity constraints: GIM supports integrity constraints similar to SQL2. An
essential type of an interclass integrity constraint is the existential dependency
between objects.

The following steps are necessary to establish an FDBS using the GIM. We do not take
into account export schemata:

1. Transformation: The local schemata are transformed into component schemata
which are based on the GIM. Now the heterogeneity on the data model level is
overcome. Furthermore, due to the semantical poverty of the GIM view-dependent
information expressed in semantically richer data models is lost which decreases
heterogeneity on schema level. However, this information is captured in suitable
data structures.

2. Integration: The remaining heterogeneity on the schema level is overcome by ap-
plying homogenizing operations. The result is the homogeneous, federated schema.

3. Derwation of external schemata: This can be done in two further steps:

(a) heterogenizing within the GIM and

(b) transformation to a specific data model. The information captured can be
reused here.

This work presents homogenizing operations in Chapter 3 and heterogenizing opera-
tions in Chapter 4 of the GIM. Additionally, in Section 4.2 the derivation of inheritance
relationships is explained. The homogenizing and heterogenizing operations have to be
inverse to each other. In other words, the same heterogeneity has to be capable of creat-
ing itself again, after the homogenization operations have been used, through applying
the heterogenizing operations.

The same heterogeneity, which can be overcome by homogenizing operations has to
be reproducible by heterogenizing operations. Furthermore, the set of homogenizing and
heterogenizing operations has to be minimal and the operations have to be as orthogonal
as possible.

Only the most important operations will be represented here. It seems to be impossi-
ble to prove that a given set of homogenizing operations will cover all possible conflicts.
Many operations are based on ideas described in [BLN86].

The operations are not described formally. This will have to be done in future
research. Graphical examples are used to clarify the operations. The examples will
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be presented in a cartesian diagram. One dimension represents the extensional aspect
whereas the other dimension serves to represent the intensional aspect of a class. A
class itself can be depicted by a rectangle. References between two classes are illustrated
by lines connecting the respective reference attributes. Integrity conditions are located
below the extensions of the classes. Integrity conditions include cardinality constraints
on references and values of class attributes, which are fixed to each object and necessary
in order to restructure classes correctly. See also in Figure 2.1. The integrity condition
“ab=10" assigns a fixed value to the class attribute ab.

| nt ensi on dass
4 \
y: Al |
Attributes A < al: T1 |
wth Type Ti a2: T2 |
X: A3
Ref er ence/ T | | |
Al A2 A3 Ext ensi on
Integrity Wb
condi tion a5=10
Ext ensi on
of Ai

Figure 2.1: Diagram conventions
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Chapter 3

Schema Homogenizing

Homogenizing of heterogeneous component schemata means the resolving of inter-
schema conflicts. This work only considers conflicts between two schemata of equal
weight. Conflicts between more schemata can be reduced to two schema conflicts
[BLN86]. In the following sections the schemata are depicted in different diagrams.
They can be merged into one schema after the extension-intension transformations on
the schemata have been carried out.

The different operations are described in three steps:

1. precondition;
2. conflict description and

3. conflict resolution.

A missing precondition means no precondition.

The operations in the next sections are subdivided in operations concerning either
the intensional aspect, the extensional aspect or both.
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3.1 Homogenizing by Extension-Intension Transfor-
mation

This section describes two operations concerning transformations between intensional
and extensional concepts of classes. These two operations resolve the meta conflict and
the structural conflict in GIM:

o Meta conflict
Conflict description: Objects of one class differ in values of a specific attribute
(intensional) and the corresponding objects in the other schema differ in their class
assignment (extensional). The attribute values in the first schema correspond to
classes in the other schema. This conflict is referred to in [KLK91| as schematic
discrepancies. [CL94] resolves this conflict in an object-oriented data model by
using a query.
There are two kinds of meta conflicts:

— injective: There is a mapping from the domain of the datatype to the classes
which is injective and maintains semantics. Such a mapping often occurs, if
the datatype is relatively small, e.g. an enumeration or the boolean type. See
the example in Figure 3.1.

— non-injective: There is no injective mapping. For example, in one schema,
persons can be distinguished by their occupations whereas in the other one by
being an instance of the “Engineer” or the “Non-engineer” classes (see Figure
3.2).

