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THUAT TOAN TiM TAT CA CAC RUT GON TRONG BANG QUYET DINH*
NGUYEN LONG GIANG, VU DUC THI

Vien Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viéet Nam

Tém tit. Rat gon thuoc tinh 1a bai todn quan trong trong ly thuyét tap tho. Cho dén nay, nhidu
bai béo khoa hoc vé cdc thuat toan rit gon thudc tinh da dugc dé xuat. Tuy nhién, cac thuat toan
ndy déu tim mot tap rit gon t6t nhat theo mot tieu chi dédnh gia ndo d6. Bai bao dé xuit mot thuat
todn méi tim tat cd cac tap rat gon trong bang quyét dinh vd danh gia thuat toan nay c6 do phic
tap thoi gian 13 ham mi. Tuy vay, trong nhidu truong hgp cu thé, thuat toan nay cé do phic tap 1a
da thiec.

Abstract. Attribute reduction is one of the most important issues in rough set theory. There have
been many scientific papers that suppose algorithms on attribute reduction. However, these algorithms
are all heuristic which find the best attribute reduction based on a kind of heuristic information. In
this paper, we present a new algorithm for finding all attribute reductions of a decision and we show
that the time complexity of the algorithm is exponential in the number of attributes. We also show
that this complexity is polynomial in many special cases.

1. MO DAU

Riat gon thudc tinh trong bang quyét dinh 14 qué trinh loai bd cac thudc tinh du thira
trong tap thugc tinh diéu kien ma khong anh huéng dén viéc phan 16p cac dbi tugng. Dia
vao tap rat gon thu dude, viée sinh luat va phan 16p dat hiéu qué cao nhat. Cho dén nay, c6
rat nhiéu cong trinh nghién citu vé cac thuat toan rit gon thuodc tinh trong ly thuyét tap tho.
Tuy nhién, cac thuat toan nay déu tim dugc mot tap rat gon tét nhat theo mot tieu chi danh
gid ndo d6 véi do phiic tap da thitc (cac thuat toan theo hudng tiép can heuristic) ma chua
gidi quyét bai todn tim tat ca cic tap rat gon.

V6i bang quyét dinh nhat quan DT = (U,C Ud,V, f) trong ly thuyét tap tho, theo dinh
nghia ctia Pawlak néu B C C' 14 mot rat gon ciia C néu B 1 tap t6i thiéu théa man phu thuoc
ham B — d. Véi quan hé r trén tap thuoc tinh R trong 1y thuyét co s6 dit lieu, B 1a mot tap
t6i thiéu ctia thugce tinh a € R trén r néu B 1a tap thudc tinh nhé nhat théa man phu thuoc
ham B — a. Do d6, néu xem bang quyét dinh DT = (U,C Ud,V, f) la quan he r trén tap
thuoc tinh R = C U d thi khai niem tap rat gon tuong duong véi khai niém tap t6i thiéu cla
thudc tinh {d}. Vi vay, bai toan tim tat ca cac rat gon trong ly thuyét tap tho trd thanh bai
toan tim ho tat ci céc tap tbi thiéu ciia mot thuoc tinh trén quan hé va bai toan nay dudgc
giai quyét dya trén cac két qua da ching minh trong 1y thuyét co sé dit lieu quan he.

*Nghién cttu dugc hoan thanh dudi sy hd trg tit Quy phét trién KHCNQG NAFOSTED, dy an s 102.01-2010.09
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Bai bdo nay xay dyng mot thuat toan tim tat ci cac tap rit gon trong bang quyét dinh
dya trén cic két qua da cong bd cia gido su J. Demetrovics va Vit Ditc Thi trong co sé dit
lidu quan hé va chiing minh do phiic tap ciia thuat todn trong truong hgp xau nhat 1a ham
mil theo s6 thudc tinh didu kién, tuy nhién bai béo ciing chi ra trong mot sb6 truong hop dic
biét, do phitc tap ctia thuat toan 1a da thitc theo kich thuéc ctia bang quyét dinh. Phan con
lai cia bai bdo gom: Muc 2 trinh bay mot s6 khai niém co ban trong co sé dit liéu quan hé va
trong 1y thuyét tap tho; Muc 3 trinh bay mot s6 thuat toan co ban trong co sd dit lieu quan
he trong [5, T0]; Muc 4 dé xuat thuat toan tim tat ca cac rat gon trong bang quyét dinh va vi
du minh hoa thuat toan; Cudi cling 1a két luan.

