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In the development trend of big data, decision tables are often
incomplete, increasingly large in size and always changing and
updating. The construction of incremental algorithms efficiency
according to the filter - wrapper approach to minimize the number
attribute of reduct, thereby improving the efficiency of classification
and machine learning models is a very important research issue. In
this paper, we propose two distance based filter-wrapper incremental
algorithms: the IFWA_U_Obj algorithm in case the object set change
value and the IFWA_U_Attr algorithm in case attribute set change
value. Experimental results show that proposed filter - wrapper
incremental algorithm decreases significantly the number of attributes
in the reduct and improves classification accuracy compared to filter
incremental algorithms reported.
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TU KHOA

Ly thuyét tap tho

Bang quyét dinh khong day du
Rt gon thudc tinh

Tap rat gon

Thuat toan gia ting

Loc - Bong goi

Trong xu thé phat trién cua dir lidu 16n, cac bang quyét dinh thuong
khong day du, ngay cang c6 kich thuéc 16n va ludn thay doi, cap
nhat. Viéc xdy dung cac thuét toan gia tdng hiéu qua theo phuong
phép tiép can loc - dong géi nham giam thiéu sé thudc tinh tap rit
gon, tir d6 nang cao hiéu qua cac md hinh phan 16p, hoc may la van
dé nghién cau rat can thiét. Trong bai bao nay, ching toi dé xuét hai
thuat toan gia tang loc - dong goi tim tap rat gon cua bang quyét dinh
khong day du thay d6i st dung khoang cach: thuat toan
IFWA_U_Obj trong trudng hop tap ddi tuong thay ddi gia tri va
thuat toan IFWA_U_Attr trong truong hop tap thude tinh thay ddi gia
tri. Két qua thuc nghiém trén cac tap dir liéu mau cho thy, cac thuat
toan gia tang loc - dong goi dé xuat hiéu qua hon vé sé luong thudc
tinh tip rat gon va d6 chinh xac phan I6p so vai cac thuat toan loc da
cong bé.
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1. Giéi thigu

Bai toan tim tap rdt gon trén bang quyét dinh khong day du thay doi ngay cang tré nén quan
trong, cac nha nghién ciru da dé xuat nhiéu thuat toan gia ting dé giam thoi gian thuc thi. Chang
han nhu 1y thuyét tap thd do Pawlak [1] dé& xuat dugc xem la cong cu hiéu qua giai quyét bai toan
rat gon thugc tinh trén bang quyét dinh day du, da va dang thu hat sy quan tam cua cac nha
nghién cuu trong sudt bdn thap ky qua. Trong thyc te cac bang quyet dinh thuong thiéu gia tri
trén mién gié tri cua tap thuoc tinh, goi la bang quyét dinh khéng day du. Dé giai quyét bai toan
khong qua budc tién xir ly gia tri thiéu, Kryszkiewicz [2] mé rong quan hé twong duong trong 1y
thuyét tap thd truyén thong thanh quan hé dung sai va xay dung md hinh tap thé dung sai. Véi dir
lieu cb dinh, cac tac gia trong [3] da xay dung cdng thic tinh khoang céach, tir d6 dé xuat thuat
toan IDS_F_DAR tim tap rat gon su dung khoang cach. Thuat toan nay theo tiép can loc truyén
théng, tap rut gon chwa dwoc téi wu. Bé khic phuc nhugce diém nay, céc tac gia trong [4] da dé
xuat thuat toan IDS_FW_DAR theo huéng tiép can lai ghép loc - dong goi. Trudng hop bang
quyét dinh thay do1 va ¢6 kich thuaoc 16n, viéc thuc hién thuat toan trén toan bo bang quyet dinh
s& gap kho khan vé thoi gian thyuc hién. Do 0, cac nha nghién ciru dé xuit huéng tiép can tinh
toan gia ting tim tap rat gon. C4c thuat toan gia ting c6 kha niang giam thiéu thoi gian thuc hién
va c6 kha nang thyc hién trén cac bang quyét dinh khong ddy du kich thudc 1on bang giai phap
chia nho bang quyét dinh.

