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Abstact: - It is well known that the dject data model has improved the expression paer with regard to the
relational model, supportin g constructors such as multi -valued attrib utes or inheritan ce. However, there are still
same other important constructors, as ternary relationships or canposite djects, that are neglected by most of
the abject data base g/stems, even by the dbject database standard, ODMG. Nevertheless, ternary relationships
(and n-ary relationships, in general) are supported by almost every conceptual modd due to their importance in
modelling the real world. The problem is that n-ary relationships can only be used to define the canceptual
schana, and ®, it is necessry to invent a way of covering the gap between n-ary relationships allowed at a
conceptual level and binary ones supported by the implementation models To solve the mentioned problem,
we propose an &tensionof the ODMG data model to support ternar y relationships, basel on the definition of a
new collectin type.
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1. Introduction

One of the most important improvements of
the new geeration databases (ofect-oriented
and object-relational datebases) with regard to
the relational ones is their capady to support
complex objects and structures. In order to
achieve this goal, deabase models have
improved their expressiveness thragh new
primitives being now closer to the conceptual
models than the relational model was.
However, some important conceptual
constructors, as or example, aggregation or n-
ary relationships, are not still supported ly the
database models, bem necessaey to maintain
its semantics throwgh the applications.

Perhaps one of he most important constructors
to represent the real world is the relationship,
which allows representing the relationship
concept that is present at almost evey
application. In spite of seeral proposals
extending the relationship semantics [1, 4, 11]
to support different meanings of the
relationship concept, currenty, database
models, including the ODMG data model, just
support binary relationships [5, 8, 13].

In this paper, we propose an ODMG gtension
to support ternary relationships through a new
collection type that we have calldPairColl.
This proposal can be easy extended to support
n-ary relationships.

The remainder of the paper is organised as
follows. First, in section 2, we justiy the need
of the ternary relationships in data models.
Afterwards, in section 3, we summarise the
current state of the relationships and collection
types in the ODMG data model. Then, in
section 4, we eplain our proposal. Finally, in
section 5, we conclude pointing out some
possible etensions and future works.

2. Modelling with ternary

relaionships

A relationship is an association between two or
more objects that belong in general, but not
mandatory, to different object types. When
only two objects participate in the association
it is called a binay relationship. However, it is
very common in the real world to find
associations that relate three or more objects.
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In auch caes we peak ofn-ary relationships.

A ternay relationship is an sped caseof n-

ary reationship, in whichm is three.

Ternay, and n-ay relationships in geeral, are

very important constructors in a model to

represent the semantics of the real world.

Neaty all conceptual models, as E/R [7] ML

[2], MIMO [12], Merise [14], etc. support

ternay relationships. However, nonef the

currentdatabasetandards, the ODMG [5], the

SQL92 [13] as well as the future stard

SQL3 [8], supports this constructor. Moreover,

implementation models, neither object-

relational (as DB2 [6] or Orée [15]) nor pure

object-oriented models (as GemStone [3],

Orion [10] or POET [16]) support ternary

relationships.

Thus, terngy relationships can beirécly

represented in a dabag conceptual schema

but they cannot be represented in an
implementation one. For this reason, it is
necessy to define low ternay relationships
should be implemented. There are two
different ways to broach this problem:

a) The first one is to convert the relationship
in an objecttype (or ina table if we are
working with a relational product). This
solution forces to represent tema
relationships, unlike the bina ones, as
object types. However, this is not a good
solution because in addition to the loss of

TEACHER COURSE

N:M:P

SUBJECT

Figure 1(a): An gample ofaternary
relaionshp

However figures 1(a) and 1(b) represent two
schemata that are not equimat between them.
If we represent the relationshigachess it is
shown in figure 1(b) we would ebable to
know, for example, that Alan Smith teaches
maths and histgror that he teaches in the first
and in the second aose. Fbwever, we would
not be able to know which matter Alan Smith
teaches in each course. So, the coteple

information, which is due to considering a
relationship as an object type, it @lgives
rise to a more complex scherfratice that
the addition of a new objetype involves
adding three birg relationships).

b) The second possible solution is to break off
the ternay relationship represengnt with
two or three bingy reationships, in
accodance with the cardinalities. Hower,
this solution is not alwg applicable
because suoe ternay relationships cannot
be represented as biya relationships
without some loss of information [9, 17f.
we can represent a ternamglationship
through some bing ones then the
relationship is conceptusl not realy a
ternay one, althagh it had been
considered so in a first approach of the
conceptual dwema. If the assoation is
realy a ternay relationship then it cannot
be broken off without some loss of
information.

