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TOM T/fT Cac phuong phap rit gon thugc tinh theo 1iép cdn Iy thuyét tdp thé truyén thong déu thiec hién trén cdc bang quyét
dinh ¢é mién gid tri roi rac, la ' bang quyét dinh thu dugc sau khi thuc hién cdc phwong phdp roi rac héa dir liéu. Pé gidi quyét bai
todn rut gon thugc tinh truc tiép trén cdc bang quyét dinh ¢6 mién gid tri thue, lién tuc, trong mdy nam gan day cdc nha nghién ciru
da dé xudt mot so 5 phwrong phap theo llep cdn ly thuyét tdp thé mo. Trong bai bdo ndy, ching t6i dé xudt phwong phdp rit gon thudc
tinh truec tiép trén bang quyét dinh ¢ mién gia tri thuc, lién tuc si dung do do khodng cdch mo. Két qua thuc nghzem cho thay, do
chinh xdc phén I6p ciia phirong phép dé xudt hiéu qud hon mét sé phwong phdp sir dung mién dicong morva entropy mo.

Tir khéa — Tdp thd mo, quan hé firong dirong mo, khodng céch me, bang quyér dinh, rit gon thugc tinh, tap rat gon.
I. MO PAU

Rit gon thudc tinh 14 bai toan quan trong ctia budce tién xir 1y sé liéu trong qua trinh khai pha dir liéu, phat hién
tri thirc. Muc ti€u cua rat gon thudce tinh 1a loai bo cac thudc tinh du thira nhim nang cao tinh hi¢u qué cia cac thuat
toan khai pha dir liéu. Ly thuyét tap thd do Pawlak d& xuat [12, 13] la cong cu hi¢u qua gidi quyét bai toan rit gon
thudc tinh trong bang quyét dinh va dugc cong ddng nghién ctru vé tap tho thue hién lau nay. Cac phuong phap rit gon
thudc tinh theo tiép can 1y thuyét tap thd déu thyc hién trén cic bang quyét dinh c6 mién gia trj roi rac. Trong thuc té,
mién gia tri thudc tinh cua cac bang quyet dinh thuong chira gia tri thuc, lién tuc. Vi dy, thudc tinh trong lugng co thé
va huyét 4p trong bang dit liéu bénh nhan thuong 13 cac gia tri thyuc, lién tuc. Dé thyc hién cac phwong phép rat gon
thudc tinh theo tiép can tap tho, mién gia tri thudc tinh lién tuc can duoc roi rac hoa. Tuy nhién, cac phuong phap roi
rac hoa khong bao toan sy khac nhau ban dau gilra cac dbi tuong trong dit li¢u gbe va do d6 ¢o kha nang lam giam do
chinh xdc phan 16p sau khi rat gon thudc tinh. bé giai quyét bai toan rat gon thudc tinh truc tlep trén cac bang quyét
dinh c6 mién gié tri thuc, lién tuc, trong may ndm gan ddy cic nha nghién ctru d& xudt hudng tiép can mdi sir dung Iy
thuyét tap tho mo.

Ly thuyet tép thé mo (Fuzzy Rough Set) do D. Dubois va cac cong sy [1] dé xuét 1a sy két hop cua 1y thuyét tap
tho va ly thuyét tap mo nham xAp xi cac tip mo dua trén mot quan hé tuong dwong mo (fuzzy equivalent relation)
dugc xac dinh trén mién gia trj thudc tinh. Ly thuyét tap tho truyén thong dua trén quan hé twong duong dé xap xi tap
hop, trong d6 d6 twong tu ctia hai ddi twong 1a 1 néu chiing twong duong, nguoc lai 1a 0 néu ching khong twong duong.
Ly thuyét tap thé mo st dung quan hé twong dwong mo thay thé quan hé twong dwong, do twong ty cta hai ddi tuong 1a
mdt gia tri nam trong khoang [0, 1] cho thiy tinh gin nhau, hay kha ning phén biét giita hai d6i twong. Do d6, quan hé
trong dwong md bao toan sy khac nhau, hay do twong tu, giita cac ddi twong va cac phuong phap rat gon thudc tinh
theo tiép can tap thd mo co tiém nang trong viée bao toan do chinh xac phan 16p sau khi thuc hién cac phuong phap rat
gon thudc tinh.

