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ABSTRACT: - For developing good quality information systems, the need of developing good quality
conceptual models cannot be over emphasized. To improve the quality of a conceptual model, schema
transformation rules have been proposed in our previous research. For applications developed using
relational database management systems, conceptual models are translated into relational schema and the
quality of a relational schema is determined in terms of the normal form satisfied by each relation in the
database schema. Though various normal forms have been proposed in the literature, database designers,
in practice, usually normalize a relational database schema up to third normal form (3NF) or Boyce-Codd
Normal Form (BCNF). Deciding between 3NF and BCNF has always been an important design issue
because a BCNF decomposition of a relation schema may lose dependency preservation. In this paper, we
identify properties of the relations which are in 3NF and not in BCNF. Some of these properties have
been informally stated in text books or in the literature without any formal proofs. We state these
properties clearly and also present their formal proofs. This research facilitates in devising schema
transformation rules that can further improve the quality of a conceptual model.
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have been proposed in the research [5-10]. The
proposed approach [8] uses the set of functional
dependencies (FDs) identified from a problem
domain and a set of proposed schema
transformation rules in order to transform a given

1 Introduction

Conceptual modeling is one of the most
demanding and challenging steps in the database
design methodology. The quality of an

information system depends upon the quality of
its conceptual model [1], and the quality of a
conceptual model can be determined by
measuring the proximity and accuracy with which
it represents the problem domain. For conceptual
modeling of database applications, the Entity-
Relationship (ER) model [2-4] has been widely
used in the industry for its ease of use and
representation. However, the quality of an ER
model is usually discussed subjectively. Also, to
improve the quality of an ER model, a structured
methodology does not exist. Therefore,
appropriate metrics to measure the quality of an
ER model and an approach to improve the quality

ER model to a better quality ER model. As a
result, every relation of the relational schema
produced from the transformed model is always in
third normal form (3NF) or higher [6]. As an
example of schema transformations, Fig. 1 shows
an ER diagram designed for a company database.
Using the schema transformation rules [8] and the
following set of functional dependencies
identified from the problem domain, Fig. 1 is then
transformed to Fig. 2.

FD1: P#, LOC — Cost

FD2: LOC — Super

FD3: ID — Name

FD4: ID — Dept#
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Fig. 1: An ER Diagram for a Company Database
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Fig. 2: An ER Diagram after Schema Transformations of Fig. 1

FDS5: Dept# — DName

FD6: Dept# — DLoc

FD7: 1D — P#

FDS8:ID — LOC

Though the relational schema generated for

Fig. 2 is guaranteed to be in 3NF at least, a higher
normal form is always desirable from quality
perspective. In this paper, we intend to establish
that the resulting relational schema also satisfies
Boyce-Codd Normal Form (BCNF) under certain
conditions, and if it does not then any attempt to
convert it to BCNF is not possible without losing
dependency preservation. This work is important

to devise schema transformation rules in future
which can possibly generate relational schema in
BCNF.

The relational database design approach
requires the process of normalization in order to
minimize data redundancy and update anomalies
in the relational schema. Various normal forms
evolved over time starting from first normal form
(INF) to 6NF or Domain-Key Normal Form
(DKNF). However, in practice, database designers
usually normalize a relational schema up to 3NF
or BCNF. Deciding between 3NF and BCNF has
always been an important design issue, and there
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is significant debate on it in the research. During
the process of normalization, a relation schema is
decomposed into a number of relation schemas
and consequently the decomposition may lose one
or more functional dependencies. Dependency
preservation is a desirable property for good
database design. Therefore, we are interested in
schema transformations that can generate
relational schema with dependency preservation.
In this paper, we study the possibility of
producing such schema by first stating and then
proving certain properties which can provide a
basis for further research. These properties are
presented as Theorems and Lemma in sections 3
and 4.

This paper is organized into five sections. For
ease of reference, definitions of the terms in
relational model and normalization theory which
are referred in this paper are reviewed in
section 2. In section 3, we state and prove
properties related to the relations which are in
3NF. In section 4, we state and prove an important
theorem which discusses property of a relation
which is in 3NF but not in BCNF. Finally,
section 5 concludes our work.

2 Definitions Revisited

For ease of reference, we present definitions of
the terms related to 3NF and BCNEF. These
definitions can be found in any text book on
database systems e.g. [4,11] and in the literature.

Definition 1: Superkey of a Relation Schema
A set of attributes X is a superkey of a
relation schema R (A, A, ..., Ay)) if X c Randa
constraint on R states that there cannot be more
than one tuple with a given X-value in any legal
relation instance r(R). Mathematically,
t[X] = 4[X] Vi#]j
where t[X] refers to an ordered set of values
corresponding to X in i tuple of R.

Definition 2: Key (or Candidate Key) of a
Relation Schema
A set of attributes K = {A;, Ay, ..., A} is a
key (or a candidate key) of a relation schema R if
and only if:
a) K is a superkey of R, and
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b) K — {A;} is not a superkey of R
vi=1,2,....k

Definition 3: Prime Attribute of a Relation
Schema

An attribute A of a relation schema R is a
prime attribute if A € K where K is any key of R.
Mathematically,

Ae LmJKi
i1

where K|, K,, ..., K, is a set of all keys of R.
Definition 4: Third Normal Form (3NF)
A relation schema R is in 3NF if, whenever a
nontrivial FD: X — Y holds in R, either
a) X is a superkey of R, or
b) Y is a prime attribute of R.
Definition 5: Form
(BCNF)
A relation schema R is in BCNF if, whenever a
nontrivial FD: X — Y holds in R, then X is a
superkey of R.

