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Implementation of the attribute significance analysis
with the use of soft reduction of attributes in the rough
set theory on the basis of the SQL mechanisms

Abstract

This article presents a way to use databases supporting the SQL and
PL/SQL in the implementation of a method of attribute significance
analysis with the use of soft reduction of attributes in the rough set theory.
A number of SQL queries are presented, which facilitate the
implementation. The original mechanisms presented previously [1] are
supplemented with queries which facilitate the execution of attribute
coding. The authors present a complete implementation of the method,
from the coding of attributes to the determination of the significance of
conditional attributes. Application of queries to the database eliminates the
necessity to build data grouping and data mining mechanisms and
calculation of repetitions of identical rules in the reduced decision rule
space. Without the support of a database, the creation of universal data
grouping and data mining mechanisms which could be used with any
number of attributes is a challenging task.

Keywords: rough set theory, data analysis, soft reduction of attributes,
SQL implementation.

1. Introduction

Data analysis methods enable us to obtain useful information
from the collected data. Depending on the type of data, various
data analysis methods are applied [2], e.g. statistical, exploratory,
and other. Statistical methods are used for describing mass
phenomena and their changes in a predefined time limit.
Exploratory methods, based on data mining with the use of
software tools, detect patterns in the collected data, hidden to the
human mind. Data exploration uses various techniques and
methods, such as visualization, statistical methods, neural
networks, machine learning methods, evolutionary methods, fuzzy
logic and rough sets [3].

The rough set theory, proposed by Prof. Zdzistaw Pawlak, is
mainly used for the synthesis of effective analysis methods and
reduction of data sets. By means of mathematical tools, such as
quick and easy data analysis algorithms, it enables us to obtain
meaningful knowledge from the collected data. It identifies partial
and full dependencies, facilitates the determination of non-
numeric values, missing data and dynamic data [4].

The article presents the application of relational databases
supporting the Structured Query Language (SQL) in full software
implementation of the analysis of significance of conditional
attributes in the rough set theory, on the basis of soft reduction of
attributes in rough sets. Implementation of the analysis can be
significantly simplified owing to the capabilities of the SQL. The
article presents the results of continued work on the
implementation [1]. Mechanisms facilitating data discretisation
and coding have been added. The proposed solution is universal in
character and reduces the time and costs of implementation of
individual stages of the algorithm. Owing to its universal
character, the proposed method of analysis can be used in various
scientific disciplines.

2. Significance analysis with the use
of soft reduction of attributes
in the rough set theory

The first step in data mining is the creation of an info array of
examples with conditional attributes and the class label attribute.
The info array should be in the form of a set expressed by the
formula 7= (U,Q,D,V,f), where: U — a set including all examples,

0O — a set of attributes, D — a set of class label attributes, /' — a set
of all possible attribute values, f— the info function [5].

Both conditional and class label attributes may be presented as
numeric or linguistic values. Conditional attributes are divided
into sub-sets whose number depends on the diversification of data.
Data is divided with the use of one of the data discretisation
methods presented in chapter 4. Each sub-set is assigned a coded
value, whilst decoded conditional attributes and class label
attributes are written down in a separate array. In step two,
elementary conditional sets are determined, i.e. sets containing
identical coded conditional attributes, and designated with FEi,
where 7 is the consecutive set number. Additionally, a conditional
info array P={q1, q», q3} is created in the space, which shows the
number of examples in each elementary conditional set. The same
is done to class label attributes — elementary class label sets are
created and class label concept families are determined and
designated with Xi, where i is the concept number. The reduced
sets are used for the formulation of certain rules, which serve as
a basis for the determination of significance of reduced attributes
in terms of retaining the quality of the generated rules.

In step three, the significance of attributes is determined through
soft reduction of conditional attributes based on relative
probability in the rough set theory. This is a way to determine
which attributes may be rejected without causing a decrease in the
number of examples generating certain rules. An attribute may be
reduced also in a situation where the decrease in the number of
examples generating certain rules is acceptable. The quality of
rules is assessed by determining the relative probability of atomic
rules, expressed with the following formula:

P
B, =-
WL

(M

where:
P — the total of probabilities of atomic useful rules,
L — the number of elementary conditional sets.

A rule is considered useful if the probability is higher than
a predefined value. Attempts of reduction of the number of
attributes are made by eliminating one parameter after another and
determining their relative significance [6].