Trong may nam gan day, mot s6 thuat toan gia ting tim tap rdt gon cua bang quyét dinh khong
day du da duoc dé xuat boi cac nhém nghién ciru véi cac truong hop: b sung va loai bo tap dbi
tugng [5]-[9], bo sung va loai bo tap thudc tinh [10], tap ddi tuong va tap thuoc tinh thay doi gia
tri [11], [12]. Cac tac gia trong [11] xay dung cdng thuc cap nhat mién duong trong trudng hop tap
dbi tuong thay doi gia tri, trén co s¢ d6 dé xuat thuat toan gia tang FSMV cép nhat tap rat gon. Cac
tac gia trong [12] xay dung cong thuc cap nhat d6 do khong nhat quan trong truong hop tap doi
tuong, tap thudc tinh thay doi gia tri, trén co sé d6 d& xuét hai thuat toan: thuat toan Object-R cap
nhat tap rdt gon trong truong hop tép dbi turong thay doi gia tri va Attribute-R trong truong hop tap
thudc tinh thay doi gia tri. Tuy nhién, cac thuat toan dé xuat néu trén déu theo hudng tiép can loc
truyén thong. Do d6, bai bao nay nghién ctru, dé Xut cac thuat toan gia tang tim tap rit gon theo
huéng tiép can loc - déng gbi sir dung khoang cach trong trudng hop tap déi tuong, tap thudc tinh
thay ddi gia tri nham giam thiéu sé luong thudc tinh tap rat gon, tir d6 nang cao hiéu qua ciia md
hinh phan 16p. Két qua thuc nghiém trén cac tap dir lieu mau cho thdy, thuat toan gia ting loc -
dong goi d& xuat hiéu qua hon vé sé lwong thudc tinh tap rdt gon va do chinh xac phan 16p so véi
cac thuat toan loc da cong bb.

Céu triic bai bao nhu sau: Phan 1: Gigi thiéu; Phan 2: Phuong phap nghién ctu; Phan 3: Két
qua va ban luan; Phan 4: Két luan.

2. Phwong phép nghién ciru
2.1. Khai niém co bdn

Bang quyét dinh 1a mot cip Ds=(u.cu{d}) trong d6 U =@ Ia tap hitu han cac doi tuong; ¢ »o
1a tap hitu han cac thudc tinh diéu kién; d 1a thudc tinh quyét dinh. Mdi thugc tinh acc xéc dinh
mot &nh Xa: a:u »v, V&I Va la tap gid tri caa thudc tinh a<c. Néu v, chaa gié tri thieu thi DS
duogc goi 1a bang quyét dinh khong ddy di, duoc biéu dién bi 1Ds=(U.Ccu{d}) V&I *evy, trong
d6 gia tri thiéu duoc biéu diénNIé k2

Xeét 1Ds =(u,cu{d}), véi moi tap con thugc tinh pcc, ta dinh nghia mot quan hé nhi phan trén
U nhu sau:
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SIM (P)={(uv) cUxU|vaeP,a(u)=a(v)va(u)=*'va(v)=*| Véia(u) la gid tri thuoc tinh a tai dbi twong u.
sim(P) dugc goi la quan hé dung sai (tolerance relation) trén U vi ching c6 tinh phan Xg, doi ximg
nhung khong co tinh bdc cau. D& thiy, siM (P)=NacesIM ({a}) . VGi ueU, sp(u)={veU|(u,v)esim(P)|
duoc goi 1a mot Iép dung sai ciia dbi tugng u. sp(u) 14 tap cc ddi twong khdng phan biét dugc véi u
trén quan h¢ dung sai sim (P).

Pinh nghia: Cho ibs=(u,cub) V&i U={y,up,..u} va pcc. Khi d6, ma tran dung sai cua
quan hé sim(p), ky hiéu M(P):[piﬂ . dugc dinh nghia:

nx

P11 P2 - Pin
M (P) = P21 P22 -+ Pan (1)
Pn1 Pn2 -« Pnn

Trong do, pj<{01}. pj=1 néu ujeSp(u) va pij=0 néu ujeSp(u) VOl i,j=1.n
Véi viéc biéu dién quan hé dung sai SIM (P) bang ma tran dung sai M(P), ta CO Moi u;eu,

sp(ui):{ujeu|pij =1}Vé|3p(ui)|:£:1pij. V6i PQcCueU, ta €O Sp g(u)=Sp(u)nSg(u). Gia su
J:

