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Tém tat: Mo hinh tap tho dung sai la cong cu hiéu qua giai quyét bai toan rit gon thudc tinh trén bang quyét dinh
khong diy di. Trong méiy ndm gin diy, cic nha nghién ctiu da dé xuit mot sb thuit todn gia ting tim tap rit gon theo
tiép can tap tho dung sai nham giam thiéu thoi gian thuc hién. Tuy nhién, cdc thuit todn dé xuét déu theo hudng tiép cin
loc truyén thong, nghia la budc kiém tra do chinh xdc phan 16p ddc lap véi budc tim tap rit gon. Do d6, tip rit gon tim
dugc chua t6i uu ca vé s6 lugng thudc tinh va do chinh xic phan 16p. Trong bai bdo nay, chiing t6i dé xuat thuit todn
gia ting IDS_IFW_AO tim tip riit gon theo tiép can lai ghép loc — déng géi st dung dd do khoing cach. Két qua thir
nghiém trén céc tap dit liéu mau cho thiy, thuit toan lai IDS_IFW_AO hiéu qua hon thuit toan loc IARM-I vé d6 chinh
x4c phan 16p va sb thudc tinh tap rit gon.

Tix khéa: Tdp tho dung sai, khodng cdch, thudt todn gia ting, bdng quyét dinh khéng ddy di, rit gon thudc tinh, tdp rit gon.

Title:  An Incremental Algorithm for Finding Reducts of Incomplete Decision Tables

Abstract:  Tolerance rough set models provide an effective tool for attribute reduction in incomplete decision tables. In recent
years, some incremental algorithms have been proposed to find reducts of dynamic incomplete decision tables in order
to reduce the computation time. However, they are classical filter algorithms, in which the classification accuracy
of decision tables is computed after obtaining the reducts. Therefore, the obtained reducts of these algorithms are
not optimal in terms of reduct cardinality and classification accuracy. In this paper, we propose the incremental filter—
wrapper algorithm to find a reduct of an incomplete decision table in case of adding multiple objects. The experimental
results on some sample datasets show that the proposed filter—wrapper algorithm is more effective than IARM-I, a state-
of-the-art filter algorithm, in terms of classification accuracy and reduct cardinality.
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I. GIOI THIEU Trong cic bai todn thuc té, bang quyét dinh khong day
di thudng c6 kich thudc 16n va ludn thay ddi, cip nhat.
Ly thuyét tap thd do Pawlak [1] dé xudt dugc xem la  Viéc 4p dung cdc thuit toan tim tip rit gon theo tiép cin
cong cu hiéu qua giai quyét bai toan rit gon thudc tinh tap tho dung sai gip nhiéu thach thic. Trudng hop cic bang
trén bang quyét dinh day du. Trong thuc té, cic bang quyét  quyét dinh thay ddi, cac thuit toan nay tinh lai tap rit gon
dinh thudng thiéu gia tri trén mién gia tri thuoc tinh, lic  trén toan bo bang quyét dinh sau khi thay d6i nén chi phi
d6 bang quyét dinh dugc goi 1a khong ddy di. DE gidi  vé thoi gian tinh todn ting 1én dang ké. Trudng hop bang
quyét bai toan rit gon thudc tinh va trich loc luat trén bang quyét dinh c6 kich c6 thudc 16n, viéc thuc hién thuit todn
quyét dinh khong day dua, Kryszkiewicz [2] md rong quan trén toan bo bang quyét dinh sé gip khé khin vé thai gian
hé tuong duong trong ly thuyét tip thod truyén thong thanh  thuc hién. Do d6, cic nha nghién ciiu d& xuét huéng tiép
quan hé dung sai va xay dung mo hinh tap thd dung sai. can tinh todn gia tang tim tap rut gon.
Dua trén md hinh tap thé dung sai, cic nha nghién ciu da Céc thuét todn gia ting c¢6 kha niing gidm thiéu thdi gian
dé xuit cic phuong phéap rit gon thudc tinh theo tiép cin thuc hién va c6 kha ning thuc hién trén cic bang quyét dinh
loc st dung céc do do khac nhau, dién hinh 1a phuong phap ~ khong diy di kich thudc 16n bang giai phap chia nhé bang
rit gon thudc tinh st dung d6 do khoang cach [3, 4]. quyét dinh. Theo tiép can tap tho truyén thdng, cic nghién
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ctfu lién quan dén cdc phuong phap gia ting tim tip rit gon
trong bang quyét dinh thay ddi kha sdi dong va tap trung
vao cdc trudng hop: b6 sung/loai bd tap dbi tuong [5-10],
bd sung/loai bd tap thudc tinh [11, 12], tip dbi tugng hay
tap thudc tinh thay déi gid tri [13-15].