Conflict resolution: There are two ways to resolve this conflict. Either the at-
tribute variant or the class variant has to be preferred. Classes in the class variant
can have different intensions. The transformation of these classes to one class in
the attribute variant would imply the problem of defining the intension of the
class in the attribute variant without null values. Thus, the class of the attribute
variant has to be transformed to the class variant. This can be done by creating
corresponding classes and populating them with the respective objects obtained by
select commands. The created classes have the same intension as the original class.
In case of injectivity the respective attribute can be removed due to redundancy.
Integrity conditions of the original class also have to be transformed properly. The
values of the specific attribute in the attribute variant are transformed to values
of class attributes of the newly created classes, e.g. the class attribute assignment
“type=Book” in Figure 3.1 and “occupation=Engineer” in Figure 3.2.

o Structural conflict
Conflict description: An attribute value of a class of one schema corresponds to
an object in the other schema (see also [BL84, Dup94, LL95]). This conflict occurs
due to different perceptions of the database designers. For example in Figure 3.3
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I ntensi on I nt ensi on
Title :string Title :string
Type : enun{Book, Report} | SBN :string

Publ i cati on Extension Ext ensi on

Book Report

I nt ensi on

Title :string ‘ H ‘

Book Repor t
wi t h: wit h:
t ype=Book!t ype=Report

Ext ensi on

Figure 3.1: Injective meta conflict

the “Residence” of a person in the left schema is an attribute whereas the right
schema contains the class “City”. A value of attribute “Residence” corresponds to
an object of the class “City”.

Conflict resolution: There are two ways to resolve this conflict. The objects in the
object variant which corresponds to the attribute values in the attribute variant can
have more than one attribute. In the example in Figure 3.3 the class “City” has the
additional attribute “Foundation”. In order to avoid anomalies the object variant
is preferred. The attribute variant has to be transformed to the object variant.
That means creating a new class with an identifying attribute and transforming
the attribute values to references to the newly created corresponding objects. The
virtual objects also have to have object identifiers. In the example the attribute
“Residence” becomes a reference attribute to the newly created class “City” which
has the identifying attribute “Cityname”. The transformation has to include the
transformation of existing integrity conditions and the creation of two new integrity
conditions which represent an existential dependency of the created objects from
the referencing objects and the single-valued cardinality of the new reference.

All additional attributes in the schema containing the attribute variant which corre-
spond to objects in the other schema, have to be transformed to reference attributes
of the newly created objects.
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I nt ensi on

I nt ensi on

Name :string
Cccupation :string Nanme :string S

Per son Ext ensi on Engi neer Ext ensi on
I nt ensi on
Name :string |
Cccupation :string
Engi neer Non-engineer Ext ensi on
Wit h: Wit h:
occupati on="Engi neer" | occupati on<>"Engi neer"

Figure 3.2: Non-injective meta conflict

3.2 Intensional Decomposition

In this section operations to resolve conflicts between the intensions of two corresponding
classes irrespective of their extensions are described. The attribute conflict is a conflict
between the domains of corresponding attributes of two corresponding classes whereas
the attribute set conflict is a conflict between the attribute sets (intensions) of two
corresponding classes. The intension of a class includes reference attributes.
Precondition: Before these operations can be carried out any meta conflict and any
structural conflict has to be resolved.

o Attribute conflict:
Precondition: Corresponding classes-attribute pairs which are semantically equiv-
alent have to be provided by the designer of the federation.

Conflict description: The datatypes of the corresponding attributes are different
or the values of the attributes which are semantically equivalent are syntactically
different. For the purposes of integration such corresponding attributes have to
be represented virtually by non-redundant and integrated attributes with fixed
datatypes. Such an attribute integration requires bidirectional mappings between
the values of the starting datatypes and the values of the integrated attributes.
Bidirectional mappings are neccessary to allow select and update operations on
the integrated attributes. The mapping can also be the identity function. There
are different ways to implement the mappings. A mapping can be implemented by
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| nt ensi on | nt ensi on

Nare | Nane |
Resi dence | Foundat i on |

Person Extension Gty

| nt ensi on

Gityname R
Nane |
Resi dence |

Ext ensi on

Per son City Extension

Figure 3.3: Structural conflict

two functions which compute operationally the values of the integrated attribute
from the values of the starting attribute or vice versa. Another way to implement
a mapping is the use of a lookup table which contains value pairs of the starting
attribute and the integrated attribute (see also in [DeM89, YP95]). Lookup tables
can be managed by the global database management system of the FDBS.

