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Abstract

A class specification contains both structural aspects
and semantic aspects. We introduce a mathematically
based distinction between structural and semantic as-
pects. We show how this distinction is used to iden-
tify all structural aspects of a class specification to
be included in the object type of a class. The model
obtained is called the Dual Model due to the separa-
tion of structure and semantics in the class specifica-
tion. Advantages of the separation of structure and
semantics have been discussed in previous papers and
include separate hierarchies for structural and seman-
tic aspects, refined inheritance mechanisms, support
of physical database design and structural integration
which is impossible in other models.

1 Introduction

In this paper we will discuss a distinction between
“structure” and “semantics” that has grown out of
our work on an object-oriented data model called the
Dual Model. Our purpose in writing this paper for the
“Special Issue of Sigmod Record” is, however, not to
present the Dual Model, but to draw attention to the
definitional issues of what semantics is. It is essential
to have at least a theory about the nature of semantics
in order to deal effectively with semantic heterogene-
ity.

The basic units of object-oriented database systems
are objects and classes. A class can be regarded as a
container for objects which are similar in their struc-
ture and their semantics in the application. The de-
scription of a class contains both structural aspects
and semantic aspects. In current systems [CM84, F87,
SR86] the structural and semantic aspects are always
mingled together. Furthermore, in many systems as
O, |LR88] and Vbase [AM8T7] the subclass hierarchy
is used (1) to factorize common structure and behav-
ior of classes and (2) to express additional semantic
connections between classes.

Because of that, two classes modeling semantically
related objects could only be dealt with, if the objects
in question are structurally related as well. The use
of a single hierarchy for two conceptually distinct con-
nections among specifications resulted in inadequate
conceptual models. Therefore, it will be advantageous
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to separate those two aspects of the specification, to
achieve improved modeling capabilities.

We are following the basic “Semantic Data Model
tradition” [HM81] in that we are modeling the re-
lations that occur commonly in realistic databases,
but we have advanced and refined the terminology.
We introduce a mathematically based distinction be-
tween structure and semantics. Since there is no com-
mon agreement about what is considered “semantics”
[W75], we see an advantage in a mathematically based
distinction which is not user dependent.

In this paper we show how this distinction led us to
create the object type to include the structural aspects
of a class. Each class has an object type but sev-
eral classes may share the same object type. We are
referring to the model obtained by the separation of
structure and semantics as the Dual Model [NPGT89a,
NPGT89b, NGPT90]. This model supports two kinds
of hierarchies, structural and semantic, and therefore
enables more accurate modeling of applications.

One advantage of this distinction is demonstrated
by a new integration technique, structural integration
[GPCS91, GPN91a, GPN91b]. This technique per-
mits the integration of classes which are similar in
their structure but different in their semantics. The
Dual Model is the only model that can integrate such
classes.

The Dual Model and structural integration can be
said to support and exploit a novel form of semantic
relativism. Semantic relativism was defined as “the
ability to view and manipulate data in the way most
appropriate for the viewer” [B84]. Two forms of se-
mantic relativisms discussed in literature are: (a) abil-
ity to interpret a data model structure differently (e.g.,
a relation can be viewed as an entity or a relation-
ship) [B84], and éb) defining multiple views ﬁexternal
schemas) over a database schema (conceptual schema
or federated schema) to support different users’ needs
for viewing and using data differently [B84,586]. The
Dual Model supports a novel form of semantic rel-
ativism where structural aspects are represented as
object types and semantic aspects are represented as
classes. By mapping multiple classes on a single ob-
ject type, multiple semantics (uses and meanings of
data) are supported by a single structure. Structural
integration allows us to exploit this form of semantic
relativism in the context of integrating multiple views
or schemas.
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2 Classes and the Distinction
of Structure and Semantics

In order to structure the set of objects in the domain of
our interest we collect objects into classes. An object
is said to belong to the class or be an instance of the
class. The actual set of objects which belong to a given
class is called the extension of the class.

This research has grown out of work on an object-
oriented data model called VML (Vodak Modeling
Language) [FKRST89]. VML shares many features
with our current work and with other object-oriented
systems, but it does not support the separation of
structure and semantics. A VML class description
contains four kinds of properties that define the struc-
ture and semantics of its objects.

(1) Attributes specify printable values of a given
data type.