Trong miy nim gin diy, mot s6 cong trinh nghién ctiu
da dé xudt cic thuit todn gia ting tim tip rit gon cla
bing quyét dinh khong day dui theo tiép can tip tho dung
sai [16-22]. Zhang va cic cong su [16] xay dung thudt toan
gia ting tim tip rit gon st dung ham quyét dinh suy rong
trong trudng hop bo sung mot dbi tuong. Shu va céc cong
su [17, 18] xay dung co ché cip nhit mién duong trong
truong hop bd sung va loai bd tip dbi tuong, trén co sd
d6 dé xuit cic thuit todn gia ting tim tap rit gon. Yu va
céc cong sy [19] xay dung cac cong thic gia tang tinh todn
entropy trong trudng hop bd sung, loai bd tip dbi tugng
va dé xuit thuat todn gia ting tim tap rit gon. Shu va cdc
cong su [20] xdy dung co ché cip nhit mién duong trong
trudng hop bd sung, loai bd tap thudc tinh, trén co sd d6
dé xudt cac thuat toan gia ting tim tip rit gon. Shu va cic
cong su [21] xdy dung co ché cip nhat mién duong trong
trudng hop tap dbi tuong thay ddi tap gia tri, trén cd s§ d6
dé xuét cic thuat toan gia ting tim tip rit gon. Xie va cc
cong su [22] xdy dung do do khong nhit quan va dé xuit
céc thuét toan gia tang tim tdp rut gon st dung dd khong
nhét quin trong trudng hop tap dbi tuong, tip thudc tinh
thay d6i gia tri.

Két qua thuc nghiém cho thiy, cdc thut todn gia ting
da cong bd gidm thiéu dang ké thoi gian thuc hién so véi
céc thuat toan khong gia ting. Do d6, ching c6 thé thuc
thi dudc trén cdc bang quyét dinh thay ddi, cap nhat, c6
kich thudc 16n. Tuy nhién, cc thuat toan di cong bd néu
trén déu theo hudng tiép can loc (filter) truyén thong. Véi
céch tiép can nay, tip rit gon tim dugc 1a tip thudc tinh
tdi thiéu bao toan d6 do dudc dinh nghia. Viéc danh gia
do6 chinh xac phan 16p cia m6 hinh dudc thuc hién sau khi
tim dugc tap rat gon. Vi vay, tip rut gon tim dugc cua cac
thuat toan néu trén chua t6i vu ca vé sd lugng thudc tinh
va d6 chinh xac phan 16p.

Trong bai bdo nay chiing tdi dé xuét thut toan gia ting
tim tip rit gon cla bang quyét dinh khong diy dd trong
truong hop bd sung tap dbi tuong sit dung do do khoang
cdch trong [3], dugc viét tit 1a IDS_IFW_AO. Thuat toin
dé xuét IDS_IFW_AO theo huéng tiép can loc — dong goi,
trong d6 giai doan loc tim cdc ing vién tap it gon mdi khi
bd sung thudc tinh c6 dd quan trong 16n nhit, giai doan
déng goi tim tap rut gon cé do chinh xac phan 16p cao
nhit.

Két qua thii nghiém trén cac bo sd liéu mau cho théy,
thudt toan IDS_IFW_AO c6 d6 chinh xac phan 16p cao hon
thuat toan IARM-I [17]. Hon nifa, s6 lugng thudc tinh tap
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rit gon ctia IDS_IFW_AO nhd hon IARM-I. Ciu triic bai
bdo nhu sau. Phan II trinh bay mot s6 khai niém co ban.
Phan III xdy dung cong thiic gia ting tinh do do khoang
cach trong trudng hop bd sung tap ddi tugng. Phan IV trinh
bay thuat toan gia ting tim tap rit gon khi bd sung tap dbi
tugng. Phan V trinh bay két qua thir nghiém céc thuat todn.
Cubi cung la két luan va dinh hudng nghién citu tiép theo.

1. MOT SO KHAI NIEM CO BAN

Phan nay trinh bay mot sé khai niém co ban vé mo hinh
tap tho dung sai do Kryszkiewicz [2] d& xuAt.

Béng quyét dinh 1a mot cdp DS = (U,C U {d}) trong
d6 U 1a tap hitu han va khéc réng cta cic dobi tuong, C 1a
tap hitu han va khéc rdng ctia cic thudc tinh diéu kién, d
1a thudc tinh quyét dinh. Mbi thudc tinh @ € C xdc dinh
mot anh xa a : U — V,, v6i V, la tdp gia tri cia thudc tinh
a € C. Néu V, chda gia tri thiéu (missing value) thi DS
dugc goi 1a bang quyét dinh khong day dd, con ngugc lai 1a
day db. Gid tri thiéu dugc biéu dién 1a *. Khi d6, bing quyét
dinh khong day da dugc bi€u dién béi IDS = (U,C U {d})
véi = ¢ V.

Xét bang quyét dinh khong day du /DS = (U,C U {d}).
V6i mbi tap con thudc tinh P C C, ta dinh nghia mdt quan
h¢ nhi phén trén U nhu sau: SIM(P) = {(u,v) € UxU} sao
cho v6i moi a € P, ta c6 a(u) = a(v) hodc a(u) = * hodc
a(v) = *, véi a (u) 1a gid tri thudc tinh a tai dbi tudng u.

