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FINDING KNOWLEDGE ACCORDING TO ROUGH SET THEORY

ABSTRACT

Phung Thi Thu Hien", Ninh Van Tho
University of Economic and Technical Industries

Attribute reduction is a core issue of rough set theory and also an essential pre-processing step in
data mining. In recent years, there have been many papers about attribute reduction methods based
on different views, and generally can be classified as attribute reduction method based on positive
region, attribute reduction method based on discernibility matrix, attribute reduction method used
information entropy. However, most of attribute reduction methods are performed on single-
valued decision system decision table. In this paper, we propose methods for attribute reduction in
set-valued decision systems. Next, based on some results in the relational database, this article
proposes an algorithm building a relationship scheme from the decision table.
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INTRODUCTION

The theory of conventional rough set initiated
by Pawlak [4]is an effective tool to solve
attribute reduction problems and to extract
rules in information systems. Attribute
reduction in decision systems is the process of
choosing the minimum set of the conditional
attribute set, preserving classified information
of the decision systems. In decision systems,
computer scientists have provided several
attribute reduction methods based on model
of conventional rough set, summarized by
Shifei D et. al. in ref. [10]. In set-valued
information system, Guan Y. Y. Wang et. al.
[6] expanded  equivalent  relation in
conventional rough set to tolerance relation
and developed model tolerance-based rough
set by expanding lower approximation, upper
approximation, positive domain, etc. based on
tolerance relation. There are remarkable
reports about attribute reduction in decision
system and ordered decision system in model of
tolerance-based rough set approach in ref. [2],
[9], [13]. In ref. [15], the authors using matrix
method studied the altering of approximation
sets with and without attribute set.

In this paper, section 2 describes the results of
set-valued decision system and definitions of
reduct and basic concepts in relational
databases. In section 3, the author
demonstrate attribute reduction method. In
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section 4, the author provides some
algorithms in relation database. In section 5,
the author discuss about the overall results
and future study.

BASIC DEFINITIONS

Basic definitions in rough set

A decision table is defined as
DT =(U,Cu{d})in which U ={u,u,,...u,}is
the finite & non-empty set of objects
C={c;,c,,....C, j the set of condition attributes,

D is the set of decision attributes and
CnD=g,V = [l V, whereV, isthe value

aeCuD

range of attribute a, f:Ux(CuD)—Vis an
information function, where vaeCuD,ueU
f (u,a)eV, hold.

Set-valued decision systems were proposed as
a tool to characterize the data sets with
incomplete or uncertain information [9].

Formally set-values decision table is a tuple
DT :(U,Au{d}), where U is a finite set of

objects, A is a finite set of set-valued
attributes, i.e the functions of form a:U — 2V2
for a € A, and d ¢ A is a distinguished
attribute called decision. The set V, is called
the domein of attribute a, and a(x) € V, for
each a € A and x € U. In the case, when |a(x)|
=1 forany a € A and x € U we have a
standard single valued decision table.

In Table 1 [9] we have an example of a set-
valued decision system.
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Table 1. An example of a set-valued decision table

U [Audition(A) [Spoken Language(S) [Reading(R) |{Writing(W) [|dec
o [{E} {E} {F,G} {F.G} No
w {E,F.G}  |{E.FG} {F,G} {E.F.G} No
o [{E,G} {E,F} {F.,G} {F.G} No
ey {E,F} {E,G} {F,G} {F} No
5 |{F,G} {F.G} {F,G} {F} No
s [{F} {F} {E,F} {E,F} Yes
o {E,F,G}  |{E,F,G} {E,G} {(E.F,G} Yes
o [{E,F} {F.G} {E,F.G} |{E,G} Yes
9 [{F,G} {G} {F,G} {F.G} Yes
ew|{E,F} {E,G} {F,G} {E.I'} Yes

Let DT =(U,Au{d})be a set-valued decision

table. Any reflexive and symmetric relation T
€ U x U is called a tolerance relation defined
on U. A tolerance relation Ty related to a set
of attributes B € A can be defined by:

Ts (X, ¥) © VbeB Ja(x) N a(y)| # 0 @
For any BcA we denote by
[XIr, ={yeU:(x,y)Tg}the tolerance class

related to object x € U. We also denote by the
family U/Tg={Ix};,: xeU} of all tolerance

classes of Tg .

