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Abstract: Tolerance based attribute reduction in
incomplete decision tables is a hot topic which has
attracted the attention of researchers in recent years.
In this paper, we develop a distance based attribute
reduction method in incomplete decision tables. The
distance between the conditional attribute and the
decision attribute has determined based on a partition
distance. By theoretically and experimentally, we
compare the proposed method with others methods on
the time complexity and the obtained reduct.
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I. GIGI THIEU

Rt gon thudc tinh trén cac hé thong tin ddy du la
cha d& nghién ctru quan trong nhit trong 1y thuyét tap
tho truyén thong cua Pawlak [8]. Trong thuc té, cac hé
thong tin thuong thiéu gia tri trén mién gia tri cua
thugc tinh, goi 1a cac hé thong tin khong diy dui.
Nham giai quyét bai toan rat gon thudc tinh va khai
pha luat trén cac hé thong tin day du, Kryszkiewicz [3]
da mo rong quan hé tuong dwong trong ly thuyét tap
tho truyén thong thanh quan hé dung sai va xay dung
md hinh tap thdé dung sai. Trong miy nim gan day,
nhiéu phuong phap rat gon thudc tinh trong bang
quyét dinh khong ddy du theo tiép can mé hinh tap tho
dung sai da duoc cong bd. Mdi phuong phap déu dua
ra khai niém vé& tap rat gon dua trén mot do do duoc
chon va xdy dung thuat toan heuristic tim mét tap rit
gon tét nhét dua trén tiéu chuan chéat lugng phan 16p
cta thudc tinh, con goi 1a d6 quan trong cua thudc

tinh. M6t sb tap rat gon cua cac phuong phap c6 thé
ké dén 1a: tap rat gon dwa trén ham quyét dinh suy
rong [3], tap rat gon mién duong [10], tap rat gon dua
trén lugng thong tin [1], tap rat gon dua trén metric
[5], tap rat gon phan bd (distribution reduct), tap rut
gon 4n dinh (assignment reduct) [9,11], tap rat gon
dua trén ma tran phan biét [7], tap rut gon dyua trén ma
tran dung sai [2]. Trong cong trinh [7], cac tac gia da
phan nhoém cac phuong phap rat gon thuge tinh dua
vao tap rit gon va nghién ctru mdi lién hé giita cac tap
rt gon cua cac phuong phap nhim so sanh, danh gia
tinh hi€u qua cia cac phuong phap.

Trong bai bao nay chiing t6i xay dung mot phuong
phap rit gon thudc tinh trong bang quyét dinh khong
day du sir dung khoang cach phan hoach. Truéc hét,
chtng t6i dinh nghia mot khoang cach phan hoach xac
dinh boi mét tap dbi tuong U va mot tap thude tinh P
dua vao khoang cach Jaccard gitra hai tap hop hitu
han. Dua trén khoang cach phan hoach, chiung t6i xay
dung mot do do khoang cach gitra mot tap thudc tinh
diéu kién va thudc tinh quyét dinh, trén co s& d6 xay
dung phuong phap rut gon thudc tinh stir dung khoang
cach. Tuong tuy nhu cac phuong phap heuristic khac,
phuong phap cia ching toi cling bao gdm cac budc:
dinh nghia tdp rat gon dua trén khoang cach, dinh
nghia d6 quan trong cua thudc tinh dyua trén khoang
cach va xay dung mét thuat toan heuristic tim mot tap
rit gon t6t nhat dua trén tiéu chi danh gia 1a 6 quan
trong cua thudc tinh. Bang 1y thuyét va thuc nghiém,
ching t6i so sanh, danh gia phuong phéap st dung
khoang cach dé xuit v6i cac phuong phap khac da
cong bd trén hai tiéu chuan: do phuc tap thoi gian va
tap rat gon thu dugc. Ciu triic cua bai bdo nhu sau:
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Phan Il trinh bay mot s6 khai niém co ban vé mé hinh
tap tho dung sai va mot s6 két qua vé rit gon thuoc
tinh trong bang quyét dinh khong day du. Phan 11l
trinh bay phuong phap xay dung khoang cach. Phan
IV trinh bay phuong phap rat gon thudc tinh st dung
khoang cach. Phan V trinh bay két qua thir nghiém
thuat toan. Cudi cung 1a két luan va hudng phat trién
tiép theo.