Quan hé SIM(P) dudgc goi la quan hé dung sai (tolerance
relation) trén U vi chiing c6 tinh phan xa, d6i xding nhung
khong c6 tinh béc cau. Dé thy, SIM(P) = NaepSIM ({a}).

Véi u e U, Sp(u) ={v € U | (u,v) € SIM(P)} dugc goi
13 mot 16p dung sai ctia dbi tuong u. Sp(u) la tap cac d6i
tugng khong phan biét dudc v6i u trén quan hé dung sai
SIM(P). Trudng hop dic biét, néu P = @ thi Sy (u) = U.

V6i P C C va X C U, tap P-xdp xi dudi clia X 1a PX =
{u eU| Sp(u) C X} = {u € X |Sp(u) C X}, tap P-xdp xi
trénctia X a PX ={ueU|SpuynX =2} = {Sp(u) |
u € U}, B-mién bién ca X la tap BNp(X) = PX - PX.
Cép (BX,I_JX) dugc goi 1a md hinh tip thoé dung sai. Véi
cdc tap xAp xi nhu vy, ta goi P-mién duong d6i v6i D 1a
tap POSp({d}) = Uxev,a}(PX).

Xét bang quyét dinh khong day du IDS = (U,C U {d}).
Véi P C CvaueU, dpu) ={d(v)|v e Sp(u)} dugc goi
12 ham quyét dinh suy rong cta IDS. Néu |0c(u)| = 1 vé6i
moi u € U thi IDS 1a nhét quén, trai lai /DS 1a khong nhét
quan. Theo dinh nghia mién duong, /DS nhat quéan khi va
chi khi POSc({d}) = U, tréi lai IDS 1a khong nhat quan.

Dinh nghia 1: Cho truc bang quyét dinh khong day da
IDS = (U,CU {d}) v6i U = {uy,up,...,uy} va P C C.



Khi d6, ma trdn dung sai ctia quan hé SIM(P), ky hiéu la
M(P) = [pi jlnxn, dudc dinh nghia nhu sau:

P11 P12 0 DPin
P21 P22 0 D2n

M(P) = . . . . ]
n,l Pn2 " Pnn

trong d6 p; ; € {0,1}, p;; = 1 néu u; € Sp(u;) va p;; =0
néu uj & Sp(u;), véii,j=1,...,n.

V6i viéc biéu dién quan hé dung sai SIM(P) bang ma
tran dung sai M(P), ta ¢6 u; € U v6i moi i € {1,...,n},
Sp(ui) ={uj € U | piy =1} va |Sp(ui)l = X7 pij-

Vé6i P,Q € C, vau e U tacod Spup(u) = Sp(u) N Sp(u).
Gia sa M(P) = [pi,j]nxn va M(Q) = [Qi,j]nxn lan lugt la
hai ma tran dung sai cia SIM(P) va SIM(Q), khi d6 ma
tran dung sai trén tip thudc tinh S = PU Q la M(S) =
M(P U Q) = [s;,jlnxn, V61 8;j = pi jqi,;-

Xét bang quyét dinh khong ddy da /DS = (U,C U {d})
véi U = {uj,uy,...,uy}, P € C,va X C U. Gia su tap
dbi tugng X dudc biéu dién bing mdt véc-to mot chiéu

= (X1,X2,...,X,) trong d6 x; = 1 néu u; € X va x; = 0
néu u; ¢ X, khi d6 PX = {u; € U | pij < xj.j = 1,...,n}
va PX = {u,- eU|pijxj+9,j=1,...,n

ML XAY DUNG CONG THUC TINH KHOANG
CACH KHI BO SUNG TAP pOI TUONG

Trong cong trinh [3], cac tac gia da xdy dung do do
khoang cich gilta cc tap thudc tinh trong bang quyét dinh
khong day di. Trong phan nay, ching toi xdy dung cong
thic tinh do do khoang cach trong [3] véi cac truong hop
bd sung mot ddi tugng va bd sung tap dbi tugng vao bang
quyét dinh khong ddy di. Cac cong thic nay 1a co s& dé
xdy dung thudt toan gia ting tim tip rit gon dudc trinh bay
& phan IV.

Cho béng quyét dinh khong diy di IDS = (U,C U {d})
v6i U = {uy,uy,. ..,u,}. Khi do, khoang cach gitra hai tap
thudc tinh C va C U {d} dugc xac dinh nhu sau [2]:

D(C,CU{d}) = %Z (ISc(ui)|—|Sc(ui)05{d}(ui)|)- M
i=1

Gia st M(C) = [ci,j]nxns M({d}) = [di,j]nxn tuong ﬁng
la ma trdn dung sai trén C va {d}. it

y(n,m) = ZZ clj_cljlj )

i=1 j=1
Khi d6, do do khoang cach dugc tinh béi

D(C,Cu{d}) = lzzn:zn:(c,, cijdi ;)
i=1j

= ;V(m n). A3)
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1. Cong thitc tinh khoang cach khi bd sung mot
doi tugng

