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MO PAU

Tinh cip thiét ctia dé tai luéin 4n

Riit gon thudc tinh [1]-[3] hay chon loc thudc tinh 1a budc tién xi 1y dit liéu quan trong,
dugc ing dung rong rii trong cac linh vuc lién quan dén nhan dang miu va khai thic di liéu
gdm c6: phan 16p dit lidu [4], [5], nhan dang chil viét tay [6], [7], nhan dang tiéng néi [8],
[9], phat hién va phan loai spam [10], [11] va hd trg ra quyét dinh [12], [13]. Riit gon thudc
tinh nham xac dinh va chon loc tip con clia tap thudc tinh ban dau c6 lién quan nhiéu nhét
hoic loai bé cac thudc tinh du thira it lién quan nhat t6i viéc ra quyét dinh cta bai toan. Rut
gon thudc tinh thudng dudc thuc hién d€ mo hinh dat dudc mot s muc tiéu gom c6: ting
tinh dé hiéu cta luat, céi thién hiéu ning, gidm chi phi tinh toan.

Mb hinh ly thuyét tap tho (Rough Set - RS) dudc Pawlack gii thiéu vao nim 1982 12 cong
cu toan hoc manh mé, hiéu qua cho céc trudng hop dit liéu khong chic chan, khong day di
va thiéu nhit quan [14]. Rit gon thudc tinh 12 mot trong nhitng ting dung quan trong clia mo
hinh 1y thuyét tap tho, da va dang nhan dugc su quan tim ciia cac nha nghién ciu [15]-[17].
Dua trén khdi niém 16p tuong duong va cac phép toan xap xi trong md hinh ly thuyét tap tho,
nhiéu phuong phap do ludng do quan trong ctia thudc tinh dugc dé xuit dé tim tap rit gon.
Bén canh d6, khong gian topd cling 13 mot khdi niém quan trong trong mo hinh ly thuyét tap
tho [18], [19]. Khai niém tdpo theo tiép can tap thd ciing dugc Pawlack gidi thiéu vao nim
1988 va nhan dudc nhidu quan tAm clia cdc nha nghién ciu [4], [20].

Hon ba thap ki vira qua, huéng rit gon thudc tinh theo tiép cn tap tho [14] da va dang thu
hiit dudc su quan tim clia nhiéu nha nghién ctiu. Cac két qua nghién ctiu cho thdy phuong
phép riit gon thudc tinh theo tiép cén tap thd hidu qua trén cic bang quyét dinh c6 thudc tinh
gia tri roi rac. Tuy nhién, v6i cac bang quyét dinh c6 thudc tinh gid tri lién tuc (bang quyét
dinh sb) can phai thuc hién budc bién ddi mién gia tri lién tuc vé mién gid tri rdi rac trudc
khi riit gon thudc tinh. Bu6c bién d6i nay phat sinh chi phi thuc hién va c6 thé lam mét di
liéu trong qu4 trinh bién ddi. Do d6, cdc nha nghién ctiu dé xuit phuong phép rit gon thudc
tinh truc tiép trén cic bang quyét dinh gbc ma khdng phdi qua qu4 trinh rdi rac héa di liéu.

DE riit gon thudc tinh truc tiép trén bang quyét dinh gbc, cdc nha nghién ciu da md rong
mo hinh 1y thuyét tap thd truyén théng trén nén cic tip md (Fuzzy Set - FS) va tip md truc
cam (Intuitionistic Fuzzy Set - IFS) gom co6:

1. Tap thoé mo (Fuzzy Rough Set - FRS)

MO hinh tap thd ma [21], [22] st dung khai ni€m tuong tu thay cho khai niém khong phan
biét dudc trong mo hinh ly thuyét tap tho truyén théng. Do d6, ching ta khong can phai roi
rac héa dit liéu ma van danh gia chinh x4ac mdi quan hé ctia cdc ddi tugng trong mot tap. Cho
dén nay, cdc huéng nghién cifu rit gon thudc tinh theo tiép can tap thé md dién ra kha soi
dong vé6i cac dé xuat méi vé do do gom c6: do do mién duong md (Fuzzy POS - FPOS) [17],
[23]-[29], d6 do entropy thong tin md (Fuzzy Information Entropy - FIE) [13], [30]-[32], d0
do khoang cach mo (Fuzzy Distance - FD) [33].