3. Application of the SQL in the
implementation of the method
of soft reduction of attributes
in the rough set theory

The method of attribute significance analysis with the use of soft
reduction of attributes in the rough set theory, although using
simple algorithms for the transformations, poses a challenge for
the programmer due to its advanced computations and the required
memory capacity. The duration of computations increases
significantly in line with the rising number of attributes subject to
reduction. The programmer must also secure the storage capacity
for large amounts of data corresponding to individual rules.
Additionally, implementation of the method for various numbers
of attributes is impeded by the nature of the method, which
requires the use of program loops nested within one another in
a number corresponding to the number of attributes under
examination. Increasing the number of attributes by one requires
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adding another loop and restructuring the data arrays and the
auxiliary functions. Taking all this into consideration, it is difficult
to write a program code which would be universal. Another
problem is posed by the auxiliary algorithms required for the
implementation of the analysis method. It is necessary to create
data grouping mechanisms and data mining mechanisms which
will sum up the repeating instances of identical rules in the
reduced space of decision rules. These operations, although simple
to define and carry out by a human being, are difficult to
implement, especially in a universal manner for any number of
attributes and any number of rules.

The authors propose a way to simplify the process of
implementation of the attribute significance analysis algorithm
with the use of soft reduction of conditional attributes in the rough
set theory by leveraging the mechanisms available in relational
databases and the capabilities of the SQL. The implementation
methods presented at the Transcomp 2016 conference [1] have
been extended with methods of discretisation of variables and
coding which leverage the capabilities of databases, to facilitate
full implementation of the presented method in any high-level
programming language applied in SQL-based databases. Such
a program can facilitate the significance analysis under certain
additional conditions. The mechanisms which execute SQL
queries in the database must support the execution of conditional
CASE expressions and the definition of input/output functions
(PL/SQL or similar implementations). Functions defined on the
database side can be applied in the program and serve as tools for
data mining. Databases such as PostgreSQL [7] and Oracle
Database support function-defining features. It should be noted
here that some databases may implement function-defining
features using a language other than the PL/SQL from Oracle. The
authors utilized PostgreSQL 9.5.4 and its function-defining
features. Other database systems will require the development of
appropriate functions on the basis of the presented code.
Additionally, the C++ language, available in the Microsoft Visual
Studio 2015 programming environment, has been used to verify
the implementation and carry out the efficiency tests.

4. Discretisation of variables for the analysis

The first step in the attribute significance analysis with the use
of the rough set theory is discretisation of continuous variables,
which are necessary for coding conditional and class label
attributes. Discretisation can be performed for an odd or even
number of classes by means of several methods: by dividing the
variables into equal intervals, by the method of equal number of
samples in each class, or, additionally for an even number of
classes, by the median value method. The two former methods are
implemented in the same way for an odd and even number of
classes. As a result of discretisation, the Base Table is created with
coded conditional and class label attributes, to be used in further
analysis. In this chapter, methods supporting discretisation of
variables are presented. Further in the article, it has been assumed
that non-coded data is stored in the inputData table, whilst coded
data — in the Base Table. Data in the inputData table is sorted in
columns (col;, col,,...col,) by attributes. Data sets may be divided
through expert evaluation or by one of the methods of
discretisation of continuous variables.

The simplest discretisation can be carried out by dividing the
continuous variables into intervals. Interval boundaries are
determined through equal division of the set value, regardless of
the number of samples in individual intervals. The method is
expressed by the following formula (2):

d = (Xmax — Xmin)/k 2)

where:
d — interval width,
Xmax — maximum value,

Xmin — minimum value
k — number of intervals.

A downside to this method is that some of the intervals obtained
may have no examples or a small number of them [8]. The first
step in this type of discretisation consists in the determination of
the interval width for individual attributes. For this purpose, the
creation of a function returning the interval width is proposed, as
shown in Listing 1.

Listing 1. Function determining the interval width

CREATE FUNCTION widthl (integer)
precision AS

$S

SELECT MAX (coll)/$1 FROM inputData

$$

LANGUAGE SQL;

RETURNS setof double

This listing presents the function for the first column assigned to
the first attribute subject to discretisation. The input parameter
here is the number of intervals into which the set will be divided.
This number is used to determine intervals corresponding to
subsequent boundary values. The boundary values are multiples of
the interval width. For the purpose of determining the boundary
values, another function is proposed, shown in Listing 2 for the
first attribute.

