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Abstract— Information systems contain preference ordered
decision attributes now a day. To deal with them Dominance based
Rough Set Approach (DRSA) is used. Two important concepts in
DRSA are upper and lower approximations, both of them are
computationally heavy algorithms. Reduction in its computational
complexity helps in many advance applications of DRSA. Our
proposed algorithm reduces its complexity by making changes in
conventional procedure. Our solution stops the algorithm from
precomputing the same thing from scratch. We tested our
proposed solution on 5 datasets from UCI. There is 50% reduction
in complexity of comparison step, which will lead to overall
reduction of computational complexity for calculating lower and
upper approximations.

Keywords—Dominance-based Rough Set Approach,
Computational complexity, Lower approximation, Upper
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I. INTRODUCTION

A huge number of data is accessible in today’s world. Data
mining tools and techniques are used to process this data and
obtain useful information from it. Data is processed to perform
text mining, sequence pattern mining and classification [1].

Classification is used to predict class labels and also helpful
in forming association rules. Many types of classification
algorithms are being used. Rough Set Theory (RST) is one of
them. The idea of RST was given by Palwak [2] [3][4]. RST is
a mathematical tool which plays an important role in dealing
with inconsistent, imprecise and incomplete knowledge. RST is
used for classification, finding relevant features, reduction of
redundant objects and facilitates rule extraction. In RST
indiscernibility relation, equivalence class, lower and upper
approximations are some key concepts. If a data set can be fully
divided in equivalence classes, then it is called a crisp set
otherwise it is called a rough set. Lower and upper
approximations are to be calculated for rough sets. Many
applications of RST such that image segmentation [5], power
system’s fault diagnosis and in enhancement classification [6]
[7] exists.

Conventional RST is utilized for classifying binary class
labels. People now a day have preference in their daily work
life. For this reason, most of the information systems contain
decision attributes with preference order [8]. The extended
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version of classical RST is introduced by Greco et al named as
Dominance Based Rough Set Approach (DRSA) [9].

In DRSA, dominance relation replaces the indiscernibility
relation. A major benefit of DRSA is its usage for multi-criteria
analysis as it processes information of preference ordered
domain.

A core step in DRSA is to compute lower and upper
approximation. Computational cost of this step is high because
it traverses the instances twice while comparing for dominance
relationship [10]. To overcome this problem, we have proposed
a solution which contains some changes in traditional
approximation algorithm. Our proposed solution decreases the
computation time of finding lower and upper approximations.

In rest of the paper, preliminaries are defined first. After that
related work is shown and challenges in computation of
approximations are described. A solution is then proposed and
its results are shown. At the end conclusion of the paper is
given.

II. PRELIMINARIES

Some terms for conventional RST are as follows:
Universe = A decision system which contains finite items or
objects =U.
Conditional attributes = Objects’ characteristics = C.
Decision attribute = class label = D
Mathematically representation is as follows:

a=(U,CuvD)

Some terms for conventional DRSA are as follows:
Universe = A decision system which contains finite items or
objects =U
Q = (C v D) = Attributes having ordinal and finite domain and
domain is finite. It contains both conditional and decision
attributes.
V =V, is a value set for criteria q = Uy V-
f (x, @) = To an item x of attribute q a value V; is assigned in
that function.
Mathematically representation is as follows:

M

a=(U,Q,V,F) 2)
Table 1 contains a sample decision system. This is taken
from Wikipedia [11].

There are 10 items (x1, x2, x3, x4, x5, x6, x7, x8, X9, x10)
in universe U of Table 1. Mathematics (ql), physics (q2) and
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literature (q3) are conditional attributes and global score (d) is
decision attribute.

TABLE 1. HIGH SCHOOL EVALUATION
Object ql q2 q3 d
(student) | (mathem | (physics) (literature) | (global
atics) score)

x1 M M B B

x2 G M B M

x3 M G B M

x4 B M G B

x5 B B M B

X6 B M M M

x7 G G B G

x8 G M M M

x9 M M G G

x10 G M G G

A. Dominance

For each criterion in P & C, item g dominates h if item g is
better than item h. There are two kinds of dominance negative
dominance D, (g) (g is dominated by h) and positive
dominance Dy (g) (g dominates h).

