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MOT PHUGNG PHAP MGI RUT GON THUOC TiNH TRONG BANG
QUYET DINH KHONG DAY DU SU DUNG METRIC*

NGUYEN LONG GIANG, NGUYEN THANH TUNG, VU DUC THI

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

Tém tit. Trong he thong tin khong diy da, méi tap thuoc tinh déu sinh ra mot pha tren tap cac
d6i tugng, trong d6 méi phan ti ctia phii 1a mot 16p dung sai. Nhu vy, khi mot metric nao dé duge
dinh nghia trén ho cic pht thi cling c6 nghia 1a mot metric da dugce xac lap trén tap cac thudc tinh.
Mot khi da cé metric, ta c6 thé danh gia do gan nhau gitta cac thudc tinh, xac dinh thuoc tinh quan
trong. .. Nhd d6, c6 thé xay dyng thuat toan hieu qua dé gidi quyét bai toan rat gon thuoc tinh.

Bing viec xay dung mot metric trén ho cac phit xuét phat tit Liang entropy md rong, bai bao dé
xuat mot phuong phap méi rat gon thuoc tinh trong bang quyét dinh khong diy du. Bang 1y thuyét
va thyc nghiém, bai bido chiing minh phuong phap sit dung metric hiéu qué hon cac phuong phap st
dung lugng thong tin va ma tran dung sai.

Abstract. In incomplete information systems, each subset of attributes determines a cover on the
set of objects, in which each element is a tolerance class. Thus, a metric which is defined on the
family of covers is established on the attribute sets. Once a metric is established, we can use the
metric to measure attributes distance, cluster and discover important attributes. As a result, effective
algorithms are constructed to solve attribute reduction in incomplete information systems.

With metric on the family of covers based on generalized Liang entropy, this paper proposes a
new method for attribute reduction in incomplete decision table. The paper proves theoretically and
experimentally that this metric method is more effective than other methods based on information
quantity and tolerance matrix.

1. MO DAU

Rt gon thuoc tinh 14 bai toan quan trong nhat trong Iy thuyét tap tho. Trong nhitng nam
gan day, cic phuong phap rit gon thudc tinh da thu hat sy chit ¥ va quan tam ctia nhiéu nha
nghién citu [16]. Dang chi ¥ 1a phuong phap dua trén mién duong, phuong phép sit dung ma
tran phan biét, phuong phap st dung entropy thong tin, phuong phap st dung céc do do trong
tinh toan hat...Tuy nhién, hau hét cdc phuong phap nay déu thiyc hién trén cdc hé thong tin
day du.

Trong cac bai toan thyc té, hé thong tin thuong thiéu gi tri trén cac thudce tinh, goi 1a he

*Nghién cttu nay duge hoan thanh dudi sy h tro tit Quy phat trién khoa hoc va Cong nghé quéc gia (NAFOSTED)
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thong tin khong day du. Xuat phat tit mo hinh tap tho dung sai trén hé thong tin khong day
du do Kryszkiewicz [4] dé xuat, nhiéu nha khoa hoc trén thé giéi da quan tam nghién citu
nghién ctu cac do do khong chic chan |7, 8, 12, [13] va dé xuat cac thuat toan tim tap rit gon.

Trong hé thong tin khong day di: Liang va cac cong sy [9] dé xuat thuat todn tim tap rit
gon st dung entropy tho véi do phiic tap O (\A|2 |\U ]) néu b6 qua do phic tap ciia viéc tinh
cac 16p dung sai; Chin va cac cong sy [I] dé xuat thuat todn tim tap rat gon stt dung lugng
khéac nhau gitta cdc 16p dung sai v6i do phiic tap O (\Alg\UF); Li va céc cong sy [5] dé xuat
thuat toan tim tap rat gon st dung phép két hat ctia tri thic véi do phiic tap O (]A]?’]U]Q).
Trong bang quyét dinh khong day di: Huang va céc cong su [3] dé xuét thuat toan tim tap
rat gon st dung do do lugng thong tin cua tri thic véi do phitc tap O (|C’\3]U|2>; Huang,
Zhou va céc cong su [2] 18] dé xuat thuat toan tim tap rat gon st dung ma tran dung sai vdi
do phitc tap O (|C|3|U|2).

