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Toém tat: Rt gon thudc tinh theo tiép cap tdp tho
la chii dé nghién ciru séi dong lau nay. Tuy nhién, cac
phirong phdp rit gon thuge tinh theo tiép can tap thé
déu thuec hién trén cdc bang quyét dinh c6 mién gid tri
thuge tinh roi rac (bang quyét dinh sau khi thuc hién
cdc phwong phdp roi rac héa dir liéu). Dé thyc hién
rit gon thuge tinh truc tiép trén cdc bang quyét dinh
c6 mién gid tri thudc tinh so, hirong tiép can tdp thé
mo duwoc xem la hiéu quad va dwoc cac nha nghién cuu
quan tam trong mdy nam gan day. Trong bai bdo nay,
chiing t6i dé xudt phirong phdp rit gon thuge tinh truc
tiép trén bang quyét dinh c6 mién gid tri thuge tinh sé
theo tiép cdn tdp thé mo. Thuc nghiém cho thdy, dé
chinh xdc phdn I6p ciia phirong phdp theo tiép can tap
thé mo cao hon do chinh xac phan Iop Cua phuong
phdp theo tiép can tdp thé truyen thong

Tir khéa: Tdp thé, tdp thé me, bang quyét dinh, quan
hé tuwong tw mo, rut gon thugc tinh, tdp rit gon.

Abstract: Attributes reduction based on rough set is
interesting research area. However, the attributes
reduction algorithms based on rough set is done on
the discrete domain decision tables (that is applied
discretization methods). In recent years, some
researchs on fuzzy rough set based directly attribute
reduction in numeric domain decision tables have
been studied. This paper proposes fuzzy rough set
based directly attribute reduction method in numeric
domain decision tables. The experiment results
showed that the fuzzy rough set method has better
classification accuracy than rough set theory.

Keywords: Rough set, fuzzy rough set, decision table,
fuzzy similarity relation, attribute reduction, reduct.

I. GIOI THIEU

Rut gon thudc tinh 1a bai toan quan trong trong
budc tién xu 1y s lieu voi myc tidu 1a loai bo cac
thugc tinh du thira nhdm nang cao tinh hiéu qua cua
cac thudt toan khai pha di li¢u. Ly thuyét tap tho [13]
1a cong cu hi¢u qua giai quyét bai toan rat gon thudc
tinh trong bang quyét dinh va duogc cong ddng nghién
ctru V& tap tho thuc hién lau nay. Bé thuc hién cac
phuong phap rat gon thudc tinh theo tiép can tap tho,
cac thudc tinh c6 mién gia tri s5, lién tuc can dugc roi
rac hoéa. Tuy nhién, cac phwong phap roi rac hoa dir
liu khong bao toan dugc sy khac nhau ban dau gitra
cac gia tri thudc tinh. Vi dy, vai thudc tinh 1a “Nhiét
dé co thé”, gia sir hai ddi twong x va y c6 nhiét do co
thé twong tmg 13 39.5 d6 va 39.6 d6 duoc roi rac hoa
thanh mot gia tri “Nhiét dé cao”. Trén bang quyét dinh
méi, hai d6i twong x va y co gia tri bang nhau trén
thuoc tinh "Nhiét dé co thé” va khong bao toan dugc
sy khac nhau 1a 0.1 d6 trén bang quyét dinh ban dau.
Do do, cac phuong phap roi rac hoa dit liéu khong bao
toan “ngir nghia” cua dir lidu gbc va o thé lam giam
d6 chinh xac phan 16p trén dir liéu gbc. Dé giai quyet
bai toan rat gon thudc tinh truc tlep tur cac bang quyet
dinh c6 mién gid tri thugce tinh so, lién tuc nham khéc
phuc nhuoc diém trén, trong miy nim gin day céc
cong trinh nghién ciru dé xuat huéng tiép can maéi sir
dung 1y thuyét tap thé mo

Ly thuyét tap tho mo (Fuzzy Rough Set) do D.
Dubois va cac cong su [4, 5] d& xuat md ra mot hudng
nghién citu méi vé rat gon thudc tinh trén cac bang
quyét dinh mo va cac bang quyét dinh c6 mién gia tri
thudc tinh lién tuc. Ly thuyét tap thd mo 14 su két hop
cua ly thuyét tap tho [13] va ly thuyét tap mo [11]
nham x4p xi cac tap mo dua trén mot quan hé tuong tu
mo (fuzzy similarity relation) dugc xac dinh trén mién
gi4 tri thudc tinh. Trong 1y thuyét tip tho, hai ddi
tuong 1a tuong duong trén tap thudc tinh R, hay do
tuong tu 1a 1, néu gia tri thudc tinh cia ching bang
nhau trén tat ca cac thudc tinh trong R. Ngugc lai,



chung 1a khong tuong duong, hay do tuong tu la 0.
Trong Iy thuyét tap tho mo, quan h¢ tuong tw mo thay
thé quan hé tuong duong nham xac dinh do tuong tu
cta hai dbi tuong. Do trong tu la mét gia tri nam
trong khoang [0, 1] cho thiy tinh gan nhau, hay tinh
tuong tur, clia hai d6i twong. Cac nghién ciru lién quan
dén rat gon thudc tinh theo tiép can tap tho mo tap
trung vao hai hudng chinh: huéng thir nhat 1a str dung
tap tho mo dé giai quyét bai toan rat gon thudc tinh
trén cac bang quyét dinh mo (bang quyét dinh véi gia
tri thudc tinh 1a cac tap mo) trude khi thuc hién cac
thuat toan trich loc hé luat md véi cac cac cong bd
dién hinh 1a [6, 7, 8, 15, 18, 19, 20, 24]; huéng thi hai
1a giai quyét bai toan rat gon thudc tinh tryc tiép trén
cac bang quyét dinh c6 mién gia tri thudc tinh sb, day
la hudng nghién cuu cua bai béo.

