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Tém tat:

Trong bai nay chiing t6i trinh bay mét sé khdi niém va tinh chat lién quan dén viing dwong trong ly
thuyét tdp thé ciia Pawlak. Trén co sé cdc tinh chat cia vung duong, chung ZOl néu ra mot so cac rang bugc
gitta cdc thugc tinh va ddc biét gitra cdc thugc tinh diéu kién trong hé quyet dinh dé lam tién dé cho cac
thudt toan tim rut gon cho hé tin gia tri don va hé tin gia tri tap.

Pong thoi trong bai viét nay ching téi ciing da minh chirmg hé tin da tri (a set-value information

system) ciing cé thé xét nhu mot hé tin don tri.

Tir khéa: Tip tho, ving dwong, hé quyét dinh, hé thong thong tin, khai thac dit liéu.

Mé dau

Trong [1] Guangming Lang va cong su da
dung phuong phap nén nhu la mot cach rat gon dit
lidu trong hé tin gia tri tap. Trong bai nay ching toi
trinh bay mot s6 khai niém va tinh chat lién quan
dén ving duong trong 1y thuyét tap tho ciia Pawlak.
Trén co s6 cac tinh chat ciia ving dwong, chiing t6i
néu ra mot s cac rang budc gitra cac thugc tinh va
dac biét gitra cac thugc tinh diéu kién trong hé quyét
dinh dé 1am tién dé cho cac thuit toan tim rat gon
cho hé tin gia tri don va h¢ tin gia tri tap.

1. Mt s6 khai niém co ban
Pinh nghia 1. H¢ thong thong tin

He¢ thng thong tin (information system) 1 S
= (U, A); trong d6 U 1a tap hiru han khac réng cac
dbi tuong; A 1a tap hitu han khac réng cac thudc
tinh. Mdi thudc tinha € A, V. latap gid tri cia a va
u € U a(u) la gia tri cua u tai thudc tinh a.

Cha y: Néu Va € A, Vo € U a(o) chi co
mot gia tri thi S = (U, 4) 1a hé tin don tri, ngugc lai
S'=(U, A4) goi 1a hé tin da tri hay hé tin gia tri tdp
(set-value information system).

Vi du Bang 1 1a h¢ tin don tri, Bang 2 1a hé
tin da tri.

Trong bai viét nay khi ta néi cho hé tin § =
(U, A) thi S ¢6 thé 1a don tri hodc da tri.

Cho hé tin S=(U, 4),B € A.

Pinh nghia 2. Quan hé bit kha phan biét

Quan h¢ IND(B) € U X U duogc goi la quan
hé bat kha phan biét trén U néu véi moi cap ddi
tuong o0,0'€ U thi o IND(B) o' khi va chi khi
a(o) = a(0’) voi moi a€ B.
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D@ dang thay rang quan hé IND(B) 14 quan hé
twong duong trén U. Phan hoach U/IND(B) = U/B
la phan hoach tuong duong.

Chu y: Chung ta s€ ky hiéu U/B la phan
hoach cua U/IND(B) va U/B = {[o]: 0 € U’} la cac
nhom tuong duong. Vi [0], 1a nhom cac doi twong
quan h¢ véi nhau.

Pinh nghia 3. H¢ quyét dinh

H¢ quyét dinh 12 h¢ tin S ma trong tap thudc
tinh 4 co thudc tinh quyét dinh D.

Vay hé quyét dinh 7 = (U, A); trong do6
A=CUD; CND# ¢. Tap C dugc goi la tip
thudc tinh diéu kién, D 1 thudc tinh quyét dinh.