K¥ thuat stt dung metric déng vai trd quan trong trong khai phé dit lieu. Trong may nam
gan day, ky thuat nay duge nhiéu ngudsi quan tam nghién cttu va ap dung vao viéc gidi quyét
cac bai toan trong khai pha dit lieu nhu phan 16p, phan cum, lya chon dic trung. .. Diém khéc
biét ctia metric so v6i cac do do khong chic chan trong 1y thuyét tap tho 1a metric cho phép
danh gid do gan nhau ctia tri thitc. V6i tinh chat nhu vay, metric c6 thé duge st dung hieu
qud dé giai quyét bai toan rat gon thuoc tinh trong ly thuyét tap tho. Trén thé gidi, nhém
nghién cttu ciia Yuhua Qian va cac cong sy [14] [15] da xay dung cac khoéng cach tri thitc trén
he thong tin khong day du va nghién citu mot s6 tinh chat ctia chiing. Tuy nhién, cac két qua
nghién citu vé viéc stt dung metric rat gon thudc tinh trong hé thong tin khong day da con
nhiéu han ché.

Bing viéc xay dyng mot metric trén hé thong tin khong day da dya vao do do Liang
entropy md rong, bai bao dé xudt mot phuong phdp mdi tim tap rit gon ciia bang quyét dinh
khong day du st dung metric. Bang ly thuyét va thiyc nghiém, bai bio chiing minh phuong
phép méi hiéu qua hon phuong phép st dung lugng thong tin cta tri thic [3] va phuong phép
stt dung ma tran dung sai [2], [18].

2. CAC KHAI NIEM CO BAN

Phan nay trinh bay mot s6 khai niém co ban vé mo hinh tap tho dung sai trén hé thong
tin khong day du do Kryszkiewicz [4] dé xuét.

He thong tin 1d mot bo t S = (U, A, V, f) trong d6 U 1a tap khac rong, hitu han céc doi

tugng; A 1a tap khac rong, hitu han céc thudc tinh; V=[] V, v6i V, 1a tap gié tri cta
acCUD

thuoc tinh a € A; f : U x (A) — V 1a ham thong tin, véi Va € A,u € U ham f cho gié tri
f (u,a) € V,. Néu V, chiia gia tri rong thi S dugc goi 1a hé thong tin khong day di, nguge lai
13 hé thong tin day du, gid tri réng duge biéu dién 1a .

Xét he thong tin khong day da IS = (U, A,V, f). V6i P C A ta dinh nghia mot quan he
nhi phan trén U nhu sau:

SIM (P) ={(u,v) e U xU|Na € P, f(u,a) = f(v,a)V f(u,a) ="+ V f(v,a) ="}
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SIM (P) dugce goi la quan hé dung sai (tolerance relation), hay quan hé tuong tu (similarity
relation) trén U. Dé thay rang STM (P) = NaepSIM ({a}). Quan he SIM(P) khong phai la
quan hé tuong duong vi chiing c6 tinh phan xa, déi xitng nhung khong cé tinh bic cau. Ky
higu U/SIM (P) biéu dién céc tap {Sp (u) |u € U}, Sp (u) 1a tap céc dbi tugng khong c6 kha
nang phan biét duge véi u d6i véi tap thuoc tinh P, con duge goi 1d mot 16p dung sai hay
mot hat thong tin. R6 rang céc 16p dung sai trong U/STM (P) khong phai la mot phan hoach
ctia U ma hinh thanh mot phi ctia U vi chiing ¢6 thé giao nhau, nghia 1& Sp (u) # 0 véi moi
u € U vd UyuepSp (u) = U. Ky hiéu tap tat ca cdc phi ciia U sinh béi cdc tap con thugc tinh
P C Ala COVER(U).

Tren COVER (U), quan hé thit ty bo phan (COVER (U), <) dugce dinh nghia nhu sau.

Dinh nghia 2.1. [10]. Cho hé thong tin khong day da IS = (U, A,V, f) v6i P,Q C A. Ta
noi:

1) Phit U/SIM (P) va phit U/SIM (Q) la nhu nhau (viét U/SIM (P) = U/SIM (Q)),
khi va chi khi Vu € U, Sp (u) = Sq (u).