M(P):[pij]n . M(Q):[qij]n ] 14 hai ma tran dung sai cia sim(P), siM(Q), khi d6 ma trdn dung sai
trén tap thudc tinh s=puq la:
M(S)=M (P UQ)=|:Sij:|nxn VOi Sij = Pij-Gij
2.2. Phwong phdp gia ting rit gon thugc tinh khi tdp déi twong, tap thudc tinh thay déi gia tri
Trong phan nay, chlng toi xdy dung cong thirc gia ting tinh khoang céch va dé xuét hai thuat
toan hiéu qua tim tap rdt gon trong truong hop tap doi tuong va tap thudc tinh thay doi gia tri.
2.2.1. Thudt todn gia tang loc - déng géi tim tdp rat gon khi tap doi tirong thay doi gia tri
Ménh @& 1[3]. Cho 1Ds=(u.cU{d}) V6i U ={up,up,...up} VA M(C):[ciﬂnxn : M({d}):[diﬂnxn twong

wng la ma trdn dung sai trén C va d. Khi do, khoang cach giiza hai tap thugc tinh ¢ va cu{d}
(cij —cij &) )

Ménh @& 2. Cho 1Ds =(U,CU{d}) V6i U ={uyup,...up} - KhONG mat tinh tng quat, gid si tap doi

dwoc xdc dinh nhu sau: D(C,Cu{d}):

T M=
M=

Il
N
Il
N

L
2

AU':{Ui(,Ui(+1,...,Ui<+l_S} . Vé'l MU (C)=|:Cij:|

C va {d}, khi @6 cdc phan tir ¢ ... x.1_s Di thay doi gid tri thanh cy,...c s VO i=k.(k+s-1).

va My ({d}):[dij]m twong wng la ma trgn dung sai trén

nxn

Gia sir by (c,cu{d}) la khoang cach sau khi cap nhdt tap doi twong AU VA Dy (c.cu{d}) la cong
thuec khodng cdch truoc khi cap nhdt. Khi do, cong thire tinh gia tang khodng cach nhu sau:

k+s-1 n

DU*(C,Cu{d})=DU(C,CU{d})+n£2 zk _zl(c'”_ —ci‘j)(l—di‘j) ©)
i=k j=
T ménh dé 2, xay dung ménh dé 3 nhu sau:

Ménh dé 3. Cho 1Ds =(U,Cu{d}) Vi U={u.u,...u,} VA rec latap rat gon dya trén khodng cach.

A :{u’k Uhg s u'M_s} va u latap doi twong sau khi thay doi gia tri. Véi My (C)=[c;] ) va My ({d})=[d; |

nx| nxn
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GirCixens VO i=k.(k+s-1). Khi do ta co: Néu dy=1 hogc ¢ =c; V6i Moi k<i<k+s-1, 1<j<n thi Rla
tdp rdt gon cua 1os =(u' cuid}).

Trong muc nay, bai bao dé xuat thuat toan gia tang tim tap rdt gon theo tiép can loc - dong
goi. Thuat toan bao gom hai giai doan: Giai doan lpc: Tim cac tng vién cho tap rit gon. Giai
doan dong goi: Tim tap rut gon c6 do chinhﬁ xac phan 16p I6n nhat. Thuat toan gia tang loc - dong
goi tim tap rut gon khi tap doi tuong thay doi gié tri dugc mo ta nhu sau:

Thudt toan FWIA_U_Obj (Filter-Wrapper Incremental Algorithm for Attribute Reduction in
Incomplete Decision Tables when Update Objects).

Dauvao: Cho 1ps=(u,cu{d}) VOi U={uu,..u,}

- Tap rat gon rcc .