Vidu: ,
Bang 1. H¢ quyét dinh don tri
U C, C, C, C, C, D
u, 1 2 1 2 1 0
u, 1 2 1 2 2 0
u, 1 2 1 2 1 0
u, 2 2 1 2 2 0
u, 2 3 4 3 1 0
u, 3 3 4 3 2 2
u, 3 3 4 3 1 0
Bang 2. H¢ quyét dinh da tri
U C, C, C, C, C, | D
u | A L2 A28 2R AT [ 0
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u |1 {L2E | {2) [ {L2h ] {28 | 0
ug (T L2042 [ {L2) | {13 [ 0
u, | (L2} | H{L2) {120 [ {12 | {23 | O
u, | {1,233 [ {13} [ {14} [ {133 | {1} | 1
u, [ {1,233 [ {13} | {14} [ {13} | 2} | 1
u {1,233 [ {13} | {14} [ {13} ] {1} | 1
Cha y: Trong hé quyét dinh da tri

Yo € U o[ D] chi c6 mot gia tri.

Pinh nghia 4. H¢ quyét dinh nhit quan

Hé quyét dinh 7= (U,CUD) la nhét quan
néumoi cip x, y € Uma x[C] = y[C] thi x[D] = y[D].
N6i cach khac T 1a nhit quan néu cac ddi twong
gidng nhau trén C thi giéng nhau trén D. Vi du cac
Béng 1, 2 14 cac hé quyét dinh nhat quan.

Pinh nghia 5. Ving duong ciia hai tap thugc tinh
B, B’

Cho h¢ tin S=(U,4), B,B'C 4.

Vung dwong (positive region) cia Bva B', voi
B, B' C A4, ky hiéu POS(B, B'")1a hop cua cac nhom
cuia U/ B dugc bao ham trong cac nhém cua U/B'.
Hay POS(B,B')=U{E;€ U/B: AP;€ U/B" sao
cho E; C Pj}.

Cha y: Vung duong cua B va B' cho
ta mot khung nhin vé d6 bao ham cia cic tap
so cp trong hai khong gian Apr = (U, U / B) va
Apr' = (U,UIB").

Pinh nghia 6. Phu thudéc ham véi do phu thugc
k(B,B’)

Cho hé tin S=(U,4), B,B' C A.

Tap B' duoc goi la phu thuéc ham do
k(B,B’) vio B, ky hiu B—22— p' néu
Card(POS(B,B")

Card(U)

k(B,B") =

Dinh nghia 7. Rit gon tip thudc tinh

Cho hé tin S = (U, 4). Tap R € A duoc goi
1a tdp riit gon ciia A néu R 1a tap t6i thiéu thoa man
U/R=U/A.

R ti thiéu theo nghia véi moi hER thi
U/(R\{b})# U/A.

Pinh nghia 8. Rt gon tip thudc tinh diéu kién
Cho hé quyét dinh 7= (U,CUD).TapR C
C dugc goi 1a tdp rit gon ciia C néu R 1a tap toi
thiéu théa man U/R = U/ C.
R ti thiéu theo nghia véi moi hER thi
U/(R\{b}) # U/C.
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2. Mt sb tinh chit co ban cia ving dwong va
rut gon
Tinh chét 1. Sw bao nhau ciia cac nhém trén céc
tap thudc tinh bao nhau

Cho hé tin S = (U, 4). Néu BC B'C 4 thi
moi o € Utaludn cod [0]s € [0]5.

Chimg minh: Liy o' € [0] s khido vi o' va
o giéng nhau (bit kha phan biét) trén B'va B C B'
nén o va o' giéng nhau trén B, hay o' € [0]» nén
[o]s € [0]5.

Tinh chét 2. Cho hé tin S = (U, 4). Vi moi o€
U thi o€ POS(B, B') khi va chi khi [o]5 C [0] 5.

Chimg minh: tinh chét 2 dugc suy truc tiép
tr dinh nghia ving duong.

Tinh chét 3. Biéu dién ving dwong qua xép xi
dudéi

Néuw dit E = U / B = {E,, E,..., E};
AprE = (U, Eyva P=U /B = {P, P, .., P};
AprP = (U, P) thi POS(B,B")= | (P))r va
POS(B,B")= |J (Ei)r. fer

EieE

Chung minh: Tinh chét 3 duoc suy truc tiép

tir dinh nghia ving duong va xap xi dudi.