9) U/SIM (P) min hon U/SIM (Q) (viét U/SIM (P) < U/SIM (Q)) khi va chi khi
Yu; € U, Sp (uz) - SQ (ul)
Tren (COVER(U), <), phan tit nho nhét goi 1a phi roi rac w = {S4 (u) = {u} /u € U} va
phéan t1t 16n nhat goi 1a phtt mot khoéi 6 = {S4 (u) = {U} Ju € U}.
Tinh chat 2.1. |10]. Cho hé thong tin khong day dt IS = (U, A,V, f)
1) Néu P C Q C A thi U/SIM (Q) < U/SIM (P).
2) Néu P,Q C A thi Spyg (v) = Sp (u) N Sg (u) véi Yu € U.

Bang quyét dinh 14 dang dac biét ctia he thong tin, trong d6 tap cac thuoc tinh A bao gom
hai tap con tach biét nhau: tap cac thuoc tinh diéu kien C va tap cac thuoc tinh quyét dinh
D. Nhu vay, bang quyét dinh 1a he thong tin DS = (U,C U D,V, f) trong d6 C N D = (). Vé6i
a € C néu V, chita gia tri rong (biéu dién 14 ") thi DS duge goi 1a khong day du, ngugc lai
DS dudgc goi 1a day di. Khong méat tinh chat tong quét, gia thiét D chi gdm mot thudc tinh
quyét dinh duy nhéat d va = ¢ V.

3. LIANG ENTROPY MO RONG VA CAC TINH CHAT

3.1. Liang entropy md rong cua tap thudc tinh

Dinh nghia 3.1. Cho hé thong tin khong day du 1S = (U, A,V, f), P C AvaU/SIM (P) =
{S’p (u1),Sp (u2),...,Sp (u|U|) } Liang entropy md rong cia P 1a dai lugng [ E (P), xac dinh

nhu sau
|U|

Wy )
[E<P)‘Z|U|<1‘ 0] )

=1

trong d6 |Sp (u)| chi lyc lugng tap Sp (u). Néu U/SIM (P) = w thi [E(P) dat gia tri 16n
nhat 14 1 — 1/|U|. Néu U/SIM (P) = § thi IE(P) dat gia tri nhé nhit 13 0. Nhu vay
0<IE(P)<1-1/|U|.
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Meénh dé 3.1. Cho hé thong tin day di IS = (U, A, V,f), P C A vdi P C A va U/P =

(P, Ps,....Py}. Tacé
| 5] < \Pi|>
1— = E(P)
< U] U]

u))_g

Ul

IE(P) = Z;’é‘ <1 -

vdi E(P) la Liang entropy trong [0].

m
Chitng minh. Gia st P; = {u;1, uo, ..., uis, } V61 |P;| = s; va > s; = |U|. Ta c6:
i=1

P; = Sp (ui1) = Sp (ui2) = ... = Sp (wis;), |Pi| = |Sp (uin)| = |Sp (ui2)| = ... = |Sp (wis;)| = si

B (1 \P\> 1 (m‘_\ﬂl\ﬂ\)
U] U] U] U]
1 |Sp (ui)] |Sp (u)] |Sp (uz's,-)|>
RIS o S LA RV N (i S DA ST S A
( U] U] U]

Ig <1 B ~ 1 <1 _|5P (uik) |>
U| — |U| U|

Dinh nghia 3.2. Liang entropy mé rong cia P U Q 1a dai lugng IE (P U Q), xac dinh nhu
sau
U] U]

_N L Bruelui)ly = L () 1Sp(w) NSq(ui)
TEPUQ) =2 1 (1) 27 (1 o)

3.2. Liang entropy mé rong c6 diéu kién

Dinh nghia 3.3. Cho hé thong tin khong day da I1S = (U, A,V, f) va P,Q C A. Gia st
U/SIM (P) = {Sp (u1),Sp (u2),...,Sp (U|U|)} va
U/SIM (Q) = {SQ (ul) ,SQ (UQ) g oeey SQ (U|U|)}
Liang entropy md rong c6 diéu kién ctia @ khi da biét P duge dinh nghia béi

U]

|Sp(u;)| — |SQ(UZ) N Sp(u;)|
PRI =1 Z( U )




MOT PHUONG PHAP MOI RUT GON THUOC TINH TRONG BANG QUYET DINH 133

Meénh dé 3.2. Cho hé thong tin day di IS = (U,A,V,f), P C A véi P,Q C A. Gid sit
U/P = {Pl,PQ,...,Pm}, U/Q = {Ql,QQ,...,Qn}. Ta c6

U]

5p(e)l = Sa(u)0 Sp (sl _ o \@mPHQ -
P
BQ rU\Z< U] 2 27 o

= E(Q|P)

vdi Qf =U — Qi, Pf =U — P; va E(Q|P) la Liang entropy cé dieu kien trong [6).