- Ma tran dung sai M, (R), M,(C)Va My ({d})

Dau ra: Tim tap rit gon Reest trén 10s =(u'.c u(a}) ;
Burée 1: Khai tao va kiém tra
1. 7:=@; IIT chira cac ing vién cua tdap rut gon
2. Tinh cac ma tranmy (r), M, (C), M, ({d})
3.If g =1 0r ¢ =¢, forany «<i<k+s-1, 1<j<n then ReturnR;
Budéc 2: Tim tap rat gon
4. Tinh d9 do khoang cach o, (rru{d}).0, (c.cufd})
5. Tinh d§ do khoang cach o, (rRru{d}).0, (ccufd)) sir dung cong thic gia ting trong
ménh dé 2;
/ILoqi bo cac thudce tinh dw thira trong R
6. Foreacha e R
7. If o, (rR-{a}(R-{a})ufd})-Dy (ccu{d}) then R=R-{a};
//qui doan loc
/I Bé sung céac thugc tinh con lgi vao R
8. Repeat
9. Foreach rec-r
10.  Tinh siGg(r);

11. Chon r,ec-r $a0 cho SIGR(rm):rTﬁé{SIGR(r)};
12. R:=Ru{r,},
13. T:=TUR
14.  Until o, (rRRU{d})=D, (c.cuid))
// Giai dogan dong goi

17. Fori=1tot .

'18. Tinh d6 chinh xac phan I6p trén Ti bang mot by phan 16p s dung phuong phép
kiém tra chéo 10-fold; )

19. R. =T, Vi T, 6 do chinh xac phén I6p cao nhat.

20. Return ry, .
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2.2.2. Thudt todn gia tang loC - déng géi tim tap rat gon khi tap thuge tinh thay doi gia tri

_) Phan nay xay dung cong thuc gia tang tinh khodng cach trong truong hop tap thudc tinh thay
doi gia tri boi ménh dé 4 dudi day.

1<k<n,s>1 bj thay déi gia tri. Gid sz Mo (ac)=[cf*] ~, m™(ac)=[cf] twong ung la ma tran dung
sai cua tap thugc tinh ac truede va sau khi thay doi gia tri va M(A)=[a;] m({a})=[d;] twong ung
I& ma trgn dung sai trén & ma trgn dung sai cua tdp thugc tinh con lai khéng thay doi gia tri
a=c-ac va {d}. Gia sir p(c.cofd}), D(ccufd)) twong ung la khodng cach trucc khi va sau khi tap
thugc tinh ac thay doi gia tri. Khi dé, cong thire tinh gia tang khodng cdach nhw sau:
o} (c,cU{d}):D(c,cU{d})+ni2_§iaij.(cgeW—cg'“).(l—du)
i=1lj=1

Thuat toan gia ting loc - dong goi tim tap rdt gon khi tap thudc tinh thay doi gié tri dwoc mo
ta nhu sau:

Thuat toan FWIA_U_Attr (Filter-Wrapper Incremental Algorithm for Attribute Reduction

in Incomplete Decision Tables when Update Attributes).
Pau vao: 1) Cho IDS =(U,Cufd}) VGi U={uu,...u}, tap rat gon rcc cac ma tran dung sai

M(C)=[c;] Mm({dh=[d;] -, khoang cach o(ccuid));

2) Tap thudc tinh c bi thay doi gia tri, Vi accc;

Pau ra: Tap rit gon ® cla s -(ucoufa)) sau khi ac bi thay doi gia tri.
Budc 1: Khai tao

1. 71:=2,;/ Chita cac trng vién tdp rut gon

2. Diat a=c-ac;

3. Tinhmatran dung sai m(a)=[a;] ,m™(ac)=[cj*] =~ m*(ac)=[c}"] ;

4. Tinh khoang cach o(Rruid)). o (c.culd)) bdi cong thirc gia ting trong ménh dé 4;
// Loai bo cac thudc tinh du thira trong R;

5. ForeachaeR

6. If o(rR-{a)(R-{a})u{d})=D (ccufa}) then rR:=R-{a};

Budc 2: Thyc hién thuat todn tim tap rat gon '

// Giai doan loc, tim cac ung vién cho tdp rat gon xuat phat ter tap R.

