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ABSTRACT

As for the solid fuzzy modeling, well-understanding
interpretability, highly accuracy of the approximation,
less effort, and resources saving are extremely
significant features to design a high-performance fuzzy
inference model in the coming future. Though the
current novel learning algorithms can effectively
optimize the system performance, it still can’t entirely
break the problem of curse of dimensionality (COD).
Basically, it is easy to cause the problem of curse of
dimensionality as processing high-dimensionaldata by
sophisticated fuzzy learning algorithms, oso 1t is
necessary to consider the problem of curse of
dimensionality as designing solid fuzzy learning
algorithms.
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1. INTRODUCTION

As for the solid fuzzy modeling, well-understanding
interpretability, highly accuracy of the approximation,
less effort, and resources saving are extremely
significant features to design a high-performance fuzzy
inference model in the coming future. Though the
current novel learning algorithms can effectively
optimize the system performance, it still can’t entirely

break the problem of curse of dimensionality.

Basically, it is easy to cause the problem of curse of
dimensionality as processing high-dimensional data by
sophisticated fuzzy learning algorithms, so it is
necessary to consider the problem of curse of
dimensionality as designing solid fuzzy learning
algerithms.,Curse of Dimensionality is a term coined
by-Richard"Bellman [1] applied to the problem caused
by the'rapid increase in volume associated with adding
extra dimensions to a (mathematical) space, and it is a
significant obstacle in machine learning problems that
involve learning from few data samples in a high-
dimensional feature space. Simply, the curse of
dimensionality means the size of a data-set grows
exponentially with its dimension N. For example, there
are ten inputs in a fuzzy system, and each input with
two membership functions. Therefore, the partitioning
will lead to rules, and it’s indeed large to any learning
algorithm. Also, the partition result from curse of

dimensionality can be calculated as follows:

IR @)
i=1

where n is the number of input fuzzy sets of the input

variable X, is the input variable in the fuzzy system.

2. FUZZY MODELLING IN HIGH-
DIMENSIONAL FEATURE SPACE

In a triangle membership function, the total number
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of fuzzy rules can be defined as follows:

n

A= (X0 Z2) = S A A A, , )

i=1 =

where A means the fuzzy rule, X,...,Z present the
input variables of membership functions from X to Z,

Aix presents each tuple or data set with respect to

the relative database.

In a two-input-one output fuzzy system, the total

number of fuzzy rules can be defined as follows:

A= XN =SS AMAME, G

i=L j=1

Based on (3), the partition of the two-input-

one-output fuzzy system can be illustrated as Fig.
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Fig. 7.1. The partition of a two-input-one-output fuzzy system

3. THE SOLUTION TO THE PROBLEM
OF CURSE DIMENSIONALITY IN
FUZZY MODELLING

The problem of curse of dimensionality costs much
time to any learning algorithm and spend many
resources in the entire system when converges. In
order to break the curse of dimensionality, how to
refine and simply partitioning or clustering is a
significant issue on solving the problem of curse of
dimensionality. 1t’s also a good way to break the curse
of dimensionality by reducing the regular partition into
the irregular Meanwhile, the

partition. irregular

partition of a two-input-one-output fuzzy system can

be defined as follows:

A=f(X,Y)=D ¥ (0)4; (4
k=1

0=AMA() )

where A means the fuzzy rule, X and Y present the

input variables of fuzzy system, ‘¥, presents the

irregular partition of the fuzzy system, @
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presents the integration of A (X) and A;(Yy) by a

certain method, A; presents each tuple or data set

with respect to the relative database.

Generally, based on (4), the regular partition of
membership function could be illustrated as Fig. 2.
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Fig. 2. The irregular partition of a two-input-one-

output fuzzy system

According to the comparison of Fig. ”and Rig. 2;
Fig. 2 breaks the problem of curse of dimensienality,
because the partition of Fig. 2 is less than that of Fig.
1.

Based on (2), the regular membership function can be
calculated as follows:

X=& 4 <x<b,
b, —a,
C —X
(X)) =9——,b, <x<c, 6
HA(X) ¢ b (6)
0, otherwise.

Based on (4), the irregular membership function can

be calculated as follows:

X=X
—,X€o

A (X) =1 o (7)

0, otherwise

where Xi presents a specific value defined by certain

clustering of the irregular membership function, ©

presents the range of the irregular partitioning.

4. CONCLUSION

How to find the best solution or the optimal
clustering to break the curse of dimensionality is a very
significant research in the coming future. For the time
being, it could be put focus on doing research about
optimizing irregular partition of fuzzy clustering as the
short-term goal of the future work. Though the
irregular partition of membership function can possibly
lift the problem of curse of dimensionality, meanwhile
but %it decreases the unique feature of the fuzzy
system — Interpretability. Therefore, in addition to
optimize regular partition of fuzzy clustering, how to
keep performing the interpretability of the fuzzy
system at the same time will be the mid-term goal of
the future work. So far, there are so many theories and
methods working on Computer Science. Therefore, to
discover useful theories and methods and try to
integrate which to make the best compromise between
these conditions is really a significant topic, and which

will be set as a long-term goal of the future work.
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