Chﬁ‘ng minh. Gid st Q; N P = {uil,uig,...,uisj} vGi |QlﬂP]’ = S va, |Q1| = t;, khi d6

Zsj—t va Ztl—\U| Ta c6
j=1 i=1

Qi N Pj = 5S¢ (ui1) N Sp (ui1) = S (ui2) N Sp (ui2) = ... = Sq (uis;) N Sp (uis,)
Qi N Pj| = |Sq (uin) N Sp (ui)| = [Sq (ui2) N Sp (uiz)| =

= |Sq (uis;) N Sp (uwj)\ = 5,

Qi NPy |QF — Py| = Qi N Py||QF N Pyl = |Q; N Pyl [Py — (Qi N P)

= |Sp (ui1) — (Sq (uir) N Sp (uin))| + [Sp (uiz) — (S@ (uiz) N Sp (uiz))| + ...+

+ ‘SP (uis,) — (S (uiSj) nSp (ulsy))‘

S

= :gjl |Sp (uik) — (Sq (uik) N Sp (uir))| = Iél |Sp (uik)| — [Sq (wir) N Sp (uik)|-

Do d6
> 1QiN B |5 - Py

j=1

= 5% 5% [ (ua)] ~ g (1) 1 S (1)

~+

i

|Sp (uik)| — [Sq (wir) N Sp (uik)]

k=1
n m n ot
o 3 S @i B Q- P = 32 3 [ (ua)] — 1 () 1 S (i)
U]
= 2 |Sp (us)] = |Sq (u) N Sp (ws)]
|U|
— |Sp (ui)|~|Se(u)NSp(u)| | _ s~ <= @iy |Q5—Pf| _

3.3. Mot s6 tinh chéit ctia Liang entropy mé rong

Meénh dé 3.3. Cho hé thong tin day di I1S = (U, A,V, f) vdi P,Q,R C A.

a) NéuU/SIM (P) < U/SIM (Q) thi IE (P) > IE(Q) va IE (P) = IE (Q) khi va chi
khi U/SIM (P) = U/SIM (Q).

b) Néu U/SIM (P) < U/SIM (Q) thi IE (PUQ) = IE (P).
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c) IE(PUQ)>IE(P)vaIE(PUQ)>IE(Q).
d) IE(PUQ)=IE(P)+IE(Q|P)=1E(P)+IE(P|Q).

e) 0<TE(Q|P)<1—1/|U|. IE(Q|P) =0 khi va chi khi U/SIM (P) <U/SIM (Q),
IE(Q|P)=1-1/|U| khi va chi khi U/SIM (P) =6 va U/SIM (Q) = w.

f) Néu U/SIM (P) <U/SIM (Q) thi IE(R|Q) > IE (R|P).

g) Néu U/SIM (P) <U/SIM (Q) thi IE (P |R) > IE (Q|R).

Ching minh.  a) Dugc suy ra tit Dinh nghia 3.1 v4 Dinh nghia 2.1.
b) Dugc suy ra tit Dinh nghia 3.1, Dinh nghia 3.2, Dinh nghia 2.1 v& Tinh chat 2.1.
c) Pugc suy ra tir a).

d) Tt Dinh nghia 3.1, Dinh nghia 3.2 va Dinh nghia 3.3 ta ¢6

| vl v|
B ISP ()l —1Sp(u)NSo(u) _ 1 1 A [Sp(u)nSeui) 1 A s
U sp)nso ) U sp)]
z _ ISptunstul _ z lspwl _ rp(PUQ) - 15 (P)

Do d6: IE(PUQ)=1E(P)+IE(P|Q). Do tinh chat déi xting cia IF (P U Q) nén
ta cling ¢6 IE(PUQ)=IE(Q)+IE(P|Q).