Figure 1(a) shows an xample of terngy

relationship. In this &xample a teacher can

tead the same subject in one or more course/s.

In thesame vay, a subject in a course céae

taught byone or more te&er/s. And, findly a

teacher teaches in a couse one or rore

subjects. This association could be repntéed
with three binay relationships as it is shown in

figure 1(b).

TEACHER COURSE

N:M

5

Teaches S>> N:M N:M - <Given_i

SUBJECT

Figure 1(b): An exmple of a
temary relationship broken off

information representedby the ternay
relationship is lost when the terya
relationship is broken off into three bmya
relationships and we are notlabto know
which matter is taght by each teacher ipach
course. e to the fact that such cases can be
easly found in the real world, it is important
that the standard and implementation models
can diredty support them.
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3. Relationships in ODMG 2.0

The ODMG stadard is the objecidatabase
standard proposeay the ODMG (Object Data
Management Group). ODMG defines an
Object Model and Object Definitiobhanguage
(ODL) that supports this modellt also
provides an Object Querizanguage (OQL)
and the C++, Smalltalk and Java ODL
bindings.

The ODMG object model supportslgrbinary
relationships. A relationship is defined
implicitly by the definition of traversal paths

that are declared in pairs, e@nfor each
direction of the bingy relationship. A traersal
path definition includes the targeype and
information about the inverse tragal path
found in the targetype. A binay relationship
may be one-to-oe, one-b6-many or many-to-

mary depending on how mg instances of
eachtype participate in tle relationship. The
multiple cardinally of the target type is
supported through collectiortypes. If no

collection type is used, the cardinglion the
target side is one.ifure 2 shows anxample
of a many-to-many binary relationship in OD.

class teeher
{ attribute string (30) ame;
attribute stimg (20)matter;
relationship sé<course> teaches
inverse taught_by::course;
void teacher ();
void (teacher();};

class course
{ attribute string (30) description;
attributeshort n_hous;
relationship set <teacher> taught_by
inverse teaches:dacher;
void course();
void [tourse ();};

Figure 2: An exanple of a binaty relationshp in ODL

The ODMG d&a model supports the follong
collection types: set list, bag array and
dictionary. However, onf the set, list and bag
are allowed in the relationship definition.

Figure 3 shows the relationship specification in
the OLL grammar, as well as the main part of
the specification for the collectidgpes.

<rel_dcl> ::=relationship
<target & path>
<identifier>
inverse<inverse_traversal_path>
<tamget_d_pat>::= <identifier>
| <rel_collection_ype><<identifier>>
<inverse_traversal_path:=
<identifier>: <identifier>
<rel_collection_ype>::=set| list | bag

<coll_type>::=
<coll_spec> <<snple_type_spec>>
| dictionary <<simple_type spec>,
<simple_type_spec>>
<coll_spec>= set|list | bag

Figure 3- ODL grammar for binaty relationships and for collection types

Set list, bag array and dictionary type are
defined in the ODLmeta-stema as sulgpes
of the collection metatype, which itself is
defined as a suype of the object metatype.
Despite both, the aay and the ttionay
type, are suppted by the ODMGdata model
as subypesof the collectiontype, we can see
that theg cannot be wused to define
relationships. Our proposal consists on
defining a new collectiontype, similar to the
dictionay one, and allowing to use it in the
relationship  definition. The idea of

implementiry relationships as collections of
pairs is also used in other data models but with
a different apprach. So, for xample, in the
Object Data Mdel OM [18] relationships are
represented by a ecial form of collection,
called binary collection, in which each
element is a pair ideiftiing the related
objects. Thebinary collections of OM are
similar to the PairColl collections that we
propose. Neertheless, Wwereas a bing
collection can repsent ory binary

7213



relationships, a PairColl collection will be
used to reprnt ternay relationships.

