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A Dynamic Modular Method for Estimating Null Valuesin Relational
Database Systems

Shin-Jye Lee and Hui-Shin Wang

Abstract— With the development of the fuzzy system, a lot of
sophisticated methods based on the fuzzy system try to do the
relational database estimation with a highly accuracy of the
approximation by constructing a great diversity of mathematical
models. In order to achieve a high-reliability performance with
less complication as far as possible, this paper presents a
modular method for estimating null values in the relational
database system, and which is constructed based on a simple
fuzzy learning algorithm. However, there exists a conflict
between the degree of the interpretability and the accuracy of
the approximation in a general fuzzy system. Thus, how to
properly make the best compromise between the accuracy of the
approximation and the degree of the interpretability in the entire
system is a significant study of the subject. Due to achieve the
best compromise practically, the proposed method does not only
integrate advantages of fuzzy system and the method of least
squares, but also introduce a new criterion, differential rate, to
enhance the accuracy of the approximation with a highly
accuracy of this achievement.

Index Terms—Fuzzy sets, function approximation, relational
database estimation.

1. INTRODUCTION

Data Mining, one of popular fields in Computational
Intelligence, which mainly extracts knowledge from data,
plays an important role in advanced Computational
Intelligence. In Data Mining, processing the relational
database estimation or function approximation by
constructing a great diversity of modular methods based on
the automatic fuzzy system has also been emphasized on and
researched at any time. In particular, one of the unique
features of the fuzzy system is its well-understanding
interpretability. To get a highly estimated accuracy of the
approximation and the well-understanding interpretability of
the fuzzy system together, more complex methods are trying
to carry this achievement out by reinforcing the strength of
existing methods. However, there still exists a conflict
between the interpretability and the accuracy of the
approximation in a general fuzzy system. If the degree of the
interpretability increases, then the accuracy rate of the
approximation decreases. In opposition, if the degree of the
interpretability decreases, then the accuracy rate of the
approximation increases. Thus, how to make the best
compromise between the accuracy of the approximation and
the degree of the interpretability in the entire fuzzy system is a
significant study of the subject. Furthermore, the
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predetermined partitioning method before constructing an
automatic fuzzy system is also a way of achieving a better
performance in the overall system, because most clustering
algorithms have always been oriented to solve pattern
recognition problems by constructing initial models for the
rudiment of function approximation. Due to the reason, the
development of the advanced methods and then carry out
which as a foundation to capture useful knowledge become
increasingly important issues.

This paper proposes a modular method for trying to process
high-reliability relational database estimation, and the
structure of the proposed method can be composed of three
phases, comprising partition determination, automatic fuzzy
system generation, and relational database estimation.
Basically, in the rudimentary phase, in order to try to attain a
well-understanding interpretability in the entire system, the
predetermined partitioning method before constructing an
automatic fuzzy system is developed based on the concept of
output-oriented clustering, and the reason is that it’s
significantly helpful for the technique of output-oriented
clustering to decrease the degree of the dimensionality while
doing the partition and then -constructing a system.
Meanwhile, in the second phase, the main purpose is construct
the automatic fuzzy system generating from data in the
relational database system according to the resultant clusters
generated by the prior phase. Basically, the type of
membership function adopted in this phase is triangular
membership function and the membership function is shaped
by using the calculation of a-cut. Also, in the final phase,
processing the relational database estimation is the principal
purpose since the fuzzy sets have been generated, and which
can be carried out by computing the method of least squares.

Further, there is a new criterion, differential rate, which has
been developed for bringing a slightly positive performance in
this research work. Basically, the new criterion, differential
rate, is used to examine the performance of the current used
methods of function approximation by calculating the
differential rate between the forecasting model and the
original model in the relational database system after the
whole procedure of the current used method has been
completed. Moreover, the differential rate cannot only be
regarded as an examiner checking the performance of the
current used methods of function approximation, but also can
be applied to enhance the estimated accuracy of the
approximation of the testing example in the relational
database system. Interestingly, in addition to the above
discussions, a subtle relationship between the a-cut and the
differential rate has been measured and then discovered in this
research work. Therefore, the purpose of the measurement is
dedicated to try to discover the optimal rang of the degree of
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a-cut in particular. By other means, it could be decreasing the
uncertainty of the distribution of data set in the relational
database system before constructing the membership function
at the rudiment of the fuzzy system and furthermore enhancing
the reliability of the fuzzy system by optimizing the degree of
the sensitivity of the system, in case the optimal range of the
degree of a-cut has been definitely discovered.