e) Hién nhien IE(Q|P) > 0. Theo phan d), IE(Q|P) =
IE(Q|P)=0% [E(PUQ) = I[E(P). Vi U/SIM (PUQ
phan a) ta co:

IE(PUQ) — IE(P) nén
Q) < U/SIM (P) nén theo

[E(PUQ) =IE(P) < U/SIM (PUQ) =U/SIM (P) < U/SIM (P) <U/SIM (Q)
Mit khac, theo phan d) v Dinh nghia 3.1 ta c6

IE(Q|P)=IE(PUQ)—IE(P), IE(PUQ)<1—-1/|U|, IE(P) > 0 nén suy ra
IE(Q|P) <1-1/U|.

Déu ‘ = j xdy ra khi vd chi khi JE(P) = 0OAIE(PUQ) = 1 —1/|U|, nghia 1a
U/SIM (P) =46 va U/SIM (P U Q) = w. Diéu ndy tuong duong v6i U/SIM (P) = §
va U/SIM (Q) = w.

f) Gia sit U/SIM (R) = {SR (ul) ,SR (UQ),...,SR (U|U|)} T U/SIM (P) jU/SIM (Q)
ta c6 Sp (u;) € Sq (u;) v6i moi u; € Ui = 1.. |U] va

(Sq (ui) — Sp (ui)) NSk (u;) € Sq (u;) — Sp (u;)
& (S (ui) NSk (ui)) — (Sp (ui) N Sk (ui)) € Sq (ui) — Sp (u;)
& [(Sq (ui) NSk (ui)) — (Sp (ui) N Sk (ui))] < [Sq (ui) — Sp (ui)| (3.1)
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Do Sp (ui) € Sg (u;) nén Sp (u;) N Sk (uw;) € Sg (wi) NSk (u;) va (3.1) tuong ducng:
1SQ (ui) N Sk (ui)| = [Sp (ui) N Sk (ui)| < |Sq (wi)| — |Sp (ui)|
&[5 (wi)| = 19 (wi) N Sk (ui)| = [Sp (ui)| = [Sp (ui) N Sk (ui)|

no|s w;)|—|So(ui )NSg (u; s p(u;) u; Ui
2 |Sq(ui)|~ ’|?](| R( )\ 2 ‘Sﬁjﬂ )NSk( )‘@IE(R|Q)ZIE(R\P)

g) Tk U/SIM (P) <U/SIM (Q) nén v6i moi u; € U,i = 1..|U| ta ¢6 Sp (u;) C Sg (u;).
Gia st U/SIM {SR SR(UQ) ,SR (U|U|)},khi do:

Sp (ui) NSk (ui) € Sq (ui) NSk (ui) < [Sp (wi) NSk (ui)| < [Sq (ui) N Sk (ui)]
&[Sk (ui)| = |Sp (i) NSk (wi)| =[Sk (wi)] — |Sq (ui) N Sk (u)]

U] U
Z |Sg(u;)|— |S|pU(‘ul)ﬁSR u;) Z r(ui)|— |S|Q£](|UZ)OSR(UZ)\ N IE(P‘R) > IE(Q|R)

4. METRIC TREN HO CAC PHU VA CAC TINH CHAT

Mot metric trén tap hgp U 1a mot 4nh xa d : U x U — [0, 00) théa mén cac diéu kién sau
v6i moi x,y,z € U.

P(1) d(z,y) > 0, diéu kién d (z,y) = 0 khi va chi khi z = y.
P(2) d(z,y) = d(y,).
P3) d(z,y) +d(y,2) > d(z, 2).

Diéu kien P(3) dugc goi la tien dé bat dang thitc tam gidc

Dua trén két qué trong [11], chiing toi dé xuat mot metric trén ho cac pht trong hé thong
tin khong day du st dung Liang entropy md rong va nghién citu mot sé tinh chat ctia ching.

B6 dé 4.1. Cho heé thong tin khong day di I1S = (U, A,V, f). Vdi mei P,Q,R C A.
a) IE(P|R)+IE(Q|PUR)=IE(PUQIR).
b) IE(Q|P)+IE(P|R)>IE(Q|R).

Ching minh. Gia st
U/SIM (P) = {Sp (u1),Sp (u2),.... Sp (wr)) }
U/SIM (Q) = {Sq (u1),Sq (u2) -, Sq () }
U/SIM (R) = {Sr (w1),Sr (u2) ..., Sk (i) }
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a) That vay IE(P|R)+IE(Q|PUR) =.