Tinh chit 4. Ving dwong ciia rit gon R va D
bang viing dwong ciia C va D

Cho hé quyét dinh 7= (U,CUD).

Néu R 1a rt gon cia C thi POS(R, D) =
POS(C, D).

Ching minh: Gjé st P=U/D={P,P
P} 1a phdn hoach quyét dinh.

Vi R 1a rat gon cua C nén £ = U/R = U/C
={E, E, .., E}. Khi d6 theo tinh chét 1 ta co
POS(C,D)= U (P;)r=POS(R,D) .

pjEP

FXREID)

Tinh chét 5. Pd phu thudc ciia tip rit gon

Cho hé quyét dinh 7= (U,CUD).NéuR la
rat gon cua C thi (R, D) = k(C, D).
Chung minh: tinh chét 5 suy truc tiép tir tinh chit 4.

Tinh chét 6. S6 cac nhém ddi twong lién quan
dén cac tap thudc tinh

Cho hé tin S= (U, 4).

Néu B va B' 1a hai tap thudc tinh théa man
B C B' thi card(U/B) < card(U/B").

Chtrng minh: Vi mdi nhém cua U/B’ 1a mot
nhom con ciia U/B nén s nhom ciia U/B khong thé
vuot quéa sb nhém ciia U/B’.

Tinh chét 7. Sw dong bién ciia ham dd do phu
thugc

Cho hé quyét dinh 7= (U,CUD). Ham
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k(B,D):2° — [0, 1] vé6i 2€ 1a ho cac tap con cta C
Card(POS (B, D)

v k(B.D) =~ Card(0)

1a ham dong bién.
Chung minh: Dé chig minh tinh chét 7 ta
chi can chirmg minh v&i moi cap tap thudc tinh diéu
kién B, B ma B C B' thi POS(B, D)=POS(B', D).
Lay o€ POS(B, D) khi d6 [o], € [o], Mat
khac vi BS B'nén theo tinh chat 1 ta c6 [o],, S [o],,.
Vay [o],. € [o], hay 0o € POS(B', D).

Tinh chét 8. Cho hé quyét dinh 7= (U,CUD)
Néu dat w(c) = k({c},D) 1a trong s ctia thudc tinh
c € C vaw(B) = k(B, D) 1a trong s6 cua tap thudc
tinh B(B € C) thi w(c) < w(B) véimoi ¢ € B.
Chirng minh tinh chét 8 suy ra tir tinh chat 7.

3. Mot s thuat toan tim rit gon
Cho h¢ quyét dinh 7= (U,CUD).

Te  tinh chit 7 ham Kk(BD) =
Cardéi S{fg D)) 13 ham déng bién.
. _ Card(POS(C,D)) o
Nén k(C,D) Card(U) dat gia tri
cuc dai.

Néu R 14 rt gon cua C thi tir tinh chét 4 ta c6
k(R,D) = k(C,D).

Pit k = k(C,D). Pat w(c) = k({c},D) v6i
¢ € Clatrong sb cua c.

Thuét toan 1. Tinh x4p xi dwéi X, cua X trong
khong gian Apr = (U, E)

Input Tap dbi twong U; phan hoach E = {E,,
E, .ELXCU

Output xap xi dudi X, ctia X trong Apr =
(U, E)

Algorithm

LX,=¢

2. fori=1tok thyc hiénif E. € X thi X_ =
X, UE.
Thuat toan 1 trén c6 do phirc tap 1a O(k).

Thuat toan 2. Thuat toan tim phan hoach U/B
Input H¢ tin S = (U, 4), B € A4; Card(B) =}.
Output U/B={E,E,, ..., E,}.

