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Abstract. The notion of “ownership” is prevalent in many social, economic, and political
activities. In this paper, we show that an “ownership” semantic relationship can be a powerful
addition to the repertoire of object-oriented database (OODB) modeling primitives, The
motivation for such a relationship is provided by example OODB schemata. Using these
schemata and some (informal) legal definitions, the varied semantics of ownership are
identified. A formal ownership relationship is presemied as an extension to an OODB data
model.

KEY WORDS: Semantic Relationships, Ownership Relationship, Semantic Modeling,
Commercial Applications, Integrity Constraims

1. Introduction

Object-Oriented Database Systems have become powerful tools in many advanced application
domains due to their data modeling capabilities (Kim et al.,, 1989; MacKellar et al., 1992;
Woelk et al., 1986). While sharing with semantic data models some common notions such as
classes and inheritance among classes (Hammer et al, 1978), QODBs possess additional
properties like encapsulation and late binding. Their wtility is derived in no smatl part from the
semantic relationships — e.g., IS-A (SUBCLASS) (Brachman, 1983; Snyder, 1986) and
PART-OF (Halper et al., 1992; Halper, 1993; Kim et al., 198%b; Nguyen et al., 1991) — used
in the comstruction of their schemata. By “semantic relationship” we mean a connection
between classes whose interpretation does not lie solely "in its name” (Woods, 1975) but in its
constraint-satisfaction, inheritance, and operational mechanisms. Our data model not only
captures important static constraints, as most semantic data models do, but also includes as part
of the schema many dynarmic constraints, i.e., constraints on the state transition of the database
(Gray et al., 1992). In other words, such' a refationship is a built-in modeling primitive with rich
semantics. In this paper, we demonstrate the usefulness of including an “ownership” semantic
relationship in an OODB data model. The motivation for this revolves around the following
issues:

279

L. The richness and complexity of "ownership” in real-world applications. There are many
different kinds of ownership encompassing a variety of semantics with respect to owner,
possession, and their connection.

The frequent use of ownership in everyday life and the corporate world.

The hierarchical nature of ownership in the corporate world, where, for example, a

company can own other companies. This may be represented by one reflexive ownership
relationship at the schema level.

bl

For our motivation of an ownership semantic relationship, we shall employ two example
schemata. The first is abstracted from the following scenario. Joe owns a manufacturing
business that produces an item for which he holds a patent. The business resides in a building
which Joe owns and for which a bank, First National Trust, holds a lien. Joe and his wife Jackie
rent their house from Tom. Jackie is a professional writer and owns the copyrights for two
books. She owns a car, and Joe uses another which is legally owned by his business. Together,
they own another car, used by their son John, and a joint bank account. Their individual
investment portfolios consist of corporate stocks and government bonds. In addition, each
possesses a life insurance policy. Both jointly own the appliances in their home.

The second schema is abstracted from the following. General Motors (GM) owns Chevrolet
which in tum owns subsidiaries, manufacturing plants, industrial equipment, etc. GM and
Toyota jointly own the Geo Corporation. GM also is a public company and issues stock which
is owned by shareholders who are persons or other corporations,

ownar

S

possession;

Figure 1. The genetic ownership relationship.

We graphically represent “ownership” in an OODB schema (Halper et al., 1993b) by a bold,
nm&& armow (Fig. 1). The two above scenarios and their corresponding schemata are shown in
Fig. 2 and 3, respectively. As we will discuss, the various ownership relationships which appear

in these schemata exhibit a wide range of distinctions. In the next section, we wili categorize
these different sorts of ownership.

The remainder of this paper is organized as follows. In Section 2, we discuss the egal definition
of and terminology relating to ownership. In Section 3, we formally define the ownership

relationship as a quintuple comprising 2 number of “characteristic” dimensions. Section 4
contains concluding remarks.
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Figure 3: Instance and schema diagrams for second scenario.

2. The Definition of Ownership

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

mn._::mno_omo::ﬂa@v.Eairm:_._nn:p..sn—nmmao:wa 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 possession; Legal or Just claim or title (to something); in law,
the right to use for one's own advantage some possession,!

The owner referred to above can, by law, be a natural person, a corporation, or an
organization. The latter two are, in general, referred 1o as legal entities. Under the law, legal
entities are vested with certain powers, some of which are also held by natural persons. Others,
like the power to exist in perpetuity, are unique to lsgal entities. In our databases, we see that
Joe as a natural person owns his business, The GM Corporation as a legal entity owns
Chevrolet. In Fig, 2, the following classes can be characterized as legal entities in ownership

relationships: bank, small_business, and corporation. All “owner” classes in Fig. 3 represent
legal entities.