Theo huéng tiép can rat gon thudc tinh truc tiép
trén cac bang quyét dinh c6 mién gi tri thudc tinh sd,
trugc hét mot quan hé tuong ty mo duoc dinh nghia
trén mién gia tri thudc tinh. Tiép theo, cac ma tran
guan hé mo duoc xay dung. Ma tran quan hé mo cho
phép tinh gia tri ham thudc cia céc doi twong ddi voi
mol 16p twong ty mo. Tir do, ham thudc cua cac tap
Xap xi dudi mo, xap xi trén mo, mién dwong mo duoc
tinh dyua vao cac toan tir Xip xi trong 1y thuyét tap tho
mo [4, 5]. Trén co sé do, cac phuong phap rat gon
thudc tinh dwoc x4y dung dua trén nén tang cac
phuong phap rat gon thudc tinh theo tlep can tap tho
truyén théng. DBong gop quan trong vé huéng nghién
ctru ndy phai ké dén cac cong trinh [1, 2, 3, 21, 22, 23,
25]. Trong cac cong trinh nay, cac tac gia xay dung
ma tran phan biét mo dya trén ma tran quan hé¢ mo va
dé xuét thuat toan tim tat ca cac tap rat gon bang cach
ma& rong phuong phap rit gon thudc tinh dya trén ma
tran phan biét trong 1y thuyét tap tho truyén thong.
Tuy nhién, cac tic gia chua cong bd thuit toan
heuristic tim mot tap rat gon tét nhat dua trén tiéu
chuin chat lwong phéan 16p hay do quan trong cua
thudc tinh. Trong cong trinh [8, 17], cac tac gia tinh
toan lugng thong tin ting thém (information gain) cua
entropy Shanon mo [8] va tinh entropy Shannon co
diéu kién mo [17], trén co so d6 dé xuat thuat toan
heuristic tim mot tap rat gon tét nhit. Nhém tac gia
trong [8, 17] ciing minh chitng bang thuc nghiém rang,
phuong phap rat gon thudc tinh theo tiép can tap tho
mo ¢6 do chinh xac phéan 16p tt hon phuong phép rit
gon theo tiép can 1y thuyét tap thé truyén thong (sau
khi roi rac hoa dit lidu) trén mot sé bo dir liéu tha
nghiém.

Trong bai bao nay, ching t6i dé xuat thuat toan
heuristic rat gon thudc tinh trong bang quyét dinh c6
mién gia tri thudc tinh lién tuc sir dung d6 phu thuge
mo cia thudc tinh trong tap tho mo. Thuat toan dé
Xuit tim mot tap rat gon tét nhét theo tidu chuin chét
lugng phan 16p (d6 quan trong cua thudc tinh), do do
hidu qua hon cac cong bé trong [1, 2, 3, 21, 22, 23,
25]. Do str dung d6 phu thudéc mo cia cac thude tinh
nén thuét toan dé xuat c6 khéi lugng tinh toan nho hon
thuat toan trong [8, 17] sir dung cong thirc entropy
Shannon mo. Két qua thir nghiém trén mot s6 bo so
liéu cho thdy, phuong phap dé xut co do chinh xac
phan 16p tét hon so véi phuong phép st dung d6 phu
thuoc cua thude tinh theo tiép can ly thuyet tap tho
truyén thong. Hon nita, phuong phap d& xuit co do
chinh x4c phén 16p tét hon cac phuong phép dua trén
entropy Shannon m¢ trong [8, 17]. Cau tric bai bao
nhu sau. Phan 2 trinh bay mot s6 khai niém co ban
trong 1y thuyét tip thé mo. Phan 3 trinh bay phuong
phap rat gon thudc tinh str dung d6 phu thuéc mo caa
thudc tinh theo tiép can tap thé mo. Phan 4 trinh bay
vi du minh hoa cua thuat toan. Phan 5 trinh bay két
qua thir nghiém. Cubi cing 1a két luan va hudéng phat
trién tiép theo.

Il. CAC KHAI NIEM CO BAN

Phan nay trinh bay mot Sé khai niém co ban
trong 1y thuyet tap tho truyen thong cua Pawlak [13]
va ly thuyét tap thd mo do D. Dubois va cac cong su
[4, 5] dé xuat.

Mo hinh tap thé truyén théng do Pawlak [13] dé
xuét dya trén quan hé tuong duong aé xap xi tap hop.
Xét bang quyét dinh DS =(U,CuD), Mbi tap thuoc

tinh PcC xac dinh mot quan hé tuong duong
IND(P)={(u,v)eUxU|vacP,a(u)=a(v)}- Néu
(u,v)€ IND(P) thi u va v khong phan bi¢t dugc nhau
boi cac thp(f)C tinh trong P. Ky hi¢u 16p tuong duong
chra doi twong u la  [u],, khi do
[u]. ={V€U (u,v)e IND(P)}- Véi X cU, cac tap

cx={ucUfulex} va  CX={ueU|u]. "X 2}

tuong (mg goi 13 C-xdp xi dwdi, C-xdp xi trén cua X.
Ta goi tap pos_ (D) = U (cx) la C-mién dwong cua
D. D& thiy POS. (D) lxifutgp cac ddi tuong trong U duoc
phan 16p ding vao céac 16p cua u/D st dung tap thude
tinh C. D6 phu thudc cua tap thude tinh C vao tap thude



tinh D trong ly thuyét tap tho truyén thng, ky hiéu la
7¢ (D), dugce dinh nghia nhu sau:

[POS. (D)

szc(D): ‘U‘

véi [S|1a Iy lugng cua tap S. Néu k =1 thi D phy thugc
hoan toan vao C. Néu 0<k <1, D phu thudc bo phan
vao C. Tiep theo, ching t6i trinh bay cac khai niém trén
trong ly thuyet tap thé mo trong [4, 5].