Basic concepts in relational databases
[11.[4], [12]. Let R={a,...,a, }be @ nonempty

finite set of atributes, each attribute has a
domain value of D(a;). ArelationronRasa

set of tuples (b}
hj:R— U D(a), 1<j<m is a function

aeR
such that h; (a;)eD(a;).
Let r={h,...h,} be arelation over
R={a,...a,}. A functional dependency (FD

for short) over R is a statement of form
A—B,where A, BcR.FD A—B holds
in arelation r over R if

(vaeA)(h(a)=h;(a))=
(vbeB)(hi(b)=h; (b))
Let F ={(AB):ABcRA-B}, F s

called the full family of functional
dependencies in r. Let R be a finite set and
denote P(R) its power set, we say that F is an
f-family over R iif for all A/B,C,DcR:

1)  (AAeF
(2 (AB)eF (B,C)eF=(AC)eF
(3) (AB) eF,AcC,DcB =(C,D) eF
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(4) (A B) €F, (C,D) e F = (ACC,BLD) eF
Clearly, F, is an f-family over R. It is known
[1] that if F is an arbitrary f-family over R,
then there is a relation r such that F, =F.
F*is the set of all FDs which can be derived
from F by the rules (1) — (4).

A relation schema s is a pair <R,F >, where
R is a set of attributes and F is a set of FDs on
R. Denote A+:{aeR‘A—>{a}e F+},A+ is
called the closure of A ons.

It is clear that A—BeF'iifBcA".
According to [1], if s = <R, F> is a relational

schemes r over R, such a relation is called an
Armstrong relation of s.

Let r be a relation, s=<R,F > be a relation
scheme and AcR. Then A is a key of r (a
key of s) if A>R(A>ReF™). A is a
minimal key of r (s) if A is a key of r (s) and
any proper subset of A is not a key of r (s).
Denote K, (K; ) the set of all minimal keys of r
(s). K< P(R) is a Sperner system if for any
Ky, K, e K implies K; & K, . Clearly, K, (K;)
are Sperner systems.

Let K be a Sperner-system over R as the set of
all minimal keys of s . We defined the set of

antikeys of K, denoted by K™, as follows:
K*={AcR:(BeK)=(Bx A)} and if
(ACC):(HBGK)(B gC).

It is easy to see that K™ is also a Sperner
system over R. By definition, if K is the
minimum set of keys of a FD then K™ is the
set of all set not the biggest key.
Let r be a relation over
E, ={Ej:i<i<j<|r},

the equality set of r. It is known [2] that for
AcR, A'=nE; if there exists
content, we introduce some definitions about
the family of all minimal sets of an attribute
over a relation and a relation scheme.

R. Denote
where

otherwise A" =R. In next
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Definition 2.[4] Let s=(R,F) be a relation
scheme over Rand aeR.

Set

Ki={AcR:A-{a},4B:(B—{a})(Bc A)}.
K; is called the family of minimal sets of the
attribute a over s.

Similarly, we define the family of minimal
sets of an attribute over a relation

Definition 3. Let r be a relation over R and
aeR.

Set

Ki={AcR:A>{a},ZB<R: (B> {a})(Bc A)}
K is called the family of minimal sets of the
attribute a over r. It is clear that
ReK;, ReKy {ajeK; {ajeK] and K;,K]

are Sperner systems over R.

