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Abstract

Ownership is a very important relationship in
the business world. It is endowed with rich seman-
tics and various complexities with respect to both
the owner and the property that is owned. In this
paper, we present a formal model of “ownership”
relationships in the context of an Object-Oriented
Database (OODB) system. As our motivation, we
employ three scenarios involving various ownership
relationships that exhibit a wide range of distinc-
tions. Essential aspects of ownership relationships
are their related transactions such as sale, lease, and
donation. Since certain of these can be applied with
respect to specific kinds of ownership, while others
cannot, we need to explicitly model this behavior in
order to properly represent ownership in an OODB
system. The ownership relationship, at times, ex-
hibits inheritance behavior, where the values of cer-
tain attributes are derived with respect to it. With
these issues in mind, we have identified and formally
defined various characteristics (which we call the di-
mensions) of ownership. Our ownership model in-
corporates all these to capture the functionality of
ownership’s transactions and inheritance.

1 Introduction

Ownership is a very important relationship in the
business world. It is endowed with rich semantics
with respect to the owner and the property that is
owned. As used in the corporate world, ownership
can exhibit a hierarchical structure. For example,
one company can own other companies.

Because of its complexity, modeling ownership
in the context of a database system can be an ex-
tremely difficult task. In this paper, we introduce
an “ownership” relationship model that can be inte-
grated into an Object-Oriented Database (OODB)
system. The use of this relationship greatly facili-
tates the problem of modeling real-world ownership
and of enforcing its associated constraints.
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To motivate the need for an ownership relation-
ship and to see what kinds of problems one might
encounter when trying to model it, we shall employ
three example scenarios, pictured in Fig. 1, 2, and
3. Corresponding database schemata are included in
the Figures, which have been drawn using our OOd-
ini graphical notation [9]. Ownership is denoted by
a bold, dotted arrow. This symbol was chosen for
the mnemonic association between the dots and the
“0” in “ownership.”

Let us now describe these scenarios. In the first
one, Jim and his business partner David own a man-
ufacturing business that produces an item for which
Jim holds a patent. The business resides in a build-
ing which Jim owns and for which a bank, First
Nat’l Trust, holds a lien. Jim and David have a
joint business bank account. Jim rents his house
from Tom. Jim also uses a car that is legally owned
by his business. A car owned by Jim is used by
his son John. Jim and David each have individual
bank accounts and investment portfolios, consisting
of corporate stocks and government bonds. In addi-
tion, each possesses a life insurance policy and the
appliances in their homes.

In the second scenario, Chrysler owns Jeep, Ply-
mouth, and Dodge, each of which in turn owns
subsidiaries, manufacturing plants, industrial equip-
ment, etc. Dodge and Mitsubishi jointly own the Ea-
gle Corporation. Chrysler, being a public company,
issues stock that is owned by shareholders who are
persons or other corporations.

The third scenario deals with an individual in-
vestor. Here, Jack owns several portfolios of invest-
ments, including stocks, bonds, and mutual funds.
Together, these portfolios represent all of Jack’s in-
vestments.

Against these scenarios, one is liable to carry out
any of the various transactions associated with own-
ership, such as sales, leases, or donations. Such
transactions are often restricted due to complex con-
straints. For example, under some circumstances,
the sale of an object might be disallowed. Owner-
ship also exhibits “inheritance” behavior, where val-
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Figure 1: Instance and schema diagrams for first scenario.

ues of certain attributes of objects can be derived
from other attributes via ownership relationships.
We note that an investor’s net worth can be deter-
mined directly from the values of his or her portfo-
lios.

As can be gathered from the above, dealing with
the issues of ownership can be very complex. To
model such behavior in the context of a traditional
relational database system [3, 4] would require that
some programmer write programs (apart from the
database system itself) to ensure that all business
transactions are carried out in accordance with the
semantics of ownership. However, if one were to
bypass such programs, then no guarantee could be
made about the database’s integrity. Certain “ille-
gal” ownership transactions may be allowed to com-
mit, leaving various constraints violated and the

database in an invalid state.

In an OODB system, the programmer could in-
corporate the additional constraint satisfaction code
into the methods of any classes that participate in
ownership relationships. However, this would still
require manual programming labor. Furthermore,
the correctness of the code would be very difficult to
verify given all the subtleties of ownership. Ensuring
that the programmer has properly accounted for all
the necessary constraints in the program code would
be nearly impossible.