Ménh dé 1: Cho bang quyét dinh khong diy di IDS =
(U,C U {d}) v6i U = {uy,u,...,u,}. Gia stt dbi tuong u
duge bS sung vao U. Dt Myyu(C) = [ci,jln+1)xn+1) V2
Myuwy({d}) = [di jlnr1)xn+1) tuong tGng la ma trén dung
sai trén C va {d} v6i Sc(u) = {u; € U | cyy1,; = 1}. Khi
do, cong thic tinh khoang cach 1a

Dy (€.C U (d)) = (22) Du(C.C U {ap)+

+1
2 n+l
2 S —aunitha).
i=1

Chiing minh: Dit k = |Sc(u)| - |Sc(u) N Siay(w)|- T
cong thic (3) tinh d6 do khoang cach ta cé

Dy (C.C U {d}) = ﬁ(y(n,n + 1)+ k)
= m(y(n,n) Tkt
- m(y(n,n) + zk). (5)

Mit khéc ta c6 y(n,n) = n*Dy(C,C U {d}) theo cong
thic (3). Tir d6 ta c6 két qua nhu cong thic (4). O

2. Coéng thitc tinh khoang cach khi bo sung tap
doi tugng

Trén co s ménh dé 1, chiing t6i xdy dung cdng thic
tinh khoang céach trong trudng hop bd sung tip ddi tuong
bdi ménh d& 2 nhu sau:

Ménh dé 2: Cho bang quyét dinh khong ddy di IDS =
(U,Ccu{d}) véi U = {uy,us, .. .,u,}. Gia st tap ddi tuong
gdm s phan ti AU = {u,41,Uni2s. - - Unss} dudc bS sung
vao U v6i s > 2, dit Myuau(C) = [Ci,j](n+s)><(n+s) va
Myuau({d}) = [di j](n+s)x(n+s) tuong Gng 1a ma tran dung
sai trén C va {d}. Khi do6, cong thic tinh khoang céch la

2
Dyuau(C,C U {d}) = (%) Dy(C,C U {d})+

n+s i

(n+s)2 Z Z(cll ci,jdij).  (6)

i=n+l j=

Chiing minh: Ky hiéu Dy,D»,...,D, tuong Ung la
khoang cich gitta C va C U {d}. Khi thém lan lugt céc
dbi tuong Upi 1,2, . . ., Unss vao U, va Dy 12 khodng cich
gitta C va C U {d} trén tap ddi tugng ban dau U. Khi b3
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sung ddi tuong u,.; vao U, theo cong thiic (4) cda ménh
dé 1 tacé

n
D=
n

2 n+l
" 1) Do + NS ,Zl (Cne1,j — Cnet, jdns1j)-

Khi bS sung dbi tuong u,,» vao U, ta cé

n+1 2 2 n+2
e —

n+l

2
n 2 Z
+ 2) Do+ (n+2)? = (Cn+1,j = Cnst,jdnsrj) +

n+2

- (n
ﬁ Z (cn+2,j - cn+2,jdn+2,j) .
n =

Tinh todn tuong tu, khi b8 sung dbi tuong u,.s vao U,

ta cO
n \2 2
Ds = ( ) DO + —As,
n+s (n+s)?
trong do
n+s i
AS = Z Z(Ci,j_ci,jdi,j)'
i=n+l j=1
Tu do6 ta co
( )2 n+s l
n+s (n+s) i=n+1 j=
hay

n 2
Dyoav (C.CU{d}) = (Ts) Dy (C.C U {d})+

n+s i

E Z ci,j = cijdij)

(n+ 2
(n+s) i=n+l1 j=1

IV. THUAT TOAN GIA TANG LOC - PONG
GOI TIM TAP RUT GON KHI BO SUNG TAP
POI TUONG

Trong cong trinh [3], cic tac gid da dé xuit thuat toan
heuristic tim tip rit gon clia bang quyét dinh khong day
dd sit dung do do khoang céach theo hudéng tiép can loc.
Vé6i cach tiép can nay, tip rit gon tim dudc 1a tip thudc
tinh nhd nhét bao toan do do khoang cach ban dau, viéc
danh gia d6 chinh xac phan 16p dugc thuc hién sau khi tim
dudc tim rut gon. Trong muc nay, dua trén cong thic tinh
khoang cich & ménh d& 2, ching toi xdy dung thuit todn
gia tang tim tap rut gon st dung dd do khoang cach. Thuét
toan dé xuit theo hudng tiép can lai ghép loc — déng goi,
trong d6 giai doan loc tim cic ung vién cho tip rit gon
mbi khi bd sung thudc tinh c6 dd quan trong 16n nhit; giai
doan déng goéi tim tip riat gon c¢6 do chinh xac phan 16p
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cao nhit. Trudc hét, ching t6i trinh bay dinh nghia tap rit
gon va do quan trong cta thudc tinh dyva trén khoang cach.

Pinh nghia 2 ([3]): Cho bang quyét dinh khong day dd
IDS = (U,C U {d}) v6i B C C. Néu

1) D(B,BU{d}) = D(C,CuU{d}), va

2) Vb e B, D(B—{b},(B—{b})u{d}) # D(C U {d}),
thi B la mdt tap rut gon cia C dua trén khoang cach.

