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REMARK ON INTUITIONISTIC FUZZY EXPERT SYSTEMS
Krassimir T. Atanassov

Math. Research Lab. - IPACT, P.O.Box 12, Sofia-1113, BULGARIA

The idea for unification of the concepts "fuzzy sets" and "Ex-
pert Systems" (ESs) is discussed in different papers (see, e.g.,
[(1-131). Here we shall make the analogical "union" between the
concepts "Intutionistic Fuzzy Sets (IFSs, see [14-16]}) and Logics
(IFLs, see [17-21]) and "ESs" (see, e.g. [22-24}), défining the
objects "Intutionistic Fuzzy Expert Systems" (IFESs).

A group of Builgarian specialists, with the author’s partici-
pation, had made an attemp£ to describe in [25-31} different +ty-
pes of ESs (existing in the literature or possible in principle)
by the means of Generalized Hets (GNs, see {[32)). There, some ty-
pes of ESs are described by GHNs, for which the authors do not
Know other publications. Here, we shall use one of the most gene-
ral type of these ESs’ definitions and over its basis the new ty-
pe of ESs will be defined.

On the other hand, we shall use the ideas on intuitionistic
fuzzy Prolog {33-353, intuitionistic fuzzy constraint logic
programming [36, 37) and the first author’s attempt to define the
concept IFES" [38,39), which is not detailed enough.

The main components of a production system are: the Data Base
(DB) containing the facts about the problem which are to be sol-
ved, the Knowledge Basé {XB) containing the rules which are to be
used in the reasoning process, and the inference engine which
operates through the KB using the DB for proving or rejecting a
given hypothesis. ES’s facts with new components - priorities are
described in [29]. Here, as in {[28-31], weAshall add new ESs’com-
ponents - the degrees p and v of validity and non-validity (cor-
rectness and non-correctness) of the facts. Therefore, every fact

A of the DB will have the form: [A, P, ¢ , 7 ]}, where p , ¥ €
‘ A A A A A

[0, 1] and pA + v £ 1 are the above mentioned deérees, pA (a na-
A

tural number) is a priority of A and A is a standard ES-fact.
Let the fact A with the three above components there‘exist in

the DB. Let the new fact B with a priority' pB be generated by

some way in a certain time-moment when the ES functions. If both

facts are not related, then the new fact enters the DB. In the
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ordinary ESs, the new fact B substitutes the old fact A, when B
coincides with, or contradicts A, Now the ES will function in
another way, basing on the new component. Whnen the facts A and B
coincide, their representative (in particular - A or B) stays in

the DB, but with a new priority - the maximum of pA ana pB. on
the other hand, the fact with the maximum priority between pA and
pB stays in the-DB when the facts A and B are in a contradiction.

Immediately the question for the relation between pA, i and

A
pA arises. These three components of the fact can be interpreted

in such a way, that they to be independent. For example, when we
descridbe different facts and their estimations generated by a
group with n experts, every one of which estimates some informa-

tion, the i-th of them can estimate the fact A by the values

and TA (1 <1 <y, but every fact will have iits priority PA.
13 :

The last ES-parameter can be related as to the priority of the
corresponding expert, as well as with other factors which are not
related to +the experts. In the last case, the three parameters

will be independent. If every one of the expertis estimates some

fact, in the DB can be collected factis [A, A 4 , P 1, [A,
Al AL A
[V T s P Yy e [A, . 7 ., P ]. After this, in the
A, 2 A, 2 A ' A, n A, n A
DB can be Kept the fact A with these (¢, 7)-parameters p and
ix
r |, for which p :mazxp, or these (py, 7)-parameters for
ix ix 1<i<k i
which p = m

. P axy.p (if there are some values of i for
ix ix 1<i¢<k 1 1

which the maximum is obtained, then the value of i, for which v
i
is minimum along the other ry-values, i3 determined.
The rules of KB in the IFES have one ¢f the following forms:
{. <M, N>H :-e(B, B,..., B) <M, N >1,
H H i 2 n B B
where M , N, M, N ¢ [0, 1] and
H H B B
sup M + sup N < {1 and sup M + sup N ¢ i,
H H B B
and e(B, B,..., B) is a logical expression for the variables
1 n