ATTRIBUTE REDUCTION IN
VALUED DECISION SYSTEM

Attribute reduction in decision systems is the
process of choosing the minimum set of the
conditional attribute set, preserving classified
information of the decision syste

Definition 4. (Decision relative reduct)
Given a set-valued decision table
DT =(U,Au{d}) the decision relative reduct

of DT is the minimal set of attribute R € A,
which satisfying the following conditions:

1. for any pair (X, y) € U, if d(x) # d(y) and
(x,y) & Tathen (x,y) & Tg;

2. no proper subset R’of R satisfies the
previous condition.

The reduct R is optimal if it consists of the
smallest number of attributes.

Discernibility Function

Definition 5. (Basic discernibility measure) [11]
Let DT =(U,Au{d})be a single-valued
decision table. The discernibility measure for
a set of attributes B < A is defined by:
disc(B)=|{(x,y) €U xU | (d(x)# d(y)) A Fpp (b(x) % b(y)) ]
Definition 6. (Generalized discernibility
function). Let DT =(U,Au{d}) be a set-

SET-

valued decision table with tolerance relations
T. (for all a € A). The mapping discern : 2*:
R* U {0}, defined by

(x,y)eUxU |(0|(><);"f<1|(y))A}|
Fpes (X, Y) €Ty
where B € A is set of attributes, is called the
generalized discernibility function.

Below we list some properties of the
generalized function:

Property 1. For any attribute a € A, the value
discern(a) is equal to frequency of occurrence
of attribute a in the discernibility matrix Mpr.

Property 2. Discernibility function is
increasing. Forany setB € Aand C C A, if

B C C then discern(B) < discern(C ).
Contingency Table and Tolerance-Based
Contingency Table

Contingency Table.

Let V4 be the set of decision values in
decision table DT =(U,Au{d}), and let

U/IND(B) = {[xJg [xJg oo 30, ], e

partition of U defined by indiscernibility
relation IND(B) for Bc< A. Contingency
table CTg related to B is a two dimensional

table CT,=[CT,[i, j] ii;{ll’i:.yxd;}

discern(B)=| {

where: CTgli, j]={x€U :x € [x]g Ad(X)=j}|

The local discernibility measure related to
indiscernibility class [x; |, is defined as follows:

6([xi]B)=‘{(x1,x2) elx ]y (U], 1d0x ) # d(xz)}‘
= X CT[ii]CT[k j]

o e Ui ],
= ¥ CT[i,i}{|py])-CTliie]
h#*)2
where || D; |denotes cardinality of decision
class Dy for j=1,...v|

Hence the basic discernibility measure of
attribute set B is defined as the number of

pairs of discernible objects, i.e.
Ng

disc(B) :Zasaqu) %Z Z CTILRICTR i) ()
i

i=1 jj#j;
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Table 2. The contingency tables for single
attributes and values of the discern function of
spoken language attribute
Spoken language

Values No

E

F

G

E,F

E,G

F.G

E,F.G 1

discern (S) =22

The summation is taken over the disjoint
subsets induced by IND(B) and over all
b J e{l,...|Vd|}, h#l-
Table 2 presents the contingency table and the
values of the discernibility function for each
attribute from Table 1. We remind that the
cardinality of each decision class is equal to
5. The contingency table with the
indiscernibility relation is further called the
basic contingency table.

Proposition 1. Let DT =(U,Au{d}) be a
decision table. Let IND(B) be a
indiscernibility relation related to B A. Let
ng denotes a number of indiscernibility
classes defined by INB(B). Given a
contingency table CTg. The value discern(B)
can be determined in time O(dng ), which is
bounded by O(dn), where n = |U |and d is a
number of decision classes.

Tolerance-Based Contingency Table. For a
decision table DT =(U,Au{d}), let T be a

Bc Aand et
U/IND(B) = (D], [XeJg o[ X0, ]| e the

partition of U defined by indiscernibility
relation IND(B).  The tolerance based
contingency table is a two-dimensional table

rer, ~[reTi I

N ==

I—‘I—‘l—‘Ol—‘l—‘Oé
w

tolerance relation for

, Which is defined as
follows:
TCTs [ j]=‘{U€U luefu], vad()= j}‘

Intuitively, tolerance-based contingency table
stores the decision distributions inside each
tolerance class. One can observe that the
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tolerance classes are not disjoint in general.
To compute the value of discernibility
function we modify the concept of a local
discernibility measure.

