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Abstract

We develop a framework of characteristics, essential
and recommended, that a data model should have to
be suitable as canonical model for federated databases.
This framework is based on the two factors of the rep-
resentation ability of 2 model: ezpressiveness and se-
mantic relativism.

Several data models are analyzed with respect to
the characteristics of the framework, to evaluate their
adequacy as canonical models.

1 Introduction

When several databases (DBs) are to interoperate,
they form a federation, and a data model must be
chosen as the canonical data model (CDM) for the fed-
eration (we use the terminology of [SL90]). Work on
federated or interoperable databases has often used
an Entity Relationship (ER) model, or some exten-
sion of it, as the CDM; others have adopted an Ob-
ject Oriented (OO) model. Is any data model equally
adequate as CDM? This paper discusses some charac-
teristics of a data model that make it suitable as the
CDM of a federation.

Note that we are not trying to unearth the old -and
inconclusive- debate about which is "the best” data
model. Even if we recall two general factors in Sec-
tion 2, we then place ourselves in the interoperability
environment, and we develop a framework to analyze
model suitability in this specific environment, not in
a general, all encompassing case. We do not postulate
that our framework is complete or definitive.

This paper is organized as follows: Section 2
presents the concept of representation ability as com-
posed of two factors, expressiveness and semantic rel-
ativism. In Section 3, we apply these factors to inter-
operability, to develop a framework of characteristics.
Section 4 analyzes several data models with respect
to these characteristics. Conclusions are presented in
Section 5. Space limitations prevent us from more de-
tailed considerations, contained in [SCG91].

*This research has been partially supported by PRONTIC
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2 Representation ability of a
data model

DBs are to represent conceptualizations that people
have about reality, and to be interpreted as such con-
ceptualizations. Therefore, an important character-
istic of a DB is its representation ability, i.e. how
well can the DB 1epresent those conceptualizations.
The representation ability of a DB is given by its data
model. A data model is composed of structures, oper-
ations, and integrity constraints.

We see the representation ability of a data model
as composed of two factors: 1) expressiveness; and 2)
semantic relativism,

2.1 Expressiveness

By ezpressiveness of a data model we mean the de-
gree to which the model can directly represent (ex-
press in a natural way) a conceptualization, no mat-
ter how complex this conceptualization might be, and
which concepts compose it. This is similar to what was
called “semantic expressiveness” in {[HM81], “concep-
tual naturalness” in [Sh81], and “modelling support”
in [B182].

Expressiveness may be seen as composed of a struc-
tural part and a behavioural part. Structural ezpres-
siveness, is the power of the structures of the model to
represent concepts, and to be interpreted as such con-
cepts. Behavioural ezpressiveness reflects the power
of the model to represent behaviors of concepts.

To illustrate the point, a model supporting gener-
alization /specialization between superclasses and sub-
classes and aggregation/decomposition between com-
plex data objects and their constituent data objects
has more structural expressiveness than one that does
not. For example, the relational model has no direct
support for generalization nor for such an aggregation,
i.e. has no constructs that can be directly interpreted
as such abstractions, and therefore has less structural
expressiveness than some extended ER or OO models
that have such constructs. Other classical models are
very poor in expressiveness.

A model supporting, not only generic operations of
its structures and integrity constraints inherent to the
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model, but also the definition of new operations and
integrity constraints, has more behavioural expressive-
ness than a model not supporting this feature.

2.2 Semantic relativism

A DB should support not just one conceptualization,
but many. A conceptualization is never absolute, it is
relative to the point of view of a user or group of peo-
ple, because different persons perceive and conceive
reality in differing ways. A DB is not supposed to
store a representation of each of these conceptualiza-
tions separately; it should store a single representa-
tion, encompassing all those conceptualizations, and
avoiding redundancies. This representation is in ac-
cordance with the database schema of the DB (in the
ISO terminology of [vG82]; the ANSI/SPARC term is
“conceptual schema™).

For the DB to support all users’ conceptualizations,
it must support one ezternal schema for each concep-
tualization, and their derivation from the single data-
base schema.

The semantic relativism of a DB is the degree to
which it can accommodate all these different conceptu-
alizations (of the same real world). The power of a DB
to derive external schemas from its database schema
is therefore the measure of semantic relativism of the
DB. This is given by a mechanism of the DBMS to
support external schemas (view mechanism), and by
the model of the DB, i.e. the model of its database
schema.

We call semantic relativism of a data model the
power of its operations to derive external schemas
contrast with what is called “semantic relativism” in
Br82], [SP90], and “relativism” in [HM81]}).