(some of which can be ES’s facts) Bi, Ba,.... B . The expression
n
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E(Bi' Be,..., B ) can contain operations "&", "v", "c", "3", qu-
n

antors "v", "3", standard modal ("p", "0"), extending modal (D ,

X

* *

F , H . J , H , J , X ), temporal (P, F, G,
a, B a, B «, B o, B x, B a,b,c,q4,e, %
H) and level (P , Q ) operators. Therefore, e(B, B,..., B )

aoB C‘.B i 2 n
can have very complex form (cf. [36,371)).
The intervals have the forms
H H H H B B B B
M = [p_l v ], N = [r ., 7 1}, ¥ = v, ¥ }, N = [7.1 T J.
H i s H i s B i s B i s
To them it can be given the following interpretation. For each
assignment of each variable occurring in the rule, if Bi are all

B B
true with degrees within +the intervals [p , p ] (for the degree
i s

B B
of validity) and [71 , 7] (for the degree of non-validity) the
s
H H
consequent H has values p Hand £ 4 H within the intervals [p , P ]
i s
H H
anda [r , 7 ] respectively. Naturally, the calculated degrees UH
i s
and TH satisfy the constraint
<y +rv < 1.
H H

Let pB and TB be the already calculated validity and non-vali-

dity degrees of the rule. The degrees’ calculation of +the conse-

quent H pé and VH in terms of the interval rule is the following

H H H
Vo= p o+ (P - P,
H i 3] s i
H H H
Y = v + & (r -7 ),
H i v s
where:
B
y_ - v
B i B B
————————— , if p > p
a = ¢ B B i
VY ¥y -y
i
1/2 , otherwise
B
Yy -
B i B B
————————— , 1fr < v
a =4 B B s i
4 Yy -7

i/2 , otherwise
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2. [<M, N>H :-~-e(B, B,..., B) <p, 7>},
H H 1 e n B B

where MH, NH, “B and TB are as above, The interpretation is as

above, too, except that the validity and non-validity degrees of

B , Ba,..., B must be greater than or equal to pB and less than
i n

or equal to TB respectively. The calculation is as follows:

PB - b
p
————————— , 1f b < 1
[ ¢ = 1 - b P ]
1Y) vV
1/2 , otherwise

B
---, if b > O .
b

Q2
1"
<

v v
i1/2 , Otherwise
where degrees of e(B, B,..., B ) are b and b .
i e n Y v

UH and TH are calculated in the same way (cf. ([351).

The next two cases are modifications of the first ones:

3. [Y i H:-e(B, B,..., B) <M, N >},
a, B, .. 1 2 n B ‘B

4, [Y s H:-e(B, B,..., B} <p, 7>},
o By i 2 ' n B B

where all components without the last ones in both types of rules
are equal andb the last compbnents are as the corresponding ones
above.

The sense of the first components in bdoth types of rules (the
next components are as the corresponding above) is, that Y is the

identifier of an operator, i.e. Y € O, ¢, D, F y++.} and q,
a

«,
B,... are its necessary components (0, i, 2 or 6 in number, to a
relation with the identifier).
For example, the calculation of the degrees of the clause head

is based on operator F B' for O ¢ a + B < 1 and 1s as follows:
&,

<P, v > = F (W, ) = <p +acC.7, v + B.wW >,
H H a, B B B B B B

where "B = (1—uB—7B) can be interpreted as a certainty factor.

The process of calculation of the truth-values (degrees of va-

lidity and non-validity) of the expression e(Bi, Ba,..., B ) is
‘ n

made as 1t is described in [17-21].
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Therefore, we define an ES which can describe more detailed
Processes than the classical ESs.

Moreover, this ES c¢an contain the other elements, which are
described in [30,31], as metafacts and apparatus for the changing
¢cf the rules,

On the other hand, the new type of ESs can be simplified with
the omission of the priority-component of the facts. In this ca-
se, this component can be interpreted by both truth-valued compo-
nents p and v. But, as we have shown above, there are situations
for which the three components have themselves independent inter-
pretations. _

We must note, that the functioning and the results of the work
of the above defined IFESs can be described by a GN, but this
will be an object of different our research. The functioning and
the results of the work of the first type of IFESs ([38] 1is des-
cribed by a GN (see [39]). How, the form of the GN will e more
complex, but it will contain a GHN-interpretation of +the shown
above new ES-components (i.e. p and 7).
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