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Ab;tract3. CoxepxaBle » Streszczenic

In this paper we consider the problem how wclecvicn
of attributes affects the accuracy of description of
2 given set of objects. To investigate this‘problﬂm Ve
employ the rough sets approach. An example of meuical

/

dats analysis by this method is given,
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0 MOmEOCTHM AMCEDMMEHALMOHHHX aTpHOyTO3

B cuCTEMaX NpPEeACTAaBIEHMA 3IHAHU

B padore HUCIENYETCA NPOGHEMa, KAKMM 06pA30M MOKGOD
aTpuCyToB BAMAET HE TOYHOCTD ONMCAHMA 33 JAHHOTO MHOXECTBE
08BERTCB. Jad nccneioaaﬂnﬁ 3704 npoSASMH HCIIOAB3IJETCHE LOZ-
XOX BHTERADIM{ #3 Koﬁnenunn IPUONMEEEHHX 4HOXGCTB. [DUBO-
IMTCH NPEMED NPEMEHEHMS BTOI'0 METONA K aHAMLAY MeMMIUHCKAX

IZ2EHEX.,



9 mocy dyskryminacyanch atryEutéw

w systemach rgprezenfacji'wiedzy
. .

W pracy badany Jest problem.-;ak dobér atr?bu?éw
vpiywa na quiadnoéé opisu zadanego zbioru obiektow.
Do badania tego problemu uzyto podejécia ofefowanego -
w koncepcji zbiordw przyblizonych, Podano przykiad

~

zastpsowania tej metody do analizy danych medycznych,
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1. INTROODUCTION

In this paper we analyze how selection of attributes af=-
fecte the accuracy of description of a given set of objects.
Vie employ in our considerations the rough set approach’(see

Pawlak {1982), Pawlak (1984)} Ortowska and Pewlak (1984)).

with each set of attributes we associate the uncertainty

coefficient, which shows how the set of attributes under

consideration contributes to the accuracy of description of

a given set of objects.

An example of medical data anzlysis by means of the in-

troduced concepts is shown at the end of the paper.

.
2. KNOWLEDGE. REPRESENTATION SYSTEM. INDISCERNIBILITY

we recall after Pawlak {1981), the notion of & Knowledge
Répresentation System, which 1s the departure point of our

considerations.
By & Knowledge Representation System we mean & system

s = [U,AV, @)

~where -

U - is 2 sat of gbjects

A - is 2 set of attributes
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U va - is a set of values of attribuzes
aEA

g: Ux A>V = is: an information function

Set Va' a & A will be referred to as domain of the at-

tribute a.

Function : A> V such that ¢ _{a) =9{x,2) for ever
X P Y

o

2 e A, x @ U will be called information about x in S.

Let B be a non-empty subset of attributes A. Ve say

that objects x,y & U are B-indiscernible in S, x~ vy,
8

iff
fx{a) =-§y(a) for every a & B
Cbviously 8 is an equivalence relation for any B < A.

EZquivalence classes of relation B sare called B-elemen-

tary sets in A, A-elementary sets are called simply elemen-

tary sets in S,
lihen B = {al, ae'A is a single attribute we shall write
[
% instead of {e}. B-elementary set containing object
x € U, will be dencted by [x]~ .1 or [x]" when 5 is
3 B
understood.

Let us notice that

o~ ~
B ° aeB ©

.

for every BE A,

Subset X C U will be called 2 B-definable set in S

if X is union of same B-elementary sets in S; an empty
\

set is B-definable for every B ; Ae

i
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3+ APPROXIMATION OF SETS IN KNOWLEDGE REPRESENTATION
SYSTEM

Let S = (U;A,v,g) be a Knowledge Represantation System,

let X< U and let Bc A (B#£@.