The rest of this paper is organized as follows. In Section II,
the basic concept of fuzzy sets, the application of least squares,
the criterion of differential rate, and the relevant components
worked in this research work are briefly introduced. In Section
III, the sound concept and the detailed procedure of the
proposed method are described. In Section IV, we use a
variety of simulation examples to illustrate the proposed
method and then compare the results of the proposed method
with those of other methods. Finally, the paper is concluded in
Section V.

II. PRELIMINARIES

In 1965, Zadeh proposed the concept of fuzzy sets [1], and
fuzzy theory has had therefore been structured and developed
gradually. Basically, the theory of fuzzy set is developed
based on Fuzzy IF-THEN rules with discrete or continuous
membership functions, and it can effectively perform on a
variety of systems in particular, including linear and
non-linear systems.

The well-interpretability is a unique feature of the fuzzy
system, and the concept of the membership function is one of
essential features making fuzzy system simplicity. As a result
of the feature of the simplicity, it’s not difficult to understand
the detailed information by fuzzy membership function.
Basically, each element or data set would be transformed into
fuzzy set by calculating with fuzzy membership function in the
fuzzy system. Also, each fuzzy set is associated with the
membership value (between 0 and 1.0), and the sum of the
value of the fuzzy set is 1.0 absolutely. Let U be the universe
of discourse, and u4(x) be the membership function of the
fuzzy set A. Therefore, the definition of the fuzzy set 4 is
represented as follows [2]:

A={(x, pd(x) | x e U} (1)

A(0) ILxe A 5
AX) =
' 0,x¢ A @)

So far as the type of fuzzy membership function is
concerned, there are two types of membership functions,
including continuous membership function and discrete
membership function respectively. Also, the differentiation
between these two types of membership functions depends on
the universe of discourse U it has been belonged to. In case the
type of the universe of discourse U is continuous, the type of
the membership function would be the continuous
membership function. On the contrary, if the type of the
universe of discourse U is discrete, the type of the membership
function would be the discrete membership function. Hence,
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the definition of the continuous membership function is
represented as follows [2]:

A= pA(x)/ x 3)

Also, the definition of the discrete membership function is
represented as follows [2]:

A=Y uA(x)/x )

Moreover, another significant definition of fuzzy
membership function is the sum of the value of the fuzzy set is
1.0 absolutely, and which can be defined as follows:

Y;ﬂmzfpmmnzl (5)

Based on (5), the concept of complement of fuzzy
membership function can be deduced from (5) [2]. In equation
(6), 1d(x) is the complement of 124(x). In another word, 4 is the
complement of the fuzzy set 4, and the sum of the value of 4
and A4 is 1.0 totally.

pA(x) + pA(x) =1 ©6)

pA(x) =1- uA(x) )

The relationship between 4 and A4 in the fuzzy membership
function is illustrated in Figure 1. [2]. In Figure 1, the
definition of the relationship is 4 (uAd(x)) + A (uA(x)) =1.0
absolutely. When A4 (uA(x)) increases, then A (ud(x))
decreases with the synchronization. On the other hand, when
A (uA(x)) increases, then 4 (uAd(x)) decreases with the
synchronization. Definitely, the sum of the value of 4 (u4(x))
and 4 (uA(x)) is 1.0 completely. However, there exist certain
exceptions as well, when the membership functions irregularly
overlap to each other simultaneously. In order to understand
how to deal with this kind of situation, the concept of fuzzy
normalization will be briefly introduced in the following
content.

A

(%) pA(x)

>
0 100% p(x)

Fig. 1. The relationship between A (nA(x)) and A (HA(X))
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A. Fuzzy Normalization

Basically, not do all membership functions regularly
overlap to each other, but there also exist membership
functions irregularly overlapping to each other. For example,

as illustrated in Figure 2, the sum of the value of 4, (x,),

A,(x,) and A;(x,) is supposed to exceed the regular

degree of the membership function and whose regular value is
1.0 absolutely. In order to solve the problem, the definition of
fuzzy normalization can convert the irregular degree of the
membership function into the regular degree of the
membership function, and an one-input variable comprising
multi-membership functions can be defined as follows [14]:

Azi-..n ; A,;l(x)...Ck(z)
YLD A4,(0)..Co(2)

i=1 k=

®)

i.k

where A is the fuzzy set, 4;(x) ... C, (z) presents the degree
of the corresponding membership of the fuzzy set

respectively, and y, , presents each tuple of the fuzzy set.