2. Tdp thé mo truc cam (Intuitionistic Fuzzy Rough Set - IFRS)

Theo dinh nghia ctia IFRS, mdi phan ti trong mot tip md truc cdm dudc biéu dién bdi
hai thanh phan gém c6: ham thudc va ham khong thudc. Viéc danh gid mbi quan hé ctia hai
dbi tuong dua trén hai thanh phan nay dudc cho 1a chit hon so v6i tip md truyén thong [34],
[35]. Do d6, cdc nha nghién cifu nhan dinh thuit toan rit gon thudc dudc xiy dung theo tiép
can IFRS c¢6 kha niing cai thién do chinh xac phan 16p cho céc tap rit gon tbt hon so vdi tiép
can FRS trong cdc trudng hgp tap dit liéu nhiéu. Trong d6 cdc tap dit liéu nhiéu 1a céc tap di
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liéu c6 dd chinh xéac phan 16p ban dau thip. Gan day, cac cong bd dién hinh vé riit gon thudc
tinh theo tiép can IFRS gdm c6: phuong phdp rit gon thudc tinh theo tiép cin mién ducng
m& truc cam (Intuitionistic Fuzzy POS) [36], theo tiép cin entropy thong tin md truc cam
(Intuitionistic Fuzzy Information Entropy - IFIE) [15].

Tai Viét Nam, da c6 mot s6 luan 4n tién si nghién cifu phuong phép rit gon thudc tinh
truc tiép trén bang quyét dinh sb gdm c6: luan 4n tién si cia tac gid Cao Chinh Nghia [3]
nghién ctiu rit gon thudc tinh va sinh luit quyét dinh trén cic bang dit liéu s, c6 mién xac
dinh day du st dung d6 do mién duong md. Luin 4n tién si ctia tic gid Nguyén Vin Thién [2]
dé xut do do khodng cach md va xay dung mot s6 thuét toan tim tip rit gon theo phuong
phép filter va phuong phdp filter wrapper. Lu4n an tién si clia tac gia H6 Thi Phuong [1] dé
xuat mot s6 thuit toan gia ting tim tip rit gon trong cic bang quyét dinh dong st dung do
do khoang cach ma.

Tir cac két qua khao sat bén trén cho thiy, cac phuong phap rit gon thudc tinh truc tiép
trén bang quyét dinh s6 tai Viét Nam hién nay chi dua trén tiép cian FRS. Cac két qua thuc
nghiém cho thiy tap riit gon thu dugc theo tiép can FRS con chua hiéu qua vé kich thudc va
dd chinh x4c phan 16p trén céc bo dit liéu nhiéu do khong gian xip xi md 1a chua di dé€ mo ta
mbi quan hé clia cac dbi tuong trong mot tip. Dbi v6i phuong phép rit gon thudc tinh theo
tiép can IFRS [15], [36] trén thé gidi hién nay con chua hiéu qua vé kich thu6c clia tap rit
gon va thoi gian thuc hién ctia thuét todn do cach thic xdy dung khong gian xap xi md truc
cam céc tdc gia dé xult chua phan 4nh diy du thong tin quan hé ctia mot ddi tuong va do
do danh gia do quan trong cua thudc tinh con qua phic tap. Do do, muc tiéu nghién citu thir
nhdt cta luan 4an 12 xay dung phuong phdp riit gon thudc tinh theo tiép cin IFRS hiéu qua vé
thoi gian, kich thuéc, cai thién do chinh xac phan 16p dbi vé6i cac tap dit liéu nhiéu.

Bén canh cac phuong phdp rit gon thudc tinh theo tiép cén tip tho va tip thé md rong
nhu da dudc trinh bay bén trén. Phuong phdp riit gon thudc tinh theo tiép cn topo ciing dugc
cac nha nghién ctiu quan tim va dé xuat trong nhiing nim gan diy do cac tinh chit hoat dong
clia topo kha tuong dong véi mo hinh 1y thuyét tap tho [37], [38].