A lower B-approximation of X in S (gs(x) or B(X)

when S is understood) we define as follows:

8(X) = {x €U [x]xlc x5

An upper B-approximation of X in (§5{x) or B(X
when § is understood) we mean set
B x) ={x& U : [x]%nxgglg
In particular when B =.{a} we write a(X), a(X instead
of {a} X, {3} X respectively,
Some properties of approximations are given in Pawlak(lgaz}.
The number

8% |
| B{x) 1

B( X) =

will be called accuracy {uncertainty) coefficient of X

with respect to B in S, where | Yl denotes cardinality

of Y,

4, SETS SEPARABLE BY SETS OF ATTRIBUTES

.

if we remcve some attributes from set of attributes. A
in system S = [U,A,V,¢) some elementary sets can glue to-
gether forming (A =~ B) ~elementary sets in S, where B 1is a

subset of removed attributes from A. Union of (A - B)-glemen-



tary sets obtained by “"glue together” some A-elementary
sets when removing subset of attributes B from A, can be
. defined as foliows:
sp(a)={geu:[x]meu/m-quﬁ

Set Sp(8) characterize discrimination power of set of

attributes B in S, for set B splits (A - B)~elemen-

tary sets from Sp(8) into A-elementary sets,
The number

5 . [ sp(B)| :

8 [ulf.

can be used as a measure of the discrimination power of at-

tributes 8 in S, and will be called discrimination co-

efficient of B in § accordingly.

0f course 0 < J; <€ 1 for every B & A,

In other words J; says what part of set U can be

split by attribute set B. ' o

5, SETS DECIDABLE BY SETS OF ATTRIBUTES

Given subset X & U of objects in system S = (U,A, V.9 e
. \
We might be interested how subset BSC A cof attributes
affects the accuracy of approximation of set X in 3.

Tc answer this question we introduce set

Y. = Fr

B a-alX) = Fral®)

celied set decidable by set of attributes B in §, where

-9 «

Frg{X) = ®(X) - B(X) 4s celled boundary of X with re=
spect to 3 in 3,

Set Xy is simply set of objects in S membership of
which to set X is dependént upon set of attributes B;
in other words set X5 says how ;he boundary region of
set X changes when remoQing set of attributes B from

system S.

+ -
We can split set Xg into two sets X4 and Xy (xB =

Xa*tj Xg7) such that
xa" s AX) - A= B(X)

Xg~ = A=B(X) - &X)

called positively and negatively decidable by B, respec-
tively,

Elements of set XB+ are those objects which are posi-~

tively decided being members of set X, Qhen exanining
their properties sxpressed by attributes B} elements of
set XB' are those objecté which are positively excluded
being members of sst X, on ths, basis of their properties

expressed by attributes B,

Ve say that set 8¢ A is sugerfluoué for X in S,
iff Xxg = 2. B

In order tc express how the accurac; of approximation

of set X is affected by set of attributes B C A, we may

examine how the accuracy of approximetion changes when re-

moving set of attributes B from A, i.e. examine the dif—
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ference N, o(X) - [ZA( X},

Another possibility is to-examine how the boundary of
“set X is affected by set of attributes 8 C A. In order

to do this we introduce the following coefficient

{ XB} [ Fra(x) 1

T R Y

(;B(x

which simply says what part of the boundary of set X is

decidable by set of attributes B " in S.

However, the most intuitive way of expressing discerni-
bility.power of set of attributgg B is to give simply
the numbers IXB[, le‘i and ‘XB+l. These numbers say
how many objects are classified by set of attributes B
{positively or negatively) and this information seems to

‘be of primary iﬁportance.

6. EXAMPLE

A file of 150 patients suffering from heart disease
was investigated. The set of patients was divided by ex-
‘perts into six classes according to their'health status;
class one contains all patients with the least diseasé ad-
vance and class six contains all patients with the greatest

disease advance.

With every patient seven items of information {(symptoms)

viere associated. The problen was whethér these symptoms

s

- 11 -

can be used to define the stage of disease advance with

accordance to expert classification,

The results of computation are shown in tables below.