4. Extending the ODMG datamodel

to support ter nary relationships
There are different approaches to support
ternay relationships in a data model:

1) The first one is to support temya
relationshipsy astar configuration see
figure 4(a) considering relationships as
“first category” objects which relate
different objectypes [4, 11].

2) The second approach is represamti
ternay relationships by a ring

©-_

ﬂ

{

Figure 4(a): A érnary relatiorship
supporte by a str configuration

The star cofiguration allows a better
representation of the real worldecawse of the
semantics that it is able to support. For
example, this conjuration allows representing
relationships, either binary or mya with their
own attributes or even, threown relationships
[12, 14]. However, a ng confguration does
not allow repreenting diredty reationships
with attributes and, when a relationship has
attributes, it is necessato define anew object
type to represent it. Despite the effiagn
depends on the implementation, in some
queries the rg canfiguration could be wore
efficient becawse each objedteeps diredy the
references to the objects with which it is
related.

In spiteof the advatages and disadntageof
each alternative, we ta chosen the mg
configuration in order to keep ¢ ODMG
philosoply because this is theay in which the
ODMG data model represents the Mbina
relationships. Defining termg reationships by

a star confyuration will force us to redefine the
binawy relationships model in the ODMG tda
model introducing the relationship concept as a
“first category” object.

configuration,see figire 40), thraugh
links or traversal paths here each
object type is related to \ery object
type involved in the relationship. Notice
that this solution is different to represent
ternay relationships as three rary
ones, becae in a rng canfiguration
each object is simultanedys reated
with two other objects. df example,
think in a ring of three children takday
their hands; all of them are joined
together in a terng relationship rather
than in three bing ones.

Figure 4(b): A ternar relationsip
supporté by a ring configuration

Thus, terney relationships can bdefined as an
association  which, unlike the bnya
relationships, relate more than two object
types. In order to support them we must
introduce the following changes to the ODMG
data model:

a) Defining a new collectiortype, called
PairColl, by a new interfaz. Moreover
we must to extend the QDgrammar,
in a similar vay as the dictiony type,
in order to allow keeping collections of
pairs of objectypes.

b) Defining a ternary relationship
interface in the ODMG nta-schema,
and modifing the OOL grammar to
allow definingternay relationshipsby
the new PairColl collectiotype.

c) Studying the possible implications over
the OQL.

The extended ODMG and QDwill be called
ODMG+ and ODL+ respective.

4.1 The newPairColl collection type

The PairColl collection ype should be similar
to the dictionay type with some changes. The
dictionay type is defined & “an unordered
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sequence of key-value pairs with no duplicate
keys. lch key-vale pair is constructed as an
instance of the following structure: struct
Association {any key; any wa;}” [5]. The
dictionay type is not able to support terya
relationships becaa the ley must be unique,
and due to this fact gernay relationship with
n:m:p multiplicity cannot be represented. Thus,
the PairColl should be defined as a dictiopa
type without the &y restriction.
Definition:

A PairColl object is an unordered collection

of key-key pairs with no duplicate pairs.

Each key-key pair is constructed as an

instance of the following structure: struct

Pair {any key; any key;}, through the

PairColl <<v1, v2>> template.