Trong mo hinh tap tho mo, mot quan h¢ tuong ty
mo (fuzzy similarity relation) dugc su dung thay the
quan hé tuong duong dé xap xi cac tap mo. Cho bang
quyét dinh DS =(U,CuD), mot quan hé R duoc dinh
nghia trén mién gia tri cua tap thué,c tinh diéu kién C
dugc goi 1a quan hé twong ty mo néu R thoa man cac
tinh chat: tinh phan xa (reflexive) R(x,x)=1, tinh doi
xing (symetric) R(x,y)=
min (sup-min
R(x,z)=min{R(x,y),R(y,
Quan hé twong tu mo R xac dinh mot phan hoach mo
trén U, ky hiéu U /R:{[X]R‘X eU}, trong d6 [x] la
mét 16p twong dwong mo tuwong ng véi ddi tuong X,
ham thuéc dugc xac dinh bdi  cong thuc
H, (¥) = 11 (%, y) =R(x,y) v6i moi y cU.

Gia stir F 1a mot tap mo trén UvaR la mét quan
hé tuong ty mo xac dinh trén mién gia tri cua tap
thudc tinh C, khi d6 tap mo xap xi dudi B(F)vé tap

R(y,x) va tinh bic cau sup-
transitive)
)}) vGi moi x,y,zeU.

Mo XAp Xi trén R(F) cua F 1a cac tAp md va ham thude

cua cac dbi tuong x eU duogc xac dinh nhu sau:

Hagey (X) =inf max (1= 42z (%, ), 4 (¥)) ©)

/Jﬁ(p)(x)zsuﬁ)min(ﬂR(X’ y)'/uF (y)) (2)
ye

Vi g, (y)=s(xy), khi do tap mo xap xi dudi

R(F)va tap mo Xap xi trén R(F) duogc viét lai nhu

Sau:
He(ry (x)= 'YQE max (1_/‘[x]R () 4 (y)) (3)
ey (X) =supmin i, (¥). e () @

yeU
Cap (R(F).R(F)) duoC goi la tap tho mo. D& thay
rang mot tap hop (tap r3) bat ky X cU c6 thé xem la

mot tdp mo, ham thudc 4, (y)=1 VoI yeX va
sty (y)=0 V6i yg X . M6 hinh tap thd md ¢6 thé xem
1a viéc su dung quan hé tuong tw mo dé xap xi tap mo

(hoic tap rd) bang tap mod xap xi dudi va tap mo xap
Xi trén.

Cho bang quyét dinh c6 mién gié tri thudc tinh sd
DS =(U,CuD) V&I U ={u,,..,u,}» C=1{c,,...,.C, }. Gid
str mot quan hé tuong tu mo R xac dinh trén mién gid tri
cua thuge tinh C. Ta ky hiéu R({c, }) 1a quan hé R xac
dinh trén thudc tinh diéu kién c, eC k=1.m va
R(C) la quan hé twong tu mo xac dinh trén tap thude
tinh diéu kien C. Khi d6, khai niém mién
duong POS, (D) trong ly thuyet tép tho truyen thong
duoC Mo rong thanh khai niém mién duong mo cua
tap thudce tinh D doi véi tap thudc tinh C dya trén quan
h¢ R, ky hi¢u la POS, (D). POS, (D) la mot tap
mo ma ham thudc cua cac ddi twong x eu duoc dinh
nghia nhu sau [18].

) (%)

(0 (X) = SUP 4t
Dya trén khai nlem‘ mién duong mo, d6 phu
thuQc cua tap thudc tinh diéu kién C vao tap thudc tinh
quyet dinh D dya trén quan hé R dugc dinh nghia theo
tiep céan tap thé mo nhu sau [18].

B IUPOSR(C)(D)(X)‘ _ eru ’uPOSR(c)(D)(
7R(c)( )— \U\ B \U

H POS

) (6)

Theo huéng tiép can rat gon thudc tinh truc tiép
trén cac bang quyét dinh thudc tinh s6, dwa vao quan
hé tuong ty mo R xéc dinh trén mién gia tri thudc tinh,
ma tran quan hé mo duoc xay dung cho mdi thudc
tinh. Ma trdn quan h¢ mo xéac dinh trén thudc tinh C,
1a ma trén vudéng cap n duoc dinh nghia nhu sau [21]

M (R(fe)=[mi=]

voi mited) = R({c.})(u,u;), i=1.n,j=1.n
O day, R({c,})(u.u;) 1a gia tri cua quan hé gitra
déi twgng u; va u;. Khi d6, ma trén quan hé mo xac
dinh trén tap thudc tinh didu kién C duoc dinh nghia

[21]
M (R(C))=[my© ] voi



mR©) _ m,n{m (fe })}:min {m__R({q}) mR(ie)) m_s({cm})}

i k=1.m i i
D& thiy ring, voi phin tr m{®) cua ma tran
M(R(c)) ta c6 m{©=R(C)(u,u;), i=1.n j=1.n,
R(E) ) e () () T 2

tran m (R ) cho phep xac dinh duoc cac 16p tuong
R(C) R(C)
duong mo [ui]R o= My S My thuoc phan
(€) U, u,

hoach m& U/R(C)={[ui]R(C)\UieU}- Khi do, ham

thuoc cua cac tap mo Xap xi dudi, tap md xap xi trén,
mién duong mo c6 thé dugc tinh dya vao cac cong
thire (3), (4), (5) tuong Umg va tir do6 tinh duge do phu
thu@rc cua tap thudc tinh diéu kién C vao tap thude tinh
quyét dinh D theo cong thirc (6).

