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Abstract

Derived schema components are an important aspect of tra-
ditional semantic data modeling. In this paper, we address
the issue of defining such schema constructs in the context
of object-oriented database (OODB) part hierarchies. In
particular, we present the concept of derived attribute de-
fined with respect to value propagation across a part rela-
tionship between two object classes. Three different types
of value propagation, namely, invariant, transformational,
and cumulative, allow for a high degree of expressiveness in
the definition of such derived attributes. We also present
the notion of a generalized derived attribute, which may be
defined in terms of simultaneous value propagations across
many part relationships. The ambiguity problem of multi-
ple value propagation in part hierarchies is solved by this
latter construct, an analogue of which is not applicable in
ordinary OODB IS-A hierarchies. It allows for the repre-
sentation of such common expressions as the weight of the
whole is the sum of the weights of the parts. To comple-
ment the formal definitions, we present a graphical schema
notation for the value propagation mechanisms and the ac-
companying derived attributes. Such notation provides a
convenient means for the specification and communication
of OODB part schemata.

1 Introduction

Derived schema components have been a mainstay of tra-
ditional semantic data modeling [13, 23]. Their use tends
to make a database’s conceptual schema a more accurate
reflection of the application domain it is designed to model.
They also promote more concise representations and allevi-
ate the burden of explicit integrity maintenance associated
with redundant data storage [3].

Part hierarchies, where higher-level integral objects are
constructed out of lower-level constituent objects, are a nat-
ural place in which to employ derived schema components.
Often, a characteristic of a part is assimilated by its whole,
or vice versa. For example, the color of a car can be defined
as the color of its constituent body, or the font of a book’s
table of contents might be obtained from the book overall.
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In previous papers [10, 11], we have introduced an ex-
tensive part model for object-oriented databases (OODBs)
and presented a realization for it in the context of a gen-
eral OODB data model. At the heart of this part model
is a part relationship (following [16]) that relates a pair of
object classes, and comprises constraints and functionali-
ties which impose part-whole interaction on the instances
of those classes. One of the characteristics of our part re-
lationship is its value propagation mechanism, which forms
the basis for the definition of derived schema components
called derived attributes.

Value propagation refers to the flow of data values across
the part relationship between parts and their wholes. It
has been variously called attribute propagation [22] or local
predication [27]. In our previous work [10], value propaga-
tion was limited to a single source object (either a whole or a
part, depending on the direction of propagation), and data
values were passed along “as is” without any intervening
computation. This kind of propagation served to formalize
the attribute propagation introduced in [22], and extended
it by allowing propagation in either of the two directions
across the part relationship.

In this paper, we enhance the value propagation mecha-
nism in order to provide a more powerful means for defining
derived attributes. In particular, we distinguish between
three types of value propagation: invariant, transforma-
tional, and cumulative. The invariant version is that which
we presented in [10]. Transformational propagation refines
it by dropping the uniqueness requirement for the source of
propagation and allowing for the specification of an addi-
tional computation during the propagation process. In this
way, property values obtained from (possibly) many source
objects can be transformed into a single value of a given
data type. Cumulative propagation, a special case of trans-
formational, collects the multiple property values into a set
in a manner similar to union inheritance [29]. All three
kinds of propagation also support a means for specifying
defaults [24] in cases where there exists no source object
or the desired property of that object is undefined. The
derivation relationship of the SORAC model [19] also seems
to lay the foundation for extensions to the attribute prop-
agation of [22]; however, like [22], it informally introduces
the construct and fails to distinguish properly among the
different kinds of value propagation that occur in part hier-
archies and the kinds of derived attributes that are induced
by these processes.