PairColl =

{<k1, k2> / k1, k2 OT [0 k1# k2, [J <k1,

k2>}, where T is any valid ODMG g
A PairColl interface must be definett.should
be a sutype of the collectiontype, like the
dictionar type. Fgure 5 shows th€ollection
ard PairColl interfaces definition.

interfaceCollection: Object {

Bidirectionallterato

interfacePairColl: Collection{

raises (ElementNotFound);
create_iterator (in boolean stable);
create_bidirectional_iterator (in boolean stable)
raises (InalidCollectioType);};

exception InvalidCollectionType {};
exception ElementNotFound{any edment;};
unsigned long cardnality();

boolean is_ampty();

boolean is_ordere();

boolean allows_duplicates();

boolean contains_elment(in any elment);
void insert (n any eément);

void remove (inany element)

Iterata

void bind (in any k1, in any k2);
void unbind (in ay k1, in any k2);
void find (in ay k1, in any k2);};

Figure 5: PairColl interface defition in ODMG+

In addition to the operations defined in the
Collection interface, collection objects,
including PairColl objects, inherit the
operations of the Object interface as, for
example, comparison between two collections,
copy of a collection, etc.

The bind, unbind and find operations create a
pair from the two kys received asrguments.
Afterwards, ty call the insert_element,
remove_elment and containslement n order

to insert, remove or Bect an element in the
PairColl respectivéy.

PairColl  redefines insert_etent,
remove_elment and containslement
inherited from the Collection interfacehd@se
operations are valid for ¢hPairColl when the
specified argument is aPair parameter
generaed by the ®rrespoment bind, unbind
and find operations. The insert_element

the

operation, dker the addition of theew object,
checks that the object padsas an argument
does not belong alrdg to the set. The
remove_elment operation removes the
element from thePairColl that matches the
(vl, v2) pairpassed as an argumernih the
same \vay thesearch of goair is done usig the
two values of the pair. Therefore, when the
(v1, v2) pairpassed asmargument mattwes
some pair in thePairColl a true value is
returned.

Once defined thd?airColl type, we hsae to
add a new production rule to the ODL
Grammar ¢ee fgure 6) to include this new
collectiontype. The modifications with regard
to the ODL standard are intraced in bold
type; the terminalymbols are introduced in
italic type.
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<coll_type>::=

<coll_spec>::=set|list| bag

<coll_spec>=<simple_type_spee>
| dictionary<<simple_type_spec>, <siple_type spee>
| paircoll <<simple_type_spee,<simple_type_spee>

Figure 6- ODL+: exension d the granmar for defining the
new collectio type PairColl

4.2 Adding ternary relationship to the

ODMG data model

The first step is to define the meschema
extensions. A TernaryRelationshipinterface,
which inherits from theProperty interface,
must be defined in the ODM@Geta-stema.

Figure 7 shows the TernayRelationship
interface definition that is similar to the
definiton of the Relationsip interface

cN_1 M cN_M_P};

interface TernaryRelationship: Propery{
exception

enun TernayCardinality {c1_1 1,c1 1 N, c1. N Mcl N 1 cN_1 1 cN_M_1,

ternayintegrityError {};
ternayrelationship TernayRelationshp travesal

inverse T ernaryRelatnship::travesal, TernaryRelationship::traveais;
TernayCardinaliy gefTernayCardirdlity; };

Figure 7: ODMG+: TernaryRelationship interface defimitio the metaschena

To represent the traersal direction of the

ternay relationship, three

TernayRelationships meta-objects are
required. @erations to form and drop the
ternay relationship, as well accespavations

for manipulatig its traversals, are defined
implicitly, just as tey are defined for the
Relationship interface It could be also

considered the possiliyi of introducing in the

ODMG metaschema a new interface. In this
case Relationship and TernaryRelationship

would be defined as suymmes of this new

interface.

Despite the TeraryCardinalty type defines all
possible combinationsylihe moment we have
only considered temary relationships whit
n:m:p maximum cardinalities.

Once defined the TernaryRelationsiu
interface, we must also introduce the definition
of the ternay reationship in the ODL
Grammar. Thus, the ODL specification shown
in the figure 3 will be transformed in the
specification of theifure 8, vinere a <rel_dcl>
can be a bing or a tenary relationship
respectivey defined through the <bima rel>

or the <tenary_rel> specification.