For a tolerance class [x]. , the local
discernibility measure related to [x], is

defined by:
O ([XiIr, ) =H(x1, X2) €U, x (U [Xjr, ) 1 d(x) # d (%)}

= Y, CTeli, iIxCT3lk, j,]

# J2 X 2lXi Jrg
= z CTgli, )]( Dy, [-TCTg[l, j,1)
h# i

The generalized discernibility measure can be
calculated as follows:

Na
Discern(B) = z(fs(m T = %2 Z CTgli. i11(Pj, |- TCTBIL 2D
i

i=1 ji#J,
3
where Bc A. We denote by CTg @ TCTpg

the operation in Equation 3. The summation is
taken over a disjoint subsets induced by

IND(B) and over all j;, j, e{l,... Vy|}jy # J -
Algorithm attribute reduction in set-valued
decision tables

Algorithm 1.  Generalized = Maximal
Discernibility heuristic for setvalued decision
tables with tolerance relation.

1: Input: Set-valued decision table D = (U, A
ud).

2: Output: Attribute reduction R.

3: Generate a set of lattices Latt(A);

4: R « @;

5: discern(R) « 0;

6: while (discern(R) < discern(A)) do

7: max discern « 0;

8: for (ai € A) do

9 B RuU{ai};

10: Create CTg ;

11. Create TCTg using CTg;

12:  Determine discern(B) = CTg @ TCTg
using Equation (3);

13: if (discern(B) > max dicern) then

14:  max discern « discern(B);
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15:  Dbest attribute «— ai ;

16: endif

17: end for

18: A «— A\ {best attribute};

19: R «— R U {best attribute};

20: end while

The time complexity of Algorithm 3.3 is
O(k®n?), where k is a number of attributes,

n is the number of objects.
BASIC ALGORITHMS
DATABASE

Finding a minimal key is one of the most
important problems in the field of knowledge
discovery and data mining.

Algorithm 2. [3] Finding a minimal key from
the set of antikeys.

Input: Let K be a Sperner-system over R as
the set of antikeys, C={b,,...b,}=R and H is

a Sperner-system as the set of minimal keys
(K: H‘l)such that BBeK:B<=C

IN RELATION

Output: DeH

Step 1: We set T(0) = C;

Step i+1: We set

T@i+1)=T(i)-b,, if vBeK, there is not
TcB

T(i+1)=T(i)otherwise

Finally, we set D = T(m);

Algorithm 3. [3] Finding the set of minimal
keys from the set antikeys.

Input: Let K={B,.. B, be a Sperner-
system over R.

Output: HwhereH ™ =K

We construct H by induction.

Step 1: We construct an A,(A eH) using
Algorithm 2 We set K, = A .

Step i+1: If there is a BeK;'such that
BZB; (Vj:1< j<m) then by algorithm which

finds a minimal key (Algorithm 2) we
determine an A, where A,eH,A,;<B.

After that, let K;,, = K; UA_,;. In the converse
case we set H =K;.

From definition 3, the article builds the
algorithm for finding the minimal set of
attributes over relation.

Algorithm 4. Algorithm finds the minimal set
of attributes over relation

Input: r={u,u,,...u,} is the relation over R
anda eR.

Output: K] .

Step 1: From r we calculate the equality system
E, ={E;:1<i<j<m}, where

Eij:{aeR:ui(a):uj(a)}.
Step 2: From E, we construct the set
M, ={AcE, :ag AZB<E, :agB ACB|.

Step 3: Compute K from the set M,
(K™ =M,)(By Algorithm 3.)