(2) Relationships specify pointers to other classes.
(3) Methods specify operations that can be applied
to instances of a given class.

(4) Generic Relations specify special kinds of point-
ers to other classes.

The representation of a class may contain con-
straints. The first constraint is that of an essential
property. The existence of an object is conditioned
on the existence of its essential properties. The sec-
ond constraint is that' of a dependent relationship. If
the existence of an object depends on the existence of
another object, we can model this with a dependent
relationship.

In the following two definitions the term “aspect”

will be used for attributes, relationships, methods,
generic relations, and constraints.
Definition 1: An aspect of a specification is consid-
ered structural if either (1) it is composed of names,
types, and logical or arithmetic operations, or (2) it
is decidable whether this aspect is consistent with the
mathematical representation of the class(es) it con-
nects to.

Note that the names of a property are considered
semantic in other models (e.g., E-R model) but are
not considered semantic in the Dual Model.
Definition 2: An aspect of a specification is con-
sidered semantic if either (1) it refers to actual in-
stances of objects in the application or (2) it is not
decidable just based on the mathematical representa-
tion of the class(es) it connects to, whether this aspect
describes properly the connection between the corre-
sponding real world objects and their features.

Condition (2) of Definition 2 implies that an intu-
itive understanding of the application is required to
decide whether a semantic aspect of a specification
describes properly the reality of the application.

We do not believe that it is possible to provide a
mathematical definition to of the complex notion of
real world semantics. However, it is possible to cap-
ture the notion of structure with mathematical terms,
as was done in Definition 1. Since an aspect of a class
specification is either structural or semantic our defi-
nitions enable the distinction between structural and
semantic aspects. Such a mathematically based dis-

tinction is moving the frontier of understanding what
real world semantics is one step further.

Intuitively one can summarize our distinction as fol-
lows. The aspects which can be captured formally are
the structural ones. On the other hand those aspects
which are referring to actual objects of the real world
or cannot be fully captured with mathematical terms
are the semantic aspects.

On a slightly more abstract level one can say that
structural aspects deal with features of the representa-
tion system. Semantic aspects, on the other hand, deal
with the real world and how it is captured by the rep-
resentation system. The representation system must
permit to capture many different possible states of the
world. Therefore, semantic aspects have to be highly
flexible. It follows that it is not possible to constrain
them in a way that would permit a decision whether a
semantic description is consistent, based only on the
features of the representation language. Rather, one
has to know about the sub-world described by the ap-
plication to decide about the consistency of a semantic
aspect.

The decision whether a property is essential or a
relationship is dependent cannot be made based on
the mathematical representation of the two classes in-
volved but requires an intuitive understanding of the
application. Thus, these two constraints are semantic
aspects of a class.

So far we have assumed that any two object classes
mode] different objects of the real world. But, if we
want to model the same real world objects in two dif-
ferent ways, we must introduce two different object
classes. However, we still want to express the fact
that these two object classes describe the same real
world object. We say that A4 is a specialized class of
B if any (real world) object which can be represented
as an instance of the class A can also be represented
as an instance of the class B. In other words, the
set of (real world) objects corresponding to the exten-
sion of A is a subset of the set of (real world) objects
corresponding to the extension of B.

We define two kinds of specialization connections
between classes called categoryof and roleof. How-
ever, as opposed to previous models, both categoryof
and roleof are treated as semantic generic relations
(Definition 2) and are contrasted with the structural
subtypeof relation which will be discussed in detail in
Section 3. Categoryof and roleof can be compared
to Abiteboul et al.’s [AH87] generalization and spe-
cialization relationships. Our distinction differs from
theirs in that it is based on the notion of a real world
contert while theirs is based on the ability of an object
to change the subclass it belongs to.

The categoryof connection relates the specialized
class to the more general class where both are seen in
the same application context. The class specialized
by categoryofis used to model the same real world ob-
ject with additional knowledge. Thus the representa-
tion of the categoryofspecialized class is a refinement
of the general class description.

The roleof connection relates the specialized class
to the more general class, where the two classes are
in different contexts of the application. The class
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specialized by roleofis used to model (a subset of) the
real world objects of the general class with additional
context-dependent information.