Dinh nghia 3 ([3]): Cho bidng quyét dinh khong diy du
IDS = (U,CuU{d}) v6i B c C va b € C — B. Bd quan
trong ctia thuoc tinh b d6i v6i B dugc dinh nghia béi

SIGg(b) =D (B,BU{d})—-D(BU{b},BU{b}U{d}).

Do quan trong SIG(b) dic trung cho chét lugng phan
16p ctia thudc tinh b dbi véi thudce tinh quyét dinh {d} va
dudc st dung 1am tiéu chuén Iva chon thudc tinh cho thuét
todn tim tap rut gon.

Ménh dé 3: Cho bang quyét dinh khong ddy di IDS =
(U,Ccu{d}) v6i U = {uy,uy,...,uy}, B C C latip rit gon
dua trén khoang cach. Gié s tap dbi tugng gobm s phan ti
AU = {Ups1,Uns2, - - - lUnis } dudc b sung vao U véi s > 1.
Khi d6, néu Sp (un+i) C S{d},(unﬂ')’ i=12,...,s,thi Bla
tap rat gon cua IDS; = (U U AU,C U {d}).

Chiing minh: Gia st Myuau(C) = [ci,jlin+s)xn+s) VA
Myuau(B) = [bijln+s)xn+s) lan lugt 12 ma trin tuong
duong md trén C va B cta IDS).

Néu Sg(up+i) C Stay(Un+i), voi moi i € {1,2,...,s}, thi
Sc(xn+,') C SB(xn+i) c S{d}(xn+,~). Khi d6 ta c6 cac két qué
sau:

1) V6imoii € {n+1,n+2,...,n+s}vaje{l,2,...,i},
te Sp(u;) C S{d}(lxll) suy ra b; NS d; J hay bi,j - bi’jd[,j =
b[,j _bij = 0. T d6 ta co Zn+3+1 Z 1(bi,j —b[’jdi,j) =0
Theo ménh dé 2, tacé

2
Dyuau(B,BU {d}) = (#) Dy(B,BU{d}). (7)

2) Tuong tu, v6i moi i € {n+ 1,....,n+ s} va j €
{L,2,...,i}, tt Sc(u;) € Sqay(u;) suy ra ¢;j < dlj, hay
Ci,j_ci,jdi,j =Ci,j—Ci,j = 0. Tu do6 ta co Zn+,f+1 Z/ I(C,]
ci jdi ;) = 0. Theo ménh dé 2, ta c6

2
Dyuau(C,CU{d}) = (n”?) Dy(C,Cu{d)). (8

Mait khac, do B la tip rit gon cia IDS nén ta cé
Dy(B,B U {d}) = Dy(C,C U {d}). Ti (7) va (8) suy ra
Dyuau(B,B U {d}) = Dyuau(C,C U {d}). Hon niia, véi
moi b € B, Dy (B—{b},(B—{b})u{d}) # Dy (C,Cu{d}).
Tix (7) va (8) suy ra, v6i moi b € B, Dyuavu (B — {b},(B -
{b})U{d}) # Dyuau (C,CU{d}). Do d6, B 1a tap rit gon
cia IDS), = (UUAU,C U {d}). O
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Thuét toan 1: Thuit toan IDS_IFW_AO

Input:
« Bang quyét dinh khong ddy di /DS = (U,C U {d})
v6i U = {uy,uy, ... ,u,};
« Tap rit gon B C C;
« Cic ma trdn dung sai My(B) = [bij], . .
My(C) = [cij],, Mu({d}) = [dij] .,
o Tap dbi tugng bd sung AU = {u,11, Ups2, . -
Output:
o Tap rit gon Bpey cta IDS) = (U UAU,C U {d}).
Begin
Budc 1: Khdi tao.
1: T =@. // Chita cdc iing vién tdp riit gon tot nhdt.
2: Tinh cdc ma tran dung sai trén tap ddi tuong U U AU:

. ,un+s}~

MUUAU(B) = [bl’]] (n+s)x(n+s)’
Muoav({d}) = [dij] rgwnes) -

Budc 2: Kiém tra tdp doi tuong bé sung.
. bat X = AU.
: Fori=1tos do

If Sp (un+i) S Sqay (Un+:) then X := X — {up}.

End
: If X = @ then Return B.
: Pit AU = X va s = |AU|. // Gdn lai tdp doi twong.

Budc 3: Thuc hién thudt todn tim tdp rit gon.
9: Tinh cic khoidng cich ban dau: Dy (B,BU {d}) va
Dy (C,Cu{d}).
Tinh cac khoang cach: Dyuay (B,BU{d}) va
Dyuau (C,C U {d}) theo (6).