I1. CAC KHAI NIEM CO BAN

Phan nay trinh bay mot s6 khai niém co ban vé mo
hinh tap tho dung sai [3] va mot s6 két qua nghién ctu
vé cac phuong phap rat gon thudc tinh trong bang
quyét dinh khong day di theo tiép can mé hinh tap tho
dung sai.

Hé thong tin 1a mot cap 1S =(U, A) trong d6 U
1a tap khac rdng, hitu han cac d6i twong; A 1a tap khac
rong, hitu han cac thudc tinh. Mdi thudc tinh a e A
xac dinh mot anh xa: a:U =V, voi V, la tap gia tri
cua thuge tinh ae A. Néu V, chta gid ti thiéu
(missing value) thi IS dugc goi 1a hé thong tin khong
ddy di, nguoc lai 1a hé thong tin day du, gia tri thiéu
duogc biéu dién 1a “*’. Bang quyét dinh khong day du
la hé thong tin khong day di 1DS = (U, Au{d}) vei

d, deg A va *¢V,_, 1a thudc tinh quyét dinh, tap
thudc tinh A goi 1a tap thudc tinh diéu kién.
Vi mdi tap con thudc tinh P < A, ta dinh nghia
maot quan hé nhi phan trén U nhu sau:
YaeP,
SIM(P)=14(u,v)eU xU|f(u,a)= f(v,a)v f(u,a) 1)
="\ f(v,a) ="+
SIM (P)1la quan h¢ dung sai (tolerance relation)
trén U vi ching c6 tinh phan Xa, doi ximg nhung khong
co tinh bac cau. D& thay SIM (P)=(,.,SIM ({a}). Ky

higu U/SIM (P)={S, (u)u eU | V6i
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S (u)={veU|uv)esIM (P)}. Sp(u) 1a thp cic
d6i twong khong phan biét dugc véi u ddi véi quan hé
dung sai trén tap thudc tinh P, con dugc goi 1a mot lop
dung sai hay mot hat thong tin. RS rang cac 16p dung sai
trong U /SIM (P) khong phai la mot phan hoach ciia U
ma hinh thanh mdt phi ciia U vi ching ¢6 thé giao nhau,
nghialas, (u)=@ véimoi ueU va S, (u)=U.

s

V6i BC A, X cU, B-xdp xi dudi cia X la tap
BX ={ueUs, (u)c X} ={ueX|S;(u)c X|, Bxdp
Xt trén
BX :{u eU|sy (u)n X ¢@}:U{SB(U)|U eU}, B-

cua X la tap

mién bién cia X 1a t3p BN, (X )=PX —PX . Véi cic
tap Xap xi nhu vay, ta goi B-mién duong d6i voi {d} 1a
tap:
POS, ({d})= | (BX) @
XeU /{d}
dinh
Vi

diy du
ueU,

Cho bang  quyét
IDS =(U, Au{d}).

khong
BcA va
Og(U) = { f, (V)|V € Sy (u)} duoc goi 1a ham quyét
dinh suy rong caa IDS. Néu |0, (u)|=1 véi moi
ueU thi IDS 1a nhdt qudn, trai lai 1DS 1a khéng nhdt
qudn. Theo dinh nghia mién duwong, IDS nhat quan khi
va chi khi POS, ({d})=U , trai lai IDS 1 khong nhat
quan.

Ké tir khi Kryszkiewicz [3] dé xuat mo hinh tap tho
dung sai, nhidu phuong phap heuristic rat gon thudc tinh
trong bang quyét dinh duoc cong bd. M&i phuong phap
déu dua ra khai niém vé tap rit gon dya trén mot d6 do
dugc chon va xdy dung thuat toan heuristic tim mot
tap rat gon tdt nhat dua trén tiéu chudn chat luong
phan 16p cua thudc tinh, con goi la do quan trong cua
thudc tinh. Cac phuong phéap rit gon thudc tinh dién
hinh va cac tap rat gon dugc trinh bay trong Bang 1.

Trong cong trinh [7], cac tac gia dd phan nhom cac
tap rat gon trong bang quyét dinh khong nhit quan
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thanh 04 nhom theo nguyén tic cac tap rat gon giéng
nhau dugc phan vao mét nhom:

Nhém 1: Bao gém tap rat gon Rs.