2. CAC KHAI NIEM CO BAN

2.1. Cac khai niém co ban trong cd sd di liéu quan hé

Phan nay sé trinh bay mot s6 khai niém co ban trong 1y thuyét co sd dit lieu quan he. Cac
khai niém nay c6 thé xem trong [11, [3, 4, 6], [7, [10].

Cho R = {ay, ..., an } 12 tap hitu han khac rong cac thudc tinh, méi thudc tinh a; ¢6 mién gia

tri la D (a;). Quan he r trén R la tap cac bo {h1,...,hy} v6i hj : R — URD (a;),1<j<m
a; €

la mot ham sao cho h; (a;) € D (a;).

Cho r = {hq,..., hp,} 1& mot quan hé trén R = {aq,...,a,}. Phu thuoc ham (PTH) trén
R 1a mot day ky tw c¢6 dang A — B véi A,B C R. PTH A — B théa man quan hé r
tren R néu (Vhy, hj € r) ((Va € A) (hi (a) = hj(a)) = (Vb € B) (h; (b) = hj (b))). Dat F, =
{(A,B): A,B C R,A — B} laho day di cac PTH théa man quan hé r. Goi P(R) la tap céc
tap con ciia R, néu F = P (R) x P (R) thoa mén:

(1) (A, A) e F
(2) (A,B) e F,(B,C)e F=(A,C)eF

(3) (ALB)e FACC,DCB= (C,D)eF

(4) (A,B)e F,(C,D)e F= (AUC,BUD) e F

thi F' duge goi 1a mot ho f trén R. R6 rang F,. 1a mot ho f trén R. Theo [I] néu F' la mot
ho f trén R thi ¢6 mot quan hé r trén R sao cho F,, = F. Ky hieu F™ 1a tap tat ca cac PTH
dugce dan xudt tit F bang viec 4p dung cac quy téc (1)-(4).

Mot so dd quan hé (SDQH) s 1a mot caip < R, F > v6i R 1a tap thuoc tinh va F 14 tap
cac phu thuoc ham tren R. Ky hieu AT = {a: A — {a} € F*}, AT dugc goi 1a bao déng cia
A tren s. D& thily A — B € F* khi va chi khi B C A" . Theo [1], néu s =< R, F > la
sd do quan hé thi c6 quan hé r trén R sao cho F, = F'™, quan hé r nhu vay goi 1a quan hé
Armstrong cta s.

Cho r la mot quan he, s =< R, F > la mot SDQH va A C R. Khi d6 A 1a mot khéa cia
r (mot khéa clia s) néu A — R(A— R€ F'). Ala mot khoa tdi thiéu ctia r(s) néu A 1a
mot khoa ctia 7(s) va bat ky mot tap con thuyc sy ndo ciia A khong phéi 14 khoéa cta r(s). Ky
hisu K, (K) 1 tap tat ca cac khéa tdi thiéu ciia r(s). Goi K C P(R) 1a mot hé Sperner trén
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R néu v6i moi A, B € K kéo theo A ¢ B, dé thay K, (K,) la cac hé Sperner trén R. Cho K
13 mot hé Sperner trén R déng vai tro 13 tap tat ca cac khéa toi thiéu. Ta dinh nghia tap cac
phan khéa ciia K, ky hieu 1a K1, nhu sau:
K1'={ACR:(BeK)= (B¢ A} vanéu (AcCC)= (3B K)(BCO).

