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TOM TAT

Hé thong tin gitip ich cho ching ta lwu trie va x ly thdng tin. Tuy nhién, vi ly do nao d6 c6 thé do cap nhat,
thong tin Iwu trir co cac thudc tinh dw thira gay kho khan cho viéc khai pha tri thirc. Do dé viéc rat gon thudc tinh la
yéu cau can thiét trong khai pha tri thtke. C6 nhiéu kidu rat gon tri thire va luat quyét dinh da dwoc dé xuét trong khai
pha divu liéu. Trong bai bao nay ching téi dwa ra mét thuat toan tim tap rat gon trén mét bang quyét dinh dwa trén
ma tran phan biét dwoc.

T khéa: Hé thong tin, ma trédn phan biét dworc, tap rut gon.
An Algorithm to Find the Attibute Reduction by Using Discernibility Matrix

ABSTRACT

The information systems help users backup and process information. However, some reasons of apdating
backup information having redundant attributes make it difficult for exploring knowledge. Thus, the attribute
reductions are essential requirements for mining knowledge. There exist several types of attribute reduction and
decision rules that have been proposed in data mining. The present paper described a heuristic algorithm to find the
reduction on decision table based on the discernibility matrix.

Keywords: Information systems, discernibility matrix, attribute reduction.

1. DAT VAN DE

Ly thuyét tap thé duge Pawlak dé xuat vao
dau nhiing nidm 1980 dugec xem nhu mot cach
tiép can méi dé phat hién tri thic va né da tao
tao ra mot cd sé viing chic cho viéc phat trién
cac ting dung cua linh vyc khai pha dit liéu
(Pawlak, 1982, 1991, 1998). Sy ra doi cua ly
thuyét tap thé da thu hdt su quan tidm caa
nhiéu nha nghién ctu 1y thuyét va ting dung. Ly
thuyét nay dudc xem 1a co s§ quan trong trong
linh vyc tri tué nhan tao va cac khoa hoc vé
nhan thtc nhu hoc may, hé hd trg quyét dinh,
hé chuyén gia, déc biét 1a linh vyc khai pha di
liéu (Pawlak, 1982; 1991; 1998 va Klemettinen
et al., 1994). Dii liéu trong thuc t& thuong khong
day dt, du thita hodc khong chinh xac va da
dang, gdy anh hudéng khéng tét trong qua trinh
phat hién tri thic tir dit liéu. Mbi phan ti di liéu

thu nhan ti thyc t& (mdi bo hay ban ghi) thudng
chiia rat nhiéu thudc tinh, trong d6 c6 nhiéu
thuoc tinh khong can thiét trong viéc phan 16p
cac d61 tugng. Khai niém tap rit gon (hay tap
thuoc tinh rat gon) (Pawlak, 1982; 1991; 1998)
12 mét khai niém co ban, hd trg viéc phan tich
dii liéu dua trén co s6 ly thuyét tap tho. Mot tap
rat gon 1a mot tap thudc tinh toi tiéu, duy tri
dugc thong tin hay tri thic cta dit liéu nhu d6i
véi tap thudc tinh ban dau. Viéc tim tap rit gon
cho d&n nay vin dudc nhiéu nha nghién ctu
quan tdm nhu Hoa N.S. and N. H. Son (1996),
Qian (2009), Xu and Yang (2009), Zhang and
Gao (2012).

C6 hai quan niém rat gon thudc tinh, quan
niém thi nhat 13 rit gon thudc tinh dua trén
ma trin phadn biét dugc (xem Hoa N.S. and
N.H.Son (1996), Qian (2009), Xu and Yang
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(2009), Zhang and Gao (2012)), quan niém kia la
rat gon thudc tinh dua trén vung duong (Hoa
N.S. and N.H.Son, 1996,..). May mén la hai
quan niém da dudc chiing minh 14 tuong duong
(Xu and Yang, 2009). Hon ntia, viéc tim rut gon
theo quan niém th nh4t con duge chi ra 1a 4o
phtic tap tinh toan trong nhiéu trudng hop con
th4p hon theo quan niém con lai. Cung véi viéce
x4y dung cac ma tran kha phan dé thuan 16i cho
viéc tim rit gon thi viée tim, cai tién thuat toan
tim rdt gon thudc tinh dya trén cdc ma tran kha
phan da biét ciing dugc quan tAm. Trong bai bao
ndy, ching t6i dé xudt mot thuat toan tim tap
riat gon dua trén ma tran phan biét duge dua ra
b6i Pawlak (1998).

Cac phan tiép theo ctia bai bao, phan 2 dudc
gidi thiéu lai cac khai niém co ban vé hé thong tin
va rit gon tri thic, phan 3 dua ra thuit toan tim
tap rut gon dua trén ma tran phan biét dudgc.