Chu dé nghién ctru vé rat gon thudc tinh theo tiép can tap thé md da thu hat su quan tdm cua cac nha nghién ciru
trong miy nam gan day [2, 3,4, 5, 6,7, 8,9, 10, 11]. Vi bai toan rat gon thudce tinh tryc tiép trén bang quyet dinh theo
tiép can tap thd mo, cac nghién ciru lién quan tap trung vao hai hudng tiép can chinh: huéng tlep can mién duong mo
va huéng tiép can entropy mo. Theo huong tiép can mién dwong mo, Hu va cic cong su [5] de Xuét thuat toan FAR-
VPFRS tim tap rat gon mién duong mo sir dung ham thugc mo. Thye nghiém trén mot s6 bd sd liéu mau cho thay, do
chinh xac phén 16p cua thuét toan FAR-VPFRS cao hon d6 chinh xac phan 16p cta thudt toan sir dung ham thugc theo
tiép can ly thuyét tap tho truyén théng. Qian va cac cong sy [11] dé xudt thuat toan FA_FPR, 1a cai tién cua thuat toan
FAR-VPFRS [5] vé thoi gian thuc hién. Theo hudng tiép can entropy md, Hu va cac cong su [4] d& xudt entropy mo
dua trén entropy Shannon va xay dung thuat toan FSCE tim tdp rat gon st dung entropy md. Dai va cac cong su [3]
xay dung 49 do luong thong tin ting thém mod (fuzzy gain ratio) dya trén entropy mo va xay dung thudt todn
GAIN_RATION_AS_FRS tim tép rit gon sir dung lugng thong tin ting thém md. Thyuc nghiém trén mot s6 bo s liéu
mAu cho thiy, d6 chinh xac phan 16p cua cic thudt toan FSCE, GAIN_RATION_AS_FRS cao hon d6 chinh xac phan
16p cua cac thudt toan s dung entropy, lugng thong tin tang thém (gain ratio) theo t1ep can tap tho truyén thong Qian
va cac cong su [11] dé xudt thuat toan FA_FSCE, 14 cai tién cua thuat toan FSCE [4] vé& thoi gian thuc hién. Trong ca
hai hudng tiép can, cac tac gia trong [11] chua danh gia do chinh x4c ctia mo hinh phéan 16p sau khi thyc hién cac thuat
toan cai tién FA_FPR, FA_FSCE. Véi bai toan rat gon thudc tinh truc tiép trén bang quyét dinh mién gia tri thuc theo
tiép can tap thd mo, myc ti€u cua bai bao 1a dé xuét thuat toan méi nhim nang cao d§ chinh xac cua mé hinh phan 16p
s0 v6i cac thuat toan da cong bd.
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Trong bai bdo nay, ching t6i dé xuét thuat toan rat gon thudc tinh trén bang quyét dinh mién gia tri thuc str
dung khoang cach mo. Khoang cach mo gitra hai tap thudc tinh dugc xay dung dua trén khoang cach mo giita hai tap
mé. Két qua thyc nghiém trén mot ) bo $6 liéu mau cho théy, thuat toan dé xuét cai thién d0 chinh xac cua mo hinh
phan 16p so véi cac thuat toan FA_FSCE va FA_FSCE [11]. Cau trac bai bio nhu sau. Phan Il trinh bay mot s khai
niém co ban trong 1y thuyét tap thd mo. Phan 111 trinh bay phuong phap xay dung khoang cich md giita hai tap thudc
tinh. Phan IV trinh bay phuong phap rat gon thudc tinh sir dung d6 do khoang cach mo. Phan V trinh bay két qua thir
nghiém. Cudi cung 14 két luan va huéng phat trién tiép theo.

IL. MOT SO KHAI NIEM CO BAN

Trong phan nay, ching t6i trinh bay mot s6 van dé vé 1y thuyét tap tho, tap thd mo va mot sé khai niém lién
quan dén khong gian phan hoach mo.

Bang quyét dinh 1a mot cap DS = (U ,Cu D) trong d6 U 14 tap hiru han, khac rdng cac d6i tuong; C 1 tap

thudc tinh diéu kién, D 1a tap thudc tinh quyét dinh véi C M D = . DS dugc goi 1a bang quyét dinh mién gia trj thuc néu
véimoi € € C, mién gia tri ctia ¢ 14 s6 thyc.

Ly thuyét tap thd truyén théng cua Pawlak [12] sir dung quan hé twong duong dé xap xi tap hop. Mai tap con thudc
tinh P < C xac dinh mot quan hé twong dwong trén mién gia tri thudc tinh, ky hiéu 1a IND (P) .

IND(P)={(u,v)eUxU|vaeP,a(u)=a(v)}
Ky hiéu a(v) 1a gia tri thudc tinh a tai d6i twong v. Quan hé IND ( P) x4c dinh mot phan hoach trén U, ky
hiéu 1a U / |ND(P) va 16p tuong dwong cia ddi twong u ky hiéu 1a [U]P . Tap x4p xi dudi va xép xi trén cua
X cU déivi P < C duge dinhnghia PX ={u U [u], = X} va PX ={ueU|ul, n X =@}.

Ly thuyét tap thé mo do D. Dubois va cac cong sy [1] dé xuat sir dung quan hé tuong dwong mo dé xap xi cac
tap mo. Xét bang quyét dinh mién gia tri thye DS = (U ,Cu D) , mdt quan hé R xac dinh trén mién gi4 trj thugc

tinh dwoc goi 1a quan hé twong duong md néu théa mén cac diéu kién:
1) Tinh phén xa (reflexive): R (X, X) =1;
2) Tinh d6i xtmg (symetric): R (X, y) = R(y, X) ;
3) Tinh béc cau max-min (max-min transitive): R(X,z)> min{R(x, y).R(Y, z)}) véimoi X,Y,ZeU .