A

4,(x) 4,(x) 45(x)

1.0

Membership Degree

Fuzzy Set

Fig. 2. An example of irregular membership function

B. The a-cut of Fuzzy Set

An o-cut of a fuzzy set 4 is a crisp set that Aa contains all

the elements in the universe of discourse U that have
membership values in 4 greater than or equal to a, and it can
be defined as follows [2]:

A, ={x|pA(x)za,xeU} (9

where a €[0,1].

Basically, any fuzzy set can be regarded as a family of
fuzzy sets, and it can be defined by the notion of a-cuts of
fuzzy sets. A complete membership function can be divided
into levels by the a-cuts of fuzzy sets. Definitely, the lower the
level of a, the more elements are admitted to this a-cut. Also,
it can be defined as follows [3]:

If o,>a, thend,, < A4,,. (10)
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Based on (10), the relationship of fuzzy sets as a family of
its a-cut can be illustrated as Figure 3. According to the chart,

the relationship of the fuzzy sets of its a-cuts is &, >,> 5,
so the implicit relationship of the fuzzy sets of its a-cuts
isd, cA4,, cA,.

A Uyon (@, 4,)
A

AN

1.0

Membership Degree

0.75 > al
05 / \ a2
0.25 / ; ; \ a3

>

a0 a3 a2 al al a2 a3 al

Covering Space of 4,

Fig. 3. The relationship of fuzzy set as a family of its a-cuts

C. The Method of Least Squares

The method of least squares is a popular method of
estimating parameters in a model by minimizing the sum of
squares of differences between observed and theoretical
values of a variable [4]. Basically, the purpose of the method
of least squares is to make the observed value simplicity and
accuracy, and the calculation of the method of least squares
can be defined as follows [5]:

S=ivmwa (11)

where S means the sum of the squared errors, f(x,) presents

the observed value of a variable, and y; presents the

theoretical value of a variable.

D. The Criterion of Differential Rate

One of main contributions of the phase of relational
database estimation is that it can effectively optimize the
estimated value by processing the advantages of function
approximation, such as the application of the method of least
squares, making the estimated value more precise with high
accuracy of the approximation. Generally, most methods
mainly put focus on improving the reliability of the training
example, but spend less consideration on reinforcing the
feasibility of the testing example. Hence, in order to get the
positive performance on the accuracy of the approximation of
testing example simultaneously, the criterion of differential
rate has therefore been introduced. Also, the differential rate
can be definitely defined by calculating the average difference
between the original output value of output variable of the
training example and the estimated output value of output
variable of the training example in the relational database
system. Therefore, due to calculate the differential rate
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between the original output value of output variable of the
training example and the estimated output value of output
variable of the training example in the relational database

system, the criterion of differential rate D" can be represented

by
- ~(EstV,
D" = Avg(zl( %},”/Jj*a)

where Est.V, presents the estimated output value of output

(12)

variable of the training example, Ori.V; presents the original

output value of output variable of the training example, » is
the number of output value of output variable in the relational
database system, and o presents the weighted value of the
approximation.

According to (12), D" is the differential rate between the
original output value of output variable of the training
example and the estimated output value of output variable of
the training example in the relational database system, and
whose range is basically no limitation as a result of the
unpredictable performance of the initially estimated accuracy
of the approximation of the used methods of function
approximation. In principle, the general range of the

differential rate D" is probably located between -1.0 and 1.0
by repeated experiments and which is dependent on the
performance of the used methods of function approximation.