<rel_dcl>::= dinary_rel><ternary_rel>

<rel_collection_ype>::=set|list | bag

<ternary_rel_collecion_type >::= paircoll

<binary_rel>::=relationship<target_of_path> <identifierinverse<inverse_traversal_path>
<target_of path>::= <ightifier>| <rel_collection_ype><<identifier>>
<inverse_traversal_path:= <identifier>: <identifier>

<ternary_rel>::= ternaryrelationship<ternary_target_of_path> <identifier>
inverse<ternary_inverse_traversal_path>

<ternary_target_of_path>::= <ternary_rel_collection_type> <<identifier>, <idenifier>>

<ternary_inverse_traversal_path>::= < <identifier>:: <identifier>, <identifier>:: <identifier> >

Figure 8- ODL+: extension bthe ODLgrammar with ternay relationshps
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The definition of the bing relationships has
not been modified. The tema relationships
specification defines the <temya target of
path> and an <identifier>, which is thenma of
the ternay relationship, as well as the
<ternay_ inverse_ traversal_ path>. hd@
<ternay_ target of path> specification
defines a <termg_ rel collection_ type>,
which is a PairColl specification. The
<ternay_ inverse_ traversal_ pathdefines

two pairs <identifier>:: <identifier>, one for
each objectype involved in the dationships.
The <identifier> placed befe the colon refers
to the related objecttype, whereas the
<identifier> daced aftertte colon is the name
of the relationship in the rdked objectype.
Figure 9 shows, as anxample, the ODL
definition of the terngy relationship taken
from figure 1.

classTeacher (extend teaais

class @urse (ex¢nd courses)

3

class Matter (exnd matters)

b

{...ternaryrelationship paircoll <Course, Matter teacles
inverse < <Coursex: taught by, <Matter>:given_by >;

{... ternaryrelationship paircoll < Teacher, Matter taught by
inverse < <Teacherz teachs, <Matter>::givedyb>;

{... ternaryrelationship paircoll < Teacher, Coursegived by
inverse < <Teacher> teach, <Course:taugh_by >;

Figure 9: A ternay relationips exanplein ODL+

4.3 Implications over the OQL
To navigate through traversal paths, the OQL
provides the dot operabr which has two
different notations, .* and “->", equivalent
between them. Afe OQL syntax to navigate
trought related objects is the following:

quey ::= gquery dot relatioship_name

dot ::=.|->
According to the new ODLproposal, thedot
operator should permit navigating through
double travesal paths in order to retrievée
two objects related with a specificjebt by a
ternay relationship.
Thus, the following query,

select t.tedwes

from t in teachers

where t.nane= "Alan Smith”
retrieves a literaPairColl <Course, Matter>
containing tle coursesand matterstaught in
each coursdy Alan Smith. So, now we are
able to know that Alan Smith teaches maths in
the first course and histprin the second
course.
Navegatng thraugh a douke transversal path
complicates the accegj to the attributesf the
related objects. This is possible but rather

tedious requiring a nested ‘select-from-where’.
It could be also convinient to introduce some
extension to the OQin order to simpli this
kind of queys.

5. Conclusions and Futue Works

In this pger we haveroposed anxension of
the ODMG data mdel to support ternmg
relationships, through a new collectidype
called PairColl. In addition, we have redefined
the OLOL grammar in order to include the
PairColl type definition and the terary
relationship definition. Some of the OQL
implications have also been cafesied.

Our proposal has still some weaknesses that we
have to consider in our xeworks. Therefore,
we should gtend the OQL d allow retieving
the attributes of the related objects without a
nested ‘select-from-where’. We V& also to
define some other OQL x&ensions as, for
example, the PairColl constructor. We have
also to etend the O propasal to support all
possible maximum cardinalities (cl1_1 N,
cl N_N, etg rather than ohy support n:m:p
ternay relationships. Moreover, we will study
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the convinienceof extending this proposal to
support n-gy relationships.

Now, we are wrking in a formaldescription
of the ternay reationships and we are also
implementirg in C++ thePairColl type, using
generic data types, and the terna
relationships (considering the referential
integrity, consisteny, etc.). Afterwards, we
will extend the POET data model, which is a
pure objecwriented déabasesystem baed on
C++ [16], including tle PairColl type and
ternay relationships.
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