Vi dy 1. Bang quyét dinh DS =(U,Cu{d}) cho
6 Bang 1 dudi day voi U ={u,u,,u,u, U},
C={c,,c,,C,,C,} 1a bang quyét dinh c6 mién gid tri
thudc tinh lién tuc.

Bang 1. Bang quyét dinh cé mién gié tri
thudc tinh lién tuc

C C, C3 Cs

Us 0.8 0.1 0.1 0.5
Uz 0.3 0.5 0.2 0.8
Us 0.2 0.2 0.6 0.7
Ug 0.6 0.3 0.1 0.2
Us 0.3 0.4 0.3 0.3
Us 0.2 0.3 0.5 0.3

O| O| P |O|FR|PFP,| o

Véi thuge tinh C;, gia sir ta dinh nghia quan hé
tuong tw mo R({cl})(ui,uj):min{cl(ui),cl(uj)} néu

¢ (u)=c (u) va R({e})(uu;) =1
¢ (u)=c(u;), i=1.6, j=1.6. Khi d6, ma trin quan

néu

hé mo trén thudc tinh C;, M (R({Cl})), la:

1 03 02 06 0.3 02]
03 1 02 03 03 0.2
02 02 1 02 02 02
M (R({c =

( ({ 1})) 06 03 02 1 03 02
03 03 02 03 1 02
02 02 02 02 02 1

Lép twong dwong mo cua ddi twong uy la:

_1,03,02, 06,03 02 10004,

1 u2 u3 u4 u5 u6

[Wlie

Xac dmh dugc cac lop tuwong duong mo
[uz]R({cl}) ’[Us]R({q}) ,[u4] [u5] [ue] SR
do, cac ma tran quan he; mo

M ()M (R(.) M (R M (R() M ()
dugc tinh va ma tran quan h¢ mo cua quan h¢ R(C) 1a
M (R(C)) duogc tinh.

I1l. RUT GON THUQC TINH TRONG BANG
QUYET PINH CO MIEN GIA TRI THUQC
TINH SO SU DUNG PQ PHU THUQC THUQC
TINH

Trong phan nay, ching toi trinh bay phuong phap
rt gon thude tinh cua bang quyét dinh c6 mién gia tri
thudc tinh s6 sir dung d6 phu thuéc mo cua thude tinh
trong tép thoé mo. Tuong tu phuong phap rat gon thudc
tinh trong ly thuyet tap tho truyén thong, phuong phap
dé xuét bao gom céac budc: dinh nghia tap rat gon dua
trén do phu thugéc mo cta thudc tinh trong tap thé mo,
dinh nghia d6 quan trong cua thudc tinh dac trung cho
chat lugng phan 16p cua thudc tinh va xiy dung thuat
toan heuristic tim tap rat gon tot nhat dya trén tiéu
chuan d6 quan trong caa thudc tinh.

Dinh nghia 1. Cho bang quyét dinh DS =(U,C UD)c6

mién gi4 tri thudc tinh s6, quan hé twong tw md R va tap
thudc tinh P = C. Néu

1) 74(e)(D) = 74, (D)
o)D) # 7 (D)

thi P 1a mot tap rat gon cta C dua trén do phu thudc
mo cua thude tinh va quan hé R.

2) VpeP, V(-

T Dinh nghia 1, d& thdy ring tap rat gon dya
trén d6 phu thuéc mo cua thudce tinh tuong duong voi
tap rat gon dya trén mién duong mo, tap rat gon dya



trér} mién duong mo 1a md rér!g tap rat gon ,dl_ra trén
mién duong cua Pawlak theo tiép can 1y thuyét tap tho
mo.

Pinh nghia 2. Cho bang quyét dinh DS =(U,C UD)c6
mién gi4 tri thu@c tinh s6 va quan hé tuong tu md R xac
dinh trén mién gia tri thudc tinh. V6i B=C, do quan
trong cua thudc tinh beC - B do6i voi tap thude tinh
B dya trén quan hé R dugc dinh nghia:

SIGR(B)(b):7R(Bu{b})(D)_7R(B)(D) (7)

Do quan trong cua thudc tinh dic trung cho chat
luong phan 16p cua thudce tinh diédu kién vao thudc tinh
quyét dinh va duoc sir dung lam tiéu chuan lya chon
thudc tinh cho thuét toan heuristic tim tap rat gon sau
day.

Thuat toan F_RSAR (Fuzzy Rough Set based
Attribute Reduction) Thuét toan heuristic tim mdt tap
rat gon st dung do phu thugc mo caa thude tinh.

Piu vao: Bang quyét dinh gia tri thudc tinh sb
DS =(U,CuD), quan h¢ twong tu mg R.
Pau ra: Mot tap rat gon tot nhat P .
1. P«
2 Yoy (D)=0;
3. Tinh ma tran quan hé M(R(C));
Tinh 7R(C)(D);
5. While y o (D) # 7, (D) do
Begin
For ceC—P tinh
SIGg, (c)= Yr(Puie)) (D)- Vr(p) (D);

8. Chon c,, €C—P saocho
516,15 (6,) = Max {816, (0]

9. P« Puc,};

10. Tinh yR(P)(D);

11. End;

12. Return P;

Vi du 2. Xét bang quyét dinh c6 mién gia tri thuoc
tinh lién tuc DS:(U,C u{d}) cho & Bang 2 voi