The conflicts between corresponding attributes are divided here into 1:1 conflicts
and into conflicts which are conflicts between more than two corresponding at-
tributes:

— 1:1 attribute conflicts

These kinds of conflicts are attribute conflicts between exactly two correspond-
ing attributes. For example, in one schema the birthday of a person is repre-
sented by the attribute ‘birth’ of the datatype ‘Date’ and in the other schema
it is represented by the attribute ‘year_of_birth’ of the datatype ‘String(4)’.
Regarding the possible mappings between the values of two corresponding
attributes, the possible mappings to the integrated attribute can be divided
into bijective, non-total (partial) and non-injective mappings.

x Bijective mapping
Conflict resolution: Bijective mappings are trivial and can be imple-
mented directly.
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P.
l.

Name: St ri ng[ 40]

Partial mapping

A mapping between two corresponding attributes is partial if there are not
for all values of one attribute corresponding values of the other attribute.
Conflict resolution: The datatype of the integrated attribute has to be
chosen in a way that it encompasses all possible values of both start-
ing attributes. The limits of the possible values of a starting attribute,
which caused the partial mapping, have to be transformed to attribute
constraints (integrity conditions) of the respective class.

Figure 3.4 demonstrates the resolution of a partial attribute conflict.
The datatype of the attribute ‘name’ is ‘String[20]’ in class ‘Person’ and
‘String[40]’ in class ‘Insured’. The datatype of the integrated attribute is
‘String[40]’. In class ‘Person’ this attribute is restricted by the attribute
constraint length(name) < 21 of the class ‘Person’.

| nt ensi on

Nane: Stri ng[ 20],
Name: Stri ng[ 40]

| Insured |
| Person

Ext ensi on

I nt ensi on

- ‘ Ext ensi on
| Insured |

| Per son \

Wit h:

| engt h( Nane) <21

Figure 3.4: Partial attribute conflict

x Non-injective mapping

A mapping between two corresponding attributes is non-injective if more
than one value of one attribute is represented by only one value of the
other attribute. This kind of attribute conflict is caused by attributes of
different datatype precision. For example, the weight of a person can be
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represented by the datatype ‘Integer’ or ‘Float’. The float values 60.3 and
60.1 correspond to the integer value 60. Another example concerns dates.
In one attribute a date is represented by combination of day, month and
year and in the other attribute only by the year.

Conflict resolution: The attribute with more precision can be divided
into attributes in such a way that there is an injective mapping between
one resulting attribute and the attribute with less precision. Mappings
between the other resulting attributes and the starting attribute with less
precision are impossible.

Figure 3.5 exemplifies the non-injective attribute conflict and its res-
olution.  The attribute ‘I.birthday’ is divided into the attribute
‘year_of_birth’, ‘month_of birth’ and ‘day_of_birth’. Now there is an in-
jective mapping between the integrated attribute ‘year_of_birth’ and the
attribute ‘P.year_of_birth’.

| nt ensi on

P. birthyear:int
|.birthdate: date

Ext ensi on
| Insured |
| Person |

| nt ensi on
bi rt hday: i nt
bi rt hnont h: i nt
bi rt hyear:int ]

‘ ii | Ext ensi on
| Insured |

| Person

Figure 3.5: Injective attribute conflict

— Attribute conflicts which are not 1:1
This kind of attribute conflict is a conflict between more than one attribute of
one class and one or more attributes of the other class. For example, in Figure
3.6 the full name of a person in one class is represented by the attribute ‘name’
of the datatype ‘String[40]’ whereas the name in the other class is represented
by the two attributes ‘first_name’ and ‘last_name’ of the datatype ‘String[20]’.
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Conflict resolution: This conflict is a special case of the non-injective map-
ping conflict. In the example injective mappings between the attribute
‘first_name’ and the attribute ‘name’ of the other class and between the
attribute ‘last_name’ and the attribute ‘name‘ are impossible. Further-
more, there is a bijective mapping between the combination of the attributes
‘first_name’ and ‘last_name’ and the attribute of the other class.

An attribute conflict which is not 1:1 can be resolved by division of the at-
tribute which contains more information in such a way that bijective mappings
between any resulting attribute and the respective attribute of the other class
arise. In our example the attribute which represents the full name has to be
divided into two attributes, which represent the first name and the last name
respectively.

I nt ensi on

cotr P.first_nane:string[20]
I.Name.strlng[40] P.l ast _nane: string[ 20]

Ext ensi on
| Insured |
| Person |
I nt ensi on
first_nane:string[20]
| ast _nane: string[ 20]
b ‘ Ext ensi on
| Insured |
| Person |

Figure 3.6: 1:n attribute conflict

o Attribute set conflict

Precondition: The corresponding classes are known and the attribute conflicts have
been resolved.