Nhom 2: Bao gom céc tap riat gon R,, Ry, R, .
Nhém 3: Bao gom céc tap rat gon R, , Ry, , Ry, .
Nhém 4: Bao gom tap rat gon R, .

Moi lién hé gitia cac tap rat gon trong cac nhom
nhu sau:

(1) Néu R, 1a mot tap rit gon thudc nhém 3 thi ton
tai mot tap rat gon R, thudc nhom 2 va mot tap rat
gon R, thugc nhém 1 saocho R, = R, = R;.

(2) Néu R, 1a mot tap rat gon thuoc nhom 4 thi ton
tai mot tap rat gon R, thudc nhom 2 va mot tap rat
gon R, thugc nhém 1saocho R, = R, =R, .

Bdang 1. Cdc phuong phdp rut gon thuge tinh
va tdp rut gon

STT | Phwong phap rut gon thugc Ky

tinh

1 Phuong phap mién duong [10] R,

2 Phuong phép sir dung ham quyét | R
dinh suy rong [3]

3 Phuong phép str dung ham an R,
dinh (assignment) [11]

4 Phuong phap st dung ma tran Ry,
phéan biét [7]

5 Phuong phap str dung d6 do R,

luong thong tin [1]

6 Phuong phéap su dung ma tran
dung sai [2]

7 Phuong phap st dung metric [5] Ry,

8 Phuong phap st dung ham phan | R
bé (distribution) [9]

Trén co s& do, cac phuong phap rat gon thudc tinh
cling dugc phan thanh 04 nhom tuong ung. Trong
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cong trinh [6], cac tac gia di nghién ctu su thay doi
cac do do danh gia tap luat quyét dinh trén cac tap rat
gon. Trén bang quyét dinh khong nhat quan, tap rut
gon thudc nhém 2 1a tét nhit vi co sb thudc tinh ti
thiéu nhét.

Phén tiép theo, ching t6i xay dung phuong phap
rt gon thudc tinh trong bang quyét dinh khong day du
st dung mot do do khodng cach xac dinh gitra tap
thudc tinh diéu kién va thudc tinh quyét dinh.

1. XAY DUNG PQ PO KHOANG CACH
TRONG BANG QUYET PINH KHONG DAY DU
IIL.1. Khodng cich phin hoach va dj do théng tin
Cho U 1a tap hitu han cac dbi tuong va X,Y cU .
X "Y|

Biéu thuc:
X UY|

D(X,Y)=1

duoc goi la khoang cach Jaccard (Jaccard distance)
gitra hai tap hop X va Y [4]. Dya vao khoang cach
Jaccard, chung t6i xay dung khoang cach phan hoach.

Cho hé IS=(U,A), gia st
K(P)=U/P={PR,..,R} 1a phan hoach sinh béi
tap thuoc tinh P A va K(8)={5,...5} voi
o, =U,i=1.k.Khi do6, khoang cach phan hoach gitra

thong  tin

K (5) va K (P), ta goi 1a khoang cach phan hoach

xac dinh boi tap dbi tuong U va tap thude tinh P, duoc
tinh bang tong khoang cach Jaccard trung binh giira
cac phan tir twong @ng thudc K(§)Vé K(P) nhu

_Mﬂﬂq

uur|) G
Ménh dé 1. Cho hé thong tin 1S =(U, A) véi P < A
va U={u,..u}. Gia si K(P)={P,...R},
K(8)={6,,...5.} véi & =U,i=1.k. Khi dé ta

co:

Sau:

o(K(0) k() - £ 31

i=1
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1) d(K(é),K(P)):l—%

2) d(K(5),K(P)) da gid tri l6n nht la 1—%

khi K(P)=w={{u},..{u,}}. d(K(5).K(P))
dat gid tri nho nhdt la 0 khi K(P)=6={U}.
Chieng minh.