In order to avoid such ad hoc programming ap-
proaches and remove the burden from the program-
mer, we present an ownership relationship model
that expands and enhances an existing OODB data
model. This relationship serves to encapsulate the
rich semantics of ownership and its related trans-
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Figure 3: Schema and instance diagrams for third scenario.

actions. Using it, one can declaratively specify the
desired behavior and then allow the OODB system
to enforce it. In this sense, the ownership relation-
ship is a “semantic relationship,” meaning that its
interpretation does not lie solely “in its name” [13]
but rather in its constraint-satisfaction and inheri-
tance mechanisms. In this light, our ownership re-
lationship can be viewed as a modeling primitive of
an OODB system with built-in semantics. In previ-

ous research, the IS-A (or SUBCLASS) relationship

[2, 12] and the PART-OF relationship [6, 7, 8, 10, 11]
have been modeled as semantic relationships.

The remainder of this paper is organized as fol-
lows. In Section 2, we discuss the legal definition
of ownership. In Section 3, we formally define the

ownership relationship and describe its “character-
istic” dimensions, which capture the wide range of

distinctions exhibited by ownership. Section 4 con-
tains concluding remarks.

2 Definition of Ownership

When we describe a state of “ownership,” we
must, in general, include the following three features:
(1) The owner, (2) the property that is owned, and
(3) the characteristics of the relationship between
the two. We are interested in identifying what types
of objects can fill the roles of (1) and (2), and what
the characteristics that distinguish the various kinds



of ownership are.
According to Webster’s Dictionary, ownership is
defined as follows:

1. The state or fact of being an owner.

2. Proprietorship; Legal right of property; Legal
or just claim or title (to something); in law,
the right to use for one’s own advantage some

property.

The owner referred to above can, by law, be a nat-
ural person, a corporation, or an organization. The
latter two are, in general, referred to as legal entities.
Under the law, legal entities are vested with certain
powers, some of which are also held by natural per-
sons. Others, like the power to exist in perpetuity,
are unique to legal entities. In our databases, we see
that Jim as a natural person owns his business. The
Chrysler Corporation as a legal entity owns Dodge.
In Fig. 1, bank, small business, and corporation are
legal entities. All “owner” classes in Fig. 2, except
person, represent legal entities.

Ownership of an item is often distributed among
persons and legal entities. E.g., Jim and David to-
gether own a business J&D Lightings, and a busi-
ness bank account. Also, the Eagle Corporation is
a joint venture of Chrysler and Mitsubishi. We de-
scribe such a situation as joint ownership. It is le-
gitimate for a person and a company to jointly own
a property. The ownership need not be divided into
equal portions. Stock holdings partition the owner-
ship of a public company into various percentages.
Jim, e.g., owns thousand shares of Chrysler.

In law, property means the rights which one has in
anything subject to ownership, whether it be mobile
or immobile, tangible or intangible, visible or invisi-
ble. Ownership is used synonymously with rights in
property. Thus, a person is said to be the owner of
a property if he has certain rights in it. The term
ownership is often used to indicate that one has the
“highest rights” [1] in a property, but it may be used
even when one does not have all the rights; thus, we
say that a person is an owner of a house even though
he has rented it to a tenant who has exclusive rights
to the use of the house during the term of the lease
[1].

A property can be classified as real, intellectual,
or personal. A real property refers to the rights that
one has in land or things closely related to it. An in-
tellectual property is the rights held on an idea (e.g.,
the design of an invention) or a creative work (such
as a musical composition or a novel). For such prop-
erty, the rights apply to a potentiality—no claim is
made on any tangible item. Copyrights and patents

are the ordinary forms of intellectual property. Per-
sonal property encompasses everything that is not a
real or intellectual property.

As examples, Jim’s business resides in a build-
ing which is his real property. The patent (num-
ber A908) for the Long-Life Bulb is his intellectual
property. Bank account 369 and the car used by
John are his personal property. In Fig. 1, the class
building denotes a real property. Patent is an intel-
lectual property. The remainder of the “property”
classes represent personal properties. In Fig. 2, the
only real property is manufacturing_plant. The rest
are personal properties.