In [10], we confined the definition of a derived attribute
to a single part relationship, meaning that its value was



specified in terms of a property from a single class of parts.!
However, it is often the case that derived attributes of the
whole are best described in terms of identical properties from
many of its parts, regardless of their classes. A canonical ex-
ample of this is the weight of a car which is the sum of the
weights of all its parts. Or, for example, the material make-
up of a golf club is the set of materials from its shaft, head,
and grip. To accommodate these situations, we extend our
part model to allow for the definition of derived attributes
in terms of simultaneous propagations of identical properties
across many part relationships. In a pattern mirroring the
part structure itself, the values of these multiple propaga-
tions are combined through a computation to form a value
for the derived attribute. We will see that this mechanism
serves as a natural third resolution strategy for the “multiple
value propagation” (or “multiple inheritance” [28]) problem
within part hierarchies. An analogue to this solution is not
applicable in ordinary OODB IS-A hierarchies.

In [10], we introduced graphical notation for the part re-
lationship in OODB schemata as a means for communicat-
ing about parts and facilitating part modeling. This nota-
tion enhanced a general graphical representation for OODB
schemata which we introduced in [12]. In this paper, to com-
plement the formal definitions, we present further enhance-
ments to that notation. Specifically, we introduce graphical
symbols for the three different types of value propagation
and symbols for the various derived attributes defined with
respect to these.

The rest of the paper is organized as follows. In Sec-
tion 2, we review some of the terminology and notation that
will be employed in the paper. In Section 3, we cover invari-
ant value propagation. Section 4 introduces the notions of
transformational and cumulative value propagation, while
Section 5 covers generalized derived attributes, which are
defined across many part relationships. Conclusions appear
in Section 6.

2 Terminology and Notation

In this section, we present the terminology and notation
which we will be employing throughout the paper. Follow-
ing [30], we will often refer to a part object as a meronym
(the prefix mero-, derived from the Greek meros, meaning
“part”). A whole object will be called a holonym (the prefix
holo- meaning “whole”). A part’s object class will be re-
ferred to as a meronymic class; that of a whole is a holonymic
class. For example, if classes engine and boat are in a part-
whole relationship, and the engine e is part of the boat b,
then e is a meronym and b is a holonym. The classes engine
and boat are the meronymic and holonymic classes, respec-
tively.

The set E(C) denotes the extension (i.e., the set of all
instances) of the object class C. We will denote a part rela-
tionship between the meronymic class B and the holonymic
class A as P, 4. While in previous work [10] we have for-
mally defined the part relationship P 4 as a multifaceted
structure capturing a wide variety of semantics and func-
tionalities, for the present purposes it suffices to view it as a
relation (which we denote o) from E(B) to E(A). The inter-
pretation of (b, a) € ¢ is that instance b is part of instance a.
We will ordinarily express (b,a) € ¢ in the infix form b o a.
In this context, we offer the following two definitions.

While both upward and downward value propagation are viable
and our part model [10] addresses both, we will, without loss of gen-
erality, limit our discussion in this paper to the upward case, from
part to whole, for the sake of brevity.
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Figure 1: A part relationship between meronymic class B
and holonymic class A

Definition 1: Va € E(A), let Mo(a) = {b|b € E(B)Absa}.
Mo (a) is called the meronym set of a with respect to the
part relationship Pp, 4. It is the set of instances of B which
are parts of a.

Definition 2: Vb € E(B), let Ho(b) = {a|a € E(A)Aboa}.
Ho(b) is called the holonym set of b with respect to the part
relationship Pp, 4. It is the set of instances of A of which b
is a part.

Following [31], we define the readable properties of a class
[namely, its attributes, relationships, and (readable) meth-
ods] as functions which map the extension of the class into
some given data type. For example, the attribute height of
class person maps persons into the data type REAL. That
is, height: E(person) — REAL. A relationship, in this
respect, poses no difficulty because it can be viewed as a
special kind of attribute with type OIDType [4, 17] (i.e., an
attribute which holds an object identifier). A property may
be a partial function, i.e., it may be undefined for certain
elements of its domain.