1 ‘i‘ Sk (ui)|=|Sp(ui)NSk(u)|+|SPur (ui)|=|SPur (ui)NSg (ui)|
U1 & U]

S

1SR (ui)|—1SPUR (W) |[+|SPuR(ui) | = | SPuR(ui)NSq (1)
U]

U

s
Il
—

S

ISk (wi)|—|Sp(wi)NSq(ui)NSk(us)|
U]

U

s
Il
—

S

ISk (ui)|—|SRr(ui)NSpuq (ui)]
U]

=

S

=IE(PUQ|R)

=1

b) Do U/SIM (P UR) <U/SIM (P), U/SIM (PUQ) <U/SIM (Q) nén sp dung Menh
dé 3.3 phan a) ta ¢6 IE(Q|P) > IE(Q|PUR), IE(PUQ|R) > IE(Q|R). St
dung két qua ¢ phan a) ta ¢6 IE (Q|P)+IE(P|R) > IE(Q|PUR)+IE(P|R) =
IE(PUQ|R) > IE(Q|R).

Dinh 1y 4.1. Cho hé thong tin khong day di I1S = (U, AV, f). Véi P,Q C A gid s
K (P) = U/SIM (P),K (Q) = U/SIM (Q). Khi d6 vdi moi K (P),K (Q) € COVER (U),
anh za dg : COVER (U) x COVER (U) — [0,00) zdc dinh bdi

dp (K (P),K(Q)) =1E(P|Q)+I1E(Q|P)
la mot metric trén tap COVER(U).

Chiing minh. (P1) Theo Ménh dé 3.3 phane), dg (K (P), K (Q)) > 0véimoi K (P),K (Q) €
COVER(U), dg (K (P), K (Q)) =0 (IE(Q|P) = 0) A (IE (P|Q) = 0).

& (U/SIM (P) < U/SIM (@) A (U/SIM (Q) <U/SIM (P)) & K (P) = K (Q)

(P2) T dinh nghia ctia dg suy ra dg (K (P),K (Q)) = drg (K (Q), K (P)) v6i moi K (P),
K (Q) e COVER(U).

(P3) Véi moi K (P),K (Q),K (R) € COVER (U), 4p dung BS dé 4.1 phan b)
IE(Q|P)+IE(P|R)>IE(Q|R) (4.1)
IE(R|P)+1E(P|Q)>IE(R|Q) (4.2)
Cong (4.1) véi (4.2) theo vé v6i vé thu duoge:
dp (K (Q), K (P)) +dg (K (P), K (R)) > dp (K (Q), K (R))
Tit (P1), (P2), (P3) két uan dg (K (P), K (Q)) 1a mot metric tren tap COVER(U)
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Meénh dé 4.1. Cho hé thong tin day di I1S = (U, A,V, f) vdi P C A. Ta c6

v
dp (K (P), K - . Z |Sp(us | - \SA(uz)!

Ching minh. T gid thiét P C A suy ra U/SIM (A) < U/SIM (P), theo Ménh dé 3.3
phén e) ta c6 IE(P|A) = 0. Mat khac, cing tt P C A ta ¢6 Sa(u;)) € Sp(u;), hay
Sp (uz) NSy (uz) =S4 (uz) véi moi u; € Ui = 1.. |U’ Do d6

dg (K (P),K (A)) = IE(P|A)+ IE (A|P) = IE (A|P)

|U |U|
1 p(u; Sp(u;)NSa(u; 1 p(u; Sa(u;
\712 )= |P(‘ )NSa(ui)| _ =i ; |‘U} A (ug)|

|
Meénh dé 4.2. Cho bing quyét dinh khong day di IDS = (U,C U D,V, f). Néu B C C thi
d (K (B), K (BUD)) > dg (K (C) . K (C'U D))
Chiing minh. Xét bang quyét dinh khong day da IDS = (U,C U D,V, f),U = {uy,ug, ..., un}
va B C C. V6i moi u; € U,i = 1..n ta c6 S¢ (u;) C Sp (u;), do dé:

(SB (ui) = Sc (ui)) N Sp (ui) € Sp (ui) — Sc (uq)