However, the differential rate D" cannot be only applied to
enhance the estimated accuracy of the approximation of the
testing example in the relational database system, but also can
be regarded as an examiner checking the performance of the
current used methods of function approximation. If the value

of D"is being evaluated more far away from 1.0, it could
indicate a higher differential rate existing between the
forecasting model and the original model in the relational
database system after processing the relational database
estimation completely. By other means, the opportunity of a
better accuracy of the approximation may be available by
improving or reinforcing the current used methods of function
approximation. Moreover, the weighted value of the
approximation could be properly tuned in case a more precise
approximation is being required and available, and the default
weighted value of approximation is being set 1.0 initially.
Totally, in addition to examine the reliability of the current

used methods by the differential rate D" | the estimated
accuracy of the approximation of the testing example in the
relational database system can be slightly improved by

properly applying the value of the differential rate D" as a
result of understanding the practically differential rate
between the forecasting model and the original model in the
relational database system in advance. Further, the application

of the differential rate D" on enhancing the estimated
accuracy of the approximation of the testing example will be
represented by (23) afterwards.

252

E. The Advanced Application of the Measurement between
Alpha-Cut and Differential Rate

As introduced in the above, the a-cut is applied to adjust the
degree of the sensitivity to the system under observation
before constructing the fuzzy system, and the differential rate
is used to examine the performance of the current used method
after the corresponding algorithm of function approximation
has been entirely converged and also enhance the estimated
accuracy of the approximation of the testing example in the
relational database system positively. Interestingly, there is a

subtle relationship between o-cut and differential rate D",
and which may support the positive performance on
decreasing the uncertainty of the distribution of data set before
constructing the membership function and hence enhancing
the reliability of the fuzzy system by discovering the optimal
degree of the sensitivity of the system. Therefore, the overall
performance of the system can be slightly improved by
discovering the optimal rang of the degree of a-cut, and which
can be probably obtained by observing the relationship
between a-cut and differential rate. In order to discover an
optimal degree of the sensitivity of the system by measuring
the relationship between a-cut and differential rate, a variety
of experiments constructed on the proposed algorithm have
been simulated for discovering the optimal range of the degree
of a-cut. Meanwhile, based on the basic criterion of
differential rate, if the value of the differential rate is more
close to the value 1.0, the accuracy of the approximation
(MAPE%, MSE, and RMSE) could be higher with the
synchronization. On the contrary, if the value of the
differential rate is more far away from the value 1.0, the
accuracy of the approximation (MAPE%, MSE, and RMSE)
could be lower with the synchronization. Therefore, it
presents a direct relationship undoubtedly. Generally, each
method gets its own specific range of the degree of a-cut, and
there is no very precise range of the degree of a-cut for general
methods. Basically, the optimal range of the degree of a-cut
for the proposed method is around the value 0.7 probably.
Furthermore, according to a variety of simulation
experiments, including multi-tones non-linear single-input
and single-output (MTNLSISO) function, non-linear
single-input and single-output function (NLSISO), linear
multi-inputs and single-output function (LMISO), non-linear
dynamic system, and the real world relational database
system, the value of the differential rate can reach the closest
position to the value 1.0 whilst the value of a-cut is being set
between 0.3 and 0.8 probably.

1. METHODOLOGY

As described in the introduction, the method is structured
on a modular methodology, including partition determination,
automatic fuzzy system generation and relational database
estimation successively. Assume that there is a null value in
the relational database system, and the purpose of the
proposed method is to process the relational database
estimation with a highly accuracy of the approximation by
integrating the advantages of the automatic fuzzy system and
relational database estimation simultaneously. In the phase of
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partition determination, in order to get a well-understanding
interpretability in the system by decreasing the uncertainty of
the complication, the predetermined partitioning method
based on the technique of output-oriented clustering is simply
processed by partitioning all the data set in the relational
database system equally. In the phase of automatic fuzzy
system generation, the membership functions as well as rules
are automatically generated by the fuzzy system according to
the resultant clusters generated by the prior phase and are not
given by experts in advance or pre-defined in the relational
database system. In the phase of relational database
estimation, this phase puts focus on processing the relational
database estimation with the fuzzy sets generated by the prior
phase by utilizing the advantage of the method of least
squares. Finally, a new criterion, differential rate, is being
used to examine the reliability of the proposed method by
calculating the differential rate between the original model
and the forecasting model in the relational database system
after the algorithm has been completely converged, and which
can be also used to enhance the estimated accuracy of the
approximation of the testing example in the relational
database system afterwards. Moreover, the detailed concepts
and procedure of the proposed method can be described in the
following content