Theo tiép cén topd, khdi niém tap rit gon theo ciu triic tdpod 1an dau tién dugc gidi thiéu
bdi Lashin va cdc cong su [37]. D€ rit gon thudc tinh cho bang quyét dinh theo tiép can topd,
trudc tién can phai dua ra ciac phuong phap xay dung ciu tric topd dua trén cic thong tin
da c6 trong bang quyét dinh. Py 12 mot thach thiic 16n, da va dang thu hiit dugc su quan
tam ctia nhiéu nha nghién citu [37]-[39]. Hién nay c6 hai phuong phap xay dung topo theo
tiép can tap thd gdom c6, cac phuong phap xdy dung topo tit khong gian x4p xi cua tap thod
[38], [40]-[42], c4ac phuong phdp xAy dung tdpd tif cdc phép todn xap xi cua tap tho [43].
Bén canh d6, mbi quan hé ctia md hinh ly thuyét topd va tap tho ciing thu hit dugc su chd y
clia cdc nha nghién cttu [38], [43]-[47]. Trong d6, cic nghién ciiu vé su tuong dong gilia cac
phép toan xip xi cia mo hinh ly thuyét tap tho v6i cac phép todn dinh mién ctia md hinh ly
thuyét topo [48]. Trén co s& d6, nhiéu ciu tric topd dugce dé suit dua trén viée xay dung lai
cdc phép toan xap xi cta ly thuyét tap tho [20], [45], [49]. Hon nita, dua trén mbi quan hé
nay, mot sd phuong phap ciu tric lai mo hinh tap thd dua trén ciu tric topd ciing dudc dé
xuat [44], [50], [51].

Tuy nhién, hau hét c4c nghién citu dudc trinh bay bén trén chi 1a cic nghién ctiu khéi quat
vé mit ly thuyét va cach tiép can xay dung topd tif tap tho va tip tho tif topd nham nhan manh
mbi quan hé ly thuyét chiit ché ctia hai mo hinh niy. Gan day, Xie va céc cong su [52] da dé
xuat phuong phdp riit gon thudc tinh theo tiép cin ma tran phan biét topo. Tuy nhién cac két
qua nghién cifu vin con han ché vé khung nén tang ly thuyét va kha ning ting dung trong cc
bo dit liéu thuc tién. Do do, muc tiéu nghién citu thit hai ciia ludn dn 1a nghién ctiu phuong
phép riit gon thudc tinh cho bang quyét dinh theo tiép cin topo dai s6 nham xay dung nén
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tang ly thuyét topo dai sd, ting dung cho bai toan rit gon thudc tinh.
Muc tiéu nghién ciru

Xuét phat ti nhitng van dé con ton tai clia cac phuong phép riit gon thudc tinh hién nay,
luan 4n dit ra 02 muc tiéu nghién cttu gdm c6: 1) nghién ciiu phuong phép rit gon thudc tinh
theo tiép cén tdp thé mo truc cdm; 2) nghién ctiu phuong phép rit gon thudc tinh theo tiép
can topé dai 6.

- Muc tiéu nghién ciu thit nhdt: V6i phuong phdp rit gon thudc tinh theo tiép can tap tho
md truc cam, vdn dé nghién citu trude tién 1a can tim hiéu cach thiic mo ta mdi quan hé clia
cdc dbi tuong hiéu qua trén nén tip md truc cam, cu thé 1a xdy dung cic ham danh gid do
thudc va do khong thudc cho khdng gian xip xi md truc cam. Trén co sé d6, vdn dé nghién
ciiu tiép theo 1a can xiy dung do do dnh gia do quan trong cdia thudc tinh hiéu qua vé mit
thdi gian, ung dung xay dung thuit toan rit gon thudc tinh hiéu qua trén cc bo dit liéu nhiéu
va 6 s6 chiéu 16n trong thuc tién.

- Muc tiéu nghién citu thit hai: V6i phuong phap rit gon thudc tinh theo tiép cin topo dai
s6, vdn dé nghién citu trudc tién 1a can tim hiéu cic phuong phdp xay dung ciu tric topo,
tim hiéu cac tinh chit co s6 ciia tdpd sao cho c6 thé ddnh gid topd trong mot khdng gian nhd
hon dé tiét kiém chi phi tinh todn. Trén co s6 d6, vdn dé nghién citu tiép theo 1a nghién cifu
cac phép toan co ban trén ciu tric topd nham xay dung cac phuong phap danh gid, nhan dién
dd quan trong cta thudc tinh, dinh nghia tap rit gon thong qua ciu tric topd, ting dung xay
dung thut todn rit gon thudc tinh hiéu qua trén cic bo dit lidu c6 sb chiéu 16n trong thuc
tién.