Ownership of an item is often distributed among persons and legal entities. For example, Joe
and Jackie together own a toaster oven, a bank account, and their son's car. Also, the Geo
Corporation is a joint venture of GM and Toyota. We describe such a situation as joins
ownership. It is perfectly legitimate to have a person and a company jointly own the same thing,
In Fig. 2, Jackie and GM hold stock in AT&T and are thus among the group of its joint owners.
The ownership need not be divided into equal portions, either. Stock holdings partition the

ownership of a public company into various percentages. Joe, for example, owns one thousand
shares of GM, making him a small percentage owner,

The technical legal term for possession is

properiv. however, due (0 the widespread use of that term in the
database field, we will avoid it here.
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In law, possession means the rights which one has in anything subject to ownership, whether it
be mobile or immobile, tangible or intangible, visible or invisible. Ovmership is used
synonymously with rights in possession. Thus, a person is said to be the owner of a possession
if he has certain rights in it. The term ownership is often used to indicate that one has the
“highest rights” (Anderson et al., 1971) in a possession, but it may be used even when one does
not have a 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 (Anderson et al., 1971).

A possession can be classified as real, intellectual, or personal, A real possession refers to the
rights that one has in land or things closely related to it. An intellectual possession 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 possessions, the rights apply 10 a potentiality-no claim is
made on any tangible item. Copyrights and patents are the ordinary forms of intellectual
possessions. Personal possessions encompass everything that is not a real or intellectual
possession.

As examples, Joe's business resides in a building which is his real possession. The patent
(number A908) for the Long_Life Bulb is his intellectual property. Bank account 369 and 2
toaster oven are among his and Jackie's personal possessions. In Fig. 2, the class building
denotes a real possession. Copyright and patent are intellectual possessions. The remainder of
the "possession” classes represent personal possessions. In Fig. 3, the only real possession is
manufacturing_plant. The rest are personal possessions.

The major distinguishing characteristic of the ownership relationship itself centers around the
existence of a legal document that verifies the owner's tights to a possession. A copyright
owner, e.g., is granted a legal certificate giving him exclusive rights to possess, make, publish,
and self copies of his intellectual production, or to authorize others to do so. In contrast, the
owner of 2 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 de jure and ownership of
the latter kind de facto. So, Jackie's copyrights are owned de jure, while her toaster oven is
owned de facio.

In Fig. 2, the following ownership (written as: owner ¢lass - possession class) are among those
that can be classified as de jure: bank - morigage, persan - building, person - small_business,
person - bank_account, small_business - car. The relationship between the classes person and
household appliance is de facto. All ownerships in Fig. 3 are de jure.

3. Ownership as an OODB Semantic Relationship

To incorporate ownership into an CODB data model, we need to provide a formal description
for it. As discussed earlier, there are different kinds of ownership. Qur investigation has
revealed characteristics which describe the required functionality to support the different kinds
of ownership. Such characteristics are called dimensions, and we will give formal definitions for
each dimension of the ownership relationship. We first introduce the definition of a generic
ownership relationship, from which all others will be derived. Let E(C) denote the extension of

2yes, he may have kept the sales receipt, but technically that documents the purchase transaction, not the
ownership.
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a class .n.. i.e, the set of all instances of C. The generic ownership relationship between a
_vo.mmauw_o._ class B and an owner class A (Figure 1) is a relation Q7F, from E(B) to E(4). The
nE... (b, a) e} indicates that the instance b of class B is the possession of (i.e., is owned by}
the instance a of class 4. We will ordinarily express this fact as 5{)]a.

3.1 The Formal Definition of the Ownerskip Relationskip

To deseribe the characteristic dimensions of ownership, we employ the following quintuple.

0,, =<Qg, 4, 1,6, v> )

4 o, .
Q7 is n_wmw&. as w._uoe.o. The remainder of the quintuple represents the values of four
characteristic dimensions. For each dimension we list its name and domain as follows:

Exclusiveness: y < X = {exclusive, free-joint, percentage-joint}, .

Dependency: & € D = {owner-to-possession, nil}, 2)
Legality: A € L = {de jure, de facto},

Value Propagation: ve V= {up, down, upTrans, downTrans, upkdown, nil}.

M“E:p_ ﬂ_omnnv:o:.m.om. each dimension will be given in subsequent sections. For this, we need
e following definitions, Assume that there exists an ownership relationship Os. 4.