Dé thay K ' ciing 14 mot hé Sperner trén R. Theo dinh nghia, néu K 1 tap céc khoa tdi
thiéu ctia mot SDQH nao d6 thi K ! 1a tap tat ci cac tap khong phéi khéa 16n nhét.

Chorlamot quanhétren R.Dat B, = {Ej;: 1 <i<j<|r[}v6iEjj ={a € R: hij(a) = h; (a)}
, khi d6 E, dugc goi 1a he bang nhau ctia r. Theo [], néu A, C R thi A = NEj; néu ton tai
Ej € E, : AC E; va A = R trong trudng hop nguoc lai. Tiép theo, ta dua ra dinh nghia
ho cac tap t6i thiéu cia mot thuoc tinh trén quan he vad SDQH.
Dinh nghia 2.1. [6]. Cho s = (R, F') l1a SDQH trén R va a € R.

bat K;={ACR:A—{a},3IBCR:(B—{a})(B¢Z A)}.

K dugce goi 1a ho cac tap t6i thidu ctia thudc tinh a tren SDQH.
Tuong ty, ta dinh nghia ho cac tap toi thiéu ciia mot thudc tinh trén quan hé.

Dinh nghia 2.2. Cho r 14 mo6t quan hé trén R va a € R.
bat K] ={ACR:A—{a},3BCR:(B—{a})(BZ A)}.
K! duge goi 1a ho cac tap ti thidu clia thude tinh a trén quan he 7.

Rorang R¢ K, R ¢ K], {a} € K;,{a} € K va K, K] la cac h¢ Sperner trén R.

2.2. Cac khai niém co ban trong 1y thuyét tap tho

Trong phan nay sé trinh bay mot s6 khai niem co ban trong 1y thuyét tap tho [9].

Béng quyét dinh 1a mot bo t¢ DT = (U,C U D,V, f) trong d6 U = {u1,us, ..., u, } 1a tap
khéc réng, hitu han cac dbi tugng; C = {c1,¢2, ..., ¢} 12 tap cac thuoc tinh diéu kien; D la
tap céc thuoc tinh quyét dinh v6i CND =. V = ][] V, v6i V, la tap gia tri ctia thuoc

acCUD
tinh a € A; f: U x (CU D) — V la ham thong tin, véi Va € C U D,u € U ham f cho gia tri
f (u,a) € V,. Khong mét tinh chat tong quat gia thiét D chi gdom mot thude tinh quyét dinh
d duy nhét (truong hgp D c6 nhiéu thugc tinh thi bing mot phép ma héa c6 thé quy vé mot
thuoc tinh [8]). Do d6, tit nay vé sau ta xét bang quyét dinh DT = (U,C Ud,V, f), trong d6
{d} ¢ C.

Mbi tap con P C C' U {d} xac dinh mot quan hé khong phan biét duge, goi la quan he
tuong duong:

IND(P)={(z,y) eUxUNa€P, f(x,a)=f(y,a)}

IND(P) xac dinh mot phan hoach ctia U, ky hieu 1a U/P = {Py, P, ..., P, }. Mot phan
tit trong U/ P goi la mot 16p tuong duong.

V6i BC Cva X CU, B—xap xi trén cia X latap BX = {u € U|[u]z N X # 0}, B—xap
xi dudi cia X la tap BX = {u € U |[u]z € X}, B—mién bien cia X la tap BNp (X) =
BX\BX va B—mién duong ctia {d} 1a tap POSp ({d}) = | (BX).Bang quyét dinh DT

XeU/D
dugc goi 1a nhat quan khi va chi khi POSC(d) = U, hay phu thuoc ham C' — d dang, ngugc
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lai DT 1a khong nhéat quan. Trong truong hgp DT khong nhat quan thi POS¢ ({d}) chinh I
tap con cyc dai cia U sao cho phu thudéc ham C' — d ding.