P6i tuong nghién citu

Luin 4n tip trung nghién cifu phuong phap riit gon thudc tinh trén cic bang quyét dinh
day di c6 mién gid tri s, cdc bang quyét dinh nhiéu c¢6 s6 lugng mau va chiéu tir trung binh
dén 16n.

Luén 4n tap trung nghién cifu cac phuong phép riit gon thudc tinh trong bang quyét dinh
theo tiép can tap tho va topd dai s6 gdm co:

- Kh3o sét cc khai niém co ban vé tap thd, cic do do dudc st dung d€ ddnh gia do quan
trong ctia thudc tinh va cic phuong phap xay dung thuat todn riit gon thudc tinh theo tiép cin
Heuristic.

- Khao sét cac khai niém co ban vé topd theo tiép can tap tho, topd thu tir khong gian x4p
xi, topd thu tif quan hé cla cac phép toan xap xi, tinh kha li trong khong gian topo va topd
rut gon.

Pham vi nghién ciu

Luin 4n tap trung nghién ctiu c4c bién thé dua trén céc tiép cin clia tap tho va topd dai sb
trén nén tip md va tp md truc cidm gom co:

- Nghién ctiu cac md hinh tap thé md rong trén nén tip md va tip md truc cam, tng dung
xay dung thuat todn rit gon thudc tinh trong bang quyét dinh s6.

- Nghién ctiu cAu triic topd theo tiép cin tip tho v mot s6 tinh chit kha 1i ctia khong gian
topo trén nén tip md va tip md truc cam, ung dung xdy dung thuit todn rit gon thudc tinh
trong bang quyét dinh sd.

Phuong phap nghién ciu:

Céc két qua nghién ctiu ctia luin 4n dudc danh gid trén hai géc dd nghién ctiu gdm co:

- Goc dé nghién citu Iy thuyét: cac dinh nghia dugc trinh bay rd rang, cic ménh dé dugc
chiing minh chiit ché dua vao nén tang co ban ctia ly thuyét tap hop, do do, tap tho, tip md,
tdp mo tryc cam va entropy Shanon.
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- Goc do nghién cuiu thuc nghiém: cac thuat toan dudc cai dat va thuc nghiém trén cac bo
dit liéu tir UCI!. St dung cac mo hinh phén 16p dit liéu phu hgp véi di li€u va cac do do danh
gia, phuong phap danh gid nham danh gia chét lugng ctia tip rit gon. So sanh chat luong tap
rdt gon tif thuat toan dé xuét véi cac thuit todn khac nham cing cb gia thiét nghién citu clia
luan an la hoan toan hgp ly.

CAu tric cta lun an:

Ngoai phan md dau va két luan, luin 4n c6 04 chuong ndi dung nghién cifu nhu sau:

Chuwong 1. Luan 4n gidi thiéu va dinh nghia bai todn rit gon thudc tinh, trinh by mot s6
kién thdc co ban va cc nghién ctiu lién quan. Céc déng gép chinh cda luin 4n dudc trinh
bay trong cac chuong 2, chuong 3, va chuong 4.

Chuong 2. Luan 4n trinh bay phuong phédp rit gon thudc tinh theo tiép can tap thd mo
truc cam.

Chuwong 3. Luan 4n trinh bay phuong phdp rit gon thudc tinh theo tiép cin topd md truc

P

cam.
Chuong 4. Luan 4n trinh bay phuong phdp rit gon thudc tinh theo tiép cin topo Hausdorff.
Cudi clng, phan két luan néu nhiing két qua da dat dugc cla luan 4n, hudng phat trién
trong tuong lai va nhitng vin dé quan tAm cia tic gia.

CHUONG 1. TONG QUAN BAI TOAN RUT GON THUOC TiNH
THEO TIEP CAN TAP THO VA TOPO

1.1. M6 dau

Rut gon thudc tinh (attribute reduction) hay con dudc goi lua chon dac trung (feature
selection) 12 mdt trong nhiing budc tién xi ly dif liéu quan trong trong céc linh vuc nhin
dang (pattern recognition), hoc may (machine learning) va khai thac du liéu (data mining).
Dbi véi cac tap dit liéu danh cho céc bai toan hoc khong gidm sat (unsupervised - learning),
rit gon thudc tinh nham lya chon mdt tip con clia tip thudc tinh ban dau bio toan thong tin
ctia tap thudc tinh gbc. Ddi vé6i cac tap dit liéu cho cic bai toan hoc c6 giam sét (supervised
- learning), rit gon thudc tinh nham chon ra mt tip con ciia tap thudc tinh ban dau bao toan
kha niing phan 16p hay du bdo so vdi tap thudc tinh gbc.