Uamimc_._ 1: Va eE(A4),let Pa(a)= {b|b € E(B) A bLY3a}. Pai(a) is called the possession
set of a with respect to Os.4, i.e., the set of instances of B which are possessions of a.

Definition 2: Vb € E(B), let Na}(b) ={a|a e E(4)» bQja}. Na}(b) is called the owner set

of b i:.r respect to the owmership Os, 4, i.e., the set of instances of A of which & is a
possession.

3.2 The Exclusiveness Dimension

Ownership relationships, in general, can be divided along the lines of exclusive and joint. In
other words, a _.uommaummo: may be owned by only one owner or jointly owned by wa<.a_.m_
owners. As a .cmm_o characteristic of ownership in the real world {Anderson et al,, 1971; Moore,
1968), nmn_cm_...msamm represents an intuitive constraint which may be imposed on oEo,sm in E._
ownership relationship. The formal definition for the exclusive ownership relationship follows:

panen e @ sl

X

RV
Ceone

© IRA_pantdio
IRA_porifolic _vnn.hr!_u! _ nvq.n__._ﬁu! _

Figure 4: An example of exclusive ownership.
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Definition 3: The -ownership relationship Os.. is exclusive (ie, % = mn&:,n.uwv if
Vb e E(B), |N,,(b)Is 1. That is, an exclusive possession cannot have more than one owner.
»

if our graphical notation an X on the dotted arrow to F&omﬁ. n.uhn__.._uza ﬁ Fig. 4).
MP@OMM_ Mc_,..ﬂ“‘mrmw_._.m»moumavm which are w__..cw_ vanEwmcn .E”nﬁnm_uw._“om nM“. _w_m_ Nﬂmsm.. nﬁwﬂﬁmo“,&nmww “
possession may be either jointly owned freely (c.g., a join __ reely e o

— we call this free joinf), or jointly owned uz.ow that each owne S pin
wwﬂﬂmﬁmma of the oéno_.%q% {e.g., the husband and the wife each owns 50% of their M_nm”wwm .
we call this percentage joint). We call the case where all owners :8._6 the &MM %w Eouwm
equal joint. Although the exclusiveness dimension has been included in some D e
{e.g., SHOOD (Nguyen et al., 1991) and OOUZ.?EuQ. et al, mouuuu. percen omsﬂ. ot 18
unique to ownership. Percentage joint plays an _m%o_.sa role in Smmmaﬁm .w o nm.__ :
shareholder has the right to receive his proportion (ie., _.uaqnonﬁmnv of dividends; o
special meeting of the shareholders, if he owns the shares in a stated percentage.

In our graphical notation, a plain dotted arrow indicates free joint (Fig. 5).. Percentage joint and
equal joint are denoted by labels of P and =, respectively (Figs. 6, 7).

— &y,

5 ® SOk

: o&m&u,au
bank_acoount 'n ;| bank_acoount

Figure 5. Jointly owned bank accounts.

Compeny

Figure 6. Stocks are owned {percentage) jointly by person and company.
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Definition 4: The ownership relationship Os4 is free joint {ie, x = Jree-joint) if
v beE(B),| Naj(b)1= 0, ie, there is no constraint on the owner set of 5.

Definition Sa: The ownership relationship Os.+ is percentage joint if there exists a total
function (called the individual share function) £ : E(B) x E(d) — [0, 100] such that
Vb, Y f(ba)=100.

aeNad(b}
Definition 5a defines the percentage joint ownership relationship when the possession class has

only one owner class. At times, the ownership may be distributed among owners from different
classes. This “multiple ownership* case is defined as follows.

Definition Sb: The ownership B_w:o:m_.%m Os.4, Op.43,...,0,4. (1 is an integer) are

percentage joint if there exists a total function f:E(B) xGst ~——{0,100] such that
= }

Vb, 3. f(b,a)=100, where M =| } Ne'(B)
aehf

=

To better understand Definition Sb, refer to Figure 6 , where Oswa, osonzind Ostock, Compary aTE
two 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 that the sum of the
percentages is 100 (percent). In Figure 6, the stock IBM's owners are Oscar and Cecilia of class
Person, and TBM of class Company, with 20, 30, and 50 percent of the ownership, respectively.

owner

possession

Figure 7: The equal ownership relationship.