One characteristic of the ownership relationship
itself centers around the existence of a legal docu-
ment that verifies the owner’s rights to a property.
A copyright owner, e.g., is granted a legal certificate
giving him exclusive rights to possess, make, publish,
and sell copies of his intellectual production, or to
authorize others to do so. In contrast, the owner of
a household item does not have a legal document to
support his ownership, but he has the right to use it
as he pleases. We call ownership of the former kind
documented and ownership of the latter kind undoc-
umented. So, Jim’s patent is documented, while his
ownership of a toaster oven is undocumented.

In Fig. 1, the following ownerships (written
as: owner class-property class) are among those
that can be classified as documented: bank-mort-
gage, person-building, person-small_business, per-
son-bank_account, person-patent, and small_busi-
ness-car. The relationship between the classes per-
son and household_appliance is undocumented. All
ownerships in Fig. 2 are documented.

As a final distinction, some kinds of ownership are
acquired by operation of law, while some others are
not. We call ownership of the former kind de jure
and ownership of the latter kind de facto.

3 Ownership as an OODB Semantic
Relationship

3.1 Transactions and Inheritance

As noted above, the most crucial aspects of own-
ership are the constraints that it imposes on its re-
lated transactions such as sale and lease. Certain
transactions can be applied to specific kinds of own-
ership, while others cannot. For example, in the
case of exclusive ownership, the owner can sell his
belonging without restriction (and thus the trans-
action “sale” can be applied freely), while for joint
ownership an owner cannot sell the property without



the consent of the other owners (so the use of “sale”
must be controlled). When a person has accepted an
offer to sell his house, he cannot accept another of-
fer, even though he is still the owner, until that time
when the first offer becomes invalid. We call own-
ership of this kind action-limited. Similarly, when
one has bought a stock option, the ownership of it
may expire after a certain period of time if it is not
exercised. In this case, we say that the ownership
is time-limited. Likewise, when one has ownership
of some property like a car or a house, it cannot be
sold without its supporting documentation.

Let us consider some of these complexities of own-
ership transactions in the context of our example
scenarios. If Jim wants to sell the business, he needs
the consent of David, his partner. If David wants to
buy half of the business’s building from Jim, then
he must have the consent of First Nat’l Trust which
owns the mortgage. What would happen if David
wanted to sell his half of the company to a new
partner? Depending on the partnership agreement,
he may need Jim’s approval. With respect to their
joint checking account, do both Jim and David need
to sign every check together? Clearly that depends
on the nature of the account. What about the sale
of properties that are being used by others? For ex-
ample, can Tom sell the house that he is renting to
Jim? Yes, but the new owner would be unable to
occupy the house until the lease expired. Is John
allowed to sell his father’s car? No, because even
though he is using the car, he does not possess the
proper ownership documentation required to sell it.

Aside from the transactions, the ownership rela-
tionship plays a vital role in more accurately mod-
eling various application domains via its inheritance
mechanism, which allows values of certain attributes
to be propagated across it. For example, Jack’s net
worth (i.e., his “value”) can be determined directly
as the sum of the values of the portfolios that he
possesses. Consider also that to calculate Chrysler’s
profits for 1994, the profits of Dodge, Plymouth,
and Jeep must be added together. Furthermore, the
profits of Dodge must take into account the profits
of Eagle. In all these examples, a value propagation
between properties and owners is required.

From the above we see that to properly support
transactions and inheritance with respect to owner-
ship, we need to explicitly model the different char-
acteristics (which we call the dimensions) of the
ownership relationship. Our investigation has re-
vealed six important dimensions. In this section,
we will first formally define the ownership relation-
ship and its constituent dimensions. Thereafter, we
will examine two of the dimensions, exclusiveness

and value propagation, in some detail. We will then
briefly describe the others.

3.2 Formal Definition of the Ownership
Relationship

Let E(C) denote the extension of a class C, i.e.,
the set of all its instances. The ownership relation-
ship between a property class B and an owner class
A (denoted Op, 4) is defined as the following septu-
ple:

OB,A =< Qéa)‘a ﬁaaaXa(saV >

where Q4 is a relation from E(B) to E(A). The pair
(b,a) € Q4 indicates that the instance b of class B is
the property of (i.e., is owned by) the instance a of
class A. We will ordinarily express this fact as b4 a.
The remaining elements of the septuple are the six
characteristic dimensions, whose names are Legal-
ity, Documentation, Limitation, Exclusiveness, De-
pendency, and Value Propagation, respectively. For
each, we list its domain in the following:

X € {de jure, de facto},

B € {registration-docum’ted, transfer-docum ted,
undocum’ted},

a € {action-limited, time-limited,

actionétime-limited, unlimited },

X € {ezclusive, free-joint, percentage-joint,
global-percentage-joint},

0 € {owner-to-property, nil},

v € {up, down, up Trans, downTrans,
up&down, nil'}.