1) Tu cong thuc (3) ta co:

d(K(5), K(P))zlzk:[ _H] _

k=" U

1 k_|Pl|+"'+|Pk| _ k—1:1_1
K U] K k

2) DE thay rang d (K (5),K(P)) dat gia tri l6n
nhét khi % dat gia tri nho nhat, nghia 1a kK =n hay

K(P)=o={{u}..{u,}}. d(K(5),K(P)) dat
gié tri nhé nhat khi k =1, nghitala K(P)=5={U}.
Tur khoang cach phan hoach xac dinh boi tap ddi
tuong U va tap thudc tinh P néu trén, muc tiép theo
ching t6i xay dung khoang cach gitra tap thudc tinh
didu kién P va thude tinh quyét dinh {d} trong bang
quyét dinh khong day du.
I11.2. Xay dung khoang cich trong bang quyét dinh
khong diy di
Cho bang quyét dinh  khéng
IDS =(U,Au{d}) véi U={u,..u,} va tap

day du

thugc tinh PcA. V6i mdi 16p dung sai

So(u;),u €U, ta ky
Kip({d}):Sp(ui)/{d}:{S;,S;,...,S;L} 1a phan

hoach cua 16p dung sai S; (ui) trén thudc tinh quyét

hiéu

dinh  {d}, va Kip(é):{éj,ézi,...,élié} véi

5} :Sp(ui), j=1.k,. Khi d6, khoang cach phan
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hoach xac dinh boi 16p dung sai S (ui) va thudc tinh
quyét dinh {d} la:

d(K;(a),K;({d}))zl—kii @

Cho bang quyét dinh khong day du
IDS =(U,Au{d}) va U ={u,...u,} véi Pc A
taco U/SIM(P)={S, (u)|u; €U,i=1.n} 1a mot
pha cta U. Khi do, ta xay dung khoang cach gitra tap
thude tinh diéu kién P va thude tinh quyét dinh {d }, ky
higula D(P,{d}), la trung binh cong cita cac khoang
cach phan hoach thanh phan xac dinh boi cac 16p dung
sai Sp(u;) va {d}, khoang cach d6 dugc dinh nghia
boi cong thuc (5) sau day :

(P, )= > (K} () K3 )=
-2l i)

Vi n 1a sb déi tuong cua bang quyét dinh va kj, 1a

(5)

s6 16p twong cua phan hoach Sp(ui)/{d} Voi
u, eU

Ménh dé 2. Cho bdng quyér dinh khong day di
IDS = (U,Au{d}) va P,Qc A. Néu PcQ 1hi

D(P.{d})=D(Q.{d}).
D(P.{d})=D(Q.{d}) kni va ch khi
Op(U) =04 (u) véimoi ueU .

Dau  dang  thic

Chung minh.
Xét bang quyét dinh khong diy du
IDS=(U,Au{d}) wvsi U={u,..,u,}. Né

PcQthi Sy (u)=Ss(u) voi moi u, eU . Giasir
véi U, €U taco S, (u)/{d}={S},S},... S, |.
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SQ(ui)/{d}={31‘,S;,...,S;5}, khi do 1o rang
D 18,1 181
ko <Kp. Vi vay, 1——Z—i_l—— —, nghia
N kp L) kQ
la D(P,{d})>=D(Q.{d}).

Déu dang thiac D(P,{d})=D(Q,{d}) khi va chi
khi k;, = k(ig véi moi U, €U, theo dinh nghia ham
quyét dinh suy rong ta co |0, (u;)| =[0, (u
ueU. T Sy(u)cSe(u) ta
Op (U;) =04 (u;) véi moi u; €U .

Ménh dé 2 chimg minh tinh phan don diéu cua
khoang cach dbi véi luc lwong cia tap thude tinh didu
kién. Nghia 1a tap thudc tinh didu kién P cang nho thi
phu sinh boi P cang tho va khoang cach tir P t6i thugc
tinh quyét dinh {d} cang 16n va nguoc lai. Ménh dé nay

)\ V6i moi

suy ra

rat quan trong va cho ta co so dé xay dung phuong phap

rat gon thude tinh str dung khoang cach.

Ménh dé 3. Cho bang quyét dinh khéng day di
IDS = (U, Au{d}) va P < A. Khi d6 ta cé:

1) D(P,{d}) dat gid tri 1én nhat la 1—% khi
105 (u;)|=n véi moi u; €U .
2) D(P,{d}) dat gid i nho nhdt la O khi

|6P (ui)|=1 véi moi U, eU (Bang quyét dinh IDS

nhdt qudn trén tp thugc tinh P)
Chuing minh.