We will be using a graphical notation for describing ob-
ject-oriented database schemata that we introduced in [10,
12]. In the following, we mention only the symbols which
will be employed in this paper. For the rest of the graphical
notation, see [10, 12]. A class is represented as a rectangle,
while an attribute is represented by an ellipse attached to a
class via a line. A (multivalued) relationship is denoted by a
labeled (double) arrow directed from its source class to the
referent class. A part relationship between the meronymic
class B and the holonymic class A is represented graphically
as in Figure 1. The symbol shown is employed for a number
of reasons. First, the dashed line serves as a mnemonic de-
vice: The parts of the line indicate the parts of the whole.
The fact that the line is bold makes the part relationship
prominent in the overall context of the diagram; in this way,
the hierarchy induced by the part relationship is clearly rec-
ognizable as a backbone of the graphical schema. The di-
amond head at one end of the line indicates the holonymic
class. It is employed to maintain consistency with the OMT
notation [25] and to avoid the impression of directedness, as
the part relationship constitutes a powerful two-way access
and constraint mechanism. The part relationship symbol
serves as the basis for the new graphical notation that we
will introduce.

3 Invariant Value Propagation

Often, when modeling with parts and wholes, a certain prop-
erty of a part is naturally assimilated as a property of its



whole. For example, as we have mentioned above, it is sen-
sible to define the color of a car to be the color of its con-
stituent body [22]. Thus, we say that the attribute color of
the class car is a derived attribute defined with respect to a
value propagation across the part relationship between the
classes body and car. In this example, it is obvious that the
source of propagation, namely, a car’s body, is unique for
each car. Furthermore, the value of the propagated prop-
erty color at the class car is identical to the value of color at
body. We refer to this kind of propagation as invariant value
propagation. In general, a part relationship which performs
such a propagation is defined as follows.

Definition 3: Let np: E(B) — 7 be a property of class
B, where 7 is some data type. The part relationship Pp, a
is tnvariant-propagating with respect to property wp if it is
single-valued or essential and it induces the property Dy :
E(A) — 7, called a derived attribute, on the class A such
that:

wB(b), Ib € Mo(a) A wp(b) defined
Drp (a) =
C,

otherwise,

where C € 7. We note that the derived attribute, the new
property of A, is a function defined simply as the value of
the property wp for the part b when such a part exists for
the given whole a. The condition that the relationship be
single-valued or essential [10] guarantees the uniqueness of
the source part b, ensuring that D, is well defined. In the
case where the given whole a does not have a part b € E(B)
or the part’s property mp is undefined, then the derived
attribute takes on the default value C [24], some constant
value of the data type 7. This default value may be omit-
ted with the consequence that the derived attribute may be
undefined for some values of its domain.

For the example of the attribute color being propagated

from body to car, the derived attribute D, is defined as:

color(b),  3b € Mo(c) A color(b) defined

Deolor(0) =

undefined, otherwise.

Here, we see that the color of a car is just the color of its
body, if it has one. If it does not, then its color remains
undefined.

Derived attributes, as with any derived schema compo-
nents, should fit seamlessly into their respective classes and
be accessible in the same manner as every other property.
Toward this end, we augment the public interface of the class
for which the derived attribute is defined with a message for
reading it. Following the conventions discussed in [20], this
message is taken to be identical to that for accessing the
property at the meronymic class. So, in our example above,
the class car would be given the additional message “color”
which, for any instance, returns the value of the derived
attribute D ;.-

To represent an invariant propagation graphically, a prop-
agation label is written alongside the part relationship sym-
bol. This propagation label comprises the name of the prop-
agated property in parentheses and a preceding up-arrow,
indicating the direction of the propagation.? The optional