U ={u,,u,,U;,U,, U, U} » C={c,,C,,C5,C,,C5, C |-

Bang 2. Bang quyét dinh mé ta Vi du 2

¢, | ¢ | ¢ | ¢ | ¢ | ¢ d

u | 08| 02| 06 | 04 1 0 No

u, | 0.8 | 0.2 0 06 | 0.2 | 0.8 | Yes

u, | 06 | 04 | 08 | 02 | 06 | 04 | No

u, 0 04 | 06 | 04 0 1 Yes

U, 0 06 | 06 | 04 0 1 Yes

u | 0 06| 0 | 1 | 0 [ 1 | No

Gia sir trén mién gid tri cta thudc tinh ¢, €C,

quan hé tuong tu mo R({Ck })du’qc dinh nghia nhu sau:
| minfe, (u;) e W)} o u) #c (u))
R({Ck})(“"“")_{l, 6 (1) =6, 1)

Ap dung cac budc cua Thuat toan F_RSAR tim
mot tap rat gon cua bang quyét dinh. Trudc hét, tinh
cac ma tran quan hé mo trén cac thude tinh diéu kién

M(R(e)): M(R({e) M(R(e)) M(R({e})).
M(R({e})): M(R({c})). Tir do, tinh ma tran
M(R(C)):

0
0
0

0
0

0

M(R(C)= 04 0
0

1

H

= O O O

04 1
0 O

OO O O O O Bk
o O O o+~ O
o O O » O O

Ta 6 U/{d}:{{uvuyus}'{uz’umus Xét
X ={U,,U,, U}, Xap Xi Moy dusdi r(c)(x) 1a tap Mo véi

ham thudc cua X €U tinh boi

'u@({“lv”svue}) (X) =Inf max (1_ 'u[x]re(c) (y) ' 'u{ubusvue} (y))

yeU

Tumatran M (R(C)) ta co

1 0 0 0 0 O
=t —F—+—+—+—

u
[k u U, U, U, U U




Do d6  prycyiy (W) =inf{LI1111}=1,
tuong tur ta co Ha s (u,)=0,
Hage in ) (Us) =1 Hage sy (W) =0
Hrge i sue) (U) =0 Hr(c e (Us) =1,
Hagenasl) (U) =0 Hage ) (U2) =1
Haic i unae)) (U2) =0, Hage ) (Ue) =1

u 1

! ‘u@({uz Uy Us ) (U ) 0.

Tir d6, ham thudc cua cac ddi twong ddi voi mién
duong mo POSR(C)({d }) la:

'uPOSR(C)({d}) (UZ) =1, 'uPOSR(C)({d ) (u3) =1,
Hoos, o ((d)) (u,)=1, Hpos, . (1d}) (us)=1,
s, g (V) =1. Tirds

] D Feos, o) () 14141414141
7’R(c)({ }): Ul - 5 =1

Ap dung cac buéc cua Thuat toan 1 ta ¢
ooy (101) =0476, Ve (d) =0,
7r(ey) ({01) = 0476, Ve (10}) =166,
Ve (d})=24/6=04, . ({d})=18/6.

Chon thudc tinh ¢, c6 do quan trong lén nhét va

P ={c;}. Thyc hién vong lip While. Xét cac thugc

tinh C, ta co:

SIGy ) (c)= Taliss) ({d})- yR({%})({d}):OA—OA:O.
Tuong tu SIG 1) (c,)=0.1, SIGR({%}) (c;)=0.6,
SIG .. (c,)~0.16, SIG,, 5})(c6)zo.03. Chon
thugc tinh ¢, c6 do quan trong lon nhat va
P={c,,C}- Khi do ta co
Va(ione) (10}) =1= 77 ({d}) . do do thuat toan dimg
va P={c;,c;} 1a mot tap rit gon tét nhit cua bang
quyét dinh DS.

Thuat toan F_ RSAR tim dugc mdt tap rut gon
cua bang quyét dinh dwa trén do quan trong cua thudc
tinh (ddc trung cho chat luong phan 16p cua thudc
tinh) nén hiéu qua hon cac thuat toan tim tat ca cac tap
rit gon theo huéng tiép can ma tran phan biét trong
cac cong trinh [1, 2, 3, 21, 22, 23, 25]. Thuat toan
F_RSAR sir dung d6 phu thudc cua thudc tinh dé tim
tap rat gon, do d6 c6 khdi lugng tinh toan nho hon cac
thuat toén theo husng tiép can entropy Shannon trong
[8, 17]. D@ thay rang, tap rat gon thu dwoc cua Thuat
toan F_RSAR bao toan mién dwong md. Phan tlep
theo, chiing t6i tién hang thir nghiém phwong phéap dé
XUAt trén mot s6 bo dir liéu thir nghiém dé thay rd tinh
hiéu qua cia hudng tiép can tap thé mo so véi hudng
tiép can tap tho truyén thong vé& d6 chinh xac phén 16p
sau khi rat gon thugc tinh.

IV. THU NGHIEM

Chung toi chon 8 bo dir liéu mau tir Iy tir kho dit
liéu UCI [26] c6 mién gia tri thuc tinh sé cho & Bang
3 @@ tién hanh thu nghiém. Mai truong ther nghiém 1a
may tinh PC véi cu hinh Pentium dual core 2.13 GHz
CPU, 1GB bo nhé RAM, sir dung hé diéu hanh
Windows XP Proessional.