1) Tir cong thirc (5) ta thay D(P,{d}) dat gi tri
I6n nhat khi ki, dat gia tri lon nhét 1a n véi moi
U, eU, xay ra khi Sp(ui):U va phan hoach
SP(Ui)/{d}={{Ui}|Ui EU} (phan hoach roi rac),

nghia 1a |9, (U;)|=n. Khi dé, gid tri lon nhat la

R

nl4'n n
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2) Tuong ty, D(P,{d}) dat gia trj nho nhét khi
ki dat gi4 trj nho nhat 1a 1 véi moi U, €U , xay ra khi
phan hoach S, (u,)/{d}= {SP (u, )} (phén hoach
khdi), nghia 1a |0, (u;)|=1 voi moi u; €U, khi do
IDS 12 bang quyét dinh nhat quan trén tap thudc tinh
diéu kién P.

Ménh d@é 4. Cho bang quyét dinh khéng day di
IDS = (U, Au{d}). Khi dé ta co:

d(A{d})+a(IDS)=1 (6)

véi a(IDS) la dé chdc chan cia bang quyét dinh 1DS
trong cong trinh [6].

Ménh d& 4 d& dang duoc suy ra tir cong thirc tinh
khoang cach (5) va cong thuc tinh do chic chan cua
bang quyét dinh a(lDS) trong cong trinh [6]. Ménh

dé 4 cho thay khoang céach tir tap thudc tinh diéu kién
A d&n thudc tinh quyét dinh {d} 1a dai luong ddi ngau
v6i do chic chin cua bang quyét dinh. Néu khoang
cach nay cang 16n (thudc tinh didu kién cang xa thudc
tinh quyét dinh) thi d chic chin cua bang quyét dinh
cang nho va nguoc lai.

IV. RUT GON THUQC TINH TRONG BANG
QUYET PINH KHONG PAY PU SU DUNG
KHOANG CACH

Trong phan nay, ching toi trinh bay mét phuong
phap heuristic rat gon thudc tinh trong bang quyét
dinh khong day du st dung khoang cach. Giéng nhu
cac phuong phéap heuristic khac, phuong phap cua
chung toi ciing bao gdm cac bude: dinh nghia tap rut
gon dua trén khoang cach, dinh nghia d6 quan trong
cua thudc tinh dua trén khoang cach va xay dung mot
thuat toan heuristic tim mot tap rat gon tét nhat dva
trén tiéu chi danh gia la d§ quan trong cua thudc tinh.
Pinh nghia 1. Cho bang quyét dinh khong day du

IDS = (U, Au{d}) vatap thude tinh R = C. Néu
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1) D(R,{d})=D(A{d})
2) VreR, D(R-{r},{d})=D(A{d})

thi R 1a mot tap rut gon cta C dya trén khoang cach.
Tir Ménh d¢ 2 ta thay tap rit gon dya trén khoang
cach va tap rat gon dua trén ham quyét dinh suy rong
1a nhu nhau. Tur két qua phan nhém cac phuong phap
rat gon thudc tinh trong [7] ta cd, phuong phap rut gon
khoang cach dugc xay dung thuoc Nhom 2. Do do, tap
rit gon cua phuong phap d& xuit tuong duwong tap rit
gon cua cac phuong phap thuoc Nhoém 2 va hiéu qua
hon vé chét luong phén 16p (t6i thiéu hon) cac phuong
phap thudc Nhom 3 va Nhom 4. Biéu d6 ¢ nghia rang
tap rat gon cua phwong phap dé& xuit thuéc nhom
phuong phap tét nhat vé chat lugng phan 16p.
Pinh nghia 2. Cho bang quyét dinh khéng day du
IDS=(U,Au{d}), BcA va beA-B. B

quan trong cua thugc tinh b dbi véi tap thudc tinh B
dugc dinh nghia boi:

SIG,(b)=D(B,{d})-D(Bu{b}.{d}) ()
Theo Ménh de 2, D(B,{d})2D(Bu{b},{d}) neén

SIG, (b)>0. SIG; (b) dugc tinh boi lugng thay ddi
khoang cach giira tap thudc tinh diéu kién B va thudc
tinh quyét dinh {d} khi thém thudc tinh b vao B va
SIG, (b) cang 16n thi luong thay ddi khoang cach
cang 16n, hay thugc tinh b cang quan trong va nguoc
lai. D6 quan trong cua thude tinh nay 1a tiéu chuan lya
chon thudc tinh trong thuat toan heuristic tim tap rit
gon cua bang quyét dinh.

