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Normalization based on dependency
diagram

MARTA CZENKY

Abstract. Normalization is an important database planning method, although the un-
derstanding and application of this method brings up the utmost problem during data
modelling. That is why we were looking for alternative normalization methods, from
which the normalization with dependency diagram proved to be the most efficient. This
was also confirmed by the statistical estimation of the carried out survey.
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1. Introduction

During the teaching of database management, the teaching of database plan-
ning method, the normalization raises the utmost problem. The method is a strict
iterative planning method; its use requires strong abstraction. It demands from
the students the conceptual understanding and practical application of functional
dependencies and normal forms.

The functional dependency is the unambiguous definition of one of the table’s
columns by other columns of the table. In case of multivalued dependency the
values of a table column define a set of values in another table column and these
values are independent from the values of the other columns of the relation. The
specifications of the normal forms are the followings:
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1. NF atomic value, primary key, no recurring group
2. NF  no partial dependency

3. NF no transitive dependency

BCNF all determinant attribute is super key

4. NF  no multivalued dependency

Figure 1 represents examples for functional dependencies which violate differ-
ent normal forms. The multivalued dependencies are valid in the table remaining
after taking out functional dependencies.
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Figure 1. Types of functional dependencies and the unfulfilled normal forms

The essence of the method is to get tables that fulfil some of the higher normal
forms (3. NF, BCNF or 4. NF) defined as goal, by the decomposition of the table
based on the functional dependencies existing in the table and which violate one
of the normal forms. The process of normalisation is presented in Figure 2.

The determination of the candidate key, the primary key and the functional
dependencies, the identification of which normal form is violated by the functional
dependencies, the strict adherence to the steps of planning and the consistent
application of the table decomposition algorithm causes problems to the students.

In a survey we asked students to define what causes them problems in the
sphere of data modelling. Table 1 shows the summary of the received answers to
the activities connected to data modelling [1].

The entity-relationship modelling causes problem for 15-19% of the students.
The teaching of normalization is unavoidable that is why we were looking for
alternative solutions.
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Figure 2. The process of the normalization

Table 1. Result of the first survey

Ratio of those
Task students who raised
problems

Defining the table in Oth normal form 41, 3%
Defining the primary key 39,1%
Recognition of functional dependencies 28,3%
Recognition of multivalued dependencies 19,6%
Understanding of normal forms, recognition 69, 6%
of in which normal form the table is

Decomposition rule of the tables 26,1%
Drawing the dependency diagram 30, 4%

It is common to represent the functional dependencies on dependency dia-
grams. Based on this diagram the decomposition of the tables can be carried
out, according to our experience students understand and apply it better than
the traditional method. Furthermore we introduced a third method, namely the
Cookbook method [6] to the students, although this method — despite of its sim-
plicity — did not result better solutions than the application of the traditional
one.
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2. Drawing of dependency diagrams

It is common to illustrate the functional dependencies on diagrams where the
attributes are arranged horizontally and the arrows are placed above and below
the attributes. If more attributes are determinant or dependent then we connect
them with lines or arrows. The dependency diagram of Figure 1 or the diagrams
showed by [5] are also arranged this way. The disadvantage of the horizontal
arrangement is that due to lack of space it can happen that the attributes have
to be illustrated in several lines, which breaks the continuous representation of
the arrows.

The other way of arrangement is, when we represent vertically, under each
other the attributes that are connected to the primary key and to the functional
dependency’s dependent attributes. A dependency diagram like this has to be
drawn based on the rules below [7], [3], [8]:

o We include the attributes in boxes, arrow goes from the determinant attribute
to the dependent attribute.

e The graphic illustration of A — B functional dependency is: —
¢ The graphic illustration of C — D multivalued dependency is: — @
e Each attribute appears only once in the diagram.

o If on the left side of the functional dependency a set of irreducible attributes
stand, than we include these attributes in one box, the arrow representing
the dependency starts from the box.