Cho hai quan hé twong duong md Rp va Rq xac dinh trén tap thudc tinh P va Q, khi d6 véi moi X,y €U taco
[11]:

1) Re=Ro < Rer(X,y)=Rao(Xx,Y)
2) R=RerURe < R(X, y):max{Rp(x,y),RQ(x,y)}
3) R=RernRo < R(X y):min{Rp(x,y),RQ(x,y)}
4) RrcRo<=Rr(XY)<Ro(XY)

Quan hé Rpe dugc biéu dién boi ma tran tuong duong md M (RP ) = I: pij] nhu sau:

nxn

pll p12 pln
M(RP)= p21 p22 p2n
pnl pn2 pnn

Vi Py =Re (X;,X; ) 1a gia tr ciia quan hé giita hai ddi tuong X; va X; trén tap thude tinh P, p; €[0,1].
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Cho bang quyét dinh mién gia tri thye DS =(U,CUD) va P,Q = C. Theo [11]tacé Rp =M, ,Ra va

Rreo =RpMRq, nghia 1a véi moi X,yeU, Reuo(X y):min{Rp(x, y),RQ(x,y)}. Gia st

M (RP)=|:pij]n ] va M(Ro) =[qij] 1a ma tran quan hé cia Rp, Rq, khi d6 ma tran quan hé trén tap thudc
X nxn

tinh S=PuUQ la
M(Rs)=M (RPUQ):[Sij:Inxn véi s;=min{p;, 0}

véi PcC, U ={X1,X2,...,Xn}, quan hé twong duwong mo Rp xac dinh mét phan hoach mo
7Z'(P)=U / Rp trén U

7Z'(RP) =U/Rp :{[Xi]RP }in:l = {[Xl]RP *""[Xn]Rp}

voi [Xi]Rp =Py ! X + Py [ Xy + .o+ Py, /X, 1a mOt tAp mo déng vai tro 1a mdt 16p twong duong md cia ddi tuong X; .
Ham thudc ciia cac déi tuong xéc dinh bai H,. (xj ) =4, (xi,xj): Rp (xi,xj ) = p; véi moi X; €U . Khi do,
lyc lugng cia 16p duong duong mo [Xi ]Rp dugc tinh béi [117]:

‘[Xi]Rp = g Py

Goi P latap tat ca cac phéan hoach mo trén U xac dinh boi cac quan hé twong tuw mo trén cac tép thude tinh, khi

d6 P duogc goi 1a mot khong gian phan hoach md trén U. Nhu vay, khong gian phan hoach md duge xac dinh bai

quan h¢ tvong duong mo dugc chon trén mién gia tri thudc tinh. Xét phan hoach mo 77 ( Re ) = {[Xl]Rp yeney [Xn ]RP }
¥6i [X ], = P/ X+t P/ X, - Truomg hop dgc biét, néu Py =0 voi i, j<n thi |[x ], | =0 vakhi do phan
hoach mo 77(Re) duoe goi 1 min nhit, ky hicu b 7(@). Khi a6 z(@)={[%],.m[x,],} voi
[X], =2 @ /%, Vi, j<n @ =0.Néu py=1véi i,j<n i [[x], [=[U]| véi i <n v khi do phan
hoach mo 7(Re) duoe goi la tho mhd, ky hicu la 7(8). Kni do 7(8)=([x],.[%],) voi

x].=>" & /x,Vi,j<n, & =1.
ils 2% 1A i

Cho P 14 mét khong gian phan hoach m trén U |, véi z(Rp), n(RQ) € 7 ta dinh nghia mot quan hé th
tu bo phan <: ﬂ(RP)-_<7Z'<RQ)<:>[Xi]RP g[Xi]RQ <N p;<qy, 0, j<n, viét tit la Re<Rq. Déu dang
thite ﬂ(Rp):z(RQ)@[xi]Rp =[x, isnepy=0,ij<n, i & & Re=Ro.
n(Rp)<ﬂ(RQ)@ﬂ(Rp)5ﬁ(RQ) va ﬂ(Rp)iﬂ'(RQ),Viéttét la Rp < Rg.

Vidy1.Cho U ={X,, X, }, 7z(Rp):([x1]RP ,[xZ]RP), ﬂ(RQ)Z([Xl]RQ ’[Xz]RQ),

7(Rs)=([x]a, [, ) voi [x]s, =0.1/ %, 4021 %, [x,], =02/ % +03/ %, ,
[%]e, =02/ % +03/ %, , [, ], =03/ % +0.4/ %, [x ], =0.3/% +04/ %,
(%], =0.4/ %, +0.6/ X, . Kni 6 ta co:
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X].|=0.1+0.2=03, [[x,],.|=0.2+03=05,

[%],,|=02+0.3=05,

=03+04=07, [[x], |=03+04=07,[x],[=04+06=1,

X, =0.7,

081|203 ), ) -0 s, ol <05, sl el
X e m[xi]RS‘:O.B, ‘[XZ]RP m[xz]Rs‘ =05

I1l. KHOANG CACH MO GIUA HAI PHAN HOACH MO VA CAC TiNH CHAT

[x]
[%]s,
[x]
[x]

3.1. Khodng cach mo giira hai tdp mo

Trudce hét, trong muc nay ching t6i xay dung mot d¢ do khoang cach giita hai tap mo, goi 1a khoang cach mo.