Y tuong cua thuat toan heuristic tim mot tap rat
gon t6t nhit sir dung khoang cach 1a xuét phat tir tap
rong R=, lan luot bd sung thém vao R cac thudc
tinh c6 do quan trong Ion nhéat cho dén khi tim dugc
tap ruat gon.

Thuat toan 1. Thuat toan heuristic tim mét tap rat gon
t6t nhat sir dung khoang cach.

Pau vao: Bang quyét dinh khong diy du
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IDS = (U, Au{d})
Pau ra: Mot tap rat gon tét nhat R .
1. R=O;
2. Tinh khoang cich D(R,{d}) va D(A{d});

Il T,hém vao R cac thudc tinh cé do quan trong lon
nhat

3. While D(R,{d})=D(A{d}) do

4. Begin

5. For ae€ A—R tinh
SIG;(a)=D(R,{d})-D(Ru{a},{d});

6. Chon a, € A—R sao cho

SIG, (a, ) = Max{SIG, (a)};

7. R=Ru{a,};
8. Tinh khoang cach D(R,{d});
9. End;

/ILogi bé cdc thudc tinh du thiva trong R néu cé
10. Foreach aeR do
11. Begin

12.  Tinh khoang cach D(R-{a},{d});

13. If D(R-{a},{d})=D(R{d}) then R=R—{a};
14. End;
15. Return R;

Xét vong 1ap While tir dong 1énh 3 d&én 9, dé tinh
SIG, (a) ta tinh tinh

D(Ru{a},{d})vi D(R,{d}) da dugc tinh &

can  phai phai
bude trude, nghia 1a can phai tinh SRU{a} (ui) va phan
hoach SRu{a}(Ui)/{d}- Trong cong trinh [5], do
phuc tap dé tinh S ., () véi moi U, €U khi
Sr () da duge tinh 1a O((U[*), 4o phic tap dé tinh

phan hoach SRU{a}(Ui)/{d} voi moi U, eU 1la
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O(U)- Do do, o phic tap thoi gian dé tinh tit ca
cic SIG; (a) & donglénhsd 5 la:

(1A (1A=1)+--+1)*0F =(A*(A-)12)*uf =0 (A7 [ )
véi |Al 1a sé thudc tinh diéu kién va |U| 1a sé ddi

tuong. Do phic tap thoi gian dé chon thudc tinh c6 do
quan trong lon nhit o dong lénh sé 6 Ila:

A+ (A1) +...+1=[A*(|A-1)/2=O(|A])
Do d6, d6 phtc tap thoi gian cta vong lap While 1a
O (| A|2 |U |2) . Tuong tu, do phuc tap cta vong lap For

tir dong 1¢nh s6 10 dén 14 1a O(|A[U[*). Vi vay, do
phc tap thoi gian cua Thuat toan 1 1a O(|A|2 |U|2).

Do phuc tap nay twong duong véi d6 phuc tap cua cac
phuong phap st dung do do trong Nhom 2 va Nhom 3
va hiéu qua hon cac phuong phap theo tiép can tinh
toan ma tran trong Nhom 2 va Nhom 3.

Vi du 1. Xét bang quyét dinh khong day du mé ta dir
litcu vé cac xe hoi cho & Bang 2 [1]
IDS =(U, Au{d}) voi U ={u,U,,UsU,, Ug,Ug }

va A = {Car, Price, Mileage, Size, Max-speed}

Bdng 2. Bang mé ta vé cdc xe hoi

Car | Price | Mileage | Size Max- | d
speed

u, High | High Full Low | Good

u, Low | * Full Low | Good

U, * * Compact | High | Poor

u, High | * Full High | Good

u, |~ * Full High | Excellent
Ug Low | High Full * Good
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Ta khai tao R = khi do6 tir cong thic
Sp (u)={veU|(u,v)eSIM(P)} tacod
S (Uy)=S(uy) =S4 (u;)=Se(u,)=Sg(Us )= S (U, )=U Tir do:
Salt )11 }= g u, )i} = S5 u, g = (0, g =S s )= S s e}
=U fdf={(u,,u,u,,u) (us) (us )}