The values of both é and v may be nil, indicat-
ing that the particular characteristic (dependency or
value propagation) is inapplicable. For lack of space,
formal descriptions of only two dimensions will be
given. The rest of the dimensions are described for-
mally in [5, 14]. (In [14], we had only four dimen-
sions and the notion of transactions is not connected
to the dimensions of ownership.) For the following
definitions, assume an ownership relationship Op 4.
Definition 1: Va € E(A), let Paa (a) ={b| b€
E(B) ANbQ3a}. Pga(a) is called the property set of
a with respect to Op, 4, i.e., the set of instances of
B which are properties of a.

Definition 2: Vb € E(B), let Nga(b) = {a | a €
E(A) A bQ4al. Nga (b) is called the owner set of b

with respect to the ownership Op, 4, i.e., the set of
instances of A of which b is a property.
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3.3 Exclusiveness Dimension

Ownership can be classified as exclusive or joint.
In other words, a property may be owned by one
owner or jointly owned by several owners. The for-
mal definition for the exclusive ownership relation-
ship follows:

Definition 3: For the ownership relationship Op 4,
x = ezclusive implies that Vb € E(B), |[Nga (b)| < 1.
In other words, a property cannot have more than
one owner.

To represent this graphically, we add an X to the
dotted arrow to denote eXclusive (Fig. 4).

Those ownership relationships which are not ex-
clusive are referred to as joint, in which case a prop-
erty may be either jointly owned freely, i.e., there is
no explicit partition of the rights of the joint own-
ers in the property (e.g, a joint bank account is
freely shared by a couple—we call this free joint),
or jointly owned such that each owner takes a cer-
tain percentage of the ownership (e.g., husband and
wife each own 50% of their house—we call this per-
centage joint). We call the case where all owners
have the same percentage equal joint. Although the
exclusiveness dimension has been included in some
OODB models (e.g., SHOOD [11] and our part rela-
tionship model [7, 8]), percentage joint is unique to

ownership. Percentage joint plays an important role
in economic activities. A shareholder has the right
to receive his percentage of dividends.

In our graphical notation, a plain dotted arrow in-
dicates free joint (Fig. 5). Percentage joint and equal
joint are denoted by labels of P and =, respectively
(Fig. 6).

Definition 4: For the ownership relationship Op, 4,
X = free-joint implies that Vb € E(B), Op, 4 does
not impose any constraints on [Nga(b)|. That is,
each instance b may have any number of owners.

Definition 5a: For the ownership relationship
OB, a, X = percentage joint implies that Vb € E(B),
each of its owners a has an associated number py ,
(0 < ppe < 100) indicating a’s percentage of own-
ership of b. The percentages p; , associated with all
the owners of b must total 100%.

Definition 5a defines the percentage joint owner-
ship relationship when the property class has only
one associated owner class. At times, the ownership
of an object may be distributed among owners from
different classes. This case is defined as follows.

Definition 5b: The ownership relationships Op, 4, ,
OB, 4,,---,0B,a, are global percentage joint if Vb €
E(B), each of its owners (regardless of their classes)
own percentages of b totaling 100%.



4

Company

General_Food
A
L]

Person @
dca) W, .
° .
[ ] > .. °
Person Company . % . . 50 o
. '. ‘. o .
‘ o, .o * 30 '. o
* 20 e S
*p . p* ‘.. . RS . .o
®e P . « @ t' R
.. ... ..' e 0 .
- AT&T .
Stock IBM J 100

Stock

Figure 6: Stocks are owned (percentage) jointly by person and company.

To better understand Definition 5b, refer to Fig-
ure 67 where OStock,Person and OStock,Company are
two global percentage joint relationships. For any
instance of class Stock, the ownership is distributed
among its owners such that each of them takes a
certain percentage and the sum of the percentages
is 100%. In Figure 6, the IBM stock owners are Os-
car and Cecilia of class Person, and AT&T of class
Company, with 20, 30, and 50 percent of the owner-
ship, respectively.