For example, the relational model is able to use the
whole power of its algebra to derive external schemas
(views), and has therefore a high degree of semantic
relativism ([Sa86]).

3 Representation ability in the
interoperability environment

Following the five level schema architecture of [SL90],
when a number of preexisting DBs, called component
databases, are to interoperate, a canonical data model
(CDM) common to the whole federation, must be
adopted. The database schemas of the component
DBs (local schemas) are transformed from their native
models to the CDM, giving component schemas. Each
component schema is filtered into one or more ezport
schemas. From export schemas of different component
DBs, a federated schema is constructed — this process
is called schema integration; several federated schemas
can exist in a federation. Finally, from a federated
schema a number of ezternal schemas are derived.
The use of a common CDM solves the problem
of syntactic heterogeneities, consequence of the use

of different native data models. Semantic hetero-
geneities, resulting from different conceptualizations
in the minds of the designers of the component DBs,
are dealt with in the schema integration process.

Most schemas in this architecture are expressed in
the CDM. The characteristics of the CDM are there-
fore very important. Let us look at some characteris-
tics of a given data model that make it more adequate
to be the CDM of a federated database system. Ap-
plying to this environment the same two factors of
representation ability seen in the previous section, we
develop a framework of essential and recommended
characteristics.

3.1 Expressiveness

A CDM must have an expressiveness equal or greater
than any of the native models of the component DBs
that are going to interoperate, in order to capture
the semantics already expressed with the native mod-
els. Moreover, it should support additional semantics
made explicit thru a semantic enrichment process, in
case that such a process is applied.

38.1.1 Semantic enrichment

Semantic heterogeneities are difficult to overcome,
since there is a need to have a deep understanding
of the meaning of the databases in order to detect and
solve them. Unfortunately, as pointed out in 2.1, tra-
ditional data models have very limited expressiveness.
Their overly simple data structures and operations al-
low the designer to express only a limited subset of
his/her knowledge of the applications. As a conse-
quence, the semantically poor local schemas are not a
big help for acquiring this understanding. This leads
to the need of enriching the schemas through a knowl-
edge acquisition process by which all the semantics
extracted is made explicit in an enriched representa-
tion of each database ([CS91]).

This is the reason why the CDM must be rich
enough to represent the semantics already expressed in
the local schemas, as well as additional semantics cap-
tured through the knowledge acquisition process. This
knowledge may refer to structural and/or behavioural
aspects of the applications. In this way, the transfor-
mation from local schemas into component schemas
is not just a syntactic translation from one model to
another, it includes a structural and/or behavioural
semantic enrichment in order to upgrade the seman-
tic level of the local schemas. The rich expressiveness
of the CDM make it possible to express more seman-
tic information in the component schemas, than the
corresponding local schemas. The schema integration
process will then be less difficult, by making use of
these additional semantics to detect and solve seman-
tic conflicts.
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38.1.2 Characteristics of expressiveness

A federation of component DBs should not be closed;
it should be open so that other DBs can enter the fed-
eration in the future. Anticipating that these new DBs
could have native models richer than those initially
forming the federation, the CDM should be chosen
with a high degree of expressiveness, not just equiva-
lent to the union of the structures of the initial native
models and their enrichment.

Schema integration is easier if export schemas are
semantically rich, but this is not enough. The CDM
must have structures well suited to represent the fed-
erated schemas resulting from the integration.

From all these considerations, we find the following
characteristics along each of the three dimensions in
which semantic abstractions lie:

Characteristic Ea: In the dimension of classifi-
cation/instantiation, the CDM must support classes
and individuals. Support of metaclasses (and of
metametaclasses) is recommended, but not essential.

Characteristic Eb: In the dimension of generaliza-
tion/specialization, the CDM must support arbitrary
many levels of superclasses - subclasses, with inheri-
tance. Multiple inheritance and different kinds of spe-
cialization -disjoint, etc.- are recommended.

Characteristic Ec: In the dimension of aggrega-
tion/decomposition, the CDM needs cartesian aggre-
gation (also called “aggregation”) of objects, and cover
aggregation (also called “grouping” or “association”)
of objects, to form a complex object; it must be closed
with respect to these constructs. Other aggregations
(lists, bags, etc.) may be useful, but are not consid-
ered as essential.

