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mary. In this paper the experi svsiems are considered as a special casc of information
ems and it is shown that the roogh sets approach to multiexpert system analysis yields
¢ and fruitful reswits ;

I. Introduction. In this paper multiexpert systems are considered. We
ume that the knowledge of every expert is identified with the expert

ility to classify objects of a certain universe. We show that this class
expert systems can be regarded as a special case of information systems
[17) and can easly analysed in terms of rough set concepts (see [2, k|

2. Multiexpert systems. A multiexpert system is a 4-tuple
S=(U.A, V)

here
IV —is a set called the universe

A= DuE(DME=0)is the set of attributes; D - is the set of description
attributes and E —experts attributes

V= | ] ¥,—is the domain (set of values) of attribute o

as A
fiUx A=V is a total function, such that f (x, a)el,, for every xel
aed
In what follows, we shall identify experts attributes with experts, 1.e if
eE then a will be called an expert.
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The function f,: U — ¥, such that f, (x)=f (x, a) for every a€E is calles
the opinion of an expert a.

If fix,a)=f(y.a) for every acB, B= 4 we say that x and y a=
indiscernible with respect to B in 8 Thus, each B< A generates an indiscers
bility relation B. such that {x, y}eB il x and y are indiscernible with respes
to B in 5. Obviously, B is an equivalence relation, for every B. The fam
of equivalence classes of B is denoted by B* and equivalence classes of &
are called B-elementary sets in S

We say that set B< A is independent in S, if for every Cc B, €=
otherwise B is dependent in 5.

The maximal independent subset of B is called redwct of B in § ¥
reduct of B is equal to B we say that B is reduced and the corresponding
system is said to be B-reduced. Thus, we can reduce both set D and ser &
Reducing the set D we simplify the system with regard to the descriptioss
of objects, and the reduction of set of experts E provides the minimal se
of experts with the same decisive power as the whole set of experts E.

The classification a*, aeFE is called the expert a decion and the classit
cation B* B< E is called the decision of group of experts B.

3. Approximations. Let 5= (U/, A, V, f) be an multiexpert system, X = |
and B A.

We define two sets
BX = [xeU:[xlg= X}
BX = {xeU:[x}zn X # 0}
called the B-lower and B-upper approximation of X in §.

“The set Bng(X)= BX —BX is called the B-boundary of X in §.
The number

card BX

welX)= — o

is called the accuracy of approximation of X by B in §.
Let F={X,,X;,.., X} be a family of subsets of U, ie. X;= U for

every i, 1 i< m. By B-lower and B-upper approximation of F we mean the
sets

B}: el {-_HX]:: Exzﬁ---'r me}
BF = {BX,, BX,, .., BX,}.

The number
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card | ) BX,
R R

Y. card BX,
=1
is called the accuracy of the approximation of F by B in § and the number

card | BX,
o .F = i e —
7n (F) ard U

is called the quality of the approximation of F by B in .

4. Dependency of attributes. Let S = (U, 4, V. f) be a multiexpert system,
k —a number such that 0 <k <1, and B, C= 4.

We say that C depends in a degree k on B in S, in symbols B C, if
k=g (C*¥). If k=1 we write B— C instead of B-5C, and we say that C
totally depends on B in S; if 0 <k <1 we say that C roughly depends
on Bin § and if k=0 we say that C is totally independent on B in §.

If D-+E we say that the multiexpert system is deterministic; otherwise
the multiexpert system is nondeterministic.

It means that if the multiexpert system is deterministic we are able to
describe experts decisions exactly by the description attributes available in the
multiexpert system; if the multiexpert system is nondeterministic we are able
to describe experts decisions only with a certain approximation (roughly),
using the description attributes available in the system.

The numbers fip (E*) and yp, (E*) are called the accuracy and the quality
of the multiexpert system, respectively. In other words, these numbers say
how precise the experts decisions can be described in terms of attributes
available in the system.

If the set of experts E is dependent in a multiexpert system 5, and C
is a reduct of E in § then C— E-C, which is to mean that the set of

experts E-C is superfluos in 5.

