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INTRODUCTION

Conceptual datamodeling isabackbone of most major systemsdevel opment projects.
Within thisarena, one of the most widely used techniquesisthe entity-relationship (ER) or
extended entity-relationship model (EER, henceforth also referred to as ER), introduced by
Chen (1976). However, there are multiple competing models and notations, each having
distinct strengths and weaknesses. Many of the model definitions and underpinnings
continueto undergo practical and theoretical devel opment. Theabilitiesof each of themodel
structuresand notationstofully represent the semanticsof any givensituation areconstantly
compared, withmany issuesopentoargument. Morespecifically, certainargumentsrevolve
around the inclusion of binary or N-ary representation of relationships in ER models. A
central argument stems from the superior ability of N-ary modeling to reflect the true
semantics of any given situation, whereas a binary model provides the simplest constructs
for expressing information systems’ logical design andis equivalently represented in a
relational database management system (DBMS) (McKee & Rodgers, 1992).

The purpose of conceptual models is twofold: to provide a semantically correct,
conceptual representation of theorganizational data, aswell asto provide a platform from
which to develop alogical implementation schema. Consequently, the superior methodol -
ogy for'madel construction is to adopt the semantically superior form and provide some

This chapter appears in the book, Advanced Topics in Database Research by Keng Siau.
Copyright © 2002, Idea Group Publishing.



18 Jones & Song

heuristic settoallow transformationto aresult, which can beimplementedinthemoredesired
format. Thiscourse of action hasbeenwidely recognized and well researched intheform of
developing relational schemafrom ER diagrams; rule sets aswell as automated tools have
been devel opedthat offer to guidethe processof translation (e.g., Jajodia, Ng & Song, 1983;
Ling, 1985; Markowitz & Shoshani, 1992; Elmasri & Navathe, 2000).

Within these methodologies, one area continues to be formally investigated. N-ary
relationshipsin ER models continue to be constructs that are misunderstood by educators,
difficult to apply for practitioners, and problematic in their interpretation to relational
schemas. Theseproblemsaredueto causesranging fromadifficulty inidentifying legitimate
ternary relationshipsin practical situations to thelack-of understanding of the construct in
relation to the basis of normalization upon which the relational model is grounded. Song,
Evan, and Park (1995) provide a comparative analysis of conceptual modeling notations.
Whileall of thenotations had someallowancefor ternary modeling, none of the CASE tools
included in the study allowed for the use and translation of ternary relationships. This
indicates the recognition of ternary relationships as having semantic significance, but a
practical difficulty of implementing them beyond the equivalent logical level. Very little
research has been completed on the theoretical underpinnings of N-ary relationships, and
that which exists is generally created as passing references in search of other research
solutions (Krippendorf and Song, 1997; Song, Rowan, Medsker & Ewens, 2001).

N-ary relationshipsaresubstantially different from binary, inthat they createaparticular
set of dynamics inherent to the relationship,-which do not-exist otherwise. With binary
relationships, the construct is concerned with the cardinality between two participating
entities. However, with relationships of ahigher order, weencounter the problem of subsets
within the original relationship, which may affect the logical derivation of the database
structure subsequently (Dullea and Song, 1998). This complexity accounts for differing
notationstoaddresstherelationships(Song et al., 1995) and other problemsassociated with
theseconstructs. McAllister (1996, pp. 257) states, “ ... different approachesfor modeling
n-ary relationships differ not only in terms of appearance and placement, but also in
terms of meaning.”

This chapter servesto provide insight to these problems. It seeksto formally analyze
the dynamics of having three entities participating.in arelationship simultaneously. Thisis
done from two perspectives:

1.  Thetheoretical approach tounderstanding this type of conceptual construct and the
subseguent analysis of logical and relational models founded on these theories.

2. The practical aspectsof using these constructs in entity-relationship modeling and
how thevarious construct combinati ons can be mapped to thelogical/physical model.

The second aspect is partly founded on thefirst, because the potential decomposition
of N-ary constructs and their final representations can be derived from theoretical analysis
of theimplicit relationships.

Therewill, therefore, beaparticular effort to explain the simultaneous existence of
N-ary and binary relationships that share the same participating entities and are
semantically related; this viewpoint has never been raised.in previous research and
leaves several questions unanswered. It is possible that an N-ary relationship may
contain, or have imposed on it, a binary relationship between two of its participating
entitiesthat issemantically related to, and therefore potentially constrains, theternary.
Jones and Song (1996) have previously analyzed the question of which semantically
related N-ary and binary relationship combinations can logically co-exist simulta-
neously. Intheir work; they have shown that only certain combinations of ternary/binary
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