B6 dé 1. Cho ba sé thuc a, b, mvéi @ > b. Khi dé a6 @ —b = min(a, m)—min(b, m)

Ching minh. D& thdy ring a—b2min(a, m)—min(b, m) théa min véi ba truong hop:

m>a,b<m<a, m<b .VayBédé 1 dugc chang minh.

Bo6 dé 2. Cho batdp mo- A, B, C trén cing tdp doi twong U. Khi dé ta cé:

1m@AgBmﬂq48quw_

ANC|.

INéu Ac B thi [C|-|Cn A= [c|-[cnB|.

3 |A-|AnB|+[c|-[cnA>[c|-lc |

Chzing minh.

HVi Ac B, vsimoi X, €U taco ,uB(Xi)Z,uA(Xi).Apdung Bo dé 1 ta co:
s (%)= 11, (%) 2 min (15, (%) 41 (%)) = min (a2, (% ). 2t (% ))

o 3o (%) 2o, 04)2 Dm0 s )., (6)) Dm0 s, )., ()
cﬂ@{ﬁz$mq—Mchﬂq48quw—Mmc

Vi AC B wsimoi X €U taco s (%)= 1, (%)

<::>min(,uB(Xi),uC (Xi))zmin(,uA(Xi),uC(Xi)).

<:>/“c(Xi)_min(/“A(Xi)w“c (xi))ZyC (xi)—min(yB(xi),,uC(xi))

Yl Yl ul Ul
= Dt () = 20min (at, (%)t (4)) 2 2 (%) = 2 min (s, (3. ()
kakmﬁzkkkmq.
3) Tt ANC < A, apdung tinh chat 1) ta co W—‘Am B‘ Z‘AGC‘—‘A(\C N B‘ *)
Mat khéc, tir AN B < B, ép dung tinh chit 2) ta c6 ‘C‘ —‘C NAN B‘ > ‘C‘ —‘C N B‘ (**)
T (*) va (**) ta co:
W-Mm@ﬂq—@mﬁszq—MmCm@ﬂq{Cmﬁz

ﬂq—Mmquzk}kmﬂ.
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Ménh @& 1. Cho hai tap mo A, B trén cung tap déi uong U. Khi @6 d (A, B) - W +‘B‘ —Z‘Am B‘ la mét d do
khodang cach gia A va B .

Ching minh. Ro rang [A>|ANB| va |B|=|ANB| nén d(AB)>0. Hon nia, d(AB)=d(B,A).
Tiép theo, ta can chang minh bat dang thac tam giac. Khong mat tinh chat tong quéat ta chang minh
d (A, B)+d (A,C) >d (B,C) . Theo B dé 2 (phan 3) ta co:

|Al-|AnB|+[c|-lcnA=|c|-[cnB

W—‘AmC‘Jr B|-

Cong (***) véi (****), vé véi vé ta duoc:

(A‘+B

d(AB)+d(AC)=d(B,C)

(***)

BmﬁzM—$mc

(****)

—Z‘AmB)+(W+‘C‘—2‘A0CD2‘B‘+‘C‘—2‘Bmc‘, hay

Tu do, d (A, B) la mot khoang cach gitra hai tap mo A va B, goi la khoang cach mo. Dua trén khoang cach mo
nay, muc tiép theo chiing t6i xay dung khoang cach giira hai phan hoach mo.

3.2. Khodng cdch mo giiva hai phian hoach mo va cdc tinh chit
Pinh ly 1. Xét bang quyét dinh DS = (U,C U D) vei U = {X11 ) S Xn} va 7Z'(RP), 7[(RQ) 1a hai phan hogch
mo sinh béi hai quan hé tuong duong mo Re, Rq tren P,Q < C. Khi do:

4 [X|]RP + [Xi]RQ _Z[Xi]RP m[Xi]RQ
D(ﬁ(Rp),ﬁ(RQ))zlz ‘ ‘ ‘ ‘

n<s n

1)

Ia mét khodng cach mo gidza ﬁ(RP) va n(RQ) .