10:

// Giai doan loc, tim cdc vng vién cho tdp rit gon
11: While Dyyay (B,BU {d}) # Dyuay (C,C U {d}) do

12: For each ¢« € C — B do
13: Tinh Dyuau (B U {a},B U {a} U{d}) theo (6).
14: Tinh
S1Gg (a) = Dyuay (B,BU {d}) -
Dyuau (BU {a},B U {a} U {d}).
15: End
16: Chon a € C — B sao cho
SIGg(ay,) = max {SIGg(a)}.
acC-B
17: B =BU{a,}.
18: T=TUB.
19: End

// Giai doan dong goi, tim tdp rut gon co do chinh xdc
phdn 1dp cao nht.
bit ¢t = |T|.
/' T la tdp hop thudc tinh duoc chon, nghia la T =
{B U {ail},B\U {ail,aiz},. ..,BU {ai,,aiz,. . .,ait}},
va t 1a sO phan ti cta 7.
bit Ty = BU {a,}, T
T, =BU {ai,,a,-z,. ..
Fori=1tot
Tinh do chinh xdc phéan 16p trén T; bang mot by
phan 16p st dung phuong phap 10-fold.
24: End
¢ Buest = Tjo VOi Tj, c6 dO chinh xdc phan 16p 16n nhét.
26: Return Bypeg.

20:

21: = va

B U {a,-l,a,-Z}, .
7ait .

22:
23:

Duya trén ménh dé 3, thuét todn gia ting loc — dong géi
tim tip rit gon trong bang quyét dinh khong diy da st
dung khoang cach khi bS sung tip d6i tuong AU dudc md
ta nhu trong thuat toan 1.

Gia st |C|, |U|, |AU| tuong ting 1a s6 thudc tinh diéu
kién, s6 dbi tugng va sb6 dbi tuong b sung thém. O céu
1énh 2, d6 phuc tap tinh ma tran dung sai Myyay(B) khi
biét My(B) la O(|AU| = (|U| + |AUI)). Do phiic tap cta
vong 13p For & cau lénh s6 4 1a O(|AU| = (JU| + |AUY)).
Trong truong hop tot nhat, thuit todn két thiic & cau lénh 7
(tap rdt gon khong thay ddi). Khi d6, do phic tap thuat
todn IDS_IFW_AO 1a O(|AU| * (|U| + |AU])).

Ngugc lai, xét vong 1ip While tli cAu 1énh 11 dén 19, dé
tinh SIGp(a) ta phai tinh Dy, ay (BU {a},B U {a} U {d})
vi Dyuau (B,BU {d}) da dugc tinh & budc truéc. Do
phiic tap tinh gia ting Dyiay (BU {a},B U {a} U {d})
la O(JAU|=(|U| +|AUJ)). Do d6, do phic tap cua
vong lip While 1a O ((|C| —1B|? |AU| + (U] + |AU|))
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va do phic tap clGa giai doan lgc trong trudng hdgp
xAu nhit 1a O (|C|—|B|)2|AU|*(|U|+|AU|)). Gid sit
do phic tap cua bo phan 16p la O(T), khi d6 do
phiic tap cia giai doan dong géi la O ((|C| - |B|) = T).
Vi vy, d0 phic tap cia thudt toan IDS_IFW_AO la
0 ((ICI = 1BI + [AU] + (U] + [AUD)) + O (IC| - B  T).

Néu thuc hién thuat toin khong gia ting loc — déng géi
truc tiép trén bang quyét dinh c6 s dbi tuong U U AU, khi
d6 do phuc tap 12 O (|C|2 (U + |AU|)2)+0(|C| «T). Do
do, thuat toan gia ting IDS_IFW_AO giam thiéu dang ké
do phuc tap thoi gian thuc hién, diac biét trong truong hgp
|U| 16n hoac |B| 16n.

V. THU NGHIEM
Muc tiéu cta thit nghiém la ddnh gia tinh hiéu qua cua

thuat toan gia tang loc — dong géi IDS_IFW_AO véi thuét
toan gia ting loc IARM-I [17] vé sb luong thudc tinh tap
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Bang I
BO DU LIEU THU NGHIEM THUAT TOAN IDS_IFW_AO

) Bang II
SO LUGNG THUOC TINH TAP RUT GON VA PO
CHINH XAC CUA IDS_IFW_AO VA IARM-I

Tap . So Ban Gia So So lop

du liéu doi tugng dau ting | thudc tinh Qb Tap U N S IDS_IFW_AO TARM-I
Audiology 226 111 115 69 24 dit lidu IR| Acc IR| | Acc
Soyblarge 307 152 | 155 35 2 Up | 111 | 111 | 5 [ 76,18 | 8 | 74,29
CV. Record 435 215 220 16 2 U, 23 134 5 76, 18 9 75,12
Arrhyth 452 227 225 279 16 . U, 23 157 6 81, 26 12 78,26