On the behavioural side of expressiveness, there is
a need to model any behavior, and we formulate:

Characteristic Ed: The CDM must support the
definition of new operations and of new integrity con-
straints (extensibility of behavior). Additionally, it is
recommended that the implementation of these new
operations be encapsulated. This helps in the schema
integration process, because it allows, quite naturally,
to hide the source(s) of data or operations, their local
implementation(s), and the solutions given to seman-
tic conflicts.

3.2 Semantic relativism

We have seen that two of the processes, in the con-
text of interoperability, are the integration of export
schemas into federated schemas, and the derivation of
external schemas.

Besides the fact that expressiveness is needed for
schema integration, this process absolutely requires,
in the generalization/specialization dimension, the in-
tegration of several specialization lattices into a single,
generalized lattice. Thus, a first characteristic in se-
mantic relativism is:

Characteristic SRa: The model must allow the im-
plementation of integration operators with an over-

all power at least equivalent to the meet, join, fold,
etc. operations in [Mo87], or gen, addsubiype, etc.
in [MNES88]. Support of upward inheritance (from
subclass to superclass) as shown in [SN88], is recom-
mended.

The need to support many different conceptualiza-
tions is even greater than in stand alone (centralized
or distributed) DBs in the sense seen in 2.2. This re-
quires a high degree of semantic relativism, expressed
in:

Characteristic SRb: the operations of the CDM
must have a power to derive external schemas at least
as great as the view mechanism using the relational
algebra ([Sa86]). In particular, it must be able to pro-
duce any kind of structures available in the model.

In addition to this essential characteristics, there
are two other characteristics that are recommended
for interoperability.

3.2.1 One basic structure

To facilitate schema integration from export schemas
to a federated schema, the CDM should have just one
basic structure rather than two or more.

Assume, for example, that an ER model, that has
two basic structures (entities and relationships), is
chosen as CDM. When transforming (converting) a
local schema from its native model to the canonical
ER model, a decision must be taken for each local
class or type to transform it into either an entity or a
relationship. For example, a married couple could be
modeled as an entity in the component schema of a
Marriages DB, or as a relationship in the component
schema of a Persons DB (or even, for an Employees
DB, as an attribute of Employee). But this is not the
main point.

When constructing a federated schema from the ex-
port schemas in ER, something that was modeled as
an entity in export schema A may correspond to a re-
lationship in export schema B (clash of structures, or
structural conflict); in the resulting federated schema
F, it may be decided, (after some discussion, or using
a methodology such as the one in [SP90]), to model it
as an entity, but then special processes must be put in
place, to convert from the relationship in B into the
entity in F (and back for query processing), and to add
new relationships in F —that connect it to the entities
that it related in B- (and suppress them), with their
corresponding behavior.

Moreover, if a user conceives it as a relationship,
he has to be provided with an external schema E, de-
rived from F by converting from an entity into a rela-
tionship, taking care of its attached relationships, and
adjusting their behavior accordingly.

This example has shown how having to deal with
two basic structures augments the already difficult
process of schema integration with an added complex-
ity. These conflicts simply do not appear if the CDM
has just one basic structure, as happens in the rela-
tional, functional and OO models. Note that here the
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question is not which basic structure is better -this
would correspond to expressiveness-, but that there is
only one, no matter which one, from this point of view
of semantic relativism.

This is summarized in recommended Characteristic
SRec: The CDM should have only one basic structure.

At first sight, this characteristic appears as oppo-
site to expressiveness: we want a rich set of constructs
for expressiveness, but only one structure for SRe.
However, a basic structure may adopt many forms -
corresponding to different semantic abstractions-, and
still have a set of generic operations forming a homo-
geneous, closed algebra. For example, an OO model
having just one basic structure: objects, with an ho-
mogeneous object algebra, can at the same time sup-
port generalization, complex objects, etc. Having two
or more basic structures implies either a many-sorted
algebra or a set of operations that is incomplete and
fails to comply with SRb.

As another example, a model differentiating be-
tween attributes and methods will have integration
conflicts that would not be present with a CDM using
only functions: a given function in a federated schema
could correspond to a stored attribute in a component
DB and to a computed procedure in another.

8.2.2 Multiple semantics

When integrating export schemas, different users may
have conceptualizations that are not subsets of a more
general conceptualization, but that diverge in some
respect. An example of [SL90] is the integration of
colors of shoes from two DBs, DB1 and DB2: userA
sees as cream what is cream in DB1 and what is tan
in DB2, while userB considers cream what is tan or
cream in DB1 and what is tan or white in DB2.