Trong 1y thuyét tap tho [9], Pawlak duwa ra khai niém tap rit gon ctia bang quyét dinh,
con goi 1a tap rat gon dyta trén mién duong.
Dinh nghia 2.3. Cho bang quyét dinh DT = (U,C Ud,V, f). Néu B C C théa man:

(1) POSp ({d}) = POSc ({d})

(2)VB' C B(POSy ({d}) # POSc ({d}))

thi B dugc goi 1a mét tap rat gon cia C.

Truong hop DT nhat quéan, dinh nghia trén cho thiy B la mot tap riat gon néu B théa man
B —dvaVB' c B,B 4 {d}, ky hieu Ry 1a tap tat ci cac rat gon ciia DT.

3. MOT SO THUAT TOAN CO BAN TRONG CO SO DU LIEU QUAN HE

3.1. Thuat toan tim tip phan khoéa

Thuat toan 3.1. [I0] Tim tap phan khoa K1
Dau vao: K = {By, ..., B,} 14 hé Sperner trén R.
Pau ra: K !
Bude 1: Dat K1 = {R— {a} : a € B;}. Hién nhien K; = {B;} !

Budc q+1: (g<m). Gia thiét rang K, = F, U {X1,..., Xy}, 6 day X1, ..., Xy, chita B, + 1
va Fy ={A€ K;: Byy1 ¢ A}. D6i v6i mdi i (i = 1,...,t,) ta tim cac phan khoéa ctia By + 1
trén X; tuong ty nhu K;. Ky phap cia ching la A’i, - Aﬁz bat:

Kop1 =FpU{AL:AeFy= Al ¢ A1 <i<ty,1<p<r}

Cudi cling ta dit K~ = K,,

D6 phic tap thuat toan

bat I, (1 < ¢ <m—1) la s6 phan t cia K, trong thuat toan trén. Theo [10], do phic

m—1
tap thoi gian cia thuat toén 1a O (|R\2 3 tquq> VOl ug = Iy —ty néu I, > t, va uy = 1 néu
q=1
I, =t,.
Nhan zét 3.1

1) Trong mdi bude ciia thuat todn, K, 1a hé Sperner trén R. Theo [5], kich thudc cia hé
Sperner bat ki trén R khong vugt qua OV ~ 2n+1/2 /(T].nY/2) véi n = |R|. Do ds,
do phiic tap toi nhat ciia thuat todn 13 ham s6 mii theo n.

2) Truong hop I, < I, (¢=1,...,m —1), do phic tap ctia thuat todn khong lén hon
0 (]R\Q K| \K*lf), khi d6 do phitc tap thuat toan 1a da thitc theo |R], |K| va [K|™".

Néu s6 lugng cac phan tit cia K 1a nhé thi thuat todn rat hieu qud, doi héi thoi gian
da thic theo |R|.



THUAT TOAN TIM TAT CA CAC RUT CON TRONG BANG QUYET DINH 203
3.2. Thuat toan tim tap khéa t6i thiéu tir tap cic phan khéa

Thuat toan 3.2. [5] Tim mot khéa t6i thidu tit tap cdc phan khoa

Dau vao: Cho K la hé Sperner déng vai tro 1a tap phan khéa, C = {b,....,b,,} € R va
H 1a hé Sperner dong vai tro 1a tap khoa (K = Hfl) sao cho dBe€ K : BCC.

Daura: Dec H

Bude 1: Dat T'(0) = C;

Buédc i+1: Dat T(i + 1) = T (i) — bjs1 néu VB € K khong ¢c6 T C B; trong truong hgp
ngugc lai dat T'(i + 1) = T (4);

Cudi cing ta dat D = T'(m);
Thuat toan 3.3. [5] Tim tap cic khoa t6i thidu tir tap cac phan khoa

Dau vao: Cho K = {Bj, ..., By} 1a hé Sperner trén R.