1.2. Cac khai niém co ban

1.2.1. Tip thé truyén thong

Pinh nghia 1.1 (Hé thong tin [14]). Hé thong tin 1a mot bo td IS = (U,A,V, f) trong d6 U la

tap hitu han khéc rong cic ddi tugng, A 1a tap hitu han khac réng cic thudc tinh, V = (J V,
acA
v6i V, 1a tap gia tri cia thudc tinha € A va f: U x A — V, 1a ham thong tin, Va € A, u € U

taco f(u,a) € V,.
Dinh nghia 1.2 (Phan hoach ctia thudc tinh [18], [53]). Cho bang quyét dinh DT = (U,C, D, f)
va P,Q C C. Khi do:

1) Phan hoach U /P va phan hoach U/Q dugc goi 1a nhu nhau hay U/P = U/Q, khi va
chikhi Vu € U, [ulp = [u]y.

Thttps://archive.ics.uci.edu/ml/datasets.html
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2) Phan hoach U /P dudc goi 1a min hon phan hoach U /P hay U /P < U /Q khi va chi khi
Vue U, [ulp Cluly

Pinh nghia 1.3 (M6 hinh tép tho truyén thong [14], [18], [53]). Trong m6 hinh 1y thuyét tap
tho truyén thong, d€ biéu dién tip X C U trén co sd tri thifc clia tap thudc tinh B theo khai
niém tap tho, Pawlack st dung hai phép toan dya trén cac 16p tuong duong ctia U/B. Cac
phép toan nay dugc goi la B-xap xi dudi va B-xap xi trén ctia X trén U /B, ky hiéu 1an lugt la
B(X) va B(X). Trong do:

B(X)=f{ucUluly S X} (11)
BX)={ucU|uynX£0} (1.2)

1.2.2. Tap thé mo truc cam

Dinh nghia 1.4 (Tap md truc cdm [54]). Cho U 1a tap khdng réng cac dbi tuong, tip md truc
cam X trén U dugc xac dinh béi:
X ={(x ux(x),vx(x)) [x €U } (1.3)

Trong d6, ux(x) € [0,1] 1a mic do thanh vién cta x € U v6i X va va(x) € [0,1] 1a mic do
khong thanh vién ctia x € U v6i X sao cho 0 < uy(x) +vx(x) < IVx € U.

Khi d6, v6i mdi tip md Y truyén thdng, tip md truc cam X c6 thé dudc xac dinh béi:
X ={{x,py(x),1 —py(x)) [x €U} (1.4)
Néu 0 < py (x) + vx(x) < 1 thi @y (x) = 1 — px(x) — vx(x) dugc goi la do do dy thanh
vién ciax € U véi X.
Dinh nghia 1.5 (M6 hinh tap thd md truc cam [36]). Cho bang quyét dinh DT = (U,C, D, f),
R la quan hé tuong duong mo xdc dinh trén U va A C U, ta c6:

A(x)= N\ I(R(x,y),A(y)) (1.5)
yeU

A(x)=\/ T(R(x,y),A(y)) (1.6)
yeU

1.2.3. Khong gian topo

Khong gian top6 [37] dudc ki hidu bsi cip (U, 1), trong d6 U 1a tap khong rdng céac dbi
tuong va 7 12 ho cac tap con ciia U thda man cic diéu kién sau:

(ThH®derand U € 7.

(T2) 7 c6 tinh déng dudi phép toan hop bat ki.

(T3) 7 co tinh dong dudi phép toan giao hitu han.

Cip (U, 1) dugc goi 1a khong gian topd xac dinh trén U véi cac phan ti 12 cdc tip md va
12 tAp con ctia U, phan bu cla cic tip mé dudc goi 1a céc tap dong.
Pinh nghia 1.6 (Tp co s6 [55]). Cho U 1a tip khong rong céc ddi tuong. Khi d6 co sé (base)
cua topo 7 trén U 1a ho cac tap con cua C ki hiéu la B sao cho:

(1) V6i mdix € U, ton tai G C U sao cho x € G.