Ching minh. R6 rang D(7(Re),7(Ro)) 20 va D(7(Re),7(Re)) = D(7(Re). 7z (Re ). Ta cin
chimg minh bt dng thitc tam gidc. Khong mat tinh chat tdng quét, véi moi 7Z'(RP),7Z'(RQ),7Z'<RS) € 7 ta ching
minh D(ﬂ(Rp),ﬂ(RQ))+ D(ﬂ(Rp),ﬂ(Rs))ZD(ﬂ(Rq),ﬂ'(Rs)).TﬁMénhdé 1, véi moi X €U taco:
A ([ Jay o[0T )+ 0 (DT, DX T ) 2 0 ([, o[ g, ) T

(7). #{Re)) D7) ()

:%IZ:: [Xi]Rp‘+‘[Xi]RQ _nz‘[xi]Rpm[Xi }+%anl[ i ‘ ‘ ‘nz‘ ] ﬁ ]s‘

n< n
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D thiy ring, D(ﬂ(Rp),ﬂ(RQ)) dat gid tri nho nhét 1a O khi va chi khi n(Rp)=7r(RQ) va
D(z(Rp),n(RQ)) dat gid tri 16n nhit 12 1 khi va chi khi ﬂ(Rp):ﬂ(a)) va n(RQ):n(é) (hoac
ﬂ(Rp):ﬁ(é) Vi ﬂ(Rq):ﬂ(a)) Do d6, 0 < D(/Z'(RP)JZ(RQ))S]..

Ménh d 2. Cho 7Z'<RP) € P 1amgt phan hoach mo trén P, khi dé ta co: D(n(Rp),n(ﬁ))+ D

el (o) -

Ching minh. Gia sit 72(Re ) ={[x],, [x.]., ven[X], | Kb a6 D(ﬂ'(Rp),ﬂ(a))):iZZn:[xi]Rp |
D(n(Rp),K(ﬁ))zn—lziZ::(n —‘[Xi]RPD.Tfrdétacé D(E(RP),ﬂ(5))+D(ﬂ'(RP),ﬂ'(a)))=1.
Vi dy 2. Tiép tue Vi du 1, theo Pinh 1y 1 6 D(7(Re ), 7(Ro))=0.1, D(7(Re).7(Rs))=0125,
D(ﬂ(Rp),ﬂ'(Rs))=0.225.D0d(’):

(3. (%) - O{(Re) (7)) -0 (7).

D(7(Re ). 7(Re))+ D (#(Re).7(Rs))> D (7 (Re). #(Rs )

D(7(Re).7(Rs))+ D(7(Re).7#(Rs )) > D((Re) 7 (Re )

IV. RUT GON THUQC TiNH TRONG BANG QUYET PINH MIEN GIA TRI THUC DUA TREN KHOANG
CACH MO

Trong phan nay, chiing toi trinh bay phuong phéap rut gon thudc tinh truc tiép trén bang quyét dinh mién gia tri
thye st dung khoang cach mo dinh nghia gitra hai phan hoach m¢ duoc trinh bay ¢ phan 3.

Cho bang quyét dinh mién gia trj thye DS = (U ,Cu D) véi U = {Xl, Xyyees X, } Trén tap thudc tinh diéu
kién chung t6i sit dung mdt quan h¢ twong duong mo xac dinh trén mién gia tri thudc tinh. V&i p € C, quan hé twong

duong mo Rp thuong dugce str dung véi ma tran quan he¢ M (R p) = I: pij] duogc xac dinh nhu sau [3]:
nxn

1—4*‘p(xi)—P(Xi)‘, ‘p(xi)_p(xj)‘go.ZB
pij = |pmax - pmin| |pmax - pmin| X
0, otherwise

voi p( ) 14 gi4 tri caa thugc tinh p tai déi twong X;, Praxs Prin twong tng 14 gid tri 16n nhat, nho nhit cta thudc

tinh p.
Trén tap thudc tinh quyét dinh chang t6i sir dung quan hé twong duong IND ( D) voi ma tran twong duong
M (lND(D)) = ':dij]nxn , ;=1 néu x; € [Xi]D va d; =0 néu x; & [Xi]D . Noi cach khac, 16p tuong dwong

[%], co thé xem la 16p duong duong mo, ky higu 1a [ ], véi ham thuge 4\ (X;)=1 néu x; e[x], va
ilp

1. (%) =0 néu x; & [x ], . Khi d6, ky hiéu phan hoach mor 7 (D) = {[x I} ={[]p - [Xa]o }-

Dua trén cac quan hé dugc xac dinh, ching toi xay dung khoang cich md giita tap thudc tinh didu kién va tap
thudc tinh quyét dinh. Nhu da trinh bay & phﬁn 3, mdi tap thudc tinh P < C xac dinh mot phan hoach mo 7 ( Re ) .

Do d6, dé don gian chiing toi st dung khai niém khoang cach mo giira hai tap thudc tinh thay cho khai niém khoang
cach mo gitra hai phan hoach md& boi Pinh nghia 1 sau day.
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Pinh nghia 1. Cho bang quyét dinh mién gia tri thye DS = (U ,Cu D) véi ﬂ(RP ), ﬂ(RQ) la hai phan hoach

mo sinh béi hai quan h¢ tuong dwong mo Rp, Rg trén P,Q < C . Khi d6, khodng cdch md giita hai tap thudc tinh P
va Q, kyhicu la F (P,Q), duoe dinh nghia la khoang cAch md giira hai phan hoach mo ;z(Rp) va n(RQ ) , nghta I