7. While o (rru{d})=D (c.cufd)) do

8. Begin

9. Foreachacc-rtinhsic,(a)=D (rRuU{d})-D (Ru{a}.RU{a}U{d})

V6i b (Rufal Rufajuld)) duoc tinh béi cong thirc gia ting trong ménh dé 4;
10. Chon a,<c-r 50 ChO siG,(ay) = max {siGy (a)} ;

11. R:=Rufa,},

12. T:=TUR;
13. End;
// Giai dogan dong goi

16. Fori=1tot i i
17. Tinh d6 chinh x&c phan lop trén T; bang mot bo phén 16p st dung phuong phap kiém tra
chéo 10-fold;
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18. Ry =T, VGi T, ¢6 do chinh xac phan I6p cao nhét.
19. Return r,, .

3. Két qua va ban luan

Trong phan ndy, ching toi tién hanh thuc nghiém dé danh gia hiéu qua cua thuat toan
FWIA_U_Obj

3.1. Muc tiéu thuc nghiém

DPanh gia tinh hi¢u qua cua thuat toan gia tang loc - dong goi FWIA U _Obj tim tap rut gon
khi tap doi trong thay doi gia tri dua trén cac tiéu chi: so lirong thugdc tinh trong tdp rat gon, do
chinh xac phan lgp va thoi gian thuc hién. Thuat toAn FWIA_U_Obj duoc so sanh véi hai thuat
toan FSMV [11] va Object-R [12].

FSMV la thuat toan gia ting tim tap rat gon theo tiép can loc trong trudng hop tap ddi tugng
thay ddi gia tri st dung mién dwong. Trong khi d6, Object-R 1a thuat toan gia ting tim tap rdt gon
theo tiép can loc trong trudng hop tap ddi tuong thay doi gid tri sir dung do do khéng nhat quén.

3.2. So ligu va méi trwong thuec nghigm

Chung tdi tién hanh cai dat ca 3 thuat toan: FWIA_U_Obj, FSMV va Object-R. Sau d6 chay 3
thuat toan trén ciing moi trudng thuc nghiém do 1a trén mdy tinh ca nhan PC: Bo xu ly Intel®, Core™
i7-3770, 3,40 GHz, Windows 7 sir dung Matlab. Dit liéu thuc nghiém 1a: 06 bo dit liéu duoc ldy trong
kho dir liéu UCI

<https://archive.ics.uci.edu/ml/datasets.php>)

Dir liéu thyc nghiém duoc mo ta & bang 1. Mdi tap dir liéu duoc chia ngau nhién thanh hai
phan xap xi bang nhau: Tap dit liéu khong thay d6i dugc ky hiéu 1a Oqri va tap dir liéu bi thay doi
dugc ky hiéu 12 Ocnan. Tiép theo, tap dit lidu bi thay d6i Ocnan duoc chia thanh nim phan bang
nhau duoc ky hiéu lan luot 12 O1, Oz, O3, O4, Os. Vi tap dir liéu Ochan , chling tdi thuc hién cap
nhat ngdu nhién gia trj thugc tinh clia cac doi twgng bi thay doi, bao dam nguyén tac cc gi tri b
thay d6i thugc mién gia tri cua thudc tinh ban dau. ‘Trong bang 1, cac cot [O, |Ooril, |Ochan|, |Al,
|k| dwoc ky hiéu tuong ung la: Sb do1 tuong; S6 ddi tugng trong Oori; S6 ddi tuong trong Ochan;
S6 thudc tinh didu kién; S6 1op quyét dinh.

Bang 1. Cac bo dir liéu dwoc swr dung trong thuc nghiém khi tap doi twong thay déi gid tri

T Tap dir ||'éU |O| |oori| |ochan| |A| |k|
1 Audiolgy 226 116 110 69 24
2 Soybean-laarge 307 157 150 35 2
3 house-votes-84 435 220 215 16 2
4 Arrhythmia 452 222 230 279 16
5 Anneal 798 393 405 38 6
6 Ad 3279 1644 1635 1558 2

3.3. Kich bdn thuc nghiégm

Truéc hét, chiing toi thyc hién thuat toan IDT_FW_DAR [4] dé tim tap rt gon trén tap dbi tuong
ban dau, lam dau vao cho céc thuat toan gia tang. Tiép theo, thuc hién cai dit va chay 03 thuat toén
FWIA_U_Obj, FSMV va Object-R khi lan luot dua vao cac tap dbi twong thay ddi gia tri Oy, Oz
03, O4, Os. Sau d6, cac gia tri s6 lwong thudc tinh tap rit gon, do chinh xac phan I6p va thoi gian thuc
hién duoc ghi lai.