3.3 The Dependency Dimension

The dependency dimension of ownership relationship .4 regulates the semantics of deletion
of owner class 4 or possession class B. It defines when deletion of one should cause deletion of
the other. Intuitively, there seems to be no need of a dependency dimension for ownership;
acither the owner nor the possession ceases 1o exist if the other is deleted from the database,

Nevertheless, afier looking at some examples, we find that we need such a dimension. Consider
the relationship between a person and his car. Neither is dependent on the other. However,
suppose that in the application domain, say, of an insurance company, we need to distinguish
people who own cars from people who do not. Car owners have some specific properties which
are modeled by creating a specialization class car owner of the class person. The class car
owner inherits properties from person and have extra properties. The ownership relationship for
the car refers to the car owner class rather than to the person. This way of modeling in OODBs

.
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is described in (Kifer et al., 1992) as shifting information from the data 1o the mn_dnaw. In this
way, if we model the class car owner as a subclass of person, then the mﬂ.o%:.m_. is nomwaaoa
on the car. For example, if a car owner Lisa owns only one car, and if it is n._o_ﬂ& mo.m..
destroyed in an accident), Lisa should be deleted from the o_mmm car o«.sn.... - since she _m..:.o
longer a car owner — but not from the class person. Now, if the query “list car owners” is
executed, Lisz will not be returned (Fig. 8). In general, we may have mcar. a dependency for
specialization classes which are actually categorized according to the possession.

(1) A this Is deleted

Figure 8: Car owner depends on car.

On the other hand, the possession-to-owner dependency is not justified cw our analysis, though
there are some examples that seem to require. Consider a corporation —msﬂ owns several
subsidiaries. Usually, if the corporation goes bankrupt, all its subsidiaries will also go out of
business. This looks like a case of possession-to-owner dependency, but a closer look @..w.&m
that besides the ownership relationship, there is also PART-OF relationship between mzcua_ma‘
and corporation, i.¢., the subsidiaries are not only possessions, but also parts of 50. corporation.
Furthermore, the ownership relationship itself does not cause any possession-to-owner
dependency; it is the PART-OF relationship (Halper et al., _owuu..:_n_ causes this anv.n:%:.nw.
Therefore, the possession-to-owner dependency does not appear in the dependency m_EonmE:
of the ownership relationship. This dimension is, therefore, specified by the following set of
values:

& €D = {owner-to-possession, nif}

The second value indicates that the ownership relationship lacks any dependency semantics.
This is desirable in most cases (e.g., a person is not deleted if he sells his car).

In the following, we use the notation del(x) to denote the application of a method to delete the
instance x, and use “x => y” to indicate that action x implies action ¥

Definition 6: The ownership relationship Op, 4 is owner-to-possession dependent
(e, 8 = owner-fopossession) if VbeE(B) del(b)=Vack (A) such that
bQla A Pai(a) = {B), del(a).

We draw an extra arrow head pointing to the possession on the dotted line to indicate this
dependency (Fig. 8).

e LB o e e
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owmar over
LA )
document ._
{ Re
= - ”U-— H
pessession possession
(2) ®

Figure 9: Ownership de jure: (a) document relates to both owner and possession (b) the
graphical notation

3.4 The Legality Dimension

De jure ownership atways has a supporting legal document, while de facto ownership does not.
To represent de jure ownership, we need an extra class document which relates to both owner
and possession. We label the relationship between document and owmer a5 R, between
document and possession as Ry We assume a one-to-one cotrespondence between the
instances document and possession, and define the inverse relationship R;' for Ry (Fig. 9(a)).3
The inverse relationship is necessary to maintain information integrity endowed with ownership
de jure_ For example, if we are given bQ%a, and wish to find the document that supports it, we
need te go from class possession to class document. Without R;', we would not be able to do

50,

To be consistent with the notations for other dimensions and to simplify the graphical
representation of the schema, we will denote ownership de jure with a J on the dotted arrow

(Fig. 9(b)). That is, we omit the class document and its relationships from the graphical schema,
assuming their existence.

In the following, A and B are the owner class and possession class respectively, C is the
documentclass, and R+, Re and R are defined as above. In addition, de/(x) is defined as the
application of a method to delete the instance x, break{x, ) (con(x, )) to break (establish) the
connection between the instances x and y, and add(x, ¥) to add the instance x 1o the class ¥,

Definition 7: The ownership relationship Os.4= < Qf, de jure, z, 5, v>, where QF, 7,6 and
v are defined as in (1) and (2) above, is called an ownership de jure, if Va, b such that
a €E(A4),beE(B), and Q% holds, there exists ¢ € E(C) such that (c,a) e Rs,(c,b) e Rs

(e, there exists a legal document venfying the ownership 5Q7a), and if it satisfies the
following modification conditions:

(1) delete owner: Ya ¢ E(A), del{a)y= Vb e Poj(a), breal(h, ayn Ve e E(C) such that
(b, cYye R, break(b, c), del(c).