(.Q)= 0 r(R).r{Rc))-

Ménh dé 3. Cho bdng quyét dinh mién gid tri thuc DS = (U,C U D) voi U = {Xl, ) S Xn} va R la quan hé

twong dirong mo xdc dinh trén mién gid tri tdp thudc tinh diéu kién, khi dé khoang cach mo gida hai tdp thuge tinh C va
C U D duoc xdc dinh nhw sau:
NalkIN
@)

F(C,CuD)= Z[‘

Rl N N Y W 1 mx.]RD};i{\[x.]RC—\[x.n]Rm[x.]RDJ

Chirng minh. Tt Dinh nghia 1 va Pinh 1y 1 ta cé:

F(C.Cu D)—D(ﬂ(Rc),ﬂ(Rm))Ji{\[x.]%

n4s

‘[x all

‘ Rcup RCuD

n4 n

n4< n

13 [Xi]Rc B [Xi]Rc m[Xi]D‘]

D& thiy ring OSF(C,CUD)SI—%. F(C,CuD)=0 kni 7(Rc)<7(D) wa
F(C,CuD)=1—%khi 7(Re)=x(6) va [x], ={x} véi 1<i=n.
Ménh dé 4. Cho bang quyét dinh mién gid tri thwe DS =(U,C ) D) vei U ={X1,X2,...,Xn}, BcCvaRila
quan hé twong dwong mo xac dinh trén mién gia tri tdp thugc tinh diéu kien. Khi do
F(B,BUD)ZF(C,CUD).

Chitng minh: Tt B < C, theo [11] ta c6 ﬂ(RC)-<7Z'(RB), nghia 1a [Xi]RC g[xi]RB voi 1<i<n, suy ra

‘[Xi]Rc

<[[% ]| v6i 1<i <n. xeét di wong X, €U taco:

fixd DTl 2t (50)- Zmin{ag (), ()]
DT DTl = Xt (60) - 2minfat, (). st ()]

(1) Véi X; e[ ] ta co Hiyy, ( ) 1, dodo‘ ] ‘ ‘[ A H 0= ‘[X ‘[Xi]RBm[Xi]D‘

_‘[Xi Rc a i]D‘z‘[Xi]Rc S‘[Xi]RB =

“:Xi]Rc

‘[Xi]RB

@ Vi xe[x], t o m, (x)=0, do @ [x],

H:Xi]RB _‘[Xi]rzg m[xi]D‘.

Tu (1), (2) ta co:

‘[Xi]RB _‘[Xi]RB m[Xi]D‘ = ‘[Xi]Rc

_‘[Xi]RC m[Xi]p‘
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R (ONE RS TS NZ ALY

[ ey

<:>F(B,BUD)2F(C,CUD).

D& thély ring ddu ding thire F (B, B D) =F (C,C D) xiy ra khi vachi khi [% ], [=[[x ]| véi moi

RB‘
X eU.

Tiép theo, chung t6i trinh bay phuong phap rat gon thudc tinh sir dung khoang cach mo trong Ménh dé 3, bao
gom cac budc: dinh nghia tap rat gon, dinh nghia d quan trong cta thugc tinh dua trén khoang cach mo va xay dung
thuat toan heuristic tim mdt tap rat gon dya trén dd quan trong ctia thudc tinh.

Pinh nghia 2. Cho bang quyét dinh mién gia trj thue DS = (U ,Cu D) v6i B < C va R 1a quan hé trong dwong
mo xéac dinh trén mién gié tri tap thudc tinh diéu kién. Néu

1) F(B,BUD): F(C,CUD)

2) YbeB, F({B—{b}},{B-{b}}uD))=F(C,CuUD)
thi B 1a mot tap rat gon cia C dua trén khoang cach mo.
Pinh nghia 3. Cho bang quyét dinh mién gia tri thue DS = (U ,Cu D) v6i B C va beC—B.Dj quan trong
ctia thudc tinh b ddi véi B dugc dinh nghia boi

SIG, (b)=F(B,BUD)-F(Bu{b},Bu{b}uD)

Tl Ménh dé 4 ta c6 SIG, (b) >0. Po quan trong SIG, (b) dic trung cho chat lugng phan 16p cia thude

tinh b vao thudc tinh quyét dinh D va dugc su dung lam tiéu chuén Iya chon thudc tinh cho thuat toan heuristic tim tap
rit gon sau day.

Thuit toan NF_DBAR (New Fuzzy Distance based Attribute Reduction): Thuat toan heuristic tim mdt tdp rut gon st
dung khoang cach mo.