Listing 2. Function determining interval boundaries

CREATE FUNCTION rangel (integer, integer) RETURNS setof tab
AS

$$

SELECT min(coll), max(coll) FROM inputData WHERE

coll > $1*(SELECT * FROM widthl ($2))-(SELECT * FROM widthl
($2)) AND

coll <($1+1)* (SELECT * FROM widthl ($2));

$$

LANGUAGE SQL;

The input parameters for this function are the interval number
and the number of classes into which the set is divided. An
example of the function call for the second of three intervals
determined is shown in Listing 3.

Listing 3. Interval boundary determining function call

SELECT * FROM rangel (2,3);

Discretisation by means of the method of equal number of
samples in classes is more difficult to implement, even more so
since dividing a set into perfectly equal intervals is not always
possible. By this method, boundaries between individual intervals
are supposed to divide the set into intervals of equal number of
samples. For a set with n samples, where the number of intervals
equals k classes, discretisation by the method of equal number of
samples will result in a division where each interval (class)
contains n/k samples. Additionally, an accuracy threshold at which
the division of sets is satisfactory should be determined.

To implement this method, it is necessary to define an auxiliary
function for the calculation of the desired number of samples in
each interval. The function is presented in Listing 4.

Listing 4. Function determining the number of samples in intervals

CREATE FUNCTION numberOfSamples (integer) RETURNS setof
bigint AS

$$

SELECT COUNT (coll)/$1 FROM inputData

$$

LANGUAGE SQL;

The parameter of this function is the number of intervals into
which the input data will be coded. The output is the approximate
number of samples resulting from the discretisation of a given
attribute.
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Another auxiliary function, presented in Listing 5, is the
function determining the actual number of samples in a given
interval.

Listing 5. Function determining the number of samples in intervals

CREATE FUNCTION samplesInRange(real, real) RETURNS setof
bigint AS

$$

SELECT COUNT (coll) FROM inputData WHERE coll>$1 AND
coll<=$2

$$

LANGUAGE SQL;

Its input parameters are the lower and upper limit; the output is
the number of samples in the thus determined interval. The desired
width and boundaries of the interval can be determined with the
use of this function and a while loop. The examined interval range
is gradually increased in the while loop until the desired interval
width is obtained.

The last method of discretisation presented here is the median
value. For this method, median values from individual intervals
must be determined by recursion. Discretisation by the median
value method consists in the determination of sample limits on the
basis of the calculated median value. The median value divides
a set into two sub-sets, which can then be divided again with the
use of the median value in a given sub-set. By this method, a set
can be divided into an even number of sub-sets only. The median
value is determined with the following formula (3):

EX) = XL, xip; (3)

where:
n — the number of values of the random variable X,
x; — the i value of the random variable X, i=1,2,...,n
p; — the probability of the value of x;

This method in fact calculates the median value, since
probabilities for the samples are equal. The median value in
a given interval can be calculated with the function shown in
Listing 6.

Listing 6. Function determining the interval median value

CREATE FUNCTION average (real, real) RETURNS setof bigint AS
$$

SELECT AVG(coll) FROM inputData WHERE coll>=$1 AND coll<$2
$$

LANGUAGE SQL;

The parameters of this function are the lower and upper
boundaries of the interval. The median value can be used to
determine boundaries for individual classes.

The discretisation methods presented above enable us to
determine intervals into which all the attributes will be coded. For
this purpose, SQL INSERT queries need to be created. The data
should be recorded in a new Base Table, developed as shown in
Listing 7.

Listing 7. Creation of a Base Table

CREATE TABLE Base
{k0 integer DEFAULT 0, kl integer DEFAULT O0,.., kn integer
DEFAULT 0}

In the Base Table, the class label attribute is coded first,
designated with k0, followed by conditional attributes k1 — kn. As
it is shown in Listing 1, the Base Table contains data coded as
integers.

For easier implementation, the authors propose the storage of
coded attributes as a collection of natural numbers from 1 to %,
where k is the number of consecutive encoding levels. It will
facilitate the execution of program loops performing the analysis.