Algoritm
1. Coi mbi déi twong o € U trén tap thude
tinh B 1la mot véc to o[B] hoac mdt tir trén tap V:
o[B]=(v,V,, ..., Vj);
2. Sap xép U theo tht tu tir dién trén B;
) 3. DétE= {E,E,,...,E} 1%1 ho cac nhom sau
khi sap xep ta dugc phan hoach can tim.

Cha y: Phép sap xép m tir c6 do dai Card(B) véi do

phirc tap 1a O(Card(B).mlogm) . Néu dit Card(U)
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=m, Card(B) = k ta c6 d phuc tap cua thuat toan 2
la O(k.mlogm).

Thuat toan 3. Thuat toan tim k(C, D)
Input Hé quyét dinh 7= (U,CUD);
Card(U) = m, Card(C) = n,; Card(D) = L.
Ouput &(C,D).
Algorithm
1. Tinh U/C ta dugc U/C={X, X,,..., X }=E
2. Tinh U/D ta dugc UD={Y , Y,,..., Y, }

3.POS= ¢
4. fori=1 to 1 thuc hién
Begin

Tinh x4p xi dudi (Y), cua Y, trong
khong gian Apr = (U,U/C) = (U,E)
POS =POSU(Y)e
End
5. Tinh k(C,D) = POS/Card(U).
Chuy: Theonguyénly cong dg phirc tap ciathuattoan
31a O(nmlogm)véi n= Card(C);m = Card(U).

Thuit toan 4. Tinh rat gon R dua vao cac tap
thugc tinh bt kha phan biét

Input Hé quyét dinh 7= (U,CUD).

Output R la rit gon cua C

Algorithm

1. Tinh ntra trén ctia ma trdn phan biét M =
(t) voij>iva t,= {c € C:o]c] = oj[c]}.

2. bat Mmax 1a ho cac tap cuc dai cia M
(phén tir cuc dai cia M 1a phan tir khong bi chira
trong phan tir khac ctia M).

3. bitR=C

4. for each ¢ € R if R\{c} khong la tép con
ctia phan tir ndo trong Mmax thi R = R\{c}.

5. Két thuc vong ldp ta c6 mot rit gon cia C.
Chu y: Budc mot thuat toan ta cod thoi gian tinh
ma tran la O(m?). Budc 2 c6 thoi gian tinh la
O(m). O bu6c 4 thoi gian tinh 1a O(n). Theo
nguyén ly cong thoi gian tinh hay do phuc tap
ctia thuat toan 6 1a O(max {m*,n}). Do phuc tap
phu thudc vao hé quyét dinh co tap ddi tuong 16n
hay tap thudc tinh 16n. Dat /= max {m*,n} v6i
n = Card(C);m = Card(U) ; khi @6 do phuc tap cua
thudt toan 6 la O(/).

4. Két luan

Trong bai viét nay ching t6i da gioi thiéu
mot sd nghién ctru, tinh chét ¢o tinh hé théng, co
ban cua vung duong, dd phu thudc, rang budc cia
c4c tap thudc tinh trong hé tin, hé quyét dinh, trén
co s& d6 1am nén dé tinh rat gon. Pdng thoi trong
bai viét nay chung ti ciing ¢a minh ching hé tin da
tri (a set-value information system) ciing c6 thé xét
nhu mét hé tin don tri.
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ALGORITHMS FINDING REDUCTIONS FOR A SINGLE AND A SET-VALUE INFORMATION

SYSTEM USING THE CONCEPT OF POSITIVE REGION

Abstract:

This paper studies some concepts and properties of positive region of Pawlak'’s rough set.

Consequently, we propose some constraints among attributes, especially among conditional attributes
which are in decision systems. We then introduce algorithms to find the reductions for both a single and
a set-value information system. Furthermore, we will prove that in the proposed algorithm a set-value
information system can be considered as a single information system.

Keywords: Rough set, positive region, information system, decision systems, data mining.
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