Piu vao: Bang quyét dinh mién gia tri thye DS = (U ,Cu D) , quan hé tuong duong mo R
Piu ra: Mot tap rat gon B
1L B«@;MRe)=[1]  ;
2. Tinh ma tran tvong duong md6 M(Rc), ma trén twong dwong M (IND ( D)) , khoang cich mo
F(C,CuD);

// Thém dan vdo B cac thudc tinh ¢é do quan trong lom nhat

3. While F(B,BuD)=F(C,CuUD) do

4. Begin

5, For each @ e C — B tinh SIG,(a)=F (B,BUD)-F(Bu{a},Bu{ajuD)
6. Chon @, €C —B saocho SIG;(a, )= Mcaé{SIGB a)};

7. B=Bu{a,};

8. End,;

//Loai bo cac thudc tinh dw thira trong B néu cé
9. Foreach a€ B
10. Begin

1. Tinh F(K(B—{a}),K(B—{a}uD));
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12. It F(K(B—{a}),K(B—{a}uD): F(K(C.CUD)) then B=B~{a};

13. End;
Return B ;

Vi du 3. Xét bang quyét dinh mién gia tri thuc DS :(U,C U{d }) cho ¢ Bang 1 voi U = {Ul, u,,u,, U4},
C= {Cl, C,,Cs, 04} , D ={d}, quan hé twong duong md R cho & cong thirc (7).

Biang 1. Bang quyét dinh mién gié tri thuc

G C, Cs Cy d
u, 2.5045 5.4072 1.4741 5.9308 0
u, 1.9559 4.0554 7.6407 9.4846 1
U, 4.3517 9.5647 3.4221 4.7597 1
u, 2.7831 9.2830 4.8055 9.8475 1

Ap dung cac bude cua thuat toan NF_ DBAR tim mot tap rat gon ta cé:
Khoi tao B« ; M(Rs) =|:l]nxn ; F(@,@U{d})=0.375; tinh cdc ma tran tuong duong mo
M(R:),M(Rc,),M(Rc,),M(R,),M(Rc), ma tran twong dvong M (|ND({d })) ;

1 0.0841 0 0.5349 1 0.0185 0 0
00841 1 0 O 00185 1 0 0
M R = , ¢ )=
(Re) 0 0 1 0 M(R.) 0 0 1 0.7955
05349 0 0 1 0 0 0795 1
10 0 0 1 0 00793 0
01 © 0 0 1 0  0.7147
M Rc = y = y
R)=l0 0 1 01028 MRI=| 50703 o 1 0
0 0 01026 1 0 07147 0 1
1000 1000
010 0111
M (Rc) = . M(IND({d
Re)=lg 01 0 (({}))0111
0001 0111
T 66 ta oo F(C,CU{d})=0, F({c} {c}w{d})=0.0774, F({c,} .0023,
F({c,}.{c;}udh)=0. F({c }{ .} U{d})=0.0099;  SIG, (c)=0.2976, (c)= 3721,
SIG; (Cs) =0.375, SIG, (04) =0.3651. Thudc tinh {Cs} dugc chon; kiém tra

F (C,C U{d})) =F ({C3},{C3}U{d})) =0, do do thuat toan dimg va B = {Ca} la tap rat gon tim duoc cua
thuat toan.
V. THU NGHIEM

Chung t6i chon 8 bo dir liéu mau tir 14y tir kho dir liéu UCI [14] c6 mién gié tri thue cho & Bang 2 dé tién hanh
thtr nghiém. Méi truong thir nghi€m 1a may tinh PC véi cau hinh Pentium dual core 2.13GHz CPU, 2GB bd nhd RAM,
st dung h¢ dieu hanh Windows 7.
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Bang 2. B dit li¢u thtr nghiém

STT B9 dii ligu $6 thudc tinh diéu ki¢n S6 doi twong
1 Ecoli 7 336
2 lonosphere 34 351
3 Wdbc (Breast Cancer Wisconsin) 30 569
4 Whpbc (Breast Cancer Wisconsin) 32 198
5 Wine 13 178
6 Glass 9 214
7 Sonar (Connectionist Bench) 60 208
8 Heart 13 270

Chung t6i chon thuét toan FA_FPR (tim tap rat gon dya trén mién dwong md) va thuat toan FA_FSCE (tim tap
rit gon dya trén entropy mo) trong cong trinh [11] dé so sanh véi thuat todn dé xuat NF_DBAR vé do chinh xac phan
16p sau khi rat gon thudc tinh. Thuat toan FA FPR 1a cai tién cua thuat toan FAR-VPFRS trong [5] vé thoi gian thyc
hién, con thuat toan FA_ FSCE la cai tién cua thuat toan FSCE trong [4] vé thoi gian thyc hién. Theo hudng tiép can
tap thd mo, do chinh xac phan 16p sau khi thyc hién cac thudt toan FAR-VPFRS [5], FSCE [4] déu cao hon so véi
huéng tiép can tap tho truyén thdng sau khi roi rac hoa dit liéu. Tuy nhién, trong cong trinh [11] tac gia chua danh gia
d6 chinh xéac phén 16p dbi voi cac thuat toan cai tién FA_ FPR va FA_FSCE. Dé tién hanh thir nghiém, ching toi thuc
hién cac cong viéc sau:
1) Cai dat cac thuat toan FA_FPR, FA_FSCE va NF_DBAR bang ngon ngit Java, cic thut toan déu st dung
quan hé trong duong mo trong cong thire (2).

2) Thuc hién 03 thuat toan trén 8 bo dir liéu mau véi moi truong thir nghiém dugce chon.