Paura: Hma H ' = K.

Bude 1: B6i Thuat toan 3.2 ta tinh A4, dat K7 = A;.

Bude i+1: Néu c6 B € K; ' sao cho B ¢ B; (Vj:1<j <k) thi bsi Thuat toan 3.2 ta

tinh A; + 1, 6 day A;11 € H, A;x1 C B. Dat K11 = K; U A;11. Trong truong hgp ngugc lai
ta dit H = K;.

D6 phiac tap thuat toan 3.3

m—1
Theo [5], do phic tap ciia Thuat toan 3.31a O (\R[ ( > (K| I, + |R| tyuy) + | K| + ]R|>)
qg=1
v6i Iy, tq, ug nhu trong Thuat toan 3.1. Do d6, do phic tap toi nhat ctia Thuat toan 3.3 1a
ham 6 mii theo n v6i n 14 86 phan tif cia R. Trudng hop I, < |K| (¢ = 1,...,m — 1), do phiic
tap ciia Thuat todn 3.3 12 O (\R|2|K]2 yHy), do phite tap nay Ia da thic theo |R], |K| va |H
Néu |H| la da thic theo |R|, |K]| thi thuat toan higu qua. Néu s6 lugng céc phan tit cia H 1a
nho thi thuat toan rat hieu qua.

4. THUAT TOAN TIM TAT CA RUT GON TRONG BANG QUYET DINH

Cho bang quyét dinh nhat quan DT = (U,C uUd,V, f),R C C la tap rat gon ctia DT
néu théa man POSg ({d}) = POSc ({d}) = U hay R — d, va R ¢ R : POSg ({d}) =
POSc ({d}) = U hay R' ¢ R: R' — {d}. Tt Dinh nghia [2.2] vA Dinh nghia [2.3| bai toan
tim tat cd cdc tap rit gon ctia bang quyét dinh nhat quan DT = (U,C U d,V, f) véi trd
thanh bai toan tim ho cAc tap t6i thiéu ctia thudce tinh {d} ma khong chita d ddi véi quan he
r = {uy,us, ..., U } trén tap thuoc tinh R = C Ud. Ky hieu Ry la tap tat ca cac rat gon cia
DT, khi d6 Rq = K/} — {d} v6i K7 1a ho céc tap tdi thiéu cta thudc tinh {d} trén quan he r.
Thuat toan 4.1. Thuat toan tim tat ci cac tap rat gon trén bang quyét dinh.

Dau vao: Bang quyét dinh DT = (U, CUd, V, f) v6i POSc ({d}) = U, C = {c1,ca, ..., ck },
U= {ul, U2, .-y um}

Dau ra: R,.

Xem bang quyét dinh DT 1a quan hé r = {uy, ug, ..., up, } trén tap thuoc tinh R = C U d.



204 NGUYEN LONG GIANG, VU DUC THI

Bdng 1. Bang quyét dinh

U a b ¢ d
up 6 6 0 6
u9 0 2 2 0
us 0 0 0 O
ug 0 0 3 O
ug o 0 5 5
uy 1 0 0 O

Bude 1: Tt r ta xay dung heé bang nhau E, = {Ej; : 1 <i < j <m}

voi By = {a € R: u;(a) =u;(a)}.

Budc 2: Tt E, ta xay dung tap My ={A€ E,:d¢ A, AB€ E,:d¢ B,AC B}.
Budc 3: B6i Thuat toan 3.3, tinh tap K tit tap My (K1 = M,).

Bude §: Dt Ry = K — {d).

Ching minh tiap K thu duge tie Budc 3 la hay ho cdc tap toi thiéu cia thuoc tinh d trén
quan hé r.