& (9B (wi) N Sp (u;)) — (So (us) N Sp (ui)) € Sp (ui) — Sc (ui)

< [(SB (ui) N Sp (ui)) — (Sc (wi) N Sp (u:))| < [Sp (ui) — Sc (ui)] (4.3)

Do S¢ (u;) € Sp (u;) nén Se (u;) NSp (ui) € Sp (u;) NSp (u;) va (4.3) tuong duong véi:

1SB (ui) N Sp (us)| = [Sc (ui) N Sp (u)| < [Sp (wi)| — |Se (us)]

< [Sp (wi)| = 5B (us) N Sp (wi)| = |Se (ui)| — [Sc (wi) N Sp (wi)] (4.4)

Do Sp (ui) N Sp (ui) € Sp (ui),Sc (u;) N Sp (u;) € Sc (u;) nén (4.4) tuong duong véi:
1SB (ui) U (SB (us) N Sp (ui))| = [SB (us) N (SB (ui) N Sp (wi))| =
1Sc (ui) U (Se (ui) N Sp (us))] = |Se (ui) N (Se (us) N Sp (wi))]

Do Spup (ui) = Sp (u;)) NSp (w;), Scup (w;) = Sc (u;) N Sp (u;) nén (4.5) tuong duong

vGi:

n
&3 ‘SB(uz”‘U“'gBUD us)| > z |Sc (u \ll}»‘s;cuD(Ui)\ (4.6)
=1

Do BC BUD,C C CUD nén theo Ménh dé 4.1, cong thitc (4.6) tuong duong vdi
dp (K (B),K(BUD)) >dg (K (C),K (CUD))

(4.5)

5. RUT GON THUOC TINH TRONG BANG QUYET DINH KHONG DAY
PU SU DUNG METRIC

5.1. Tap rit gon ctia bang quyét dinh khéng day dia dua trén metric

Dinh nghia 5.1. Cho bang quyét dinh khong day da IDS = (U,C U D,V, f). R C C dugc
goi 13 mot rit gon clia C dia trén metric néu théa man diéu kién:
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(1) dg (K (R),K (RUD)) =dg (K (C),K(CUD)).
(2) VreR, dg (K (R—{r}),K(R—{r}uUD)) #dg (K (C),K(CUD)).

5.2. D6 quan trong cta thudc tinh dua trén metric

Dinh nghia 5.2. Cho béng quyét dinh khong day du IDS = (U,C UD,V, f) véi B C C.
D6 quan trong cta thudc tinh b € C — B duge dinh nghia

SIGE (b) = d (K (B), K (BUD)) — dp (K (BU{b}), K (BU{b}UD))

v6i gid thiét Sy (u;) = U v6i moi u; € U,i = 1..|U].

5.3. Thuat toan tim tap rat gon cta bang quyét dinh khong day da si dung
metric

Y tuéng clia thuat todn 1a xudt phat tit tap R = 0, 1an luot bd sung vao tap R thuoc tinh
c6 do quan trong 16n nhat cho dén khi tim dugc tap rat gon.

Thuat toan 5.1. Tim tap rat gon ctia bang quyét dinh khong day du.

Dau vao: Bang quyét dinh khong day da IDS = (U,C U D,V, f).

Dau ra: Tap rit gon R.

1. R =10

2. Tinh dp (K (R), K (RUD)):

3. Tinh dp (K (C), K (CUD));

// Thém dan vao R cdc thudc tinh cé do quan trong lén nhat

4. While dg (K (R),K (RUD)) #dg (K (C),K (CUD)) do

5. Begin

6. Foreacha e C — R

7. Begin

8. Tinh dg (K (RU{a}),K (RU{a}UD));

9. Tinh SIGg (a) = dp (K (R), K (RU D)) — dg (K (RU {a}), K (RU {a} UD));

10. End;

11. Chon a,, € C — R sao cho SIGR (ay,) = a]é%clxR {SIGR (a)};

12. R=RU{an};

13. Tinh dg (K (R), K (RU D));

14. End;

// Logi b6 cdc thupc tinh du thita trong R néu cé
15. For each a € R

16. Begin

17. Tinh dg (K (R —{a}),K (R —{a}UD));
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Béng 6.1. Két qua thuc hien Thuat todn IQBAR va Thuat toan 5.1