Dy (g) = {h € U; gD, h} ©)
D, (9) = {h € U;hD, g} 4)
For the item x5 in sample Table 1 and P = {q1,q2,93}
Dy (x) = {x4, x5, x6, x8, x9, x10}

Dy (x) = {x5}
B. Classes

In case of DRSA, Class downward and upward unions are
found by using following mathematically equations:

Clz =
Cls =

Us:Cls (6))
Us<eCls (6)

C. Lower Approximation
It contains a set of items which with certainty belongs to the
class label of decision attribute. Mathematically finding lower
approximation is represented as:
P(CI®) = (x € U:DF(x) € CIE} ()
P(CIH) = (x € U: D5 (x) € CIF}  (8)
There are three steps to calculate lower approximation:
Step 1: Finding union classes is the first step.
For example, in sample Table 1 for bad = 1 union class is:
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Cl5 = {x1, x4, x5}
Step 2: According to the greater than and less than operators,
dominance is calculated. We have to find D; (x), in our case.
Dy (x1) = {x1, x2, x3, x7, x8, X9, x10}
Dy (x4) = {x4, x9, x10}
Dy (x5) = {x4, x5, x6, x8, x9, x10}

Step 3: In this step, lower approximation is calculated using
proper subset property. For example, by applying above
formulas P(CI5) result is as follows.

P(CLE) = {x1,x5}

D. Upper Approximation

In upper approximation, a set of items are generated that may
or may not belong to the certain class label of decision attribute.
Mathematically finding upper approximation is represented as:

P(CIZ) = {x € U:D; (x) N CI} # @} 9)

P(CIY) = {x € U:DF (x) N CI§ # @} (10)
There are three steps to calculate upper approximation:

Step 1: Finding union classes is the first step.
For example, in sample Table 1 for bad = 1 union class is:
Clf = {x1, x4, x5}
Step 2: According to the greater than and less than operators,
dominance is calculated. We have to find D, (x), in our case.
Dy (x1) = {x1}
Dy (x4) = {x4, x5, x6}
D, (x5) = {x5}
Step 3: In this step, upper approximation is calculated using
intersection property. For example, by applying above formulas
P (CI%) result is as follows.
P (CI5) = {x1, x4, x5}

III.RELATED WORK

There are three ways to calculate upper and lower
approximation of DRSA. Conventional algorithm is the first
way. But its cost of computation is high.

In second way, conventional algorithm is divided into
chunks and then these chunks run on different hardware
processor in parallel. This will help in reducing time of
computation. It is an efficient way to speed up the whole
process of computation.

In [10] [12] [13], researchers proposed an algorithm for
parallel computation of lower and upper approximation using
multiple processors. They presented the comparison on
different runtime systems (MapReduce) [14] [15]. In [16],
researchers used GPU framework to accelerate the heavy
computational task of approximations. In [17], researchers
divided information systems into many subsystems. Their
algorithm ran parallel on each subsystem and each subsystem
was processed under different processors. In [18], composition
and decomposition of granules took place. According to them
having more core processor would lead to more reduction of
complexity.

Third way is the incremental approach. In this approach,
when number of instances or number of attributes increases,
approximations are not calculated from scratch.
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In [19] [20], authors achieved dynamic incremental
approximation updates by using the former results of
conventional DRSA. This approach worked efficiently because
mostly data instances were more in ratio as compared to
attributes.

In [16], authors worked for multi dimension variations by
using the incremental approach. They considered memory
consumption in their algorithm too. But still their algorithm has
complex architecture.

In [21] [22], authors applied incremental technique on
attributes that were hierarchical. They formulized the dynamic
nature of attributes and then coarsening by using taxonomies of
attributes.

Some recent applications of DRSA still using the
conventional algorithm because of its simplicity, but they have
to pay for computation then.