(2) V&i moi G1,G» € B, néu x € G| N Go, thi ton tai G3 € B sao cho x € G3.
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Pinh nghia 1.7 (Tap co s con [55]). Cho khong gian topd (U, 7). Khi d6 S C 7 dudc goi
12 co s3 con (subbase) ctia tdpd T néu giao hitu han cic tip con ctia S tao thanh co s& B clia
topo T.

Dinh nghia 1.8 (Topd Hausdorff [37]). Cho khong gian x4p xi (U, 1), topd 1y € (U, T) dudc
goi 12 topd Hausdorff néu moi x # y € (U, 7) ludn ton tai hai 1an cdn mé Vy, V, € Ty sao cho
VeV, =0.

1.2.4. Tap rut gon

Trong bang quyét dinh, cic thudc tinh diéu kién dudc phan thanh ba nhém: thudc tinh
161 (core attribute), thudc tinh rat gon (reductive attribute) va thudc tinh du thua (redundant
attribute). Thudc tinh 15i 1a thudc tinh khong thé thiéu trong viéc phan 16p chinh xac tap di
liéu. Thudc tinh 16i xuat hién trong tit ca cic tap rit gon clia bang quyét dinh. Thudc tinh du
thita 12 nhiing thudc tinh ma viéc loai bé chiing khong dnh hudng dén viéc phan 16p tap dif
liéu, thudc tinh du thita khong xuét hién trong bat ky tap rit gon nao ctia bang quyét dinh.
Thudc tinh rit gon 1a thudc tinh xuét hién trong mot tip rit gon nao dé cia bang quyét dinh.

1.3. Mt s6 cong thitc tinh toan dé thanh vién

1.3.1. Chudn héa dit liéu

(1) Min-max normalization:

fer (xi) —ming, / o ,/
F - :———————( - >+ 1.7
(fe, (x2)) pr—— max,, —min,, | +min, (1.7)

Trong d6 max,, va mine, 1a cic gia tri nhé nhat va 16n nhat cta thudc tinh c;. Sau khi

chuin héa, cic gid tri clia thudc tinh dugc dua vé doan méi [min/,

/
o Maxe,|.

(2) z-score normalization:

Jer (Xi) —Ck
F(fo (x)) = P28 =% (1.8)
Trong do, ¢ va o, ki hiéu la gia tri trung binh va do 1éch chuén ctia thudc tinh cy.
Trong d6 7 1a s6 nguyén nhd nhit sao cho max (|F (f, (x;))]) < 1.
1.3.2. D¢ do dj tuong tw
Déi véi cac thudc tinh c6 gid tri rdi rac, do thanh vién rl.lef’ dudc xac dinh nhu sau:
Chy 1, iffck, (xi) = fckl (xj>
r = _ (1.9
0, otherwise.
Déi véi cac thudc tinh c6 gid tri s6, r;f[ c6 thé dudc xac dinh béi ham F nhu sau:
Chy __
rii =F (xi,x)) (1.10)

Trong do, F thdéa man F (x;,x;) = 1,F (xl-,xj) =F (xj,xi), vaF (x,-,xj) € 1[0,1].
Trong d6, o, dudc goi 1a do léch chuin.
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1.4. Phuong phap danh gia tap rat gon
1.4.1. Cadc tiéu chi ddanh gid

Céc thuat toan rit gon thudc tinh theo tiép cin do do hién nay thuong dudc danh gia dua
trén ba tiéu chi gdm c6: kich thudc clia tap rit gon thu dudc, do chinh xdc phdn I6p cla tap
rit gon trén md hinh dudc huén luyén va thoi gian thuc hién ctia thuat toan.

Tap riit gon thu dudc tir thuat toan c6 kich thudc cang nho thi cang hiéu qua vé thdi gian
xdy dung mé hinh. P chinh xdc cang cao thi cang khang dinh dudc phuong phap chon loc
thudc tinh va cAu triic tap rit gon thu dudc hiéu qui. Thai gian thuc hién cang nhanh tha kha
nang rut gon dit li€u trén cac tap di liéu 16n cang hiéu qua.