2For downward propagation, from the whole to the part, a down-
arrow is used instead of the up-arrow.
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default value C, when utilized, follows the property name
and is separated from it by a comma. The derived attribute,
itself, is represented graphically as a dashed ellipse attached
to the holonymic class via an unlabeled line. As we have
discussed, the name of the derived attribute (i.e., its mes-
sage in the public interface) is exactly the same as that of
the propagated property. Thus, the same name which ap-
pears in the propagation label also appears as the name in-
side the dashed ellipse. Together, the propagation label and
the dashed ellipse can be seen as symbolically defining both
a derived attribute and its implementation in terms of the
propagation of a data value across a single part relationship.
We note that, theoretically, the derived attribute sym-
bol could be omitted and its existence inferred directly from
the propagation label. That would be analogous to the rep-
resentation of the IS-A relationship, where inherited values
are not drawn at the subclass [12]. However, we have chosen
to write the derived attribute explicitly for two reasons: (1)
because it clarifies the schema without cluttering it; and (2)
because it maintains consistency with the graphical repre-
sentation of a generalized derived attribute (Section 5) which
requires the ellipse. In regard to (1), cluttering is avoided
because the propagation of properties in the context of the
part relationship is selective, with only a small number of
the holonymic class’s properties being defined in this man-
ner. This, of course, is in contrast to IS-A, where all the
properties of the superclass are inherited by the subclass.
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Figure 2: Color propagated from body to car
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To illustrate the notation for invariant propagation, we
show the example of the attribute color being propagated
from body to car in Figure 2. Because the example did not
include a default value, none appears in the propagation
label.

4 Transformational and Cumulative Value Propaga-
tion

Because the value propagation mechanism is an instance-
to-instance phenomenon, there is a potential for ambiguity
regarding the source meronym when a holonym may have
many parts of the same type. Note that there is no analo-
gous phenomenon in normal IS-A hierarchies because even
if objects’ representations are distributed up and down such
a hierarchy between subclasses and superclasses [15], there
is no chance that an object in a superclass will have more
than one associated object in a given subclass. In the case
of invariant value propagation, we explicitly eliminated the
possibility of ambiguous sources by insisting that the part
relationship be single-valued or essential (meaning that a
holonym may have at most one part of the given type). In



this section, we generalize the value propagation mechanism
by allowing more than one source meronym. As we will see,
this potential ambiguity adds power and richness to the def-
inition of derived attributes.

The way we deal with the (potentially) many source
meronyms is to use algebraic tools. We transform the mul-
tiple values of the given data type provided by them into a
single value with the use of a family of symmetric operators
[6]. For this reason, we refer to this kind of propagation
as transformational value propagation. As an example, in
a document-archive system, the number of pages of an en-
cyclopedia can be defined as the total number of pages in
all its constituent volumes. As a special case of transfor-
mational propagation, we define cumulative value propaga-
tion, which is similar to the union inheritance found in some
frame-based knowledge representation systems [29]. Instead
of being transformed into a single value, the multiple prop-
erty values are collected together into a set of the given type.

Now, let us formally define what we mean by part re-
lationships which perform transformational and cumulative
value propagation.

Definition 4: Let wp: E(B) — 7 be a property of the class
B, where 7 is some data type. The part relationship Pp 4
is transformational-propagating with respect to property wp
if it induces the derived attribute Dr,: E(A) — 7 on the
class A defined in terms of {T™}, a family of symmetric
operators T(™: 7 — 7, with n > 0, as follows. (Note that
the meronym set of an instance a € E(A) is here taken to
be Mo(a) = {b1,...,bm}, m>0,and C € 7.)

T(m)[‘TrB(bl),...,ﬂ'B(bm)], m;éO/\
B bi deﬁned,
Drp(a) = 1 S(i )S m
C, otherwise.

In our example above, the derived attribute Dpages which
expresses the number of pages in an encyclopedia in terms
of the number of pages in its volumes would be defined as:

> i, pages(vi), n#0

0,

Dpages (y) =
otherwise,

where vy, ..., v, are the volumes of the encyclopedia y, and
pages: E(volume) — INTEGER is the attribute of the class
volume that holds a volume’s number of pages. Here, we
assume that pages is a total function, meaning that it is
defined for all existing volumes. An encyclopedia without
any volumes, by default, has no pages.