5. Determination of relative probability of all
atomic useful rules

The Base Table should be reduced to a simplified form by
deleting the repeating rules. The new table should include only
unique rules with the number of repetitions for each rule in
a separate column. Rules are understood as table rows which show
how coded attributes translate into the coded class label attribute.
The structure of the new table, called Elementary Table, is
presented in Listing 8.

Listing 8. Creation of an Elementary Table

CREATE TABLE ElementaryTable
{ distinctAttr integer DEFAULT O,
countAttr integer DEFAULT 0,
k0 integer DEFAULT 0, k1 integer DEFAULT O0,.., kn integer
DEFAULT 0}

The Elementary Table stores data with coded conditional
attributes and the class label attribute as well as the number of
repetitions of individual rules included in the original Base Table.
The new table has the following structure:

— distinctAttr — coded class label attribute,
— countAttr — number of individual unique rules,
— kl- kn — coded conditional attributes.

In order to determine unique rules, a SELECT query must be
executed from the Base Table, with the use of grouping over all
attributes. On the basis of the output data, INSERT orders must
be created for the new table. The SELECT query is shown in
Listing 9.

Listing 9. A query generating data into an ElementaryTable

SELECT DISTINCT (k0O), COUNT (kO), k1, k2., kn FROM Base
GROUP BY kO, k1, .., kn;

The next step is determination of basic analysis parameters for
the generated data, with the use of rough sets. The following data
must be generated:

— number of elementary sets,

— number of useful rules,

— total absolute probability of atomic useful rules,
— relative probability of all atomic useful rules.

At this stage, the presented parameters must be determined on
the basis of all the possible combinations of values for the coded
conditional attributes. It can be done by using program loops
nested within one another, in a number equal to the number of
conditional attributes. Each program loop should iterate over all
code values for individual attributes. A diagram is shown in
Listing 10, where, as an example, attributes are coded with values
from 1 to 5.

Listing 10. Example of program loops generating queries with all combinations
of attributes

for (indexKl=1; indexK1<5; indexKl++)
for (indexK2=1; indexK2<5; indexK2++)

for (indexKn=1; indexKn<5; indexKn++)

//loop body
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The body of the loop at the deepest level of nesting is
responsible for the determination of the values of individual
analysis parameters. The respective query is shown in Listing 11.

Listing 11. Query to a database counting all of the parameters

SELECT distinctAttr, countAttr FROM ElementaryTable WHERE
kl=indexKl AND k2=indexK2 AND... AND kn=indexKn

This query enables us to determine the number of elementary
sets. Each result returned by the query from Listing 10 means that
there is a rule existing in the database. The number of elementary
sets is then increased by one.

The number of useful rules is determined on the basis of certain
rules, taking into consideration uncertain rules of high probability
of occurrence. A certain rule is a rule from a well-defined part,
without contradiction. An uncertain rule is useful if it comes from
a not well-defined part and generates contradictions as to the class
label attribute, but its probability of occurrence for a given value
of the class label attribute is below a predefined threshold. A rule
is considered useful if, for a certain number K of examples of the
rule defined by conditional and class label attributes and for
a certain number L of examples of the rule defined only by
conditional attributes (the number of elementary sets), the K/L
ratio is higher than an expert-predetermined threshold 7.

The parameter L is obtained through the query shown in Listing 12.

Listing 12. A query calculating the parameter L

SELECT SUM(countAttr) FROM ElementaryTable WHERE kl=indexKl
AND k2=indexK2 AND... AND kn=indexKn

The value of the parameter K is generated through the execution
of an SQL query with an additional conditional expression. The
query is shown in Listing 13.

Listing 13. Query calculating parameter K

SELECT

COUNT (

CASE WHEN

((countAttr::float) /L)>T
THEN
((countAttr::float) /L)
END

) FROM ElementaryTable WHERE kl=indexK1l AND
k2=indexK2 AND... AND kn=indexKn

Through a modification of the query, the value of the total
absolute probability of useful atomic rules can be obtained. The
code in Listing 14 presents a query for partial total probability for
the coded values of attributes selected for the query by program
loops. The final value of the probability equals the sum of partial
values from all the queries.