3) Su dung thuat toan C4.5 trong WEKA [15] dé danh gia do chinh xac phan 16p ctia 03 thudt toan bang cach
chon 2/3 dbi tuong dau tién dé lam tap huén luyén (training set), 1/3 déi tugng con lai lam tép kiém tra
(testing set).

Bang 3 1a két qua thir nghiém trén 8 bo s lidu dwoc chon véi |U| 1a s6 ddi tuong, |C| 1a sb thudc tinh diéu
kién, |R| 1a s6 thudc tinh cta tap raut gon véi mdi thuat toan.

Bang 3. Két qua thir nghiém 03 thuit toan FA_FSCE, FA_FPR, NF_DBAR

Thudt todn FA_ Thuat toan FA_FPR | Thut toan NF_DBAR
FSCE

STT | B soli¢u |U | |C| D§ chinh xac DP§ chinh xac DP§ chinh xac

IR| | phantép |R| | phantépca.s | |R| | phaniép C4.5
C4.5 (%) (%) (%)

1 | Ecoli 336 7 6 81.50 7 82.45 7 82.45
2| lonosphere 351 34| 11 88.72 13 91.52 15 94.25
3 | wdbc 569 30| 16 95.2 17 90.46 19 92.84
4 | Wphe 198 2| 16 65.32 17 73.60 18 74.60
5 | Wine 178 13 5 88.72 9 91.57 10 89.25
6 | Glass 214 9 6 80.15 7 81.56 7 8156
7 | Sonar 208 60 8 75.40 12 70.60 13 76.25
8 | Heart 270 13 8 74.62 9 76.95 10 78.65
D6 chinh xic phén 16p trung binh C4.5 81.2 82.33 83.73

m FA_FSCE
u FA_FPR
F_DBAR

Hinh 1. B§ chinh xac phéan 16p C4.5 cia FA_FSCE, FA_FPR va NF_DBAR
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Két qua thir nghiém & Bang 3 va Hinh 1 cho thay, trén 8 bo dir liu thir nghiém, do chinh xac phan 16p trung
binh cia NF_DBAR (str dung khoang cach m¢) 1a 16n nhét, tiép theo dén FA_FPR (sir dung mién duwong md) va thap
nhét 1a FA_FSCE (st dungh entropy md). Trén timg bo dit liéu cu thé, do chinh xac phan 16p ctia 03 thuét toan 1a khac
nhau, tuy nhién vé co ban thuat toan NF_DBAR cé d6 chinh xac phan 16p tot nhat trong 03 thuét toan.

VI. KET LUAN

Mot trong nhirng muyc tiéu cua rat gon thudc tinh trong bang quyet dinh 13 nang cao do chinh xac ciia mo hinh
phén 16p. Trén 16p bai toan rit gon thudc tinh trong bang quyét dinh mién gi4 tri thuc, cac nghién ctru lién quan cho
thdy cac phuong phap rit gon thude tinh theo t1ep can tap thé mo c6 do chinh xac phan 16p cao hon phuong phép rut
gon thude tinh theo tiép can tap tho truyen thong. Trong bai bao nay, chiing t6i xdy dung phuong phap rat gon thude
tinh tryc tiép trén bang quyét dinh mién gia tri thuc sir dung khoang cach mo theo tiép can tap thd mo. Nghién ciu cua
chung t6i bao gdm cac nodi dung: xdy dung mot khoang cach md giita hai phan hoach mo, dinh nghia tap rat gon va do
quan trong cua thudc tinh dua trén khoang cach m¢ va xay dung thudt toan heuristic tim mot tap rit gon. Két qua thir
nghiém trén mot s6 bo dir liéu mau cho thay, do chinh xac phén 16p cua phuong phap khoang cach mo tot hon d¢ chinh
xdc phén 16p cua cac phuong phap sir dung mién dwong mo va entropy md. Dinh huéng nghién ctru tiép theo 1a nghién
ctru mdi lién hé giita cac tap rut gon cua cac phuong phap dé phan nhom va danh gia tong thé vé cac phuong phap theo
tiép can tap thé mo.

LOI CAM ON

Két qua nghién ctru nay duoc tai tro boi Dé tai nghién ciru ma sé VAST01.08/16-17, cép Vién Han 1am Khoa
hoc va Cong nghé Viét Nam.
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FUZZY DISTANCE BASED ATTRIBUTE REDUCTION
IN DECISION TABLES
Nguyen Long Giang, Nguyen Van Thien, Cao Chinh Nghia

ABSTRACT — Traditional rough set based attribute reduction methods has performed on the decision tables with discretized value
attribute domain. In recent years, many researchers has proposed some attribute reduction methods on the decision table with real
attribute value domain based on fuzzy rough set. In this paper, we propose an attribute reduction method which performs directly on
the decision table with real value domain using fuzzy distance. The experiment from UCI data sets showed that the accuracy
classification of the proposed method is more efficient than the ones based on fuzzy positive region and fuzzy entropy.

Keywords— Fuzzy rough set, fuzzy equivalence relation, fuzzy distance, fuzzy decision table, attribute reduction, reduct.
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