Boyce-Codd Normal

3 Properties of Relations in 3ANF
and BCNF

Consider a relation schema R(A;, A, ..., A,)
which is in 3NF and let K be the set of attributes
such that K < Attr (R) and K — Ay, Ay, ..., A,
where Attr(R) refers to a set of all attributes of R.
Hence, K is a key of R and it cannot be null by
entity integrity rule [4]. Now, there exists only
one of the two possibilities:

1. K s a singleton set, or

2. K is composite

The first case where K is a singleton set is
presented as Theorem 1 whereas the second case
where K is composite is presented as Lemma 1.
Proofs for the theorem and the lemma follow
respectively. It should be noted that we have
already presented and proved a theorem in [3]
which deals only with the primary key of a
relation schema R. Theorem 1 in this paper is a
general form of the theorem in [3] as it is based on
any key of R.
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Theorem 1: A relation schema R(A;, Ay, ..., Ay)
cannot violate BCNF if R satisfies 3NF and every
key of R is a singleton set.

Proof: We prove this theorem by contradiction.
Let there be a relation schema R which satisfies
3NF and violates BCNF. This implies that there
exists a functional dependency FD: X — Y due to
which R violates BCNF, and that,
X is not a superkey (D)
For the left hand side of the given FD, that is
the determinant, there are following four
possibilities that can exist:
a) X=K
b) XcK
¢) XoK
d X=K
Case a):
Since X = K, X is a superkey which negates
(1) and our hypothesis.
Case b):
Impossible case because K is a singleton set.
Case ¢):
This case implies that X is a superkey which
negates (1) and our hypothesis.
Case d):
As given in (1), X is not a superkey. So, Y has
to be a prime attribute as R is in 3NF (given).
That is, Y < K" where K’ is a key of R. But K’
is a singleton set and so Y = K’ which implies
X — K’ or X is a superkey which negates (1)
and our hypothesis.

Hence the proof.

Theorem 1 proves that if every key of a
relation R is a singleton set and R satisfies 3NF,
then R also satisfies BCNF and no decomposition
or transformation is required. But this may not be
the case, if at least one of the keys of R is
composite. This is presented as Lemma 1.

Lemma 1: If R (A, A, ..., A,) is a relation
schema which is in 3NF and has at least one
composite key, then R may not satisfy BCNF.

Proof: Let K be a composite key of R. Now, there
may exist a FD: X — Y such that Y « K and X is
not a superkey. In every such case, BCNF is
violated (though 3NF is satisfied).
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Lemma 2 (Converse of Lemma 1): If R (A, A,,
..., Ay) is a relation schema which is in 3NF but
not in BCNF, then R has at least one composite
key.

For its proof, we refer to [12]. In [12],Vincent
& Srinivasan proved that a relation R which is in
3NF but not in BCNF has at least two overlapping
candidate keys. Lemma 2 is its direct consequence
and need not be proved here.

4 Dependency Preservation and
BCNF

As stated earlier, dependency preservation is a
desirable property for any decomposition of a
relation schema R. If R is in 3NF and not in 3NF,
then Theorem 2 proves that a dependency
preservation decomposition of R cannot be
achieved.

Theorem 2: If R is a relation schema which is in
3NF but not in BCNF then there does not exist a
dependency preservation decomposition of R in
which every relation satisfies BCNF.

Proof: By Lemma 2, let K be a composite
candidate key of the relation R. Also, let FD: X —
Y be a FD due to which R violates BCNF. Since
R violates BCNF,

X cannot be a superkey. 2)

Since R is in 3NF, Y has to be a prime
attribute. So,

YcK 3)

A decomposition D of R based upon the given
FD: X — Y such that every relation in D is in
BCNF can be written as:

D= (R, R;) where
R;=R-Y,and
Ry=XuUY

We now prove that at least one FD is lost in
D, that is, it exists neither in R; nor in R,. Since
K — (R;U R,) being a key, it is a valid FD and
we show that it is lost in D. For this purpose, it is
sufficient to prove that K is present neither in R,
nor in R,.

For Ry, lety € Y, then using (3), y € K.

But, y ¢ (R-Y). Hence:

Kz R-Y)
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For R,, let us contradict by saying that K is
present in R2. So,
Kc(XuY)
It implies:
K-Y)cX=X->(KY)=X—-K
which means X is a superkey contradicting (2).

Hence the proof.

As a result, if an ER model is translated to a
relation schema in which a relation is in 3NF and
not in BCNF, then its normalization to BCNF
deprives us of the dependency preservation. This
gives us the motivation to explore alternate
designs in which such an ER model can be
transformed to another ER model that generates a
relational schema having every relation in BCNF.
In our future work, we intend to devise schema
transformation rules that can provide ER models
of better quality based wupon the above
observations.

5 Conclusion

In this paper we have stated and proved the
properties exhibited when a relation is in 3NF. We
have noted that:

a) A relation schema that satisfies 3 NF and
has no composite key also satisfies
BCNEF. Therefore, the schema
transformation rules need no revision for
this case.

b) A relation schema which is in 3NF and
has at least one composite key may not be
in BCNF. Hence, a transformation rule
should be devised which can check this
condition and then improve the ER model
accordingly.

c) If a relation schema is in 3NF and not in
BCNF, then it has at least one composite
key. This finding is important for schema
transformations as it can lead to defining
entity types with split attributes of the
composite key.

d) If a relation schema which is in 3NF and
not in BCNF then there does not exist a
dependency preservation decomposition
of R in which every relation satisfies
BCNF. This is probably the most
important property in order to explore the
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possibility of developing an alternate ER
model which can generate a different
relational schema which satisfies BCNF
and is dependency preserving.
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