2. CAC KHAI NIEM
2.1. Hé thong tin

Hé thong tin & mot cip (U,A), véi
U ={u,,u,,..,u,} la tap hiiu han khac rdng
(dudc goi 1a tap vii tru cac dbi tugng) va A 1a tap
hitu han khac réng cac thudc tinh. Véi moi a € A
ta ki hiéu V, 1a tap gia tri thugc tinh a. Mt khac,
néu UeU va ae A, tasé ki hieu a(u) eV, 1a
gia tri thudc tinh @ ctia déi tugng U .

2.2. Quan hé tuong duong

Mbi quan hé nhi phan R < X x X duge goi
14 quan hé tuong duong néu thoa mén:

+ Tinh phan xa: XRX

+ Tinh d6i x@ing: néu XRYy thi YRX.

+ Tinh bic cAu: néu XRYy va YRXthi XRz.

Lép tuong duong theo quan hé tuong duong
R ctia phan ti X € X la cac phantid Y € X sao
cho xRy.

2.3. Quan hé khong phan biét dugc
Cho hé théng tin X =(U,A), véi Bc A.
Quan hé khong phan biét dugc d6i véi B hay B -
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khong phan biét duge, ky hiéu la IND(B), duge
dinh nghia nhu sau:

IND(B) = {(x,x) eU? : Va e B,a(x) =a(x )
DPay la mét quan hé tuong duong. Lép tuong
duong ctia quan hé B - khong phan biét duge ky
hiéu la [X]B. Nhu vay, ta c6 IND(B)la mot
quan hé tuong duong trén U.

2.4. Tap rat gon va tap 16i

Dua trén quan hé bat kha phén c6 thé giam
kich thuéc dii liéu bang cach trich ra cac 16p
tuong duong tit khong gian tuong duong. Tu d6
chi can 1 phan ti thudc 16p tuong duong da thé
hién dugdc cho toan 16p tuong duong (theo 1 s6
thuéc tinh nao dé, chua chéc da hiiu hiéu cho
viéc phan biét cac d6i tuong trén toan bd co sé
di liu).

Mot cach tiép can khac dé giam kich thudc
dit liéu: chi giii lai cac thudc tinh can thiét, loai
di nhiing thudc tinh khong lam anh hudng dén
quan hé bat kha phan. Nhiing tap thudc tinh
nhu vay goi la tap thudc tinh thu gon.

Cho hé théng tin £=(U,A),Bc A va aeB.
Ta nhéc lai cac dinh nghia vé tap rat gon va 16i
(Pawlak, 1998).

Dinh nghia 1:

1) Thuoc tinh a la khong quan trong trong B
néu IND(B) = IND(B | {a}), ngudge lai a dugde goi

la quan trong trong B.

ii) Tap thuoc tinh B 1& doc 1ap néu tat ca cac
thudc tinh cta né 1a quan trong.

iii) Tap con B cua B 1a mot tap rat gon (ky
hiéu B=R(B)) cia B néu B la doc lap va
IND(B') = IND(B).

Dinh nghia 2: Cho B la tap con cua A, 161
cua tap B ky hiéu la: Core(B), 1a giao cta tat ca
cac tap rut gon cua B.

Core(B)= [R(B)

R(B)eRed(B)
Trong d6, Red(B) la tap tit ca cac rut gon
cua B.

Viéc tim tap thuédc tinh rat gon c6 thé dua
vao ma tran phan biét dugc.



2.5. Ma tran phan biét dugc

Dinh nghia 3: Xét hé thong tin X = (U, A)
gid si B < A. Ta dinh nghia ma tran B - phan
biét dugc, ki hiéu M(B), 1a ma tran doi xiing cip
NxN ma mbdi phan ti clla né dudc xac dinh
nhu sau:

c ~faeB: a(x;) = a(x, ) i j=1n.

Dinh i vé viéc xac dinh 15i ctia tap cac thudc
tinh B duge Pawlak (1998) néu ra, nhung khong
chiing minh. O day, chting t6i nhic lai két qua nay
va chiing minh chi tiét trong dinh 1i sau:

Pinh Iy 1: Core(B) = {p € B: 3¢; = {b}f

Chiing minh:

Néu b e {b eB:3c; = {b}} thi cac 16p
tuong duong [Xi ], [X i Jchi dugc phan biét véi
nhau bdi thudc tinh {b}, suy ra b € Core (B).

Do d6 {b € B:3c; = {b}j Core(B). (1)

Nguge  lai, néu b € Core (B) thi
be [R(B).Vivay bjc [R(B)
R(B)eRed(B) R(B)eRed(B)

=1{bf = R(B), tit d6 x|z, = [X]y)-

Vi b e Core (B) nen 3y,zeU:[y],, #[z],,
Do d6 3¢, e M(B):bec,.