Bang 3. B6 sé liéu ther nghiém

STT | Bodirligu | Sbthuge tinh S6 dbi
dieu kién twgng
1 | Ecoli 7 336
2 lonosphere 34 351
3 | Wdbc 30 569
4 | Wpbc 33 198
5 | Wine 13 178
6 | Glass 9 214
7 Magic04 10 19020
8 | Page-blocks 10 5473

Trudc hét, ching t6i tién hanh thir nghiém nham
danh gia do chinh xac phan 16p trén cac b sé liéu mau
sau khi thuc hién thuat toan F RSAR va thuét toan rat
gon thudc tinh st dung d6 phu thudc cua thudc tinh
trong 1y thuyét tap tho truyén thdng (goi tit 1a thuat
toan RSAR). Dé tién hanh thir nghiém, chung t6i thuc
hién cac cong viéc sau:




- Cai dat thuat toan roi rac hoa dir liéu bang
phuong phap equal-width [12], thuat toan RSAR,
thuat toan F_RSAR, thuat toan phan lop SVM [9],
C4.5 [10] biang cong cu Java.

- Thuc hién thuat toan roi rac hoa equal-width
va thuat toan RSAR dé tim tap rit gon theo tiép can
tap tho.

- Thyc hién thuat toan FRSAR dé tim tap rut
gon tryuc tiép tir bang quyét dinh ban dau theo tiép can
tap thdé mo.

- Trén bang quyét dinh thu dwoc cia hai cach
tiép can, chon 2/3 ddi twong dau tién dé 1am tap huin
luyén (training), 1/3 d6i twong con lai lam tap kiém tra
(test). Thuc hién thuat toan SVM, C4.5 trén tap huan
luyén va danh gia d chinh xac phan 16p trén tap kiém
tra. Tir do, danh gia d6 chinh xac phan 16p cua hai
cach tiép can.

Bang 4 1a két qua thir nghiém trén 8 bo s6 liéu

duoc chon. Trong do, U| 1a sb dbi tuong, |C| 1a sb

thuge tinh diéu kién, |R| 1a sé thudc tinh cua tap rat
gon.

Bang 4. Két qua thcr nghiém rut gon
thudc tinh theo tiép can tap thé va tap thé

1.2
1
08 %
0.6
—4—R5AR
0.4
=3=F_RSAR
0.2
O T T T
N o (9 o & & ) C)
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K G 0
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Hinh 1. D6 chinh xac phan I6p F_RSAR
va RSAR st dung phwong phap SVM

Tur Bang 4 va Hinh 1 ta thdy, tap rat gon cua
F_RSAR nhiéu thudc tinh hon RSAR. Do chinh xéc
phan 16p sau khi rit gon thudc tinh theo tiép can tap
tho mo (F_RSAR) cao hon d¢ chinh xac phan 16p theo
tiép can tap tho truyén thong (RSAR).

Tiép theo, chung toi tién hanh thir nghiém dé
danh gia thuét toan dé xuat (F_RSAR) véi thuat toan
tim tap rat gon theo tiép can tap thd mo st dung luong

mo n . o ~ . . . A
thong tin tang thém (information gain) dua trén
Rut gon thude tinh Rit gon thudc tinh theo entropy Shannon’ 901 lé; ,thuat toan
theo tiép c4n tip thd tiép c4n tap thd my GAIN_RATIO_AS FRS [8]. bé tién hanh tha
(RSAR) (F_RSAR) nghiém, chung t6i cai dat thuat toan
s . s - - - . !
;| eese | U] [C] IR by | b [ Do | Do | GAIN_RATIO_AS FRS trong [8] va chay 02 thuat
lieu chinh chinh chinh chinh , ~ A T at R . X R R . n
T| ™ I xdc e | toan trén 8 bo dir ligu thir nghiém. Ket qua thir nghiém
phan phéan phéan phéin cho & Béng 5 nhu sau:
16p lop lop lop
SVM | cas SVM c45 - £ 2o a Ap g
Bang 5. Két qua thtr nghiém thuét toan
1 Ecoli 336 | 7 5 0.851 0.819 7 0.865 0.855 GAIN RATIO AS FRS va thuat toan
2 | lonos | 351 | 34 | 10 | 0814 | 0.802 | 15 | 0937 | 0915 F RSAR
phere -
3 | Wdbc | 569 | 30 | 8 | 0795 | 0.784 | 19 | 0980 | 0.975 Thuat todn Thuat todn F RSAR
4 | Wpbc | 198 | 33 | 7 | 0718 | 0704 | 19 | 0825 | 0818 GA'N—Rg'O—AS—F
5 | Wine | 178 | 13 | 4 | 0814 | 0802 | 10 | 0955 | 0.920 S .
B sb C Py Py Py by
6 | Glass | 214 | 9 | 5 | 0815 | 0795 | 7 | 0891 | 0882 || T ) |U| |R chinh | chinh |R| chinh | chinh
@& . . . .
7 | Magic | 190 | 10 | 4 | 0.745 | 0.715 | 6 0.782 0.765 T xac xac xac xde
phén phéan phéan A
04 20 P . 3 phan
lop 16p lop l6p
8 | Page- | 547 | 10 | 5 | 0758 | 0.725 | 7 0.865 | 0.855 SVM | C45 SM L s
blocks | 3 _ i
1 | Ecoli 36 |7 6 | 0814 | 0802 7 0.865 | 0.855
2 | lonosph 351 | 34 | 13 | 0916 | 0904 | 15 | 0937 | 0915
ere
3 | Wdbc 569 | 30 | 17 | 0925 | 0917 | 19 | 0980 | 0.975