*Nate that R, is not onc-to-one as an Owner may possess several instances of the samc kind of possession. Thus

it is not 50 simple to access the document through the owner class,
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(2) delete possession: Vb e E(B), del(b) = Ve € E(C) such that
(b, c) R}, break(h, c), dei(c).

(3) delete ownership relationship: break(d, a) such that b0%a = Ve such that
(b,c)eR;', break(d, ¢), del(c),

(4) establish ownership refationship: con(, &) such that
bQia = add(e, C), con(c, a), con(c, b}, con(b, c).

porson

Z

Figure 10: The ownership de jure. (a) before operations performed, (b) after operations
performed.

The methods in Definition 7 are basic operations. Complex operations can be implemented by
combining those methods. An example of such operations is ownership transfer, which is a
common transaction in the commercial world. This can be characterized by “the ownership of
b is transferred from a4, to a,”. The method transfer (ay, ay, b) can be implemented by
“Break(h, a))" and “con(b, a,)". In Figure 10, Bar{ lost his car car?99 in an accident and
bought a second-hand car car888 from Lisa. Tn the meantime, Homer died of old age, and left
his car car?77 which was formally jointly owned with his wife Maggie. The changes in the
database can be described by the following sequence of operations: del(car999), transfer(Lisa,
Bart, car8885), and del(Homer). By forcing the database schema to adhere to those constraints,
the integrity of the data model is guaranteed.

Definition 8: The ownership relationship Oy 4 is de facio if it is not de jure.

3.5 The Value Propagation Dimension

There are times when a certain feature of a possession is naturafly assimilated as a feature of its
owner, or vice versa. For example, the address of & 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 1o 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 propagated upward on
demand (Figure 11). Address, in this sense, is a derived attribute of person. In our data model,
the value propagation dimension may take on six different values:

V = {up, down, upTrans, downTrans, up&down, nil)
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Due to space limitations, we will present only the definition for transformational upward

propagation, which is expressed by 8 = upTrans, For the other cases, refer to (Halper, 1993;
Halper et al., 1993), where we use similar definitions for part modeling.

Figure 11: Address propagated from home to person

Definition 9: Let ng : E(B) — t be a possession of B. The trangformational upward
propagating  ownership  relationship  which  propagates = 5. is defined as
Ona= Abm. Ax .w.?ﬁﬁéa.. Dz, Q.Eu. .\v. Here, t is any data type, {7} is a family of
symmetric operators 7.t & — t with n > 0, and the function D E(4)— 7, called a

derived attribute, is defined in terms of {7™}as follows. (Note that the possession set of an
instance a of 4 is taken 10 be Pa!(a) = {by, bs, ..., bu), m2 0.)

b..@L Wau_a@_u. m(ba), ..., m(be}) mz0A7s(bi)is defined,

otherwise.

small business_

*
small_buskess te

=t

¥
£

small Jushess small bshess

Figure 12: An example of the value propagation.

Here C is a pre-set default value. For example (Fig. 12), Mr. Joe owns three businesses, Joe's
Deli & Liquors, Joe's Fruit Market, and Joe's Lighting. At the end of a year, he wants to know
how much money he has made from his businesses. This can be done by having a
transformational upward propagation. That is, the derived attribute Deain of the class small

?&ﬁ&azﬁxngcniazonm:ﬂoazmoﬁ__om.:mc:ﬁm&.ﬁmah:&;ua.am&vlvsho?rn
class small Business, as follows: -
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© [ sumgain(b), gain(br) .., gain(ba)} n#0ngain(bi is defined for Isisn,

mui.?u =1 o, otherwise.

4, Conclusion

We have addressed the issue of representing ownership relationships in QODBS, 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 possession in such relationships. These aspects define notions
like exclusive and joint owners. Ownership relationships themselves were shown to be either de
Jure or de facto, the former being distinguished by the presence of a legal document, Formal
definitions for the various ownesship relationships were presented. To complement these, we

“" have presented graphical symbols for each of the ownership relationships which expand the

"~ graphical schema representation language for OODBs developed in (Halper et al, 1993b). In

future work, we will investigate the interaction between ownership transactions and the above
ownership dimensions. We plan to integrate the ownership relationship as an integral part of a
commercial OODB system supporting the necessary dimensions. Such an addition to OODB
systems will increase their appeal for commercial applications.
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