A. Partition Determination

A predetermined partitioning behavior is essentially
required before constructing fuzzy membership functions and
generating fuzzy rules, because it decides which kind of
partition will be used to construct fuzzy membership functions
automatically. A proper technique of partition can not only
reduce the useless rule, but also can simplify the rule-base to
achieve the rule-base optimization as far as possible. In order
to make a well-understanding interpretability in the fuzzy
system by decreasing the uncertainty of the complication, the
partition method based on the technique of output-oriented
clustering is simply processed by partitioning all the data set
in the relational database system equally, Basically, the simple
partition algorithm determines the value of £ first, and the
value of £ means how many partitions will be grouped in the
beginning of the whole procedure. After the value of & has
been determined, the partition algorithm will start generating £
partitions equally based on the output values of the output
variable in the relational database system.

1) Determine the value of K first

Interpretability is the unique feature in the fuzzy system, so
the determination of the value of K depends on how the
interpretability of the fuzzy system is originally required.
Moreover, if the value of K increases, then the degree of the
interpretability of the fuzzy system would decrease
simultaneously as a result of complicated partition; if the
value of K decreases, then the degree of the interpretability of
the fuzzy system would increase simultaneously as a result of
simple partition. In other words, more partitions possess the
possibility of making a low degree of the interpretability in the
fuzzy system, and fewer partitions possess the possibility of
making a high degree of the interpretability in the fuzzy
system. By other means, the number of partition initially
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determines the degree of the interpretability of the fuzzy

system and the accuracy of the approximation of the relational

database estimation afterwards.

2) Make the partition

Before making the partition, the original data set in the
relational database system needs to be sorted in ascending
order according to the output value of the output variable in
the relational database system. Since the value of & has been
determined, all the sorted data set in the relational database
system will be partitioned into & partitions equally based on
the total number of the sorted data set in the relational
database system.

Therefore, the regular steps of the partition method can be
stated as follows:

Step 1: Determine the value of £ first.

Step 2: Sort the data set P in ascending order based on the
output value of the output variable in the relational
database system and gets the sorted data set P’ in the
relational database system.

P ascending _ order

> P!

(13)

Step 3: Partition the sorted data set P’ in the relational
database system into k partitions equally based on the
total number of the sorted data set P’ in the relational
database system.

P '

P={(A",...P ..P")|1<m <k} (14)
where £ is the number of the partition, and m presents one of k

partitions, where 1 <m <k . Also, B' is the first partition in
the sorted data set P’, P ' is the mth partition in the sorted
data set P’, and P, ' is the last partition in the sorted data set
P

Step 4: Simple output-oriented clustering complete.

B. Generate Fuzzy Membership Functions based on the
o-cuts of Fuzzy Sets

To construct the triangular membership function, the
calculation of the triplet (left vertex, centroid, right vertex) of
the triangular membership function based on the a-cuts of
fuzzy sets is one of the significant processes in the phase of
automatic fuzzy system generation. Basically, the left vertex,
the centroid, and the right vertex of the triplet (left vertex,
centroid, right vertex) of each membership function can be

simply represented by (a b, ), and the value of the triplet

(ai,bl.,cl.) of the triangular membership function can be

calculated as follows [13]:
(15)

where X min 18 the value of the minimum unit or data set of

n

. is the value of the maximum unit or

each partition, and X
data set of each partition. According to (15), the value of the
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left vertex @, and that of the right vertex ¢, can be calculated
by

b —X .
a, =b ———=mn (16)
o
X ax — b
c,=b +mx 7 (17)
o

where «a presents the threshold value of the a-cut of fuzzy set,
and a €[0,1].
According to the value of the triplet (ai,bl.,cl.) of the

triangular membership function, the membership function can
be calculated as follows:

xX—a,
—,a, <x<b,
b —a,
c,—X
HA (x) =1~ ,b, <x<c, (18)
c, — b,
0, otherwise.

C. Generate Fuzzy Rules and Fuzzy Sets

Basically, fuzzy rules can be come out after fuzzy
membership functions have been generated, and the total
number of fuzzy rules can be defined as follows [8]:

>TI7x)

j=1 i=1

(19)

where 7 is the number of output fuzzy sets of the output
variable ¥, and 7', (X,) is the number of input fuzzy sets of

the input variable X, .