That vay, theo cach xay dung M, tai Budc 2 va theo cong thic tinh bao déng cta tap
thuoc tinh trén quan hé, VA € Ny ta cé6 AT = A va A khong chita d nén AT khong chita d, suy
ra A — {d} ¢ FT. Mit khéc, néu ton tai B sao cho A C B thi xdy ra hai truong hop: (1) Néu
B khong chita d thi BT = R; (2) Néu B chtia d thi hién nhien BT chita d. C4 hai truong hgp
ta déu c6 BT chita d hay B — {d} € F". Do d6 My = MAX (F*,d) v6i MAX (F*,d) =
{ACR: A~ {d} ¢ Ff,AC B= B — {d} € F*}. Theo [3, 6], MAX (F*,d) = (K}
nén My = (Kg)_1 do d6 tai Budc 3, K = K 1a ho céc tap tdi thiéu ctia thuoc tinh d trén
quan hé 7. Tai Budc 4, Ry = K — {d} thu dugc la tap tat ca cic rit gon ciia bang quyét dinh.

Phan tich d6 phic tap thuat toan

Dé thay, do phiic tap ctia Budc 1 va Bude 2 1a da thiic theo kich thude ctia r. Do d6, do
phiic tap ctia thuat toan 14 do phiic tap ciia Thuat toan 3.3 tinh tap khoa tdi thiéu tit tap

phéan khoéa tai Bu6e 3. Do d6, do phiic tap cua thudt toan la:
m—1
2
O IR Zl (IMal Iy + |R| tquq) + |Mal” + | R]
q:
v6i Iy, tg, uq nhu trong Thuat toan 3.1 va do phitc tap nay trong trudng hop xau nhét la
ham s6 mi theo n véi n la s6 phan tit cia R. Truong hop I, < [My|(¢=1,...,m—1), do
phiic tap cta thuat toan la O (|R\2]Md]2 ]Kg\), do phtc tap nay la da thic theo |R|,|My| va
|Kj]. Dé thay tai budc 2, [My| 1a da thic theo kich thude cta r, do d6 néu |KJj| 1a da thic
theo |R| thi do phitc tap ctia thuat toan la da thitc theo kich thude ctia r. Néu sb lugng céc
phan ti ca K} la nho thi thuat todn rat hieu qua.
Vi du 4.1: Cho bang quyét dinh DT = (U,CUd,V, f) v6i U = {u, us, ug, us, us, ug, uz },
C = {a,b, c} nhu sau:
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Xem bang quyét dinh nhu quan hé r = {uy,us,us, ug, us, ug, uy} trén tap thuoe tinh

R ={a,b,c,d}. ap dung Thuat toan 4.1 ta tinh dugc:

Er ={{a,b,d} ,{b,¢,d} {a,d} ,{b,d} , {c,d}, {b} , {c} ,{d}}

Mg = {{b},{c}}

Bdi Thuat toan 3.3, ta tinh duge K = K} = {{a}, {b,c},{d}}

Nhu vay, tap tat ca cac rat gon ctia bang quyét dinh DT 1a Ry = K} —{d} = {{a},{b,c}}.

5. KET LUAN

Bai bao duwa ra khai niem tap tbi thiéu ctia mot thuoc tinh trén quan hé dya trén khai

niém tap t6i thiéu ctia mot thudc tinh trén so do quan hé trong [6] va xay dung thuat toin
tim tat ci cac tap rat gon ciia tap thudc tinh diéu kién trong bang quyét dinh dya vao khai
niém khoa, phan khoéa va thuat todn tim tap tat ci cac khoa, phan khoa trong co sd dit liéu
quan he [5, [10]. Trong truong hgp xau nhat, do phic tap thoi gian ctia thuat toan duge xay
dyng 13 ham mii theo s6 thudc tinh diéu kieén. Trudng hop luc lugng tap céc khoéa téi thidu
thu dugce tit tap cic phan khéa cho trude 1a da thic theo n, véi n la s6 thuoc tinh diéu kién

thi

do phitc tap thoi gian ctia thuat toan 14 da thic theo s6 hang va sd cot clia bang quyét

dinh.
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