3.4 Value Propagation Dimension

There are times when a certain feature of a prop-
erty is naturally assimilated as a feature of its owner,
or vice versa. E.g., the address of a person may be
modeled as the address of his house rather than as
an intrinsic attribute of the person. Likewise, the
name that appears on the passport can be taken
to be the name of its owner. In the former case,
the value of address, rather than being duplicated,
should be stored solely with the house and propa-
gated upward on demand. Address, in this sense, is
a derived attribute of person.

As another example, Jack’s net worth can be de-
termined directly from his portfolios. Specifically,
Jack’s net worth (denoted as his “value”) is just the
sum of the values of his various portfolios. As these
fluctuate on a minute-to-minute basis, so too should
Jack’s worth. Therefore, it does not make sense to
store this value statically. Rather, it should be de-
rived dynamically from the appropriate sources on
demand. The ownership relationship can automat-
ically (i.e., without the need for manual program-
ming) perform the necessary retrieval and computa-
tion.

Definition 6: Let mp: E(B) — 7 be an attribute

of B. The ownership relationship Op, 4 is said to be
inwariant upward propagating if it defines a property
7w on the class A such that the value of wp for an
instance a € E(A) is identically the value of wp for
that b € E(B) which is owned by a.

For example, if the property address is propa-
gated from the class house to the class person, then
the ownership relationship would define the property
address on class person as follows:

address(b), if 3b € Pqa(a),

address(a) = { undefined, otherwise.
Thus, the address of a person is identically that of
the house that he or she owns. Invariant propagation
in the other direction is defined analogously (see [5]).

Transformational upward value propagation is de-
signed to take contributions for the value of the
propagated (or inherited) attribute from any num-
ber of objects that are owned. The multiple values
are transformed into a single value of the attribute’s
data type.

Definition 7: Let 7p: E(B) — 7 be an attribute
of B. The ownership relationship Op, 4 is said to be
transformational upward propagating if it defines a
property mp on the class A such that the value of
wp for an instance a € E(A) is derived by applying
some transformation collectively to the values of g
for all b € E(B) such that b is owned by a.

Here, instead of being identical to a value at a sin-
gle “property” object, the value of the propagated
attribute is derived through a transformation of val-
ues from many owned objects. For the example of
the net worth of an individual, the propagated prop-
erty value would have the following definition:
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where a is an investor and by, bs, .. ., b, are his port-
folios. The above is shown graphically in Fig. 7,
where we also show the specific example of Jack
obtaining his net worth from his three portfolios.
Another derived attribute, an investor’s total gain
(which is just the sum of the gains of the portfolios),
is shown in the figure as well.

3.5 Additional Dimensions

Due to space limitations, we mention the issues
of several other dimensions only briefly. For details,
see [5, 14]. The dependency dimension regulates the
semantics of deletion of owner class A or property
class B. It defines when deletion of one should cause
deletion of the other. Ownership can be either doc-
umented, or undocumented. Documented ownership
always has a supporting legal document, while un-
documented ownership does not.

Some kinds of ownership are acquired “by opera-
tion of law,” i.e., through a formal legal procedure.
We call such ownership de jure. Others are not, and
are called de facto. These are the values for the
legality dimension. Ownership is often used to indi-
cate the “highest rights,” but it may be used when
one does not have all the rights. In other words,
ownership may be limited in some aspects. For ex-
ample, if the owner of a house has accepted an offer
to sell that house to someone, then he cannot sell
it to some other person, even though he is still the
owner, unless the offer becomes invalid.

4 Conclusion

We have addressed the issue of representing own-
ership relationships in OODBs with a model that
captures a variety of semantics. In particular, we
have distinguished a number of aspects for the roles
of the owner and property in such relationships.
These aspects define notions like exclusive and joint
owners. Formal definitions for various ownership re-
lationships were presented. To complement these,
we have presented graphical symbols for each of
the ownership relationships which expand the OO-
dini graphical schema representation language for
OODBs [9]. We have also investigated the inter-
action between the various ownership transactions
and the ownership relationship’s characteristic di-
mensions. We plan to integrate the ownership rela-
tionship that we have defined here into a commercial
OODB system.
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