This is called multiple semantics in [SL90], and
must be supported by the Federated DB system. One
way to handle it is by having one federated schema
for each semantic conceptualization ([SL90]), i.e. a
federated schema for userA and another for userB. An
alternative is to allow a single federated schema to
support multiple semantics, for example through dis-
criminants ([GS91]), and differentiate the respective
semantics at the external schema level, i.e. an exter-
nal schema for userA, and another for userB. One of
the advantages of the second architecture lies in having
a smaller number of federated schemas; on the other
hand, it requires a CDM supporting multiple seman-
tics at the federated schema level, both in structures
and in operations able to derive external schemas for
each semantic conceptualization.

We have therefore recommended Characteristic
SRd: the CDM should support multiple semantics.

4 Analysis of data models

Let us now analyze a number of data models with
respect to the essential characteristics for a CDM of

Ea, Eb, Ec, Ed, SRa and SRb, and the recommended
characteristics of Ea, Eb, Ec, Ed, SRa, SRc and SRd.

Pre-relational models such as the hierarchical and
network models do not even satisfy essential charac-
teristics: Eb, E¢, Ed, SRa, SRb.

The basic relational model does not satisfy Eb, Ec,
Ed and SRa, even if it complies with SRb ([Sa86]), the
essential part of Ea, and SRc (relations are the only
structure), and can easily be extended with discrim-
inated operations to satisfy SRd ([GS91]). All this
applies to version 2 of the relational model ([C090]),
except that Ed is satisfied. The RM/T model of [Co79]
is an improvement over them, because it satisfies the
essential parts of Eb and Ec, and of SRa; it complies
with SRb ([Sa87]); however, it now fails to satisfy SRc,
because it has two basic structures (E-relations and P-
relations, not counting catalog relations).

The basic ER model lacks in Eb, an essential part
of Ec (relationships between relationships are not al-
lowed), Ed and SRa; also in SRc, as has been shown
in 3.2.1; even when equipped with an algebra, such
as in [PS$85], it does not satisfy SRb (because the op-
erations can produce entities, but not relationships),
nor SRd. Extensions to the ER model (EER [TYF86],
ECR [EWHS85], ERC+ [PS89]) improve upon ER, par-
ticularly in Eb, and also in Ec, but not in Ed; however,
they are lacking in semantic relativism: even when
equipped with some operations, no complete satisfac-
tion of SRb, that is essential, nor of SRc and SRd.
Among them, only ERC+ would comply with the es-
sential part of SRa.

Functional models such as DAPLEX ([Sh81]), on
the other hand, are good in semantic relativism: SRa,
SRb, SRc (considering functions as their only struc-
ture, including entity types), and SRd, and satisfy
all essential characteristics of expressiveness, but not
those recommended.

Besides extensions to the ER model and RM/T,
other models have incorporated generalization and ag-
gregation abstractions, and have been called semantic
models ([PM88]); examples are SDM ([HM81]), and
TAXIS ((MBW80]). These models satisfy characteris-
tics Ea, Eb, Ec, not only the essential parts, but rec-
ommended features as well; they do not comply with
SRa, they may be considered to comply with SRb,
it is arguable to which point they support SRc, and
they do not comply with SRd. TAXIS, but not SDM,
would support the essential part of Ed.

There are many OO models ([Ma89]) and models
that claim to be object oriented. Considering those
which satisfy [At89], they are very expressive: gener-
alization, cartesian and cover aggregations, definition
of new methods; they also satisfy the essential part of
SRa. Some modern OO models are equipped with an
adequate language to support views ([AB91], [SS91]),
and comply with SRb, and therefore with all essential
characteristics. Furthermore, since objects are their
only structure, they satisfy SRc. Some of these mod-
els also comply with others of our recommended char-
acteristics; VODAK ([KNS90}), for example, supports
upward inheritance (SRa) thru metaclasses.
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5 Conclusions

We have developed a framework of desirable charac-
teristics for the canonical data model of interoperable
databases, and applied it to a number of models.

From our analysis, it may be concluded that data
models differ widely in their suitability as canoni-
cal data models for interoperable databases. Pre-
relational models are not adequate at all, while, at
the other extreme, functional and some OO models,
supporting views, are the only ones which satisfy all
essential characteristics of our framework, and seem
best placed for the job.

In particular, the ER model, and its extensions,
that have often been used as CDMs, are clearly inferior
for this purpose to modern OO models. Extended
ER models would need a complete algebra, producing
all kinds of entities and relationships, to comply with
SRb, and therefore with all essential characteristics;
even so, they would be inferior to OO models at least
in SRe.
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