¢ One arrow leads to one attribute. This means that based on the Armstrong
decomposition rule we decompose those functional dependencies, which have
several attributes on their right side to several functional dependencies, which
have only one attribute on the right side.

e If between the attributes of A, B, C of one of the relations of A - B, B — C
functional dependencies exist then because of the transitivity the A — C
functional dependency also exists, however in the diagram the latter one is
not shown.

¢ We do not represent the functional dependency from alternative keys on the
diagram.
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3. Definition of the closure of a set of attributes by dependency
diagram
See the following relation:
R(A,B,C,D,E,F,G,H,1J,K)

In the relation the following functional and multivalued dependencies exist:
A —-B,C,D,E (1)

J—F,G (2)
AJFH—-1 (3)
HJ—K (4)
F—-G (5)
D—E (6)
H—-— A (7)
H—-—1J (8)

In the table A, H, and J are candidate keys, because {A,H,J}T closure on the
given dependency set includes every attribute of the relation.

{AH,J}] = {A,H,J} due to reflexivity

{A,H,J}§ ={A,H,J,B,C,D,E} due to A — B, C, D, E dependency
{AH,J} ={A,H,J,B,C,D,E,F,G} due to J — F, G dependency
{AH,J}f ={A,H,],B,C,D,E,F,G,I} due to A, F,H — I dependency
{AH,J}F ={A,H,],B,C,D,E,F,G,I,K} due to H,J — K dependency

The remaining functional dependencies do not enlarge the closure set with ad-
ditional attributes. The {A, H,J} set of attributes is candidate key, because it
is true that none of the closures of its real subsets includes all attributes of the
relation.

The creation of the set of attribute’s closure can happen with the help of
drawing of the dependency diagram. We draw the candidate key attributes. In
each following step we enlarge the diagram by one more column for the dependent
attributes of the functional dependencies of which the determinant attributes are
already included in the diagram. On Figure 3 we marked with continuous line the
functional dependencies which enlarge the closure set by new attributes and with
dotted-broken line those which do not. If the diagram includes all attributes of
the relation, the left outermost column or column-combination forms a candidate
key.
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Another process can also be applied, for example we can draw the dependency
diagram then we colour each attribute which is included in the closure set. In
details, at first because of the reflexivity we colour the candidate keys. Afterwards
we colour the attributes that are on the right side of a functional dependency
where the determinant attributes are already coloured. At the end of the process
those attributes will be coloured, which form the closure [7].
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Figure 3. Definition of the set of attribute’s closure

4. Normalization based on dependency diagram

The process of normalization (see Figure 2) does not change even if we do
it based on a dependency diagram. We take out the functional dependencies
which violate the normal forms into an independent table and the determinant
attribute will be the primary key in the new tables. The dependent attributes
have to be deleted from the diagram, what we indicate by crossing the attributes,
so the diagram shows always how the original relation changes. The determinant
attributes remain on the diagram as foreign keys.

In relation R the {A,H,J} set of attributes will be the primary key. From
the functional dependencies shown in Figure 3 the functional dependencies (1),
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(2) and (4) violate the 2nd normal form, the functional dependency (3) violates
the Boyce—Codd normal form and the functional dependencies (5) and (6) violate
the 3rd normal form. If we follow the usual steps in normalization, which means
that we take out first the functional dependencies that violate the 2nd normal
form, than we get to the following tables:

T1 (A, B, C, D, E)

T2 (J, F, G)

T3 (H, J, K)

And the relation R is:

R(A, H, 1, J)

In the tables we indicated the primary keys in bold, the foreign keys in italics.
The functional dependency (3) is not included in any tables so we can not continue
the normalization this way.

Consequently we have to start the normalization by taking out the functional
dependency (3) which violates the Boyce-Codd normal form. It is easy to see that
the 2nd NF-3rd NF take out order can be inverted to 3rd NF-2nd NF takeout
order, the result will be the same in both cases. Therefore we continue the taking
out with the 3rd NF-2nd NF-4th NF order and we get to the following data model.
T6 and R relations can be contracted.