3.4. Pdnh gid thugt toan FWIA_U_Obj trén hai tiéu chi: sé lweng thugc tinh trong tgp rut
gon va d¢ chinh xéac phan lép

Bang 2 trinh bay két qua vé sb thudc tinh trong tap riit gon va do chinh xéc phan 16p cua cac thuat
toan FWIA_U_Obj, FSMV va Object-R. Trong do, cdt |R| va Acc lan luot 14 so thudc tinh trong tap
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r(t gon va do chinh xac phéan 16p. Dya trén két qua trong bang 2 ta thy rang, do chinh xac phan Iép
cua thuat toan gia tang lai ghép loc - dong g6i FWIA U _Obj cao hon mét chdt so vai FSMV va
Object-R trén tat ca cac tap di lidu va trén tat ca cac budc lap khi dua lan luot céc tap ddi tuong
thay doi gi4 tri O1, O2 O3, O4, Os. Hon nira, s6 lugng thugc tinh trong tap rit gon thu duoc boi
FWIA_U_Obj nhé hon nhiéu so véi FSMV va Object-R, dic biét 1a trong tap dit lidu c6 nhiéu
thuoc tinh nhu Ad.data. Do d6, m6 hinh phan 16p dua trén tap rut gon cua thuat toan
FWIA_U_Obj hiéu qua hon mé hinh phan 16p cua thuat toan FSMV va thuat toan Object-R vé
chat luong phan Iép va do phirc tap cia md hinh. C6 thé thay rang, thuat toan Object-R hi¢u qua
hon mét chit so voi thuat toan FSMV vé ca d6 chinh xac cia phan 16p va sé luong thudc tinh
trong tap rut gon.

Bang 2. Sé lwong thugc tinh tdp rat gon va do chinh xac phan 1ép cuia ba thudt toan FWIA_U_Obj, FSMV

va Object-R
STT Tap Tap dir ligu FWIA U_Obj FSMV Object-R
dir lidu thay doi gia tri R] Acc R] Acc IR Acc
O] 11 78,12 18 78,06 17 77,92
02 12 79,24 23 7884 22 78,16
1 Audiology O3 9 75,46 12 72,46 13 7345
04 14 81,28 26 80,72 24 80,27
Os 13 80,74 19 7925 18 79,92
O] 8 91,12 14 90,23 13 90,46
02 9 92,54 16 91,17 16 91,17
2 Soybean-large O3 6 88,56 15 87,48 15 87,48
04 11 89,23 22 89,24 21 90,15
Os 10 90,78 18 89,72 19 90,26
O] 5 92,36 10 92,05 9 91,84
02 6 93,84 12 92,18 11 92,82
3 house-votes-84 O3 8 94,15 12 9346 12 93,46
04 6 92,87 11 92,14 11 92,14
Os 5 91,72 9 90,58 10 91,05
O] 22 72,18 41 7124 38 71,69
02 24 73,45 45 7292 42 72,28
4 Arrhythmia O3 18 71,26 51 71,02 46 70,89
O4 15 69,18 34 68,72 31 68,06
Os 21 74,82 46 7386 43 74,15
O] 6 92,08 14 90,46 13 91,15
02 8 93,16 18 9295 18 92,54
5 Anneal O3 13 91,85 25 91,05 24 91,24
O4 9 89,28 17 88,48 17 88,95
Os 11 93,18 23 9245 22 92,84
O] 25 90,18 54 89,15 52 89,82
02 32 91,23 61 90,68 55 90,23
6 Ad O3 24 86,72 65 8518 59 86,04
O4 36 92,55 54 9145 51 91,11
Os 37 92,94 58 91,16 53 91,84

3.5. Danh gid thoi gian thuc hién caa thugt toan FWIA_U_Obj

Thoi gian thuc hién cua thuat toan FWIA_U_Obj, FSMV va Object-R (tinh theo giay) duoc
trinh bay nhu trong bang 3.