In[23], authors improved the DRSA to classify medical data.
They updated DRSA for nominal data. Their algorithm
consisted of five steps for improved classification of medical
domain data classification.

In [24], authors used DRSA for spare parts management.
Their framework consisted of three steps, in which rules were
generated and classification was performed by using DRSA.
They tested their framework on real world data and their
efficiency came out to be 96%.

In [25], authors predicted customer behavior and response in
airline companies. They generated three kinds of reducts
(L,B,U). On the basis of discernibility matrices, reducts could
be generated comprehensively.

In [26], authors predicted the number of students who
dropped or likely to drop the online courses offered. It consisted
of two steps and class consisted of active and at-risk learners.
They used the conventional DRSA algorithm.

TABLE 2. RELATED WORK

Paper Advantages Disadvantages
[10][11][12][15] | Decrease in | More hardware
[16][17] computational utilization
complexity (multiple processing
units)
[18][19] Decrease in | Use of conventional
computational DSRA
complexity
[20][21][12] Decrease in | D)single dimension
computational variation
complexity 2) Complex
architectural
structure of
proposed algorithm
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[15] 1) Decrease in | Complex
computational architectural
complexity structure of
2) multi | proposed algorithm
dimension
variation

[22] Decrease in | Complex
computational architectural
complexity structure of

proposed algorithm

[23][24][25][26] | Advance Conventional
applications DRSA (increase in

computational
complexity)

IV.CHALLENGES IN COMPUTATION

Following is the pseudo code for second step of calculating
approximation:

//[For dominance positive
For k=1 to |CIZ/CIF]
For c=1 to |U|
If Xc > th
DF (Xy) = DF(Xi) U X,
End-if
End-For
End-For

//[For dominance negative
For k=1 to |CIZ/CIF]
For c=1 to |U]|
If X <= Xkt
DF (Xy) = DF(Xi) U X,
End-if
End-For
End-For

Figure 1. Conventional Pseudo Code for Dominance Positive and
Dominance Negative

In this step, dominance positive and dominance negative is
calculated against each item in CIZ or CIZ. It is a must step and
this will lead to slow processing. Also in conventional
algorithm due to repetition of items in class union, items
positive and negative dominance is calculated again and again.

In case of our sample of table (2) union classes are as
follows:

Cl5 = {x1, x4, x5}
Cl5 = {x1, x2, x3, x4, x5, x6, x8}
Cl5 = {x2, x3, x6, x7, x8, x9, x10}
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Cl3 = {x7, x9, x10}

When we follow the conventional algorithm all the items
pass through step 2 twice. This increases the computational
time and cost.

Second issue is some items who doesn’t have any dominance
relation i.e. positive or negative, still goes through the process
again. For example, in our case x1 and x7 has no dominance
positive and dominance negative relationship still after
processing x1, we have to process x7 against xl again.
Although there is no need of that overhead.

To overcome both the issues we proposed a solution that will
help in reducing the computational complexity of calculating
approximations. This will lead to overall reduction in
computational time of DRSA.

V. PROPOSED SOLUTION

Instead of calculating D;“ (x) and D,, (x) for all union classes
of decision attribute criteria, just calculate Dy (x) and D, (x)
for all items in the data set once. Store the values in a 2D array
so that when you need them in 3" step, you can retrieve them
without comparing the items again. By doing this you don’t
have to compute D;“ (x) and Dy, (x) again for any item X in the
universe U.

For second issue maintain a value 1 in case of no relation
between two items in 2D array. Check the value in the array
before comparing so that you don’t have to compare again the
same thing.

Even after that we can check negative dominance easily by
using positive dominance results in 2D array.

Pseudo code of proposed solution:

//[For dominance positive
For k=1 to |U]|
For c=1 to |U|
If (arr[xc][xk]!=1)
If Xc > th
D (X)) = D (Xi) U X,
/store in 2D array
End-if
End-For
End-For

//[For dominance negative
For k=1 to |U]|
For c=1 to |U|

If (arr[xc][xk]!=1)

If X <= X
DF (Xi) = DF(Xi) U X,
//store in 2D array

End-if
End-For
End-For

Figure 2. Proposed Pseudo Code for Dominance Positive and Dominance
Negative

After that you have to perform step 1 and 3 as described in
conventional algorithm to find approximations.
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Comparison part plays the most important role. The more
time this part run the more time code will take to run. In the
table given below is the comparison of conventional vs our
proposed solution of the sample Table 1.