Conflict description: Two corresponding classes have different attribute sets (in-
tensions). The most general form of an attribute set conflict arises if the intensions
overlap mutually. Both classes have common attributes and attributes which are
attributes of only one class. In Figure 3.7 this conflict is demonstrated.

Conflict resolution: The classes have to be divided horizontally into new classes in
such a way that the intensions of the resulting classes are either identical or dis-
junctive. The respective integrity constraints have to be inherited by the resulting
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classes.

I nt ensi on

| ns. no.
Name
Sex

| Insured |
| Person

Ext ensi on

I nt ensi on

Ins.no.: ‘
Name ||
Sex |

Ext ensi on
' Insured |

| Person

Figure 3.7: Attribute set conflict

3.3 Extensional Decomposition

In this section only extensional conflicts between two corresponding classes are con-
sidered. Extensional conflicts are conflicts between the possible populations of corre-
sponding classes and are referred to as semantical conflicts here. The managing and
the transformation of integrity constraints during the resolution of semantical conflicts
are important topics. Some aspects of managing these constraints are described in the
second part of this section.

Precondition: The corresponding classes are known and the intensional conflicts have
been resolved.

e Semantical conflict
Conflict description: The possible populations of two corresponding classes overlap
mutually. Information about the same real-world entity can be stored in both
corresponding classes which are managed by different database systems. In this
context the term ‘proxy-objects of the same real-world entity’ is commonly used. In
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[LSPRI3, Pu91, ZHKF95] different ways of detecting and managing proxy-objects
of the same real-world entity are described.

Conflict resolution: Most approaches resolve this conflict by inheritance, e.g. in
[Dup94]. Our approach differs from the inheritance approaches. Overlapping class
extensions are not allowed in GIM. This conflict is resolved by extensional decom-
position. The result of the extensional decomposition are three classes which have
disjunctive extensions. Two resulting classes contain those instances of the respec-
tive, starting classes which are not proxy-objects of same real-world entities and
the third resulting class contains only proxy-objects of same real-world entities.
Two proxy-objects of the same real-world entity are merged into one new object
with its own object identifier (see also [SS95]).

Figure 3.8 demonstrates the extensional decomposition. An instance of the class
‘Person’ and an instance of the class ‘Insured’ can represent the same real-world
person. After the decomposition the resulting class ‘Person-Insured’ contains in-
formation about persons which are not insured, the class ‘Insured-Person’ contains
insured persons, which are not instances of the class ‘Person’ and the class ‘Per-
son&Insured’ which contains insured persons.

I nt ensi on

| ns. no. ‘
Nare | | |
Sex \

I I I I
| Insured |
| Person

Ext ensi on

I nt ensi on

Ins. no. | [ ]

Nane |
Sex |
/ T \ Ext ensi on
Person — Person & Insured -
Insured | nsur ed Person

Figure 3.8: Semantical conflict
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o Integrity conflict
Conflict description: Corresponding classes with overlapping extensions can have
different integrity constraints. The exensional decomposition has to consider con-
flicting integrity constraints. There are different kinds of integrity constraints:

— Statical versus dynamical integrity constraints: Here we concentrate only on
statical constraints.

— Intra-class versus inter-class integrity constraints: Both types have to be
taken into account.

— Object versus class integrity constraints: An object integrity constraint is
defined on the state of each object of a class whereas a class integrity constraint
is defined on the state of all objects of a class, e.g. the key property. GIM
supports both types.

Conflict resolution: All integrity constraints survive the decomposition operation
and are then defined on the resulting classes. Additionally, all class integrity con-
straints have to be transformed to inter-class integrity constraints. The resulting
integrity constraints on the resulting class which contains the proxy-objects of same
real-world entities are connected by the boolean operation ‘and’.

Figure 3.9 demonstrates the managing of integrity constraints during the de-
composition process. The integrity constraints ‘length(Name) < 41’ and
‘length(Name) < 21’ are intra-class object integrity constraints and survive the de-
composition process. After the decomposition the class ‘P&I’ has both constraints
which restrict the length of the name. One constraint implies the other constraint.
Thus, only the intra-class object integrity constraint ‘length(name) < 21’ has to
be checked. The constraint ‘unique(Ins.no.)’ is a class intra-class constraint and
is transformed to two intra-class class constraints on both resulting classes. Ad-
ditionally, the new inter-class class integrity constraint ‘unique(P&I.Ins.no.,I —
P.Ins.no.)’ is created.