Property 1. 1f BE D and C € E are reducts of D and E, respectively, then
o (E¥) = 75 (CY)
Bo (E*) = fig (E*).

Let B D and C= E. The sel

Posg (C*) = || BX,

[m1
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where C* = {X;, X,,.., X,} will be called the positive region of the classifi-
cation C* with respect to B (B-positive region) in §.
The set

Bng (C*) = | ) BX,
i=1

is called the dowbtful region of the classification C* with respect to B
(B-doubtful region) in 5.

Positive region of the classification 1s the subset of the universe on whick
the experts decisions agree, and can be described in terms of attributes
considered; the doubtful region of the classification is the subset of the
universe on which it is impossible to recognize as to the experts opinion.
whether they agree or disagree - eploying the attributes of the system.

Of course,

Posy (C*)u Bng (C*)= U
for every B= D and Cc E.

5. Rough equality of experts. In this section we shall compare sets of |
experts using the concepts introduced previously. |
Let §=(U.A,V,f) be a multiexpert system, A=DUE, B D and |
Eh E;;E E.
We shall employ the following definitions
Al} E, and E; are bottom equal with respect to B in §, in symbaols
Ey =p E;if B(EY)= B(E})
A2} E; and E; are top equal with respect to B in 5, in svmbals
E, =g E; if B{E¥)= B (E3)
A3) E, and E, are roughly equal with respect to B in §, in symbols
E 2pE, if E; =E; and E,~y4E;.
The bottom equality preserves the positive region of the classifications E?
and E%; the top equality preserves the upper approximation of each clas:

in both classifications EY and E%, and the rough equality preserves the
doubtful region of the classification ET and E%.

Property 2.

Bl) If E, =E, then yz(EY) = y5 (E$)

B2) If E, ~pE, then By (Ef) = fis (EY)

B3) If E, =g E, then y5(EY) = 75 (E%) and fiy (Ef) = 5 (E$).

6. Rough inclusion of experts. In this section we shall compare seis
of experts with respect to their decisive “powet”. In order to do so, we
shall employ the following definitions.
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Let S=1(U, A, V,f) be a multiexpert system, A = DUE, BS D and let
F= (X, X2, ... X}, G={¥1, Yz, ., Y}y Xis TS U be two families of sub-
st of U

We shall use the following notations:

C1) C»G if BX, < BY;

C2) F C, G if BX, < BY,

C3) FC4G if FCpG and FC,G
for every i, 1sism

It is easy to see that all three relations defined above are the partial
| ordering relations.

Let E,,E; S E We say that

D1) The set of experts E, is internally better then the set of experts
; E, with respect to B in § if ETL ,E3
i D2) The set of experts E, is externally better then the set of experts E;
- with respect to B in § if EY [ 5 E%
I D3) Set of experts E, is roughly better than the set of experts E, with
|

respect to B in § if EY CgE%.

There is also possible another comparison of experts

El) Set of experts E, is internally finer than the set of experts E;
with respect of B in § in symbols E, Z g E;. if y2(EY) > 15 (EY)

E2) Set of experts E, is externally finer than the set of experts E, with
respect to B in S, in symbols Ey SpE; if By (ET) < fip (E3)

E3) Set of experts E, is roughly finer than the set of experts E; with
respect to B in S, in symbols E, >pE,, if E, =gE; and E, 25 E,.

Property 3.

a) If E,JgzE; then E; 2E;

b) If E, 5], E, then E; pE>

¢} If E; J5E; then E, >zE,.

The converse implication i1s not true.

[NSTITUTE OF COMPUTER SCIENCE. POLISH ACADEMY OF SCIENCES, PEIN, PO BOX 11 00-9 WARSAW
(INSTYTUT PODSTAW INFORMATYR] PAN)
UNIVERSITY OF HORTH CAROLINA, DEPFARTMENT OF COMPUTER SCIENCE. CHARLOTTE, NC 2223 U154

REFEREMNCES

i

[1] Z Pawlak, Information systems: theoretical foundations, Inf. Syst. & (1931) 205-218.