According to our definition, the property being propa-
gated from the part to the whole is not restricted to a sim-
ple attribute but may be any of the readable properties of
the class, including relationships and methods. Consider,
for example, an authoring system used to write articles.
Assume that there is a method wordCount defined on the
class section which for a given section of text computes the
number of words it contains. Using this method, we can
define a propagating part relationship which computes the
amount of words in an entire article. The derived attribute
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D ¢ defined on the class article is given as follows:

wordCoun

Yoo, wordCount(si), n#0
DyordCount (@) =

0, otherwise,

where s1,..., S, are the sections of the given article a. Asin
the previous example, we assume that wordCount is a total
function. An article is assumed to be of length 0 if it has no
sections.

The third possible case is cumulative value propagation.
Here, the induced derived attribute D, is set-valued, i.e.,
Drp: E(A) — {7}, where {7} denotes a data type compris-
ing sets of values of 7. It is defined as follows:

Ui {mB(b:)}, n# 0Ans(b;) defined,

Dyy(a) = 1<j<n

G,

otherwise.

We see that this kind of propagation amounts to the union
over the sets created through canonical injection of every
property value into a singleton set. As usual, the default
value is C which may be the empty set. As an example, let us
return to the document-archive system and consider the part
relationship between articles and compilations, the latter
being collections of reprinted articles. To denote authorship,
the class article has a relationship writtenBy directed to
the class person. Using this relationship, we can define the
overall authorship of a compilation through a cumulative

value propagation. The derived attribute D10, By of
class compilation would be defined as:
Ui, {writtenBy(a:)}, n#0A
writtenBy (a;)
D, . (c) = defined,
writtenBy 1<j<n
0, otherwise,

where c is a compilation and the a;’s are its articles. It will
be noted that, in this example, the propagated property
writtenBy is a relationship, not an attribute.

The graphical schema notation for transformational value
propagation is similar to that for invariant propagation, the
difference being that the family of symmetric operators must
be accounted for. To accomplish this, we modify the propa-
gation label slightly. A symbol representing the entire fam-
ily is written inside the parentheses in front of the name of
the propagated property, which itself now appears in square
brackets. Of course, in general, there will be no single sym-
bol to denote the entire family. In such cases, we will employ
a generic label (like “T”) and place an annotation for it in
a schema legend. For common families, such as summation,
multiplication, min, max, and so on, which can be decom-
posed into closed, commutative, associative, binary opera-
tions, we use the ordinary operation symbol in the propaga-
tion label: E.g., upward propagating summation is written
as N(+[~n]), and multiplication is written as 1(*[x]), where 7
is the propagated property. In Figure 3, we show how an en-
cyclopedia derives its number of pages from its constituent
volumes. Note that the part relationship symbol now com-
prises a dual-line indicating that, in general, encyclopedias
have many volumes.
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Figure 4: The authorship of a compilation determined from its constituent articles

We adopt a special convention for the propagation label
of a cumulative value propagation. Instead of the parenthe-
ses, operator family symbol, and square brackets, the label
simply comprises a pair of curly brackets enclosing the name
of the desired property. The graphical representation of the
derived attribute is also changed to a double ellipse to re-
flect the fact that it is set-valued. In Figure 4, we show the
schema for the document archive containing compilations
and their articles. Note that besides its derived attribute
writtenBy, the class compilation has its own relationship
editedBy with the class person used to denote editorship of
a compilation.

5 Generalized Derived Attributes

In the previous sections, we introduced different ways to de-
fine derived attributes in terms of a single part relationship
propagating the value of some property of the meronymic
class. In this section, we consider the problem of defining a
derived attribute with respect to many value propagations
stemming from different part relationships simultaneously.