Hon nita C,, = {b} vi néu gia st ngudgc lai
JaeB:a#b sao cho [yJ{a} # [ZJ{a} Khi d6

[t]{a} = [Y]{a}

vhai ton tai telyly vlz)y [[t]{ =l

thay vay, néu khéng ton tai t nhu vay thi

VX & [y]{b} U [z]{b} ta déu co HX% R’}

1a thudc tinh b khong quan trong trong B va cé
thay thé dudc bdi thudc tinh a & trén, diéu nay
mau thuan véi b € Core (B).

Do d6, ta phai c6 C,, = {b}, tic 1a
Core(B)c e B:3c; = {b}}. @

Tw (1) va (2) suy ra:
Core(B)=1{peB:3c, = {b}}.

Ngoc Minh Chau, Nguyé&n Xuan Thao

Chii y: Néu B khéng c¢6 phan ti quan trong
nao thi Core(B) = .

3. THUAT TOAN

3.1. Thuat toan tim 16i Core(B)
Input: Hé thong tin
2=U,A)(*a,a,,...,a,%),Bc A.
Output: M(B) and Core(B)

1. Core(B)= 0;C;
ti]. =0;sign(i,j)=-1; 1,j=1,...,n

= @;Index .=

2. Fori:=2tondo
Forj:=1toi1-1do
For k:=1 tom do
If ay(x) # a,(x) then cy=c; U {a, t; = t; + 1.
Dty =ty
If t; = 1 then Core(B) := Core(B) U c;
and Index := Index U{k}; Sign(, j):=1;

Chu y:
Néu Cij

else ¢; :==c;

ij »

= ¢ trong M(B) thi [Xi]

B — |.Xj JB :
Hon niia ching ta xét Bc A va dit
D(B) = Zq ‘ ‘ ‘) Ta c6 ké&t qua sau:

Dinh Iy 2: Néu B la doc lap trong A va D(B)
=0thi B=R(A).

Chiing minh: Gia st réng B c A, khi d6
vx eU tacs [x], < [x]s va [[x],] > [x]s]-

Néu  D(B)= ZQ o|=[X].)=0  thi
|[X]B| = |[X]A| :

Do d6 [X; =[x, ¥keU hay IND(B)=IND(A).

Hon ntia, vi B 1a doc 1ap trong A nén B la rut
gon cia A, ticla B =R(A).

3.2. Thuat toan tim mot rat gon R(A) cua A
Input: Hé

2=U,A(*a,,a,,..,
Output: R(A).

St dung thuit toan trong muc 3.1 tim dudgc
Core(A).

thong tin
a, ™),
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1. bat B:=Core(A);T =¢ (*If g eBthel
k e Index *)
Néu B #¢ thi chuyén sang buéc 2, néu
khong thi chuyén sang budc 3.
2. Néu D(B) =0 thi chuyén sang budc 4,
néu khong sang buée 3.
3. For k:=1 to m do
If K ¢ Index then
For i:= 2 ton do
Forj:=1toi-1do
If Sign (1,j) = -1 then
If a, €C; and C; NB= then B=BU{a,}
and Sign (1,)) = 1; va quay lai bude 2.
4. RA):=B
Trong thuat toan nay ching ta c6 thé dung
Bnc; #4,VC; #9.
Diéu d6 c6 nghia 1a c6 thé b qua diéu kién
D(B) =0 va ciing thu dugc tap rit gon R(A)
ctua A.

C6 thé thdy ring trong thuat toan nay, &
buéc 3 ta thém cac thudc tinh vao tap B, thudc
tinh dugc thém vao bao dam tinh doc 1ap cta B,
trong budc 2 ta kiém tra dugec B = R(A). Do do,
¢6 khdng dinh sau nhu 13 sy bao dam su diung
dén cta thuat toan.

Dinh ly 3: Tap két qua R(A) trong thuat
toan trén 12 mot trong nhiing tap rat gon cua A.
Hon nita, néu Core(B) Nc; # ¢, Ve, # ¢ thi

Core(A) 12 rit gon duy nhat cta A.

Xét moét s6 vi du minh hoa:

Vi du 1: Cho hé théng tin

U

x1
x2
x3
x4
x5
x6
X7
x8

A4 A A A A o o of=-

-~ 2 0 0o 0 =~ =~ oo
©O © 0o o o o =~ ofo
- a4 a4 a4 a4 alo
O 0O 0 O © =~ =~ Oofa
4 4 a4 a0 o0 - oo
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* Ma tran kha phan

x1 X2 x3 x4 | x5 | x6 [ X7 |x8
x1 ®
x2 | {ab,d} ¢
x3 | {ad,e} {b,e} )
x4 {e} {abdef}| {ad.(f} 10}
x5 {f} {abdf} | {adef} | {e} | ¢
x6 {f {abdft | {adeft | {e} | o | ¢
x7 | {af {bdfy | {deft |{ae}|{a}|{a}| ¢
x8 | {af} {bdfy | {defl |{ae}|{a}|{a}| ¢ | ¢

U/ IND(A) = {[x1},[x2],[x3],[x4].[x5, x6],[x7, x8]}
D& dang nhan thay Core(A) = {a,e, f } va
Core(A)Nc; # @,VC; # ¢, vi the Core(A) la

rit gon duy nhit ctia A.