T1(A, F, H,I)

T7 (A, H)

R(H, J)

We have drawn the dependency diagram in vain as it did not help in sim-
plifying the normalization since attention also had to be paid to the sequence of
taking-outs. This means an extra task to students. To eliminate it we’ve drawn
the dependency diagram in another way: to the left column we draw not only
the attributes of the primary key, but the attributes of the super key too that
includes the determinant attributes of the functional dependency that violates
the Boyce-Codd normal form. (see Figure 4 [2])

The taking-outs can be classified in two groups, first we take out functional
dependencies, where the dependent attributes do not belong to the super key, in
this case we do not have to pay attention to the sequence it can be for example
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3rd NF-2nd NF-BCNF, then we take out the dependencies that exist between the
elements of the super key.
T1 (D, E)

T7 (A, H)
R(H, J)
T4 and R relations of the data model can be contracted.
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Figure 4. Modified dependency diagram

Our representation, that we draw on the left side the super key of all func-
tional dependencies which includes the determinant attributes and the modified
decomposition method does not always result such data model that keeps all
functional dependencies. We show as an example two dependency diagrams, see
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Figure 5 and 6. On Figure 5 since attribute H is dependent attribute in two func-

tional dependencies, no decomposition exists that includes each dependencies of
B—Hand C,G — H.

A » E
A » B I .
H ¥ ¥
C | e - H
G —s

I

T = =—-» I
a) original diagram b) modified diagram

Figure 5. First example for a diagram that results a decomposition
which does not keep the dependency

The diagram b) of Figure 6 does not prove, that after decomposition the
relations include all C — A and A, B — C functional dependencies.
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Figure 6. Second example for a diagram that results a decomposition
that does not keep the dependency

5. Survey

In the first semester of the school year 2008/2009 we made a survey among
students to find out which normalization method helps them more efficiently in
modelling.
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They had to carry out the steps of the traditional method in the Moodle
course management system by solving an electronic test. The interpretation of
dependency diagrams, the normalization and the drawing of diagrams were tested
in writing. The results of the survey are summarized in Table 2.

Table 2. Result of the second survey

Ratio of correct solutions
Task Traditional Diagram
method based method
Determination of the primary key 30%
Determination of the functional depen- 50%
dencies
Recognition of the functional depen- 60% 100%
dencies that violate the 2nd NF
Recognition of the functional depen- 30% 70%
dencies that violate the 3rd NF
The given table is in which normal form 30%
2nd NF decomposition 40% 90%
3rd NF decomposition 40%
Creation of the table that remains after 30%
decomposition
Marking of the primary and foreign key 40% 50%

In interpretation of the dependency diagrams we asked which normal forms
are violated by the represented functional dependencies, whether transitive depen-
dency exists between two attributes and into how many tables could the diagram
be decomposed. In normalization the data model had to be created following the
correct decomposition sequence, also indicating the primary and foreign keys. In
diagram drawing it was not an exercise to determine the primary key and func-
tional dependencies in the table, we have given them in advance, the students
had to draw only the diagram. In case of both types of exercises the students had
to work with functional dependencies that violate the 2nd and 3rd normal forms.

It is visible on Table 2 that the normalization based on dependency dia-
gram resulted better solutions. The three problematic areas are: recognition of
functional dependencies that violate the 3rd normal form, putting the table that
remains after the taking-outs into the data model and the correct creation of the
foreign keys.
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We carried out an independency test to decide if the result is significantly
better. Our null hypothesis was [4]:
HO: the data series are independent, the result does not depend from the applied
solution method
The data of Table 3 shows that, although the number of elements of the sample
was low, we can state with 95% probability that the null hypothesis is not true,
the solutions were significantly better when students carried out the normalization
based on dependency diagrams.

Table 3. Results of the independency test

calculated probability | 0.04692402
X2 11.23448511
degree of freedom 5
significance level 0.05
critical value 11.07049775

6. Summary

Students understand the normalization which requires strong abstraction bet-
ter, if we present the dependency relations between tables graphically on depen-
dency diagrams and the decomposition of the tables based on a diagram. It helps
the process of decomposition if we use the modified dependency diagram which
does not require the analysis of the sequence of taking-out.

The carried out independency test shows, that the solutions of the students
are significantly better when applying the presented process. To reinforce the
result the survey should be carried out in the following years as well.
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