ROUGH CONTROL

Zdzisaw PAWLAK
Institute of Theoretical and Applied Informatics
Polish Academy of Sciences
ul. Baltycka5, 44 000 Gliwice, Poland
e-mail: zpw@ii.pw.edu.pl

Abstract

Rough set theory is a new mathematical particularly suited to reasoning about imprecise

or incomplete data, and discovering relationshipsin this data.
Recently there has been a growing interest in rough set theory among researchers in many Al
related disciplines. The theory has found many real life applications in many areas. The
primary application of rough sets so far have been in data and decision analysis, databases,
knowledge based systems, and machine learning. Some information about application of the
theory can be found in [20].

Although there has been some research on rough control [4, 8, 9, 10, 11, 12, 13, 23, 25,
27, 28, 29] their number and domains have been relatively small, and they are all academic
rather than real life applications. It is worthwhile to mention in this context however that two
rough controllers have been implemented in hardware [4, 13] — displaying very attractive
features. First of all their speed of operation is much higher than speed of any other
compatible controllers, based on different principles.

Observing the importance of rough control applications to practical problems, an informal
Rough Control Research and Development Group was initiated in March 1995, and Toshinori
Munakata has been named as the first Chair.

The major objective of this article is to discuss motivation, principle, implementation,
potential application areas, advantages and future problems of rough control — applications of
rough set theory to control problems. Whether rough control will succeed is yet to be seen,
but there are several reasons for its high potential.

Control has been the most successful application domain for recently evolved Al areas,
such as fuzzy sets [7, 16] and chaos theory [5]. Simply stated, control is a mapping problem
from inputs to outputs. There are some similarities between fuzzy and rough sets. The
experience gained in fuzzy control probably can be tested for rough control. More
importantly, the fundamental strengths of rough set theory, such as making sense out of a
complex information system where some of the information is possibly vague, appear to be
particularly useful for certain types of control problems.

The control problem in general is to determine the numeric values of the outputs for given
values of the inputs. That is, the problem is to develop a formula or a lgorithm for mapping
from the inputs to the outputs.

We expect that such rough control systems may be particularly useful when either input
and output values or input-to-output mapping rules are imprecise or incomplete. Rough
control will give the "best" output values based on its criteria.

For difficult problems, conventional methods are typically expensive and depend on
mathematical approximations (e.g., linearization of nonlinear problems), which may lead to
poor performance. This is the type of problems where fuzzy control has been successful, and
where our major target domain is centered for rough control as well. In essence, fuzzy control
deals with the hard problems by alowing gradual and continuous transition of logic and
human-like descriptive or qualitative expressions such as "moderately slow." Rough contral,



on the other hand, deals with the hard problems by identifying degrees of significance for
input and output attributes and by means of "quantization" to discern vague information.
Rough control also allows descriptive or qualitative expressions. Both techniques am at
exploiting the tolerance for imprecision and uncertainty to achieve tractability, robustness,
and low cost in practical applications.

The control may by described by an input-output mapping table. Such a table can be
constructed initially in various ways. For example, if there are any existing methods to
approximate the mapping, they can be used. Also, experiments can be conducted by human
experts, possibly involving trial-and-errors.

The input-output table can now be treated like a decision table and by employing
techniques offered by the rough set theory we can generate from it an optimal set of control
rules, which can be put and executed by a rough set controller.

For fast system response, such as for real-time control, involving a large rule base,
concurrent (parallel or distributed) computation may be necessary. Concurrent
implementation of rough control should be relatively easy since all the control rules are
represented in table form. For example, each of output may be determined independent of
others by allocating an
appropriate number of processors. In the following, we discuss different phases of rough
control applications.

(1) Rule generation andsimplification.
One of strengths of rough set theory is data reduction and discovery. Given a set of
control rules, rough sets can simplify the system by reducing certain rules to fewer but
equivalent ones, or eliminating redundant input, output and rules. Also, less important
rules may be downgraded in priority or weighted by smaller factors.

(2) Output generation.
Under an assumption of control rules, output values are determined for "rough,” i.e.,
imprecise or incomplete, input and parameter values and/or rules. The basic concept here
is to explore the most typical feature of rough set theory. That is, in context of rough
control, we perform input-to-output mapping under possibly an imprecise and incomplete
environment.

(3) Derivation of numeric output values for any of the above.
Often, values of condition and decision attributes in rough sets are given in descriptive
expression such as "sow". For control problems, we need to derive numeric output
values. The situation is similar to the case of fuzzy control. Possible methods of deriving
numeric output values include the following.

e Making the control rules fine enough to directly produce numeric values.

e Depending on the number of input and output variables and their ranges, Method (i) may
not give satisfactory answers. In such case, some kinds of a"weighted mean" of candidate
output values can be computed. Given current input variable values, closest matching
rules in the table are found, with a measure of "closeness" between the current and each
of therules.

e Use of consistency measure. When there are inconsistent control rules consistency
measures may become useful to determine output values.

Hybrid systems can also implemented. The key concept of hybrid systems is to
complement each other's weakness, thus creating new approaches to solve problems. This
hybrid system concept is probably one of the most promising for practical applications. For
example, fuzzy control has many established application cases while rough control has



relatively few. Integrating rough control with successful fuzzy control cases could be
relatively easy for accomplishing real world practicality of rough control.

Similarly, neural network + rough system may enhance the system. One major bottleneck
of the backpropagation model in terms of practicality is the slowness of the learning process.
Rough sets may be used as a front-end of the neural network system to pre-process the
training patterns or learning process, or as an aid for pre-designing the neura network
architecture.

Genetic algorithms are computer models based on genetics and evolution. Their basic idea
is the genetic programs works toward finding better solutions to problems, just as species
evolve to better adapt to their nvironments. One common problem in genetic algorithmsis the
slowness of the evolution. As in case of neural networks, rough sets may be used to "clean
up" parameter or gene values, especially there are certain vagueness involved in these val ues.
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