Muc tiéu chung ctia cic thuét toan rit gon thudc tinh 1a c6 ging dat dugc ca ba tiéu chi
trén, tuy nhién trong thuc té véi cac bo dif liéu nhiéu va phiic tap. Tiéu chi kich thude va do
chinh xdc phan 16p clia tap rit gon dugc nhiéu nha nghién ctiu quan tim. Sau day 1a mot sb
do do danh gia kha nang phan 16p chinh xac cia mo hinh trén cac tap rut gon.

1.4.2. M6 hinh va dit liéu danh gid

Theo khao sat ctia [56] cho thiy, Cac thuat toan phan 16p dugc st dung phd bién trong
danh gid do chinh xac phan 16p clia cac tap dif liéu trude va sau khi rit gon gdm c6: mo hinh
cdy quyét dinh C.45, cdy phan 16p va hoi quy CART, mdy vector hd tr¢ SVM va mo hinh
phan 16p 1an can k-NN. Déi véi cac bang quyét dinh c6 thudc tinh mién gia tri s6, mo hinh
phan 16p k-NN va SVM dudc st dung nhiéu hon cac mo hinh phan 16p con lai.

Hau hét cdc thuat todn rit gon thudc tinh dugc nghién ctiu va danh gia dua trén cic tap
dit liéu dudc tai vé tit UCL Pay 1a kho dit liéu da dang cac cha dé, dang tin cdy. Pudc nhiéu
chuyén gia va cac nha nghién ctiu st dung.

1.4.3. Chi sé ddnh gid

(1) Accuracy:
TP+TN
Accuracy = + . (1.11)
TP+TN+FP+FN
(2) Error:
FP+FN
Error = i (1.12)
TP+TN+FP+FN

1.5. Mot s6 phuong phap rit gon thudc tinh
1.5.1. Phuang phdp riit gon thuéc tinh theo tiép cdn ma trdn phan biét

Vao ndm 1992, Skowron va Rauszer 1an dau tién gidi thiéu phuong phdp rit gon thudc
tinh theo tiép cin ma tran phan biét trén nén tap tho [57]. Khi d6 ma trin phan biét c6 kich
thude n x n véin = |U|, ki hiéu la M(DS) = (c,-j)nxn dugc xac dinh bdi:

o {cEC|c(xl~) #c(x-)},a)(x,‘,x)
€ij = { 0, otherwise. ! ! (1.13)

Trong d6: @ (x;,x;) thoa man mot trong cdc didu kién sau day:
(1) x; € POS¢ (D) Ax; ¢ POSc(D);

(2) x; ¢ POS¢c(D) NXj € POS¢(D);

3) Xi,Xj € POPC(D) AN (x,-,xj) ¢ 1nd(D)
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Ham phén biét ctia ma trén phén biét f(C, D) 1a mot ham Boolean dugc xac dinh nhu sau:

f(C,D) =N{Vecij|cij#0} (1.14)
Khi d¢ tap thudc tinh 16i dugc xac dinh béi:
corec(D) = {c | cij={c}} (1.15)

Cho dén nay, c6 kha nhiéu phuong phap riit gon thudc tinh theo tiép cin ma trin phan biét
dugdc dé xuit trong cac cong trinh [58]-[61].

1.5.2. Phuong phdp riit gon thuéc tinh theo tiép cin dé do
1.5.2.1. do do do phu thudc

Do do do phu thudc dudc gi6i thiéu bdi [39] nhan dudce nhiéu quan tAm ctia cic nha nghién
cifu, co s ctia dd do nay dua trén khai niém mién duong (POS) clia tap tho. Cho bang quyét
dinh DT = (U,C,D, f) v6i BC C, X C U va R 1a quan hé tuong duong trén U. Khi d6 mién
duong cta D theo B dugc xac dinh nhu sau:

POSp(D)= |J RsXi (1.16)
X;eU/D

Khi d6, do phu thudc cia D vao B dudc xac dinh bdi:

RO _ ey PeSsD))
W)= ==

(1.17)

Trén co sé d6, dd quan trong ciia thudc tinh theo tiép can POS dugc xdc dinh dua trén hai
cong thuic chinh sau day:

Sig,(a,B,D) = y3(D) — Ys_a(D) (1.18)

Sig,(a,B,D) = Ys_a(D) — v5(D) (1.19)

Trong d6 cong thic 1.18 phu hop véi ky thuat tim kiém tham lam 1di con cong thic 1.19
phit hop véi ky thuat tim kiém tham lam tién.