Audiology
Anneal 798 398 400 38 Uz 23 180 6 81,26 12 78,26
Advers. 3279 1639 | 1640 1558 2 Uy 23 203 7 78,84 14 78,17
Us 23 226 7 78,84 15 76, 64
Uy 152 152 5 96, 12 95, 46
. [N . . 2 A L A 12 N U 31 183 5 96, 12 7 95, 46
rut gon va do chinh xac cia md hinh phéan 16p. IARM-I 1a !
~ . . . R . . . 2. Sovblaree U, 31 214 6 96, 72 9 95,04
thuat toa}q gia tang loc tim tap rut %Qn cua bang, guyet dinh yblarge |1 245 . 95,18 9 | 95.04
khong day du trong trudng hgp bo sung tdp doi tugng su U, | 31 276 7 95,18 | 10 | 94,19
dung mién duong. Viéc thi nghiém dugc thuc hién trén 6 Us | 31 307 8 94,58 11 | 94,28
tap dit liéu miu lay tir kho di liéu UCI [23] dugc md ta & Uy | 215 | 215 4 92,48 9 | 91,17
Bang I, day 12 cic tap dif liéu thiéu gid tri (missing value) U | 44| 259 | 5 | 92,76 | 10 | 91,45
trén mién gid tri thudc tinh diéu kién. M&i tap dit liéu dugc CV. Up | 44 | 303 1 7 | 94,48 | 14 ) 92,28
hia thanh hai phin xAp xi bing nhau: tip dit liéu ban da Record | Us | 44| 347 | 7 ] 94,48 | 14 92,28
chia thanf hai phan xap X1 bang nhau: tap Gu lick ban dau Us | 44 | 301 | 9 | o412 | 16 | 92,06
(cot 3 Bang I) ky hiéu 1a Uy, va tap du li€u gia tang (cot 4 Us | a4 435 9 04.12 | 17 | 92.88
Béng I). Tap dir liéu gia ting dugc chia thanh 5 phﬁn b%“lng Uy | 227 227 6 70, 08 14 | 69,16
nhau, ky hiéu 1an lugt 1a Uy, U,, Us, Uy va Us. U, 45 272 7 72,45 17 | 72,05
D€ tién hanh thit nghiém hai thuat toan IDS_IFW_AO Arhytn | U2 | 4| 31T 7 72,45 4171 72,05
a IARM-], truc hét ching t6i thuc hién hai thuit toa Us | 4 362 X 718 21 73,23
va IARM-L fruce et ciung tot thiie hich hat thuat toan Us | 45 | 407 | 8 | 74,18 | 21 | 73,23
trén tp du liu ban dau (coi tap dit liéu ban dau la tip gia Us 45 452 9 76.04 | 24 | 73.08
tang). Tiép theo, thyc hién hai thuit toan khi 1an luct bé Uy | 398 398 4 84, 18 8 84, 06
sung tif phan thii nhit dén phan thd nim cta tap dif liéu U | 8 | 478 | 5 | 89,06 | 8 | 84,06
gia ting. Ching tdi st dung bd phan 16p C4.5 d€ tinh do Anneal Uy | 80 558 5 89,06 8 | 84,06
chinh xdc phan 16p ciia hai thuét todn va phuong phap kiém Us | 80 638 6 91,28 o | 88,48
. ~ ca . ca N 71 1,2 ,4
tra chéo 10-fold. Cong cu thyc hién thu nghiém la Matlab Us | 80 8 6 o1,28 o | 38,48
R2016a. Moi tradne thit nehiém 1 mév tah PC véi ch Us | 8 | 798 | 6 | 91,28 | 10 | 90,06
X a. MoO1 truong thu pg 1€m la may tin \1(51 cau Uo | 1639 | 1639 | 12 93,01 23 | 92.16
hinh Inte](R) COTG(TM) 213-2120 CPU, 3,3 GHz va 4 GB U, 328 1967 14 91,18 28 90, 48
b nhg. U | 328 | 2205 | 14 | 91,18 | 28 | 90,48
) o Advers.

Bang II trinh bay két qua so sanh vé so lugng thudc tinh Us | 328 126231 17 | 91,65 | 32 | 91,17
tap rut gon va do chinh xdac phén 16p cta hai thuit toan Uy | 328 | 2951 1 18 | 92,82 ) 36 ) 92,06
P &¢ : p P ' Us 328 3279 19 92,90 45 92,46

IDS_IFW_AO va IARM-I. Ky hiéu U la tap dbi tugng dua
vao d€ thd nghiém, N l1a s6 dbi tugng dua vao, S 1a téng
s6 dbi tuong dua vao, |R| 1a sb thudc tinh tip rit gon, Acc
la do chinh xdc. Két qua Bang II cho thdy, do chinh xdc
phéan 16p cda IDS_IFW_AO cao hon IARM-I trén hau hét
cdc tap dif liéu. Hon nita, s6 thudc tinh tap rit gon cla
IDS_IFW_AO nhé hon kha nhiéu so véi s6 thudc tinh tap
rit gon ctia IARM-I, dic biét trén tap rit gon c6 sb thudc
tinh 16n nhu Advertisements. Do do, tinh khai quat héa cla
tap luat phan 16p trén tap rit gon ctia IDS_IFW_AO tét hon
so v6i IARM-IL.