TABLE 3. COMPARISON

Convent | Proposed | Proposed | Proposed
ional solution solution solution
Algorith with no | with  no
m relation relation
extension | extension
and
dominanc
e negative
previous
checking
Dominance | Runs200 | Runs 100 | Runs 78 | Runs 78
positive times times times times
comparison
statement
Dominance | Runs200 | Runs 100 | Runs 78 | Runs 78
negative times times times times
comparison
statement
Total 400 200 156 78

You can clearly see the no of times comparison statement
run in proposed solution is half the no of times it run in
conventional algorithm. And if we apply no relation condition
it reduces it to 156. You can also see by applying negative
dominance part of our solution this statement runs only 78
times.

We can say that this solution reduces the time complexity of
this step of algorithm to 50 % and may be more.

VI. ANALYSIS AND RESULTS

We implemented our proposed solution part 1, that is
calculating dominance on the start of the algorithm and then
calculate the rest past, on 5 data sets taken from UCI repository
(ucy [27].

Data sets are described in the table below. All the data sets
have ordinal preference domain.

TABLE 4. DATASET

Dataset Instances Attributes Dataset /
Attribute
Characteristics

Car Evaluation | 1728 6 Categorical

Poker Hand 1025010 11 Categorical,
Integer

DeliciousMIL 12234 8519 Integer

Gas Sensor | 13910 128 Real

Array

574
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Glass
Identification

214 10 Real

We used visual studio 2015 for implementing the pseudo
code of our proposed algorithm described above. We didn’t
implement the part 2 (no relation) and part 3 (dominance
negative) now, we will cover this in future. We used diagnostic
tool window to find time stamps.

Comparison according to execution time is given in the table
below.

TABLE 5. COMPUTATION TIME COMPARISON

Data Set Conventional | Proposed | Reduction in
complexity

Car Evaluation 286 ms 142 ms More than
50%

Poker Hand 500 mins 240 mins | More than
50%

DeliciousMIL 190 mins 90 mins More than
50%

Gas Sensor | 4 mins 1.5 mins More than

Array 50%

Glass 28 ms 10 ms More than

Identification 50%

You can clearly see that in specific part of algorithm there is
more than 50% reduction in time complexity.

Following are the graphical representation of our results for
all 5 data sets.

In figure 4, data sets having large number of instances and
attributes are covered and unit taken is minutes for comparison.
In figure 3, data sets having less number of instances and
attributes are covered and unit taken is milliseconds for
comparison.

Data Set (less instances and
attributes)

400

300
200

0 I. —

100

Car Evaluation Gass ldentification

H Conventional ™ Proposed

Figure 3. Comparison graph 1
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Data Set (more instances
and attributes)

600
500

400

300
200

100
Poker hand DeliciousMIL  Gas Sensor

Array

H Conventional ™ Proposed

Figure 4. Comparison graph 2

It is clear from the above graphs that by manipulating the
steps and by performing it on right time will lead to reduction
of computational complexity. It will also reduce the cost
overall.

Till now we reduce the computational complexity of this step
by 50%. We can further reduce this by applying our 2 and 3
part of proposed algorithm.

VIL CONCLUSIONS

Due to huge amount of data in today’s world, computational
complexity is an important factor to deal with. In DRSA finding
lower and upper approximations are computationally heavy in
conventional algorithm. By our proposed algorithm this heavy
computational part lost its computational complexity up to 50
%. We simply avoid repetition in computation of dominance.
We have also proposed two more extensions which we will
prove on large data in future.

Some people use incremental approach as described in our
related work. One can use our proposed algorithm to reduce the
complexity of full algorithm in incremental update approach.
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