Tinh D(R,{d}), tir cong thic :

n

(P, )= Sakp (9)K3 1)

taco D(R,{d}) =1/6 { (1-1/3)+ (1-1/3)+(1-1/3)+
(1-1/3)+ (1-1/3)+(1-1/3)}=2/3
Tiép tuc tinh D(A{d}), ta 6 S,(u)=u,,

Saluy)=(uz.ug), Saluz)=us, S,(u,)=(usus),
Salus)=(us s, ug). Sa(ug)=(uz.us,u5).
Khido S, (u,)/{d}={u,}, S,(u,)Hd}={(u;.us)}.
Salus)Ad}={us}.8,u)rd}= {( o) (s )}
Salus)/df={(us,ug ) (us)}, S,(ug)rd}={
Tir cong thuc (5) ta co:
D(A {d))=1/6{1-1)+ (L-1)+ (1-1)+1-1/2)+ (1-1/2) + (L-1/2)} =114
Vivay: D(R,{d})=D(A{d})
Tiép tuc thuc hién vong ldp While. Tinh tuwong tu
ta co:
DR fa}{d})=
=1/6{1-1/3)+ (1-1/3)+ (1-1/3)+ (1-1/3)+ (1-1/3)+ (1-1/3)}
rids
SIG, (2, )=

[

Uz, Ug) (us )}

D(R,{d})-D(Ru{a,},{d})=2/3-2/3=0
Tuong tu,
SIG,(a,)=D(R,{d})-D(Ru{a,},{d})=2/3-2/3=0
SIG, (a,)=D(R,{d})-D(Rufa, },{d})=2/3-5/12=1/4
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SIG,(a,)=D(R,{d})-D(Ru{a, },{d})=2/3-4/9=2/9
Vay SIG,(a,) lon nhit do d6 R=R U {a,}. Tir do
taco D(R,{d})=5/12

Tiép tuc tinh:

SIG;(a,)=D(R,{d})-D(Ru{a, },{d})=5/12-5/12=0
SIG,(a,)=D(R,{d})-D(R U{a, },{d})=5/12-5/12=0

SIG,(a,)=D(R,{d})-D(Ru {a, },{d})=5/12-1/4=1/6

Viay SIGq(a,) I6n nhit do d6 ta co
R=Ru{a,}, vay D(R,{d})=1/4

D(R, {d})=D(A, {d}) dimg vong lap,
vay R=1{a,,a,}

Loai b6 thudc tinh du thira trong R
Taco D(R—{a, },{d})=5/12.
dodo D(R—{a, },{d})= D(R,{d})
khong loai bo a4

Taco D(R—{a,},{d})=4/9.
dodo D(R—{a, },{d})= D(R,{d})
khong loai bo a3

Vay tap rut gon la R ={a3,a4}

V. THUC NGHIEM THUAT TOAN

Chung t6i chon thuat toan IQBAR tim tap rat gon
cua bang quyét dinh khong diy du sir dung d6 do
lwong thong tin (Information Quantity) trong [1] dé so
sanh v6i thuat toan dé xuat (Thuat toan 1) vé thoi gian
thuc hién va két qua thyuc hién. S¢ di chon thuat toan
IQBAR vi theo 1y thuyét da trinh bay, tap rat gon cua
Thuat toan 1 (Nhom 2) téi thiéu hon tap rut gon cua
thuat toan IQBAR (Nhom 3). Pé tién hanh thir
nghiém, chung t6i thuc hién cac cong viéc sau:

1) Cai dat thuat todn IQBAR va Thuét toan 1 br:ing
ngdn ngit C#. Ca hai thuat toan déu sir dung thuat toan
trong [6] dé tinh céc 16p dung sai S (U;) véi U, €U .