0818chinh xac phéan 16p cao hon phuong phap tiép can dua

0.920tr€n entropy Shannon trong cong trinh [8]. Mat khac,

osszphuong phap dé xuat khong phai tinh cac cong thuc

o7esfagarit cua entropy Shannon nén thoi gian thyuc hién

hiéu qua hon phuong phap trong [8]. V& dinh huéng

osssnghién cuu tiép theo, thir nhat 1a tim kiém cac d¢ do

hiéu qua dé giai quyét bai toan rut gon thudc tinh theo

4 | Wpbe 198 33 | 17 0.815 0.804 19 0.825
5 | Wine 178 13| 9 0.910 | 0.902 10 0.955
6 | Glass 214 9 7 0.891 | 0.882 7 0.891
7 | Magic04 | 1902 | 10 | 6 0.782 | 0.765 6 0.782
0
8 | Page- 5473 | 10 | 6 0.852 0.848 7 0.865
blocks
1.2
1
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Hinh 2. D6 chinh xac phéan I6p cda
GAIN_RATIO_AS _FRS va F_RSAR st
dung SVM

T Bang 5 va Hinh 2 ta thiy, d6 chinh x4c phan
I6p sau khi thuc hién thuat toan dé xuit F_RSAR cao
hon d6 chinh xac phan 16p sau khi thuc hién thuat toan
GAIN_RATIO_AS FRS trong [8]. Bang 5 ciing cho
thiy, tap rut gon cua thuit toan dé& xuit bao toan mién
duong F_RSAR nhiéu thudc tinh hon so véi thuat toan
GAIN_RATIO_AS FRS trong [8].

V. KET LUAN

M0 hinh tap thé m¢ do D. Dubois va cac cong su
[4, 5] dé xuat 1a cong cu hiéu qua dé giai quyét bai
toan rat gon thugc tinh truc tiép trén cic bang quyét
dinh c6 mién gi4 tri thudc tinh sd. Trong bai bao nay,
chung toi dé xuét thuat toan heuristic tim mot tap rat
gon cua bang quyét dinh c6 mién gi tri thudc tinh s6
st dung d6 phu thuéc mo cua thude tinh theo tiép can
tap tho mo. P phu thugc mo caa thude tinh duge xac
dinh dyga trén ma tran quan hé¢ mo sinh bai quan hé
tuong ty mo Min xac dinh trén mién gia tri thudc tinh.
Thyuc nghiém trén cac bo s6 lieu UCI cho thdy, do
chinh xac phan 16p cua tap dit lieu sau khi thyc hién
phuong phap dé Xxuét cao hon do chinh xac phan 16p
sau khi thuc hién rat gon thudc tinh theo tiép can tap
tho truyén thong. Hon nita, phuong phap dé xuit co do

tiép can tap thdé mo nham nang cao d chinh xac phan
I6p, thr hai 1a tim kiém cac quan hé twong tu mo khac
nhdm nang cao d6 chinh xac phan 16p sau khi rat gon
thudc tinh

TAI LIEU THAM KHAO

1) Chen, D.G., Tsang E.C.C. and Zhao, S.Y, An approach
of attributes reduction based on fuzzy TL rough sets,
IEEE International Conference on Systems, Man and
Cybernetics, pp. 486-491, 2007.

2) ChenD. G and Zhao S. Y., Local reduction of decision
system with fuzzy rough sets, Fuzzy Sets and Systems
161, pp. 1871-1883, 2010.

3) Chen Degang, Lei Zhang, Suyun Zhao, Qinghua Hu,
and Pengfei Zhu, A Novel Algorithm for Finding
Reducts  With  Fuzzy  Rough  Sets, IEEE
TRANSACTIONS ON FUZZY SYSTEMS, VOL. 20,
NO. 2, pp. 385 -389, 2012.

4) D. Dubois and H. Prade, Putting rough sets and fuzzy
sets together, Intelligent Decision Support, Kluwer
Academic Publishers,Dordrecht, 1992.

5) Dubois, D. and Prade, H., Rough fuzzy sets and fuzzy
rough sets, International Journal of General Systems,
17, pp. 191-209, 1990.

6) F. F. Xu,D. Q. Miaoand L. Wei, An Approach for
Fuzzy-Rough Sets Attributes Reduction via Mutual
Information, Fourth International Conference on Fuzzy
Systems and Knowledge Discovery, FSKD 2007,
Volume 3, pp. 107 — 112, 2007.

7) F.F. Xu, D.Q. Miao and L. Wei, Fuzzy-rough attribute
reduction via mutual information with an application to
cancer classification, Computers and Mathematics with
Applications 57, pp. 1010 -1017, 20009.

8) Jianhua Dai and Qing Xu, Attribute selection based on
information gain ratio in fuzzy rough set theory with
application to tumor classification, Applied Soft
Computing 13, pp. 211-221, 2013.

9) J. Neumann, C. Schnorr, G. Steidl, Combined SVM-
based feature selection and classification, Mach. Learn.
61 (2005), pp. 129-150.

10) J. Quinlan, C4.5: Programs For Machine Learning,
Morgan kaufmann, 1993.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Chen,%20D.G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tsang,%20E.C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4413560
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Feifei%20Xu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Duoqian%20Miao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Lai%20Wei.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4405868

11) L. A. Zadeh, Fuzzy sets, Information and Control,
8:338-353, 1965.

12) M.R. Chmielewski, JW. GrzymalaBusse, Global
discretization of continuous attributes as preprocessing
for machine learning, Int. J. Approx. reasoning 15 (4),
1996, pp. 319-331.

13) Pawlak Z., Rough sets, International Journal of
Computer and Information Sciences, 11(5): 341-356,
1982,

14) Pawlak Z., Rough sets: Theoretical Aspects of
Reasoning About Data, Kluwer Aca-demic Publishers,
1991.

15) Q. Shen and R. Jensen., Selecting informative features
with fuzzy-rough sets and its application for complex
systems monitoring, Pattern Recognition, Volume 37,
Issue 7, pp. 13511363, 2004.