3.4 Homogenizing by Renaming

Conflicting names of classes and attributes are simple conflicts. They can be resolved
by the renaming operation.

Precondition: Names of classes and attributes have been changed by the operations
introduced in the previous sections. For example, the extensional decomposition creates
new classes which need new names. Thus, conflicts resolutions which cause changes of
names have to be carried out before the naming conflict can be resolved.

Conflict description: The operations introduced in the previous sections homogenize
schemata without consideration of names of classes or attributes. Naming conflicts
are different names of semantically equivalent classes or attributes (synonyms) or same
names of semantically different classes or attributes (homonyms). The detection of
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homonyms and synonyms can be supported by linguistic methods (described in more
detail in [BHI1]).

Conflict resolution: Naming conflicts are resolved by renaming or dropping synonyms.
All synonym and homonym conflicts have to be resolved in such a way that there is a
bijective mapping between classes and attributes, and names.

New attributes are generated by the resolution of intensional conflicts and new classes
are generated by resolution of extensional conflicts. The designer has to decide whether
one of the names of the starting attributes and starting classes respectively becomes
the name of the new attribute and the new class respectively, or new names have to
used. During the selection of right names changing scopes of existing names have to be
considered.

For example, in Figure 3.8 the name ‘Insured-Person’ is generated. Usually, only persons
can be insured. Thus, this name can be changed to the name ‘Insured’. The resulting
classes are shown in Figure 3.10.

Chapter 4

Schema Heterogenizing

The heterogenizing operations of this chapter enable the derivation of heterogeneous, ex-
ternal schemata from the federated schema. The same heterogeneity has to be capable
of creating itself again, after the homogenizing operations have been used, through ap-
plying the heterogenizing operations. The heterogenizing operations in the next sections
are not complete. We only show the inverse operations of the homogenizing operations.

e Meta conflict: The inverse operation of the homogenizing operation which prefers
the class variant is the heterogenizing operation which prefers the attribute variant.

o Structural conflict: The inverse operation of the homogenizing operation which
prefers the object variant is the heterogenizing operation which prefers the attribute
variant.

e Intensional conflict: The inverse operations of the homogenizing operations which
decompose classes intensionally are the homogenizing operations which compose
classes intensionally.

e Frtensional conflict: The inverse operations of the homogenizing operations which
decompose classes extensionally are the homogenizing operations which compose
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classes extensionally.

e Naming conflicts: Renaming of classes and attributes is simple and is not further
detailled here.

Beside the reproduction of the same heterogeneity of the local schemata the heterogeniz-
ing operations have to enable the derivation of external schemata with arbitrary hetero-
geneity. Thus, homogenizing operations can also be used to derive external schemata.

The next Section 4.1 shows the operations which are inverse to the homogenizing
operations of the meta and the structural conflict. Section 4.2 explains the composing
operations which are inverse to the intensional and extensional decomposition operations.
Attribute conflicts are not considered there. Additionally the derivation of inheritance
hierarchies (not in GIM) will be described in Section 4.2.



CHAPTER 4. SCHEMA

HETEROGENIZING

21

| nt ensi on
I ns.no. |
Nare I |
Sex ] |
i i i _
Ext ensi on
| nsur ed

with:

I engt h( Nane) <41

uni que(Ins. No.)

Per son
Wi th:
| engt h( Nane) <21
| nt ensi on
I ns. no. |
Nanme |
Sex |
J i i .
Ext ensi on
P-I P&l |-P
W t h: W t h: Wit h:

| engt h( Nane) <21 | | engt h( Nanme) <21 | | engt h( Nane) <41

uni que(lns.no.) | unique(lns.no.)

unique(P&l.Ins.no.,I-P.Ins.no.)

Figure 3.9: Integrity conflict
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w t h:

| engt h( Nane) <21

Ext ensi on

i nsured
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Wit h: Wit h:
I engt h( Nane) <21 | | engt h( Nane) <41
uni que(lns.no.) | unique(lns.no.)

| nsur ed

uni que(i nsured_Person. I ns. No., I nsured. | ns. No.

Figure 3.10: Naming conflict
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4.1 Heterogenizing by Extension-Intension Trans-
formation

In this section heterogenizing operations are described very shortly. They undo the
homogenizing operations of Section 3.1.
Precondition: The federated schema is the start schema of any heterogenizing operations.

e Meta conversion

View description: The information of the assignment of an object to a class has
to be expressed by attribut values of a specific attribute (attribute variant). The
starting classes have to have equivalent intensions. To each class the respective
attribute values must be provided. This information can be either class attributes
(which are generated by respective homogenizing operations) or existing attribute
values (non-injective mappings).