STT Bo 6 ligu |U| |C| Thuat toin IQBAR Thuat toan 5.1
IR| ¢ IR| t
1 Hepatitis.data 155 19 4 1.296 4 0.89
2 Lung-cancer.data 32 56 4 0.187 4 0.171
3 Automobile.data 205 25 5 3 5 1.687
4 Anneal.data 798 38 9 179 9 86.921
5 Voting Records 435 16 15 25.562 15 16.734
6 Credit Approval 690 15 7 29.703 7 15.687

18 Ifdp(K(R—{a}),K(R—{a}UD))=dg(K(C),K(CUD))then R=R—{a};
19. End;
20. Return R;

V6i bude thém dan vao R cdc thuoc tinh c¢6 do quan trong lon nhat, tap thuoc tinh R thu
dugc tir cau lenh tit 4 dén 14 thoa man diéu kién bao toan khoang cach dg (K (R), K (RU D)) =
dg (K (C), K (C U D)). Véi budce logi b3 cdc thupe tinh du thita trong R néu cd, cau lenh tit 15
dén 19 dam bao tap R 1a t6i thiéu, nghia la Vr € R, dg (K (R—{r}),K (R - {r})U D)) #
dg (K (C), K (CUD)). Theo Dinh nghia 5.1, tap R thu duge 1a tap rat gon ctia bang quyét
dinh dya trén metric.

Dé tinh SIGR(a) ta chi can tinh Sgygey(ui), Sgugayup(ui), Vi Sgr(u;), Srup(ui) da
duge tinh ¢ vong lip trudc. Do phic tap dé tinh SRU{a} (u;) khi da biét Sg(u;) v6i moi
u; € Ula O (|U|2>, do d6 gia st D = {d}, do phiic tap dé tinh tat ca cic SIGE (a) la
(ICI+(IC] = 1) + . + 1)+ [U]* = (IC] # (IC] = 1) /2) % [U]* = O (ICIQ\U|2>- Do phitc tap dé
chon thugc tinh ¢6 do quan trong 16n nhat 1a |C| + (|C| = 1) + ...+ 1 = |C|* (|C] — 1) /2 =
o) (|c;2). Do d6, do phitc tap cia thuat todn 1a O (\C|2|U]2). Do phitc tap nay t6t hon do
phic tap cia cac thuat toan trong |2, 3] 18].

6. THU NGHIEM THUAT TOAN

Cai dat Thuat toan TQBAR[3] va Thuat toan 5.1 béng ngon ngit C + +.Trén may tinh
PC v6i cau hinh Pentium dual core 2.13 GHz CPU, 1GB bo nhé RAM, sit dung hé diéu hanh
Windows XP Proessional, chay thit nghiém hai thuat toan véi 6 bo sb lieu 1ay tit kho dit liéu
UCI [17]. V6i méi bo s6 ligu, gia si |U| 1a s6 ddi tugng, |C| 1a s6 thudc tinh diéu kien, |R| 1a
s6 thudc tinh ctia tap rat gon, ¢ 1a thoi gian thyc hién thuat todn (don vi 1a giay s). Bang 6.1
mo ta két qua thyc hién ctia hai thuat toamn.

Két qué thit nghiem cho thay, tap rat gon thu dugc khi thitc hién Thuat todn 5.1 va Thuat

toan IQBAR trén 6 bo s6 liéu 1a nhu nhau. Tuy nhién, thoi gian thyc hien Thuat toan 5.1
nhanh hon Thuat toan IQBAR, do d6 Thuét toan 5.1 hiéu qua hon Thuat todn IQBAR.
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7. KET LUAN

Trén hé thong tin khong day di, bai bdo da thiye hién cdc noi dung nghién cttu sau:

) Dé xuat Liang entropy md rong va nghién cttu mot s6 tinh chat ciia ching.

2) Xay dung mot metric trén ho cac phi sit dung Liang entropy mé rong.

3) Dé xuat thuat toan heuristic tim tap rat gon ctia bang quyét dinh khong day du si
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dung metric duge xay dyng véi do phic tap O (\CﬁUE). Chiing minh béang 1y thuyét

va thyc nghiém, thuat todn dé xuat hiéu qua hon thuat toan trong |2, 13, 18].
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