In the light of the real value of data set provided by the
relational database system and the fuzzy membership
functions come out by the previous step, the data set will be
fuzzified and then come fuzzy set out. Basically, the purpose
of this step is to transform the real-valued variable into the
regular fuzzy set by calculating with fuzzy membership
functions, and the definition of the fuzzy set can be described
as follows [14]:

A= iiAj(xi)Yj

i=l j=1

(20)

where A means the fuzzy set, 4, (X;) means the antecedent

part of the fuzzy rule and presents the respective degree of the
corresponding fuzzy rule of input variable in the relational
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database system as well, Y] means the consequent part of the

fuzzy rule and presents the corresponding output value of
output variable in the relational database system as well,

where 1 <j <m,1<i<n,misthe number of fuzzy rule,

and n is the number of example in the relational database
system.

D. Compute Fuzzy Sets with the Method of Least Squares

After fuzzy sets have been come out by the automatic fuzzy
system, the values of fuzzy sets will be processed with the
method of lease squares. Basically, the purpose of this step is
to do the relational database estimation by processing the
fuzzy sets with the method of least squares. As mentioned in
(11), the adopted equation evolving from (11) for processing
fuzzy sets with the method of least squares can be represented
by

=@ 'd'Y 1)
where @ means the evaluated output variable values of fuzzy
sets by the method of least squares, @ presents the entire input
variable values of fuzzy sets, and Y presents the original
output variable values in the relational database system.

Furthermore, the estimated output value of output variable
in the relational database system can be calculated by

V=bx*x0 (22)

E. Calculate the Differential Rate

It’s an additional step in the entire algorithm, and the main
purpose of this step does not only examine the reliability of the
current used methods by calculating the differential rate
between the estimated output value of output variable of the
training example and the original output value of output
variable of the training example in the relational database
system, but also try to optimize the estimated accuracy of the
approximation of the testing example in the relational
database system simultaneously. Meanwhile, the differential
rate between the estimated output value of output variable of
the training example and the original output value of output
variable of the training example in the relational database
system was calculated using (12). Moreover, the differential
rate used to apply to enhance the estimated accuracy of the
approximation of the testing example in the relational
database system can be represented by

V,=V,*D’ (23)

where V/, means the estimated output value of output variable

of the testing example in the relational database system.
Thus, the detailed procedure of the proposed method can be
stated as follows:
Step 1: Determine the value of k first.
Step 2: Sort the data set P in ascending order based on the
output value of the output variable in the relational
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database system and gets the sorted data set P’ in the
relational database system by using (13).

Step 3: Partition the sorted data set P’ in the relational
database system into k partitions equally based on the
definition of (14).

Step 4: Simple output-oriented partition complete.

Step 5: Calculate the fuzzy membership function based on the
concept of a-cut according to (15), (16), (17), and come
fuzzy set out by using (18).

Step 6: Automatic fuzzy system complete.

Step 7: Processing the relational database estimation by
computing the fuzzy set with the method of least squares
by using (21).

Step 8: The estimated output value of output variable in the
relational database system was calculated using (22).

Step 9: Relational database estimation complete.

Additional Step 1: Examine the reliability of the current used
methods by using (12).

Additional Step 2: Reinforcing the estimated accuracy of the
approximation of the testing example in the relational
database system by using (23).

IV. SIMULATION

In order to understand the reliability of the performance of
the proposed algorithm, comparisons of the simulation results
between other methods and the proposed method are
described in the following content by three classical
simulation examples and one real world relational database
system example.

A.  Non-Linear  Single-Input-Single-Output ~ Function
Approximation
The samples of simulation can be generated by
y=0.6sin(mx) +0.3sin@7x) + 0.1sin(Gzx)  (24)

where X € [—1.1], and 100 samples are randomly generated

within the definition domain.

The comparison of the accuracy in RMSE between
Pedrycz’s method [6] and the proposed method are reported in
TABLE 1. In the comparison, the accuracy in RMSE of the
proposed method is better than that of Pedrycz’s method, and
the proposed method uses fewer clusters and rules/parameters
than Pedrycz’s method.

B. Two-Dimensional Non-Linear Function Approximation

The samples of simulation can be generated by

-1.542
)

y=1(x,x,)=01+x"+x, (25)

where X, €[1.5], x, €[1.5]and 50 samples are randomly

generated within the definition domain.