2) Trén may tinh PC véi cau hinh Pentium dual
core 2.13 GHz CPU, 1GB b nhé RAM, sir dung hé
diéu hanh Windows XP Proessional, chay thir nghiém
hai thuét toan véi 6 bo sb liéu Iy tir kho di liéu UCI
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[12]. V&i mdi bo s6 lieu, gia sir U| 1a sé ddi tuong,

|C| 1a s6 thudc tinh diéu kién,

tap rat gon, t 1a thoi gian thuc hién thuat toan (don vi
1a gidy s), cac thudc tinh diéu kién dugc danh s 1a 1,

. Két qua thyuc hién cua hai thuat toan dugc
mo ta & Bang 3 va Bang 4:

Bdng 3. Két qua thyec hién thudr todn IOBAR
va Thudt toan 1

Thuat Thuat toan
U C toan 1
$ B¢ sb ligu UITICl| 1oear
RI| T IR
1 | Hepatitis.data | 155 | 19 4 1.3 4 1.29
2 | Lung- 32 | 56 4 1017 | 4 0.17
cancer.data
3 | Automobile.d | 205 | 25 5 1.7 5 1.68
ata
4 | Anneal.data 798 | 38 9 | 179 | 8 178
5 | Congressiona | 435 | 16 | 15 | 16.5 | 13 | 16.73
I Voting
Records
6 | Credit 690 | 15 7 | 162 | 7 | 15.68
Approval

Bdng 4. Tdp rut gon cua thudt toan IQBAR
va Thudt toan 1

T | Tapdirliéu Tap rat gon Tap rat gon
T cua cua
Thuat toan Thuat toan 1
IQBAR
Hepatitis.data {1,2,4,17} {1,2,4,17}
Lung- {3,4,9,43} {3,4,9,43}
cancer.data
Automobile.da | {1, 13, 14, 20, {1, 13, 14, 20,
ta 21} 21}
Anneal.data {1,3,4,5,8,9, | {1,3,4,5,8,
33, 34, 35} 9, 34, 35}
Congressional | {1,2,3,4,5,7, | {1,2,3,4,5,
Voting 8,9, 10,11,12, | 8,10,11,12,
Records 13,14, 15, 16} | 13, 14, 15, 16}
Credit {1,2,3,4,5,6, | {1,2,3,4,5
Approval 8} 6, 8}
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Két qua thir nghiém cho thay:

- Trén cac bd sb lieu Hepatitis.data, Lung-cancer.data,
Automobile.data, Credit Approval, tap rat gon thu
dugc boi Thuét toan 1 va Thuat toan IQBAR 1a nhu
nhau. Tuy nhién, voi bo sb lieu Anneal.data,
Congressional Voting Records, tap rut gon thu dugc
boi Thuat toan 1 t6i thiéu hon tap rit gon thu duoc boi
Thuat toan IQBAR. Piéu nay ciing phi hop véi két
qua nghién ctru V& 1y thuyét.

- Thoi gian thyc hién Thuat toan 1 va Thuét toan
IQBAR V& co ban 1a trong duong nhau.

VI. KET LUAN

Cac nghién ciru V& rat gon thudc tinh trong bang
quyét dinh khong day du theo tiép can moé hinh tap tho
dung sai kha sb6i dong trong miy nim gan day. Trong
bai bao nay, ching t6i dé xuat phuong phap heuristic
rit gon thudc tinh trong bang quyét dinh khong day du
str dung do do khoang cach phan hoach, bao gdm céc
budc: xay dung do do khoang cach gitra tap thudc tinh
diéu kién va thudc tinh quyét dinh; dinh nghia tap rat
gon dua trén khoang cach; dinh nghia d6 quan trong
cua thudc tinh dua trén khoang cach; xay dung thuat
toan heuristic tim mot tap rat gon tét nhat sir dung
khoang cach. Chung t6i chitng minh tap rat gon dya
trén khoang cach thudc Nhom 2. Do d6 vé chat lugng
phan 16p, phuong phap st dung khoang cach tuong
duong véi cac phuong phap thuéc Nhom 2 va higu
qua hon cac phuong phap thuéc Nhom 3, Nhom 4. Vé
d6 phuc tap thoi gian, phwong phap st dung khoang
cach tuong duong véGi cac phuong phap khac st dung
d6 do va hiéu qua hon cac phuong phap theo tiép can
ma tran trong Nhém 2 va Nhom 3. Két qua thu dugc
ctia bai bao b sung thém cac phuong phwong phap rat
gon thudc tinh trong bang quyét dinh khéng day du.
Hudng phat trién tiép theo ciia nhom tac gia 1a nghién
clru cac phuong phap rat gon trén bang quyét dinh
khong day du véi dit liéu thay doi.
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