Vi du 2: Cho hé thong tin

U al a2 a3 a4 ab
x1 0 1 1 1 0
X2 0 2 1 1 0
x3 1 3 0 1 1
x4 1 2 1 1 1
x5 0 3 1 0 1

* Ma tran kha phan

x1 x2 x3 x4 x5
x1 [
X2 {a2} [

x3 | {a1,a2,a3,a5} [{a1,a2,a3,a5} [

x4 {a1,a2,a5} {a1,a5} {a2,a3} [}

x5 {a2,a4} {a1,a5} |{a1,a3,a4}| {a1,a2,a4} | ¢

Trong vi du nay ching ta c6:

U /IND(A) = {{x1][x2],[x3],[x4] [x5]}
Sign(i,j):= -1, Vi, j =1,....5.

Core(A) = {a2} = c,, ; Index:={2}; Sign(2,1):=1.
Ta tim cac rat gon theo cac bude sau:

Budc 0: B = Core(A) = {a2}; Index:={2};

Buéc 1: D(B) =2 > 0. Chuyén sang budc 2.



Buée 2:
1 ¢ Index;sign(4,2)=—l;alec 199

¢,, ={al,adlc,, "NB=0,>B:= {al,aZ} ;Sign(4,2) =1.

Cag
Dén day ta c6: D(B) = 0,va R,(A) = {al,a2}.

Vi du 3. Xét mot bang thong tin vé viéc theo
déi cac bénh nhan bi bénh cim (Flu) (Pawlak,
1998).

Patient Hea(:;i?)c he _’;\)/Iauizt(:zIfZ) Temperature(a3)| Flu
ul No Yes High Yes
u2 Yes No High Yes
u3 Yes Yes Very high Yes
u4 No Yes Normal No
ub Yes No High No
ué No Yes Very high Yes

O day ta quan tAm dén cac thuoe tinh diéu
kién A= {Headache, Muscle-pain, Temprature} va
ta tim tap rat gon trén tap cac thudc tinh nay.

Ta c6 ma tran phan biét dugc:

ul u2 u3 ud ub ué
ut [}
u2 | {a1,a2} [}
u3| {at1,a3} | {a2,a3} )
ud| {a3} | {a1,a2,a3} |{a1,a3} )
u5| {a1,a2} [ {a2,a3} | {a1,a2,a3} [0
u6| {a3} |{a1,a2,a3} | {a1,a2} {a3} {a1,@2,a3} | ¢

Trong vi du nay chung ta co:
U /IND(A) = {Jul] [u2,u5],[u3] [u4][ue]}

Sign(i,j):= -1, Vi, j =1,...,6..
Core(A) ={a3}=c, =c¢,, =Cy;
Index :={3},

Sign(4,1) = Sign(6,1) = Sign (6,4) = 1.
¢, =1{al,a2}= c,, nCore(A) = ¢

va ¢, ={al,a2}= c,, N Core(A) = ¢
¢, = {al,a2}=c,, NCore(A) = ¢

Ta tim cac rat gon theo cac budc sau:

Budc 0: B = Core(A) = {a3}); Index = {3} .

Ngoc Minh Chau, Nguyé&n Xuan Thao

Budc 1: D(B) =6 > 0 thi chuyén sang budc 2.
Buéc 2:

1 ¢ Index,al € Cy1:Cy1 M B=3,

- B:= {al,a3};Sign(2,1) =1.

Dén day ta c6: D(B) = 0,va R,(A) = {al,a3}.
Chu y: N&u buéce 2 ta chon

91:C9 NB=9,

—B:= {a2,a3} ;Sign(2,1) :=1.

2 ¢ Index,a2 ec

Ta ciing ¢6 D(B)=0,va R,(A)={a2,a3}.
Trong trudng hgp nay c6 hai tap rat gon
R,(A) = {al,a3} va R,(A)={a2,a3}.

4. KET LUAN

Thuat toan tim 161 va tim tap rit gon cua
cac thudc tinh cia hé thong tin dya trén ma
tran phan biét duge da dude xay dung. Viéc nay
cho phép chiing ta loai bo cac thudc tinh du thiia
trong co s6 dii liéu va hitu ich cho viéc khai pha
dii liéu. D6 phtic tap ctia thuat toan la

o(U[* x|AD.
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