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Abstract

CC_SHELL is an expert system shell that can handle several
kinds of uncertain data and knowledge simultaneously.
The processiné of such information is/based on fuzzy logié,
possibilit& theory, as wéll as frames for statement repre-
sentation. The shell is composed of the following main parts
1. Fuzzy Production System (FEFS)
2. Frame Interpreter (FI)

3. Tools for programmers

In this paper we shall mainly focus on the uncertainty

treatment in the Fuzzy Production System of CC_SHELL.
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1. Introduction ;

Generally we cannot avoid in expert systems the processing
of uncertain knowledge and data, There already exists a number
of valuable expert system shells mentioned, for example, in [4,5]
which are able to handle the uncertainty of various kinds con-
nected with the processed knowledge.

In this paper we present another implementation of an expert
system shell-called CC_SHELL which treats some uncertainty
kinds simultaneously. CC_SHELL results from two independently
designed products, i.e. FMIEXCF (3] and VV_SHELL[2] .

The kinds of uncertainty handled by CC_SHELL can be classi-
fied as below: |

1. uncertain relationship between rule ‘conditions and con-

clusions

2. fuzzy ocaditions within rule conditions

3. vague, or incomplete data

4, unreliable rules and data

Each of the two main parts of CC_SHELL has some interesting
features. One of the most important features of the Fuzzy Pro-
duction System of CC_SHELL is the implementation of Linguistic
Approximate Reasoning Inference Engine for Expert Systems ,
(LARIEES) [1] which realizes the generalized modus ponens. It seems
to be a con51derable advantage of CC_SHELL, | |

The paper iscnganlzed as follows. Section 2 presents the” gen-
eral structure of CC_SHELL. The basic processing methodS‘ugdln'ﬂe
Fuzzy Production System of CC_SHELL are given in section 3. They
also include the main ideas of uncertainty treatment implemented
in FPS, Section 4 contains some concluding remarks.

The presented CC_SHELL has many additional capabilities which
are not mentioned here for the sake of compactness of this paper.
They are described in detail in user’s guides and reference
manuals {2, 3],



2. General Structure of CC_SHELL

CC_SHELL is a computer implementation of an expert system
shell which is composed of the following main parts:

1. Fuzzy Production System (FPS)
2. Frame Interpreter (FI)
3. Tools for programmers

The general block structure of CC_SHELL is shown in Fig. 1.

In the first two parts the respective types of knowledge,
i.e. production rules and frames may be applied.

The Fuzzy Production System is such a production system which
is able to manipulate heuristic knowledge described by rules and
statements., There are many real problems in which a handling of
uncertain knowledge and data cannot be avoided while building
expert systems. The existence of differing varieties of uncer-
tainty involves the construction of such expert system tools
which are cabable_bf handling multiple types of uncertainty
at once §) . The Fuzzy Production System may help to solve such
problems, especially when they are described by means of uncer
tain data and rules. Rule base description language allows to
describe various practical problems almost in a natural way.

The Frame Interpreter is a processing unit specially designa-
ted for handling different types of statement structures. It can
also handle so called approximate statements, The features of
the Frame Interpreter and basic elements of LISP-like frame
description language have been discussed in a separate paper.
Frame description language allows to take into account different
kinds of inheritance.

Tasks realized by CC_SHELL can be partitioned between FPS
and FI (having access to shared statements) in order to simplify
the representation of knowledge, although FPS and FI can call
each other. |



3, Processing Methods in Fuzzy Production System of CC_SHELL

In order to explain the main ideas of uncertainty treatment
in the Fuzzy Production System of CC_SHELL let us assume that
the knowledge to be processed consists of rules and data (wor-
king memory elemenfs). For the sake of simplicity such knowledge
will be written in a general format which is independent of the
actual FPS syhtax. Inference processes are carried out, taking
into account a generalized modus ponens. For an elementary case
it can be expressed by means of the following scheme

1.