An obvious problem which can arise when specifying de-
rived attributes in part hierarchies is similar to the so-called
“multiple inheritance” problem in IS-A hierarchies [28]. In
Figure 5, we illustrate the problem. There, we see multiple
part relationships propagating the value of the same prop-
erty 7 to a single class A. In this schema, it is not at all
obvious what the value of m at A should be; in fact, the
schema is not well defined.

To resolve this problem, we could employ one of the
two strategies ordinarily used in IS-A hierarchies: Either we
could disallow such ambiguous value propagation altogether
and consider the schema invalid, or we could employ a prece-

610

dence list [14, 28]. However, in part hierarchies, there exists
a third strategy which is a more natural solution. Often, it
is sensible to model a property of the whole in terms of the
values of the same property at its parts, regardless of their
classes. Many examples readily come to mind: the color
of an airplane is the combined colors of its fuselage, wings,
nose, and tail; the weight of a car is the sum of the weights
of its engine, drive train, frame, fenders, and so on; the ma-
terials of a golf club are those of its shaft, head, and grip; the
reliability of a computer is the minimum of those of its mon-
itor, CPU, disk drive, and keyboard; etc. We therefore view
the inherent ambiguity of this “multiple value propagation”
as a desired generalization of transformational value propa-
gation across a single part relationship. We resolve it in an
analogous manner by combining the multiple values with the
use of a specified symmetric transformation. The new de-
rived attribute induced by this process is called a generalized
derived attribute because it is defined across many part rela-
tionships and supersedes those derived attributes which are
induced by each part relationship individually. In a pattern
mirroring the structure of the part hierarchy itself, the value
propagation from each part relationship contributes to the
value of the generalized derived attribute at the holonymic
class. As before, the holonymic class’s public interface is
augmented with a message (having the same name as the
propagated property) to retrieve the value of this new prop-
erty for a given whole. Let us now formally define what we
mean by a generalized derived attribute and consider the
conditions under which it is applicable.

Definition 5: Let 7 be a property (of data type 7) of
each of the classes By, Bs,...,Bn (ie, for all 1 < ¢ < m,
m: E(B;) — 7). Assume that we have part relationships
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Figure 5: Redundant value propagation

Pg, a,PB,,4,...,Pp,, asuch that each propagates the value
of m up to A as in Figure 5. Assume also that there does
not exist a part relationship P4, g which propagates a value

for m down to A. Furthermore, for all 1 < i < m, let DSZ):
E(B;) — 7 be the function defined for Pp; 4 which ordinar-
ily serves as the definition for the derived attribute induced
by that part relationship. The function D,: E(4) — 7,
called a generalized derived attribute, is defined in terms of
the symmetric operator 1: 7 — 7 as follows (where C' € 7):

Y[PM (a),..., DI (a)], D (a) defined,
1<i<m

C, otherwise.
The generalized derived attribute resolves the redundant
value propagations by combining the values of each indi-

vidual propagation (i.e., the values of the functions D,(:‘),
1 <4 < m) into a single value through the symmetric trans-
formation 4. In this way, the value of the derived attribute
D for a given holonym a € E(A) is now determined by
all a’s parts participating in a relationship propagating ,
regardless of their classes. It should be noted that the defini-
tion makes no stipulation regarding the kind of value prop-
agation that an individual part relationship may perform; it
may be either invariant or transformational, with the func-
tion D) defined accordingly (as in Definition 3 or Defini-
tion 4 above). Therefore, the generalized derived attribute
may obtain a contribution for its value at some whole a
invariantly from some lone part of a of a given type, or col-
lectively from multiple parts through a transformation. The
only requirement in this respect is that the resultant values
from all the value propagations be of the same data type
7. We point out that if the provision excluding a downward
propagation of 7 to A is violated, then the part hierarchy in
toto is deemed invalid. As with the derived attributes from
the previous sections, the generalized derived attribute may
be given an optional default value C. If the default is omit-
ted, then the generalized derived attribute may be undefined
for certain elements of its domain.