View derivation: The datatype of the pivot attribute has to be reconstructed from
the class variants. After this, the extensions of the respective classes can be united
into the class in the attribute variant and the respective values are assigned to the
pivot attribute.

o Structural conversion

View description: References to objects have to be transformed to attribute values
(attribute variant). This operation is only possible if the referenced objects have
only one identifying attribute. Otherwise information will be lost.

View derivation: The respective attribute values have to be derived from the ref-
erences. After this, the references can be removed. Many-valued references have
to be represented by different attributes. The view derivation includes the trans-
formation of integrity constraints.

4.2 Composing Classes

Different classes can be composed intensionally and extensionally. Due to the non-
overlapping nature of the classes in GIM the composing operations are relatively simple.
The intensional composition of two classes is feasible if both classes have equivalent ex-
tensions.

The extensional composition is more difficult than the intensional composition. Both
classes have to have equivalent intensions. Otherwise, null values are generated by the
composition operation. An important topic is the managing of different integrity con-
straints defined on the extensions of both starting classes. For example, in one class the
integrity constraint ‘length(name) < 21’ and in the other class the integrity constraint
‘length(name) < 41’ is defined. The extensional composing of classes with different in-
tegrity conditions is only feasible with restrictions. There are two ways to manage such
conflicting constraints:
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e The integrity constraints are connected by the boolean operation ‘and’. The ex-
tension is restricted to those objects which satisfy this constraint. Not all objects
can be read. For example, objects cannot be read if the length of the value of
attribute ‘name’ exceeds 20 characters.

e The integrity constraints are connected by the boolean operation ‘or’. All objects
can be read. Write or update operations can cause anomalies. Global applications
are capable of changing the state of objects with regards to the composed integrity
constraint but such objects cannot be stored in both base classes (as proxy-objects
of same real-world entities). For example, an object cannot be the instance of the
base class with the integrity constraint ‘length(name) < 21’ if the length of the
value of attribute ‘name’ is 25. One possible resolution is the declaration of read-
only attributes. Otherwise anomalies must be accepted. Conflicting constraints on
different attributes can even lead to situations in which new or updated objects
cannot be stored in any base class.

The composing operations can be used to generate overlapping classes which repre-
sent an inheritance relationship between classes. The resulting schema is not conform to
GIM. However such inheritance relationships are important if global applications need
the federated schema which is based on a semantically rich data model. Valid inheri-
tance relationships are crossing overlappings of the classes. The superclass encompasses
the subclass extensionally and the subclass encompasses the superclass intensionally.
Following these rule different inheritance hierarchies are often derivable.

Figure 4.1 exemplifies the derivation of an inheritance relationship from the classes
in Figure 3.8. The class ‘Person’ is a superclass of the class ‘insured_Person’.

Chapter 5

Conclusions and Outlook

In the previous chapters different homogenizing and heterogenizing operations were in-
troduced. These operations are defined on schemata in the data model GIM. GIM is a
semantically poor data model. The selection of a semantically poor data model makes
the homogenizing and heterogenizing in federated environments easier. The homogeniz-
ing operations cover most known conflicts. Due to the homogenizing by decomposing
and heterogenizing by composing, flexible schema transformation and integration is pos-
sible. A very important topic is the managing of integrity constraints. In Section 4.2
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some restrictions of deriving valid external schemata are shown. The virtual integra-
tion of heterogeneous database systems is a very complex task. Different requirements
are contradictory, e.g. transparency of federation, support of autonomy of component
database systems and update operations on global level. In federated environments the
right compromise between the requirements has to be found.

The operations and GIM were described only informally. Therefore, misunderstand-
ings and errors are possible. In further work GIM and the homogenizing and hetero-
genizing operations will be described formally. Furthermore, the managing of conflicts
which were not considered have to be investigated. For example, conflicts of different
reference pathes between two classes are not explained here.
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| nt ensi on

I ns. no. |
Nane \
Sex

//////// \\\\\ Ext ensi on

Person — Person & Insured -
Insured | nsur ed Person

i nsur ed Per son
Per son

| nt ensi on

| NnS. no.
Nanme \
Sex

//////// \\\\\ Ext ensi on

Person — Person & Insured -
Insured | nsur ed Person

Figure 4.1: Inheritance relationship
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