Listing 14. A query calculating the total absolute probability of useful atomic rules

SELECT
SUM (
CASE WHEN
((countAttr::float) /L)>T
THEN
((countAttr::float) /L)
END
) FROM ElementaryTable WHERE kl=indexK1l AND
k2=indexK2 AND... AND kn=indexKn

Both queries from Listings 13 and 14 can be completed with the
query from Listing 12, thus reducing the total number of queries
in the program. Listing 15 presents a modified query from
Listing 13.

Listing 15. A query generating full absolute probability of atomic rules

SELECT
SUM (
CASE WHEN

((countAttr::float)/

SELECT SUM(countAttr) FROM ElementaryTable WHERE kl=indexKl
AND k2=indexK2 AND... AND kn=indexKn

) > T

THEN

((countAttr::float)/

SELECT SUM(countAttr) FROM ElementaryTable WHERE kl=indexKl
AND k2=indexK2 AND... AND kn=indexKn

)

END ) FROM ElementaryTable WHERE
k2=indexK2 AND... AND kn=indexKn

kl=indexK1l AND

No additional queries are required to generate the relative
probability of useful rules, since it is determined as the ratio of the
full absolute probability of atomic rules to the number of
elementary sets.

6. Soft reduction of conditional attributes
in the rough set theory

By the method using soft reduction of conditional attributes in
the rough set theory, consecutive conditional attributes are rejected
in order to verify whether the reduction does not generate
a significant decrease in the relative probability of atomic useful
rules. A set is reduced by an attribute provided that the resulting
decrease in the relative probability is insignificant; otherwise, the
attribute is not deleted. The rejection threshold may be defined
through expert attempts.

In order to carry out reduction attempts, the authors propose to
create a new table to be filled in with data on rules in the reduced
space of attributes. The assumption is that the table is filled in
with data from the Base Table, and the selected attribute subject to
reduction is skipped. After a reduction attempt, the table should be
cleaned before a new attempt of reduction of the next conditional
attribute is performed. The structure of the table is similar to that
of the Elementary Table, except for the number of fields for the
coded conditional attributes, which is reduced by one. The SQL
code creating the Reduction Table is shown in Listing 16.

Listing 16. A query forming a table after an attempt to reduce a selected attribute

CREATE TABLE ReductionTable
{ distinctAttr integer DEFAULT O,
countAttr integer DEFAULT O,
k0 integer DEFAULT 0, kl integer DEFAULT O0,.., kn-1 integer
DEFAULT 0}

The input data for the Reduction Table is generated through
a SELECT query to the Base Table. The query is shown in Listing 17.

Listing 17. A query obtaining data for the reduction table

SELECT DISTINCT(k0O), COUNT (kO), k1, k2., kn FROM Base
GROUP BY kO, k1, .., kn;

Now, it is necessary to determine all the parameters again, i.e.
the number of elementary sets, the number of useful atomic rules,
the total probability of useful rules, and the relative probability of
atomic useful rules. Additionally, the significance of the thus
reduced attribute is determined, to evaluate whether it can be
reduced.

Similarly to the analysis with the full set of attributes, the
analysis with the reduced number of attributes uses loops nested
within one another, in a number #-1, corresponding to the reduced
(by one) number of conditional attributes in the set. The further
analysis uses the same queries which were run in the full space of
conditional attributes. The only difference lies in the execution of
queries to the Reduction Table.
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The dependence shown in formula 4 is applied to determine the
significance of the reduced attribute.

o DPfull~Pred,;
significance(q;) = ———~

4
Pfull ( )
where:
- prn - relative probability of atomic useful rules for a full
set
- Predqi - Telative probability of atomic useful rules for a set
reduced by the i conditional attribute g;

Reduction of an attribute is considered possible if the attribute
significance is low. However, considering the possibility of
a material decrease in the total relative probability of rules, it is
important that before a decision is made to reduce a set by more
than one attribute of low significance, an attempt to reduce the set
by more than one attribute at a time is made with the use of the
formula presented above.

7. Summary

The article presents a solution facilitating the implementation of
the method of determining the significance of conditional
attributes through their soft reduction in the rough set theory. For
this purpose, mechanisms available in the SQL and relational
databases have been used. The implementation is made easier
owing to the utilization of advanced mechanisms of data mining,
including grouping and aggregation functions. The necessary
competence of the programmer is limited to simple steering
operations in the selected programming language and
understanding the execution of queries to the selected database.
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