As it stands, Definition 5 contains some restrictions that
we adopted to simplify the presentation. These restrictions
include the following:

1. The data type of the generalized derived attribute must
be identical to the types of the propagated properties.
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2. Cumulative propagation is not supported.

3. The data type of the property 7 at each meronymic
class must be identical.

‘We will now consider how the relaxation of these restrictions
generalizes our representation further.

As defined, the function D, yields a value of data type
T, the type of the propagated properties. In a manner anal-
ogous to cumulative value propagation across a single part
relationship, we relax the first restriction by allowing the
alternate form D,: E(A) — {7}, where the generalized de-
rived attribute is now defined to accumulate each part rela-
tionship’s propagation value (taken as a singleton set) into
a set of values of 7.

Regarding the second restriction, Definition 5 also as-
sumes that all part relationships propagate a value of type
7 (i.e., for all 1 < i < m, the range of DY is 7), the type
of the property 7 at each meronymic class. As such, cu-
mulative value propagation is not permitted in this context.
To remove this restriction, we allow an alternative form of
the operator v such that it takes arguments which are sets
of values of type 7 and, in turn, yields a single set of such
values via some symmetric, set-theoretic operation. In this
new form, ¢: {r}™ — {r}. And, as in the case of cumulative
propagation, the generalized derived attribute becomes set-
valued: D,: E(A) — {r}. We still do require that the type
of value propagated by each part relationship, whether it is
atomic or set-valued, be uniform across all relationships.

Although the property 7 at each meronymic class is taken
to be semantically analogous to the same property at all
other meronymic classes, the third restriction requiring that
each have the same data type is often too limiting. For ex-
ample, there may be discrepancies in the data types which
really should not inhibit our ability to define a generalized
derived attribute in terms of these properties. Consider the
case where the weight of an airplane’s engine is described in
kilograms, while its fuselage’s weight is given in pounds. Or
consider the case where one of the weights is represented as
an integer, and the other as a floating-point number. (One
can find similar problems arising in the field of database
integration [2, 26].) Because such discrepancies should not
impede the definition of the generalized derived attribute,
we adopt the following convention: As long as the data
types of each 7 are compatible with each other, either in
the sense that they have a common supertype in some type
lattice [1] or that they can be cast into one another, then
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Figure 6: Plane getting its colors from its fuselage, wings, nose, and tail

the definition of the generalized derived attribute is deemed
valid. However, we still insist that the types of the val-
ues propagated by each part relationship be identical, with
any required type conversion incorporated into the family
of operators {T(™} defined by the schema designer for the
individual part relationships.

To carry this point further, it may even be the case that
the property 7 is set-valued at one meronymic class and
single-valued in another, as when the fuselage of a plane is
multi-colored, while its tail is of a single color. As above,
if the values can be type-cast into uniform arguments for
9 (e.g., through a canonical injection of the atomic values
into singleton sets), then the third restriction may be re-
laxed and the definition of the generalized derived attribute
is admissible. Again, if one part relationship propagates a
set, then all other relationships must do the same.

The graphical representation for a generalized derived
attribute is based on the notation used for the derived at-
tributes already presented. The only additional item is the
operator v, which is handled in a similar manner to the fam-
ily of operators in the propagation label of transformational
value propagation. A symbol representing 3 is placed in
front of the derived attribute’s name, which is now brack-
eted, inside the dashed ellipse. Following our above stated
convention, if the family of operators comprises related it-
erative binary operations, then the symbol for that binary
operation (e.g., “+”) is employed in the schema representa-
tion; otherwise, some generic symbol and an annotation are
required. The individual participating part relationships, as
we have discussed, may be either invariant or transforma-
tional and retain their ordinary propagation labels to indi-
cate their contributions to the computation of the gener-
alized derived attribute’s value. If the generalized derived
attribute has a default value defined for it, then this is placed
after its name inside the ellipse.

