BULLETIN OF THE POLISH
10 ACADEMY OF SCIENCES
TECHNICAL SCIENCES

Vol. 32, No. 3-4, 1984

VARIA
COMPUTER SCIENCES

On Superfluous Attributes in Knowledge
Representation System

by
Zdzistaw PAWLAK

Presented by Z. PAWLAK on February 6, 1984

Summary. In expert systems the objects are described by means of attributes. We consider
in this paper how to reduce the set of attributes without loss of information about objects.

1. Introduction. In expert systems we describe objects by means of their
properties expressed by attributes. The question arises whether all attributes
available in the system are necessary to describe any subset of objects. The
problem is considered here on the basis of rough set approach (see [1]).

2. Knowledge representation system. By knowledge representatlon system
(see [2]) we mean a system

S=(U,A,V,0)

where: U—is a set of objects, A—is a set of attributes, V = U V. —1is a set
acA

of values of attributes, 9: Ux4A — V—is an information function.

Set V,,ae A will be referred to as domain of the attribute a.

Function ¢,: 4 V such that ¢, (a) = ¢ (x, a) for every aec A, xeU will be
called information about x in S.

3. Indiscernibility relation. Let B be a nonempty subset of attributes A.
We say that objects x, ye U are B —indiscernible in S, x ~ if

0. (@) = g, (a) for every aeB.
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Obviously B is an equivalence relation for any B< A.

Equivalence classes of relation B are called B - elementary sets in S.
A —elementary sets in S are called simply elementary sets in S.

B - elementary set containing object xe U will be denoted by [x]3, or
[x]; when S is understood.

Subset X = U will be called a B-— definable set in § if X 1s union
of some B —clementary sets in S; an empty set is B —definable for every
Bc A

4. Approximation of sets in knowledge representation system. Let S =
= (U, A, V,p) be a knowledge representation system, let X < U and let
B< A (B #0)

A lower B-approximation of X in S(Bs(X) or B(X) when S is
understood) we define as follows:

B(X)={xeU:[x]z < X}

An upper B -—approximation of X in S(Bs(X) or B(X) when S is
understood) we mean set

B(X)={xeU:[x]zn X # 0}

5. Attributes superfluous in S. Let S = (U, 4, V, 0) be a knowledge repre-
sentation system and let B< A (B #0) be a subset of attributes. We say
that B is superﬂuous in Sif A—-B=A.

If =—B> A we say that set B is indispensable in S. The following is
valid:

—if B, C = A are superfluous in S then Bu C may be not superfluous in S,
—if B, C < A4 are indispensable in § then Bu C is also indispensable in S.

From the above properties it follows that if a,, .., a,e A4 are superfluous
attributes in S, then set {a;,..,a,} may be not superfluous in §; if
ai, .., a,€ A are indispensable in S, then set {a,, .., a,} is also indispensable
in §.

Let B, C <= A be two subsets of attributes in 4. We say that set C is
dependent of set Bin S (B C) if B C.

One can show that if B— C then C is superfluous in S.

The set of all indispensable attributes in S will be called core of 4 in S
and will be denoted A* Let us notice that there exists at most exactly
one nonempty core for each A.

The least subset B = A such that B= A will be called reduct of 4 in S.
Of course any set of attributes 4 may have more then one reduct.

Obviously if B reduct of 4 in S, then A—B is superfluous in S.

The following property is true for every A
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A* = (B,

where () B is intersection of all reducts of 4 in S.
Moreover we have the following property: for every X < U and B < A4,
A(X)=A—B(X) and A (X)= A—B(X) if B is superfluous in S.

6. Attributes superfluous with respect to X in S. Sometimes we might be
interested in checking whether some attributes are superfluous not for a whole
system S, but for a certain subset X < U of objects.

We say that subset B< A of attributes is superfluous with respect to
X in S if

A—B(X)=A(X) and A-B(X)= 4 (X).

Evidently if B 1s superfluous with respect to X in S, then A-B=4
Thus subset B= A may be indispensable in S but superfluous with respect
to X in S.-
- Let X< U be a set of objects and let B< 4 be a set of attributes.
We define set decidable by set of attributes B with respect to X in S,
in the following way (see [4]).

Xp=Fry_g(X)—Fry(X),

where Frg (X) = B (X)— B (X). :
The following conclusion is obvious from the definition: subset B< A
of attributes is superfluous with respect to X in S if Xz =0.
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3. INapnsk, O6 M3GBLITOUHBIX CBOHCTBAX B CHCTeMe NpeACTABJICHHH 3HAHMI

B cucremax 23kcnepToB OOLEKTHl ONUCHIBAKOTCH C IMOMOIILIO OTIHYUTEIbHBIX YepT.
B HacTosLlel cTaTbe NOKa3bIBAaETCA, KaK COKPATUTb MHOXECTBO CBOWCTB 6e3 moTepu uHpOP-
Mauuu 06 oOnekTax.
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