The comparison of the accuracy in MSE between Sugeno
and Yasukawa’s method [7], Wu and Chen’s method [8] and
the proposed method are reported in TABLE II. In the
comparison, the accuracy in MSE of the proposed method is
much better than that of Sugeno and Yasukawa’s method, and
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the parameters of the proposed method are significantly fewer
than those of Sugeno and Yasukawa’s method. Meanwhile,
the accuracy in MSE of the proposed method is much better
than that of Wu and Chen’s method, and the parameters of the
proposed method are fewer than those of Wu and Chen’s
method.

C. Non-Linear Dynamic System
The samples of simulation can be generated by

y(k)=g(y(k =1), y(k =2)) +u(k)

where B oy YD y(k=2)[y(k-1)-0.5]
gk 1), y(k—2)) T (-1 (k—2)

u(k)= sin(é—?} ,y(0)=y(1)=0,¢<[1.200], and 200

(26)

samples are randomly generated within the definition domain.

The comparison of the accuracy in MSE between others’
methods [9] [10] [11] and the proposed method are reported in
TABLE III. In the comparison, the proposed method obtains
better accuracy in MSE than other methods.

D. A Real World Database

Finally, a second-hand cars database [12] of the real world
data set is used for performing the simulation, and each tuple
in the relational database can be identified by three input
variables (Style, Year and C.C.) and one output variable
(Price). The comparison of the accuracy in MAPE% between
Wu and Chen’s method [8] and the proposed method are
reported in TABLE IV. In the comparison, the proposed
method uses same rules with Wu and Chen’s method but
obtains better accuracy in MAPE% than Wu and Chen’s
method.

TABLE ]
COMPARISON RESULTS WITH METHODS IN [6] AND THE PROPOSED METHOD

Method RMSE / Clusters / Parameters

Pedrycz’s
Method
[6]

0.180/6/18

0.150/8/24

0.147/10/30

0.144/12/36

0.192/9/27

0.140/12/36

0.123/15/45

0.114/18/54

0.174/12/36

0.140/16/48

0.108/20/60

0.100/24/72

0.149/15/45

0.136/20/60

0.102/25/75

0.092/30/90

0.141/18/54

0.102/24/72

0.097/30/90

0.061/36/108

Proposed
Method

0.146/6/18

TABLE II

COMPARISON RESULTS WITH METHODS IN [7] [8] AND THE PROPOSED
METHOD

Neurons
Method (Rules)

Sugeno and Yasukawa [7] 6 65
Wu and Chen([8] 9 19
Proposed method 9 18

MSE

0.079
0.162
0.012

Parameters
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TABLE III
COMPARISON RESULTS WITH METHODS IN [9] [10] [11] AND THE PROPOSED
METHOD
Method Number of rules MSE
GG-TLS [9] 12 3.7E-4
GG-LS [9] 12 3.7E-4
EM-TI [9] 12 2.4E-4
EM-NI[9] 12 3.4E-4
Wang [10] 28 3.3E4
Wang [11] 20 6.8E-4
Proposed method 27 1.0E-5
TABLE IV
COMPARISON RESULTS WITH METHODS IN [8] AND THE PROPOSED METHOD
Method Number of rules MAPE%
Wu and Chen|[8] 18 0.13423
Proposed method 18 0.10775

V. CONCLUSION

So far as a perfect modular method developed based on the
fuzzy system, it should probably comprise the following
features, including the well-understanding interpretability,
low-degree dimensionality, highly reliability, highly accuracy
of the approximation, less computational cost, and maximum
performance. However, it is extremely difficult to meet all of
these conditions above. In order to reach the optimal
achievement as far as possible, this research work tries to
effectively perform the advantages of the proposed method
and improve the weaknesses of existing methods practically.
In this paper, we have proposed a modular method to estimate
null values in the relational database system by constructing
automatic fuzzy system, and which integrates advantages of
fuzzy system and the technique of function approximation
simultaneously. Inasmuch as attaining a high accuracy of the
approximation by the existing methods of function
approximation are not enough, an innovative criterion,
differential rate, based on the development of function
approximation is hereupon introduced. The concept of
differential rate is a new criterion to make a positive
performance on function approximation by calculating the
differential rate between the original model and the
forecasting model in the relational database system. Due to
these developments, the proposed method can effectively
achieve a better performance on the relational database
estimation with the highly reliability.
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