The decision whether a specialization connection
is either a categoryof or a roleof generic relation de-
pends on a decision about the context which cannot
be made from the representation of the classes but re-
quires an intuitive understanding of the application.
Hence, those connections are semantic.

3 Object Types as Structural
Representations

Data types describe the common properties of objects.
Since all objects of a class have a common structure,
they will have a common representation and will be
considered as instances of the same data type. This
type is called the object type of that class. However,
the objects of two different classes may be of the same
object type, although the two classes model objects
with different semantics in the real world.

An attribule is composed of a name and a data type.
Thus, it is a structural aspect of a class. Therefore it is
included in the object type. A relationship contains se-
mantic information as it refers to another class which
contains semantic information in the context of the
application. However, we can represent the structural
aspects of a relationship in the following way. In an
object type a relationship is defined as referring not to
an object class, but to the object type of that object
class. This is structural information and as such can
be included in the object type. The reference to the
actual object classes is contained in the specification
of a class that uses this object type and reflects the
context of the application at hand. '

In summary, this means that the structural aspects
of relationships are defined in object types and refer
to object types, while the corresponding semantic as-
pects of relationships are described in the object class,
substituting each object type in the relationship by
the corresponding object class. We call our model
the “Dual Model” due to this separation of the class
description into two layers. The distinction between
types and classes in the Dual Model is different from
the distinction made by Beeri [B90] in a number of
points. Specifically, he does not associate types with
structure and classes with semantics. His structural
}ayer has to be understood in contrast to a behavioral
ayer.

The determination of the status of methods is more
involved. A computational method as, for example, a
method calculating the average of a set of numbers is
structural, while an access path method is composed of
a sequence of transitions between object classes which
carry semantic information and thus, such a method
contains semantic information. Computational meth-
ods are therefore already structural and can be in-
cluded in the object type. For access path methods a
structural description is derived in the same way as for
relationships. All the classes in an access path method

are replaced by their corresponding object types, re-
sulting in a structural description of the method. This
structural description can be included in the object
type.

Thus, we are ready for the formal definition of an
object type. Like a class an object type is determined
by a list of properties which correspond to the already
introduced class properties, namely

(1) Attributes, with values of some data type;

(2) Relationships, with references to other object
types (not classes!);

(3) Methods, to be used on the instances of the ob-
ject type (not class!);

(4) Structural generic relations, with predefined ref-
erences to other object types (not classes!).

A subiype generic relation connects a refined object
type to a more general object type, enabling inheri-
tance of the properties of the general type to the re-
fined type. The subtype generic relation specifies that
the set of properties of the supertype is a subset of
the set of properties of the subtype. This generic re-
lation is structural, since the existence of the subtype
relation from class A to class B can be decided mathe-
matically, based on the complete representation of the
two classes where the subtype relation is not specified
in A (i.e., when the properties of the supertype are
also listed for the subtype), without an understanding
of the application.

Whenever we need a relationship to refer to a set of
objects, we can define an object type to represent this
set. The connection of the set object type to the object
type representing one object of that set is expressed
with the structural setof and memberof generic rela-
tions. The generic relation setof from class A to class
B is structural because it desctibes the situation where
an instance of class A is actually a set of instances of
class B. In such a situation it can be decided mathe-
matically that a set relation holds, based on the rep-
resentation of the two classes where the setof relation
is not specified for A, but the description of 4 shows
explicitly that its instance is a set of objects with full
description of the properties of such an object. The
same applies to the memberof generic relation.

An interesting effect of the separation of structure
and semantics in the Dual Model is that four possi-
bilities exist with respect to similarity between two
database schemata.

(1) Two schemata may be semantically as well
as structurally similar. In this case standard
generalization-based integration tools can be used suc-
cessfully.

(2) Two schemata may be semantically as well as
structurally different. In this case no integration is
possible.

(3) Two schemata may be semantically different
but structurally similar. In this case generalization-
based integration fails, however, structural integration
[GPCS91, GPN91a, GPN91b] is possible. This case is
of considerable interest for the top-down process of
(view) integration. Structural integration is obtained
by identifying two or more classes which may share
the same object type. By showing a common object
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type we save in the specification of the properties of
the two classes in spite of their semantic difference.
(4) Finally, two schemata may be semantically similar
but structurally different. This case is of considerable
interest in bottom-up (databa.s? integration and will
be investigated in the Dual Model environment.
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