Trén tat ca cac tap dit liéu trong bang 3, thuat toan FWIA_U_Obj ¢ thai gian thuc hién cao
hon thuat toan FSMV va thuat toan Object-R vi thuat toan FWIA_U_Obj can nhiéu thoi gian hon
dé chay phan 16p trong giai doan déng goi. Trong khi do, thoi gian thuc hién cua thuat toan
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Object-R cao hon mét chit thuat toAn FSMV vi thoi gian tinh d6 khong nhat quan trong Object-
R cao hon thoi gian tinh mién duong trong FSMV.
Bang 3. Thoi gian thuc hién ciia ba thudt toan FWIA_U_Obj, FSMV va Object-R (tinh bang gidy)

FWIA_U_Obj FSMV Object-R_
- Tapdirlieu  Thoi 1079 hei TN g Tong
STT di 4P thay déi gia gian T.h ol gian T.h ol gian T.hm
it ligu . gian gian gian
tri thuc thuc thuc
hién thee sy thwe ey thuc
; hién ; hién ; hién
01 1,25 1,25 0,86 0,86 0,95 0,95
(07 1,38 2,63 0,92 1,78 1,02 1,97
1 Audiology Os 1,24 3,87 1,05 2,83 1,16 3,13
O4 1,64 551 1,16 3,99 1,25 4,38
Os 1,34 6,85 0,92 4,91 1,06 5,44
01 0,86 0,86 0,54 0,54 0,59 0,59
Soybean- (07) 0,94 1,80 0,68 1,22 0,72 1,31
2 large Os 1,06 2,86 0,75 1,97 0,82 2,13
O4 1,12 3,98 0,84 2,81 0,89 3,02
Os 0,85 4,83 0,68 3,49 0,75 3,77
01 0,84 0,84 0,72 0,72 0,78 0,78
hoUSe-VOtes- 0, 0,63 1,47 0,52 1,24 0,59 1,37
3 84 Os 0,72 2,19 0,58 1,82 0,65 2,02
O4 0,68 2,87 0,49 2,31 0,52 2,54
Os 0,59 3,46 0,42 2,73 0,56 3,10
01 3,24 3,24 2,86 2,86 2,92 2,92
(07) 3,65 6,89 2,95 5,81 3,05 5,97
4 Arrhythmia Os 3,12 10,01 2,74 8,55 2,82 8,79
O4 2,96 12,97 2,25 10,80 2,34 11,13
Os 2,85 15,82 2,16 12,96 2,28 13,41
01 0,98 0,98 0,65 0,65 0,72 0,72
(0] 0,75 1,73 0,52 1,17 0,58 1,30
5 Anneal Os 0,86 2,59 0,68 1,85 0,76 2,06
O4 0,72 3,31 0,54 2,39 0,62 2,68
Os 0,78 4,09 0,57 2,96 0,65 3,33
01 7,35 7,35 5,46 5,46 5,82 5,82
(0] 6,48 13,83 511 10,57 5,95 11,77
6 Ad Os 7,84 21,67 6,08 16,65 6,24 18,01
O4 6,28 27,95 5,12 21,77 5,89 23,90
Os 5,72 33,22 4,86 26,63 5,17 29,07

4. Két luan

Trong bai bao nay, ching t6i da nghién ciru dé xuit cac thuat toan gia ting loc - dong gbi tim
tap rat gon cua bang quyét dinh khong day du thay ddi, st dung do do khoang céch trong cac tinh
hudng tap ddi twong va tap thudc tinh thay do6i gia tri. Két qua thuc nghiém cho thay, cac thuat
toan dé xuét theo tiép can loc - dong goi giam thiéu sé lwong thudc tinh tap rat gon va cai thién
d6 chinh xac caa md hinh phan 16p so véi cac thuat toan gia ting khac theo tiép can loc da cong
bd. Tuy nhién, cac thuat toan dé xuat c6 thoi gian thuc hién cao hon, ddy 1a han ché cua cach tiép
can nay. Trong thoi gian téi, ching tdi tiép tuc nghién ciru, cai tién cac thuat toan gia ting loc -
dong goi da cong bd nham phu hop véi cac 16p bai toan khac nhau trong thuc té, nhét 1a giam
thiéu thoi gian thyc hién bang giai phap khong chay lap lai cac bo phan 16p.
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