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0. Introduction

The problem I am golng to deal with is the following one.
Suppose wa are given a finlte zet of objects UV and asxsume Lhat
each oblect is characterized by some preassumed features.
Mareover let us assume that the objects are classilfied
Cpartitionedd into soms classes X ,X ,....Xn. The problem we
are golng to discuss consists in finding Lhe characterization
of each clasx xi of the partition in terms of objects Features
belonging Lo the class,

In other words wa ask whethar Lhe knowledge of features of
ohject x enable us Lo claxalfy x Lo proper class J(".. Thus our
problem reduces Lo the membership questlon, l.e. wheiher Lhe
object x belong to a glven =et X or not,

For examples, suppose Lhat the objects are patianis suffering
from a certaln disease and each patient Ls charscterized in
terms of scre symphtoms, like body Lemperature, blood preasure
etc, Suppose mcrecver Lhat patients are classified according Lo
age intoc three claxsas, young, middle and old. The queslion
arisan whether there are specific symphtoms of the disease for
each class of age,

Very many problems, in particular in artificial LIntelligence,
Ciike pattern recognltion, machl ne learning, 1 nductive
inference, and cthers) - can he reduced to the above scheme.

We =zhall discuss brlsfiy tha problem in the framawork of the
rough setz theory Csee (8)), which sesms to be very well suited
t.o' discuss this kind of questions - and has found oany
real-life applications ¢ sea €1.3,8,7,832.
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1. Information Systems

In this section we are going to show that our original problem
can be rediced to the analysis of a certain kind of data table,
called here an information system (seel4)D.

The information system can be also considered as a context
matrix introduced and investigated by R. Wille In concept
analysis (see(80).

Example of such a table is shown below.

Patient Gasometry Dyspnea Pul monary Heart Hepato-
stasls ralLs megal y
Py 37 1 1 2 o]
Pp 43 e 4 76 8
Py 42 1 1 73 i
Py 49 o] a2 8o ]
Pg . 48 1 3 Q2 ]
Table 1.

In the table 1 an excerpl from a medical dala file is given.

Cbjects are patienlLs Pysbyees. which are desribed in terms of
soms symphtomx.

Generaly speaking an information system iz a finite Lable
columns of which are labelled by "“attributes”, and rows - by
“"objecis'. For esch objecls and attribula an atirlbute-value is

unlquolly' asscciated, in the table. .

For example, heart rate for patiant P, ix 80.

Formally any infermaticn system can be presented [ T ]

S=CULA,V,f), vwhere U is a finite set of obfects, A - finlte set
of attridbutes, V =-“L_‘}‘ Vo ¥, - sel of ualuss of akirlbute e
{domain of a) and filxA + ¥ is an iaformalion function such
Lhat fo.cDeVu for any aed.

It s easy Lo =ee that some ohjects may have Lhe same values of

attributes, i.e. Lhey are indiscernible by those attributex. In

olher words every subset Bgd of attributes generates an

indlscernibllity relation B - which is an squlvalent relation.

That is to siy that each subsel of attributes B generales a

partition 8" of all cohjecs and blocks of Lhe partition B. are
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equivalence classes of the indiscarnibility relation -2

Now owur problam can be formulated as follows: given an
information system S = CU,A,V.f) and a partition D of U
genarated by a certaln subset of attributes DgA. Give the
description of each class of the partition D* in terms of a
subset of attributss & ¢ A,

In turns out that in general case this problem can nol be
salved positively. That means Lhat in Some cases classes Xi of
the partition D* can bes described with some approximation only.
enmploylng the set of attributes 8 ¢ 4. We shall consider this
problem with some dftail in the next section.

2. Approximation of Sets

Because we are interested in characterization of blocks of some
partition let us flirst consider characterization of single
subset X € i/ in Lerms of zome attributes 8 ¢ A. To thisx end we
introduce the cmcabts of a lower and upper approsimation of X
S U by B g d, denoted 8X and BX respectively, and defined as
bel ow: :

Bx={J<ves™ ¥ c 0
Bym $<vaB™r ¥ A Xuod.
Thus BX is the . selL of all objects which can be shursely

clasaified to X, employing the =et of attributes 8, and BX 1s
the sel of all abjects which pox=ibly belong Lo X, L.e. Lhose
elements which can not ba excluded being elements of X. Of

course L€ §X=EX. then the sat X can be uniguely characterized
(dexcribed) by B. Set of objects which can not be characlerized
by B are refered to as rough setx (wikh respect to 5.

Thus with each spt X < U we can assoclate three important

regions: BX ~ B-posiliue region of X, Ex~§x - B-boundory region

of X, and U-BX -~ S-negative ragion of X.

Objects belonging te eibhar &-poxitve or 8-nagative region of X
can be shurely classifisd to either X cor -~X, bui elerents
belanglng Lo the boundary region can not be properly classified
to neither X nor ~X - smploying the sat of attributes B.

Thus in the general case we can classify slemants of U with
some approximation only employing some preassuned set of
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atiributes B - specifying the lower and upper approxdimation of
the set.

3. Pariial Dependency of Atiributes

Mow we are about to present our main claim. The problem of the
classification of oqucts to classes of the pariition D* by
means of the set of atiributes C g A, reduces to the question
whether the met of attributes D depends functionally on Lhe sel
of atiributes C C(usually C and D are refered Lo as a condition
and deciston atlriduies, respactivelyd,

Funclional depandency means that Lhe values of the condition
attriputes € wuniquely dafine ihe values of the decision
attributes D. If it is the case, iL Is obvious that blocks D"
can be uniquely characterized in tarms of condliion attridbutes
C; otherwlse the characterizaticon is impossible.

In order ta express the above conslderations more precisely we
introduce !‘or:mally the concept of a partial dependency of
altributes.

Suppose we are given an information system S=CU, 4,V,7> and Lhe
subsets of attributes C.D € A, We say that C -bh D COSh<i),
which reads: “D depends An dagree & on £ IF

cards pasc.:a":':
X =

card(U
where POS.CD™> = |j, €Y . is the C-pesitive region of the
YaD

classificatlon D" i.e. Lhe set of nll elements of U which can
be properly classified to the blocks of Lhe partition D'
employing the set of alirlbutes £, Thus il k=1, all elements of
U can be properly classifled, if k=0 non of the elements of U
can be properly classified and Jf (XR<(l some <¢lemenls can be
properly classified only and the number &, called the accuracy
of Lthe classification, gives the ratio of elements which can be
properly classified. Thus In this case we are able to give only
the lawer and upper approximation of sach class.

In this way tLhe problem of approximate classificatlon has been
reduced to the investlgation of partial dependency of
atiributes in an informallcon system.
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4. Conciysion

The approach to Lthe approximate classification presented above
induced a wide class of theorslical problems, which are
currently investigated by many authors in Poland and abroad.

Several succesfull appiications af' the discussed ideas have

proved the approach both useful and interes=sting.
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