16) Qiang He, Congxin Wu, Degang Chen, Suyun Zhao,
Fuzzy rough set based attribute reduction for
information systems with fuzzy decisions, Knowledge-
Based Systems 24 (2011), pp. 689-696, 2011.

17) Qinghua Hu, Daren Yu, Zongxia Xie, Information-
preserving hybrid data reduction based on fuzzy-rough
techniques, Pattern Recognition Letters 27, 2006, pp.
414-423.

18) R. Jensen and Q. Shen., Fuzzy-Rough Sets for
Descriptive Dimensionality Reduction, Proceedings of
the 2002 IEEE International Conference on Fuzzy
Systems ,FUZZ-1EEE'02, pp. 29-34, 2002.

19) R. Jensen and Q. Shen., Fuzzy-rough attribute
reduction with application to web categorization,
Fuzzy Sets and Systems, Volume 141, Issue 3, pp. 469-
485,2004.

20) Rajen B. Bhatt and M. Gopal., On fuzzy-rough sets
approach to feature selection, Pattern Recognition
Letters 26, pp. 965-975, 2005.

21) Tsang G.C.Y., Chen Degang., Tsang E.C.C., Lee JW.T
and Daniel S. Yeunga, On attributes reduction with
fuzzy rough sets, Proceedings of 2005 IEEE
International Conference on Systems, Man and
Cybernetics ,Volume 3, pp. 2775 - 2780, 2005.

22) Tsang E.C.C. and De-Gang Chen, The Fuzzy Rough
Set Approaches of Fuzzy Reasoning, Proceedings of
the Fifth International Conference on Machine
Learning and Cybernetics, Dalian, pp. 1642-1646,
2006.

23) Tsang E.C.C.,Degang Chen. Yeung D.S., Xi-Zhao
Wang and John W. T. Lee, Attributes Reduction Using
Fuzzy Rough Sets, IEEE Transactions on Fuzzy
Systems, Volumel6, Issue 5, pp. 1130 - 1141, 2008.

24) Yi Cheng, Forward approximation and backward
approximation in fuzzy rough sets, Neurocomputing,
Volume 148, pp. 340-353, 2015.

25) Zhao Ming, Yan Zhengbo, Zhou Liukun, Wang Huijie
and Xu Xiaogang, The Extraction Method of the
Energy Consumption Characteristics Based on Fuzzy
Rough  Set, Proceedings of Conference on
Computational  Intelligence and  Bioinformatics
(AASRI), pp. 142 — 149, 2012.

26) The ucCl machine learning
<http://archive.ics.uci.edu/ml/datasets.htmi>

repository,

SO LUQC TAC GIA

NGUYEN VAN THIEN

Sinh ngay 11/10/1970 tai Pha Tho.

Tét nghiép Pai hoc Su pham nganh
Toan-Tin nam 1994, Tt nghiép K§ sur
Tin hoc tai Pai hoc Bich khoa Ha Noi
(Bang Dai hoc thir 2) nam 1996. Tét
nghiép Thac sy tai PH Su pham Ha Noi
nam 2000. Hién nay dang nghién ciu
sinh chuyén nganh Hé thong Théng tin,
tai Vién CNTT thudc Vién Han Lam
Khoa hoc Cong nghé Viét Nam).
Hudng nghién ciru: Hé thong thong tin,
Co s¢ dir liéu, Khai pha dir liéu.

Dién thoai: 0902416668.

Email: nvthien1970@gmail.com
NGUYEN LONG GIANG

Sinh ngay 05/06/1975 tai Ha Tay.

Tét nghiép Pai hoc Bach khoa Ha Noi
nam 1997. Bao vé luan van Thac si tai
Dai hoc Cong nghé, Pai hoc Quéc gia
Ha N¢i nim 2003. Bao vé luan an Tién
sy tai Vién CNTT, Vién Han lam
KH&CN Viét Nam nam 2012, chuyén
nganh Dam bao toan hoc cho may tinh

va cac hé thong tinh toan.

Hudng nghién ctru: Co so dit liéu, khai
pha dir li¢u va hoc may.

bién thoai: 0904739189.

Email: nlgiang@ioit.ac.vn



http://www.sciencedirect.com/science/journal/00313203
http://www.sciencedirect.com/science/journal/00313203/37/7
http://www.sciencedirect.com/science/journal/00313203/37/7
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7876
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7876
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7876
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7876
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7876
http://www.sciencedirect.com/science/journal/01650114
http://www.sciencedirect.com/science/journal/01650114/141/3
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tsang,%20G.C.Y..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Chen%20Degang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tsang,%20E.C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Lee,%20J.W.T..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=10498
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=10498
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=10498
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tsang,%20E.C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.De-Gang%20Chen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tsang,%20E.C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Degang%20Chen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yeung,%20D.S..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xi-Zhao%20Wang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Xi-Zhao%20Wang.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=91
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=91
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4639420
http://www.sciencedirect.com/science/journal/09252312/148/supp/C
mailto:nlgiang@ioit.ac.vn

NGUYEN NHU SON

e Sinh ngay 12/11/1974 tai Nghé An.

Tét nghiép Pai hoc Bach khoa Ha Noi
nam 1995. Bao vé luan van Thac si tai
DPai hoc Bach khoa Ha Noi nam 2001.
Bao vé luan an Tién sy tai Pai hoc
Queensland - Australia nam 2007,
chuyén nganh Khoa hoc may tinh.
Huéng nghién ctu: Hé thng thong
tin, Co s¢ dir liéu, Khai pha dir liéu,
Tinh toan dam may.

bién thoai: 0987039966.

Email: nnson@ioit.ac.vn



mailto:nnson@ioit.ac.vn