Table i contains numbers of objects in lower and upper
approximations of each class for different sets of attrib-
utes.{We identify symptoms with attribdte@. Column mérked
by “non* contains results of computation for the whale
set of seven attributes; column marked by number i, conmtains
results of computation for set of attributes without axtrib—'

ute number i, {C - denotes class, and NP - number of pa-

tients)

Table 1
C IN.PJll non 1 2 3 4 5 5 7
xl 10 1 4 15) 1 16( 3 16| 2 17| 4 15| 3 is 3 17| 416

: X2 46 (I35 54135 59|85 59(35 60|37 57|33 58 13 _57{35 59

X3 .42 39 45|34 52|34 51|33 51|34 49|33 56|32 58|29 53
X 33 30 36 24 40114 40|28 39|29 37|14 39|16 38{22 48
X5 15 115 15|13 1913 17|15 1514 16|14 16|11 20|12 19

X6 4 4 412 5|14 4|4 4|14 41 4 410 711 s

Table .2 contains accuracy of approximation for sach
class for the whole set of seven attributes and sets of

attributes without one attribute,
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Tablé 2
c non 1 3 4 S 6 7
x1 0,27 0,06 0,19 0,12 0,27 0,19 Oﬂ18 0,25
Xz 0,72 0,59 0,59 0,58 0,65 ©,57 0,54 0,59
Xy 0,87 0,65 0.67 0,65 0,69 0,59 0,55 0,55
X4 0,83 0,60 0,60 0,72 0,78 0,62 0,58 0,46
Xs 1,00 0,68 0,76 1,00 9.88 -0,82 0,55 0,63
xs 1,00 0,40 1,00 1,00 1.00' 1,00 C,00 C,17
@ne can seg that attributes 2, 3, 4'and 5 are super-

fluous for

In table 3 the cardinalities of boundary regions for

class 6; attribute 3 is superfluous for class

corrésponding sets of attributes are given,

5 and Sthar classes have no superfluous attributes.

Teble 3
'C non 1 2 3 4 5 6 7
X1 11 15 13 15 11 13 14 12
. X2 15 24 24 25 20 25 26 24
gS 6 18 17 i8 i5 23 26 24
X4 & 16 16 11 8 15 - 12 26
Xs O 3} 4 0 2 2 g 7
X G 3 o] ¢ o] G 7 5
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One can easily read from this table which attributes
are “"most important”™ for each class, Attributes which
give‘the bigest. boundary, when removed from the set of
attributes, are most chéractarlstic for the class; thus
for example attributes 1, 3 and 6 are most characteristic
for class 1; attributes 34 5 and 6 - for class 2; 5, 6
and 7 - for clqss 4, and 6, 7 for classes 5 and_6. The

same results one can obtain reading table 2,

In table 4 cardinalities of decidable sets for cor-

responding sets of attributes are shown,

Table 4
c 1 2 '3 . 4 5 6 7
X, 4 2 4 o 2 3 1
%, 9 9 10 5 10 11 g
X3 12 11 12 9 17 20 18
-x4 16 10 5 2 s 6 20
Xg 6 4 0 2 2 9 7
Xg 3 ! 0 0 0 7 5

In the next two tables cardinalities of positively
‘and negatively decidable sets of corresponding attrib-

utes are given respectively,
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Table 3
~

o} 1 2 3 4 5 & 7
X1 3 1 2 0 1 1 s}
X, 4 4 4 2 6 8 4 %
x3 S 5 ) 5 & 7 10
X4 6 5} 2 1 6 & 5]
xs 2 2 0] 1 1 4 3
X6 2 Q (8] 0] o 4 3

Table 6
c 1 2 3 4 5 6 7 3
xl 1 1 2 o] 1 2 1
xz 5 5 & 3 4 3 S
Xy 7 6 6 4 11 13 8 ,
X4 4 4 3 1 3 2 12
X5 4 2 o] 1 1 /5 4
X 1 o] ] 0 0 3 3

ieaning of data in these tables is obviouc.
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