Bang III trinh bay két qua so sanh thdi gian thuc hién
hai thuat toan IDS_IFW_AO va IARM-I (tinh bing gidy).
Trong Bang III, ky hiéu ¢ 12 thdi gian thuc hién, ¢s 1a tdng
thoi gian thuc hién. Két qua Bang III cho thiy, thdi gian
thuc hién cia IDS_IFW_AO 16n hon IARM-I trén tit ca
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cdc tap dif liéu. Nguyén nhan 1a IDS_IFW_AO mit thém
chi phi thdi gian thuc hién bd phén 16p trong giai doan
dong goi.

VI. KET LUAN

Céc thuat toan gia ting tim tap rdt gon trong bang quyét
dinh khong day di da dé xuit déu theo huéng tiép cin loc
truyén théng. Do d6, tip rit gon thu dudc chua tdi uu vé
s6 luong thudc tinh va do chinh x4c phan 16p. Trong bai
bdo nay, ching t6i xdy dung cong thic tinh khoang cach
trong cong trinh [3] véi trudng hop bd sung tip dbi tuong.
Str dung cong thic tinh khoang cach dé xuét, ching toi xay
dung thudt toan gia ting loc — dong g6i IDS_IFW_AO tim



) Bang III
SO LUGNG THUOC TINH TAP RUT GON VA b0
CHINH XAC cUA IDS_IFW_AO VA IARM-I

dfﬁ%u vl N s :DS_IFV;’S_AO : IARN:SI
Up | 111 | 111 | 6,08 | 6,08 | 5,82 | 5,82
U, | 23 134 | 0,61 | 6,69 | 0,51 | 6,33
Audiology U, | 23 157 | 0,35 | 7,04 | 0,26 | 6,59
Us | 23 180 | 0,64 | 7,68 | 0,42 | 7,01
Uy | 23 203 | 0,34 | 8,02 | 0,28 | 7,29
Us | 23 226 | 0,44 | 8,46 | 0,35 | 7,64
Up | 152 | 152 | 3,04 | 3,04 | 2,86 | 2,86
U, | 31 183 | 0,64 | 3,68 | 0,42 | 3,28
U, | 31 214 | 0,34 | 4,02 | 0,22 | 3,52
Soyblarge
Us | 31 245 | 0,73 | 4,75 | 0,54 | 4,06
U | 31 276 | 0,43 | 5,18 | 0,34 | 4,40
Us | 31 307 | 0,68 | 5,86 | 0,40 | 4,80
Uy | 215 | 215 | 5,86 | 5,86 | 5,03 | 5,03
U, | 44 259 | 0,56 | 6,42 | 0,39 | 5,42
CV. U, | 44 303 | 0,61 | 7,03 | 0,46 | 5,88
Record Us | 44 347 | 0,53 | 7,56 | 0,37 | 6,25
Uy | 44 391 | 0,47 | 8,03 | 0,31 | 6,56
Us | 44 435 | 0,55 | 8,58 | 0,32 | 6,88
Uy | 227 | 227 | 35,48 35,48 | 28,27| 28,72
U, | 45 272 | 1,58 | 37,06 | 1,42 | 30,14
Arthyth U, | 45 317 | 3,12 | 40,18 | 2,26 | 32,40
Us | 45 362 | 2,50 | 42,68 | 2,03 | 34,43
Uy | 45 407 | 1,36 | 44,04 | 1,15 | 35,58
Us | 45 452 | 2,14 | 46,18 | 1,84 | 37,42
Uy | 398 | 398 | 7,48 | 7,48 | 6,05 | 6,05
U | 80 478 | 0,58 | 8,06 | 0,38 | 6,43
Anneal U, | 80 558 | 0,81 | 8,95 | 0,63 | 7,06
Us | 80 638 | 0,53 | 9,48 | 0,34 | 7,40
Uy | 80 718 | 0,77 | 10,25 | 0,56 | 7,96
Us | 80 798 | 0,80 | 11,05 | 0,59 | 8,55
Uy | 1639 | 1639 | 96,74 | 96,74 | 82,05| 82,05
Up | 328 | 1967 | 5,69 | 102,43| 4,84 | 86,89
Advers. U, | 328 | 2295 | 6,13 | 108,56| 5,18 | 92,07
Us | 328 | 2623 | 5,70 | 114,26| 4,26 | 96,33
U, | 328 | 2951 | 3,86 | 118,12| 2,54 | 98,87
Us | 328 | 3279 | 4,74 | 122,86] 2,98 | 101,85

tap rit gon nham giam thiéu s6 thudc tinh tp rdt gon va
nang cao do chinh xic phan 16p. Két qua thif nghiém trén
06 tap dif liu mau cho thiy, do chinh xic phan I6p cta
thuat toan gia ting loc — dong géi IDS_IFW_AO cao hon
thuat todn gia ting loc IARM-I. Hon nita, s6 thudc tinh
tap rat gon cua IDS_IFW_AO nho6 hon kha nhiéu so véi
TIARM-1. Do d6, tinh khai quat hdéa cia tap luat phan 16p
trén tap rit gon ctia IDS_IFW_AO t6t hon IARM-1. Dinh
huéng nghién ciu tiép theo 12 xiy dung céc thuit todn gia
ting loc — déng g6i tim tip rit gon trong trudng hop bd

sung, loai bo tip thudc tinh.
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