In Figure 6, we show how the color of a plane is defined
as the union of the colors of its fuselage, wings, nose, and
tail. The propagation from the class wing is a cumulative
propagation because there may be several wing instances
per plane. Because of this, the propagations from fuselage,
nose, and tail require the transformation of the single color
value into a singleton set. The derived attribute color of
plane, being multivalued in general, is depicted by a double
ellipse. The “U” in front of its bracketed name indicates
that the operator family is that of the set-union operators.
Therefore, the value of color (for a given instance of plane)
is the union of the sets of colors propagated to it through
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the four respective part relationships. Note that, by default,
each part relationship sends a singleton set containing silver
(written “SLVR?), the color of unpainted metal. Thus, there
is no need to give the generalized derived attribute color at
the class plane a default of its own.

To demonstrate that derived attributes may be manipu-
lated in the same way as other class properties, let us con-
sider a revised version of the above airplane schema where
the description of fuselage is further refined into a set of
constituent sections (Figure 7). Now, the property color of
the class fuselage is itself a set-valued, derived attribute de-
fined with respect to a cumulative value propagation from
the class fuselage_section. Because of this, the propagation
of color from fuselage to plane is no longer transformational
but rather invariant as indicated by the ordinary parenthe-
ses enclosing “color” in the propagation label. The value
propagation from wing remains cumulative, and, as before,
the propagations from nose and tail must be cumulative in
order to bring their data types in line with the other two.

In our final example (Figure 8), we show how a boat’s
weight may be written as the sum of the weights of its parts.
Let us observe a few subtleties of this schema. First, the
propagation label 1 (+4[weight],0) of the part relationship
between engine and boat indicates a transformational value
propagation, whose contribution is a single weight value de-
rived as the sum of the weights of all engines (of a given
boat). In contrast, the similar expression +[weight] appear-
ing in the symbol for the generalized derived attribute at
class boat means that the weight of a specific boat is the
sum of the weights propagated to it from the classes hull,
engine, deckhouse, and so forth. Note that the default value
of each of the value propagations is 0. So, a boat without
any parts has no weight.

6 Conclusions

In this paper, we have addressed the issue of derived schema
components in the context of OODB part hierarchies. In
particular, we introduced the concept of a derived attribute
defined with respect to a value propagation across a part
relationship connecting two object classes. Such derived at-
tributes can be specified in terms of three types of value
propagations. Invariant propagation passes along the value
of a property from a unique source meronym to a holonym.
The transferred value is delivered “as is” without any inter-
vening computation. Transformational value propagation,
on the other hand, relaxes the uniqueness requirement for
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the source meronym and, using a family of symmetric oper-
ators, transforms the multiple property values into a single
value of the specific data type. Cumulative value propa-
gation is similar to transformational propagation, but in-
stead of producing a single data value, it collects the mul-
tiple property values into a set which is propagated to the
holonym.

To generalize these ideas, we also introduced general-
ized derived attributes which are defined with respect to
value propagations across many part relationships. As we
saw, they are a natural resolution strategy for multiple value
propagation in OODB part hierarchies. They are also ex-
tremely useful for representing such common expressions as
the weight of the whole is the sum of the weights of its parts,
regardless of their classes.

To complement the formal definitions, we have presented
a graphical representation for all the new schema constructs.
This notation provides a convenient means for specifying
and communicating about OODB part schemata. In par-
ticular, it allows for the symbolic representation of derived
attributes and their implementations as value propagations
across part relationships.

At present, we are in the midst of implementing our en-
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tire part model in the context of Smalltalk [8]. This imple-
mentation will serve as a test-bed for experimentation and
further research. We are also working on a realization of
the part model in a real object-oriented database system,
the VODAK Model Language (VML) of GMD-IPSI [4, 18]
based on the Dual Model [6, 7, 21]. In this implementa-
tion, we are exploiting VML’s open OODB model and its
notion of metaclass [17] to realize the part relationship and
all its various semantics, including value propagation and
the accompanying derived attributes.
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