A—C &
AC , 8 ' (3.1)
o

The conclusion C'can be found by means of the composition opera-
tion

L4

C"=A0( A—C) (3.2)
and for the confidence value of the conclusion we have

¥o= x(X,8) o (3.9)

Taking into account, e.g. sup-ﬂ% composition, the membership
function of the conclusion can be expressad as follows

xifhe u, ¢(u) = su§ (%, (A7(x), (A = C)(x,u)))

(3.4)

A(A')- means a simple premise (a condition) or a clause(or
a statement) ‘
c(c’)- stands for the conclusion
x = represents the uncertainty of the relationship between
the rule condition and conclusion, a ccafidence value
cf= « in the value range [0,1] i
a8 - represents the uncertainty factor of the worklng memory
element (data), a confidence value cf'= ;3 in the range
value [0,1] .
y'- denotes the uncertainty factor resulting from (3.3)

'#t(*s)' stands for the operator of any t-norm (s-norm)



For composite premises within the multidimentional rules
the generalized modus ponens can be expressed in the form

A, N o e JNA., o
Jn 31 C5 .+ %
/ /
i, B,
; A , (3.5)
A1 » B34
) / ]
Cj ’ Jﬁ for j=1,ee0,
where for the conclusion 05 we have
C' = A’. O, o aO.A~’. o A. ¢ o o A, - C. 06
SES R ( ing (,Jnj TN ) (3.6)

The confidence value of the conclusion Cj can be evaluated from
the formula '

! - - ',*. ! /

05 = % (Xgy % ,031....,,33,13)) | (3.7)
however for C; = aee = Cé = ¢', the actual value of J; should
be computed from the formula

/ / .
Fs =¥ (Froeeefis) (3,8)

The membership function of the conclusion in (3.6) has the form

Xv{.l(?‘U, C:‘j(u) =-‘\ }s{gg_("‘t(A:j“(x)’a..

I

s e Sup(*t(AJn

- -(Z)’(Ajnj/\ .../\Aj1 e Cg.)(x, .,,,z’u)))...))

J
(3.9)

The formulas given above form the basis of the so called
Linguistic Approximate Reasoning Inference Engine for Expert

Systems (LARIEES) described in detail inl1] .



Let us point out the most important features of LARIEES.;
In order to match”’working memory elements/(premises Aéi) agg/ .
rule conditions (statements A i), (i.e. matching in which
two data items for which no accurate values can be assigned)

_ different measures of equality between them
have to be determined.

First, the system calculates the height measure of the inter-
section,viz,

_?ji ggé.min ( Aji(x)’ Aii(X) ) (3.10)

and

\p

After that, it tries to order all the rules taking into account
the inequalities g%:>§3+1. Then, if this is done successfully,

the system checks whether @'= mgx ( 95 ) 26 (where @, is
a threshold onjv.,.

If 95 = Sia1 ,‘the area between the membership functions

is calculated . |
By =) hsstxd) = A35x) (3.12)

and : | @j = maiix( @Ji ). | (3.13)

Trying to oxrder the rules with respect to the inequalities
6%<f(%+1 (for §5 = §3+1), the system checks whether

= min( @j )>@O (where @O is the threshold on ) .
J

min ( Sgi )a (3-11)

1f 0 = Pyq0 @J = @341’ the confidence value cf, = Xaf
is determined.
Ordering the rules, taking into account the inequalities cfj;>cf
the system checks again whether ecf = max (cfj);; cf,
(where cf, is a threshold on cf).

1 the case, when pj =§Jj+1 ’ @j = @j+1 ,,‘c_fj = cfj+1 ’
the sequence ol appearing of the rules in the knowledge base
decides about their firing.

Another important feature of LARIEES is the pruning of fuzziness
after each stage of approximate reasoning. In chaining (multi-
stage inference) the fuzzy conclusions obtained from approximate

j+1b

\



reasoning tend to grow faster than those obtained from LARIEES,
LARIEES prunes the fuzziness at each stage of reasoning while
chaining in order to produce a final fuzzy conclusion with
smaller support and kernel (where the membership values of the
respective fuzzy set are equal to one).

The application of LARIEES to the control problem has been
described in [1) % | - i

I

i

4., Conclusion

The presented CC_SHELL may be successfully applied for
knowledge bases describing various practical problems,
Another useful purpose of this software is the possibility
of its expressive demonstration in didactic processes concern-
ing the subject of expert systems.

CC_SHELL wakes it also possible to verify in practice
the parallel applications of different kinds of uncertainty.
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Fig. 1 General block structure of CC_SHELL
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