In the worst case, the complexity of the
algorithm is not greater than the exponent n in
which n is the number of elements of R.

Algorithms to construct relation scheme
from decision table

The problem: Given a decision table
DS=(U,Cu{d})as a relation r over an
attrioute R=Cu{d}, we have to construct the
relation scheme s, =<R,F >, where F is the
set of functional dependencies A —{d} for
A cC,1<i<t, such that
Kj=Kg =RED(C)u{d}, whereKj is the set
of all minimal keys of s, K is the family of

all minimal sets of the attribute d over the
relation r and RED(C) is the set of all reducts
of DS.

Algorithm 5. Construct a
from a decision table.

Input: Let DS=(U,Cu{d}) be a decision
table, where POS ({d }) =U.

relation scheme

Output: sy =<R,F > such that K§—{d}=R; .
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Let us consider the relation r over the set of
attributes R=C u{d}.

Step 1: Using Algorithm 3 we obtain Kj .
Assume that Kj ={Ky,K,,..., K}, according to
definition K is a Sperner-system over C.

Step 2: For each K; eKj 1<i<tK;={d}, we
construct the functional dependency K; —{d}.
The relation scheme s;=<R,F>, where
R=Cu{d}and F={K —>{d}:K eKi}, is
the one we have to construct.

The complexity of the algorithm is
polynomial according to the size of r.

Proof Kj-{d}=R, first of all, I prove
K3 =K
1) For any KeK; we have K—{d} and

there does not exist K'cK such that
K'—{d}. Hence, according to the method to

construct sy =<R,F > we conclude K is a
minimal key of s, , thatis KeKj.

2) Conversely, assume that there exists
KeKj such thatKe¢Kj, then we have

K—{d} and there does not exist K'cK
such that K'—{d}. It is easy to see that for
any K;eKj,1<i<t, KeK; (i) because if
K c K; then K; is not a reduct of C in DS.
Moreover, for any K, e K} 1<i<t K, ZK (ii)
because if K; = K then K is not a minimal key
of Kj. From (i), (ii) we can conclude
K={K,Ky,K,,...K} is a Sperner-system and
for any Ac £ we have A—{d}. According
to the definition, A is the family of all
minimal sets of attribute d, so £ =Kg,K eK§

. This is in contradiction with the condition
K g K§ . Therefore we have K eKj. From 1)

and 2) we conclude K§ =K .
CONCLUSION

In this paper, based on indiscernibility matrix
and indiscernibility function in traditional
rough set theory [11], the author proposed
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contingency tables and discernibility function
in order to find reduct of set-valued decision
system. Based on some results of J.
Demetrovics and Thi V.D concerning keys,,
the article building algorithm relation scheme
from a consistent decision table, it has
important  implications in  knowledge
discovery and data mining. In next papers we
will show that the proposed solution can be
also modified to manage with dominance
based rough sets approach to set-valued
decision table.
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PHAT HIEN TRI THUC THEO HUONG TIEP CAN TAP THO

Phing Thj Thu Hién", Ninh Vin Tho
Truong Pai hoc Kinh té Ky thudt Cong nghiép

Rit gon thudc tinh 13 bai toan quan trong nhit trong 1y thuyét tap tho. Trong nhitng nim gin day,
cac phuong phap rat gon thugc tinh déa thu hat sy chu ¥ va quan tdm cia nhiéu nha nghién ciru.
Péng chu y 1a phuong phép dya trén mién dwong, phuong phap si dung ma tran phan biét,
phuong phép sir dung entropy thong tin ...vv. Tuy nhién, hau hét cic phuong phap nay déu thuc
hién trén cac h¢ thong tin don tri. Trong bai bao nay, tac gia dwa ra phuong phap rat gon thude tinh
trong bang quyét dinh da tri. Pong thoi, dua trén mot sd két qua nghién ctru trong co s6 dir liu
quan hé bai bao trinh bay thuit toan xay dung so dd quan hé tir bang quyét dinh don tri.
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