Trén co sé do, cac phuong phép riit gon thudc tinh theo tiép can do phu thudc dugc phat
trién dua trén md rong cic do do nay. Chi tiét cac phuong phap dudc trinh bay trong Bang
1.1.

1.5.2.2. do do dé chdc chdn

Dua trén khdi niém Entropy thong tin ctia Shanon, ba loai do do dugc mé rong dé€ danh
gia do chic chan thong tin gdm cé:
- entropy thong tin:

1Y Hxi]R |
FEB) = —— Y log, " ks (1.20)
ulE Wl
- entropy két hop:
U] X; M |x;
FE(B,E) = — ZlogzM (1.21)

U5 Ul



Bdng 1.1: Tong hop phuong phdp riit gon thudc tinh theo doé phu thudc

STT | Tai liéu tham chiéu Ki€u dit liéu | Tiép can | Tapnén | Tiéu chuin danh
gia
1 [62]-[73] Hybrid NRS Classical | accuracy,  size,
compuation time
2 [271, [32], [74]-179] Number NRS FS accuracy, size,
compuation time
3 [80] Number NRS IFS accuracy,  size,
compuation time
4 [81] Hybrid PRS Classical | accuracy, size,
compuation time
5 [17], [22]-[29], [74], | Number FRS FS accuracy,  size,
[76], [82]-[89] compuation time
6 [34]-[36], [80], [90]- | Number IFRS FS accuracy,  size,
[96] compuation time

- entropy c¢6 diéu kién:

1 n
FE(E|B) = —mngz
i=1

Hxi]RE N [xi]RB|

Hxi]RB|

(1.22)

Khi d6 Va € C — B,B C C, hai phuong phap tinh dd quan trong cia thudc tinh a véi tap
thudc tinh B dugc xac dinh nhu sau:

Sig(a,B) = FE(B) — FE(B— {a})

Sig(a,B,D) = FE(D | B— {a}) — FE(D | B)

(1.23)

(1.24)

Trén co s6 d6, cac phuong phép rit gon thudc tinh theo tiép can do chic chan dugc phat
trién dua trén md rong cac do do ndy. Chi tiét cac phuong phap dudgc trinh bay trong Bang

1.2.
Badng 1.2: Tong hop phuong phdp riit gon thudc tinh theo dé khéng chdc chdn
STT | Tai liéu tham chiéu | Kiéu dit liéu | Ti€p can Tap nén | Tiéu chuan danh
gia

1 [15], [97], [98] Number Entropy IFS accuracy,  size,
thong tin compuation time

2 [31], [75], [99] Number Entropy FS accuracy,  size,
diéu kién compuation time

3 [100] Hybrid Entropy Classical | accuracy, — size,
két hop compuation time

4 [101] Number Entropy FS accuracy,  size,
bu compuation time




1.5.2.3. do do khodng cdch

Cho bang quyét dinh DT = (U,C, D, f). V6i moi P,Q C C, véi cic tri thiic tuong ting dudgc
ki hiéu bdi K(P) va K(Q). Trong d6 K(P) = {[ui|p|ui € U } vaK(Q) = {[ui]Q lui € U}. Khi
d6, khoang cach tri thic gitta P va Q theo tiép cin Jacard dugc xac dinh nhu sau:

[t

|U|
d; (K (P),K(Q)) = —72 (1.25)

[”l]P [; Q‘

Khi d6 Va € C — B,B C C, dd quan trong cua thudc tinh a véi tip thudc tinh B dudc xac
dinh nhu sau:

SIGg(a)=d; (K (B),K(BUD))—d;(K(BU{a}),K(BU{a}UD)) (1.26)
Trén co sé d6, cac phuong phap rit gon thudc tinh theo tiép cin do do khoing cich dugc
phét trién dua trén md rong cac do do nay. Chi tiét cac phuong phdp dugc trinh bay trong

Bang ??.

Bdng 1.3: Tong hop phuong phdp riit gon thudc tinh theo khodng cdch

STT | Tai liéu tham chiéu | Kiéu dit liéu | Tiép can | Tip nén Tiéu chuan dianh
gia
1 [24], [33], [68], | Hybrid KD Classical, | accuracy, size,
[102], [103] FS, IFS compuation time
2 [29], [104], [105] Number GD FS accuracy,  size,
compuation time
3 [29] Number PD FRS accuracy,  size,
compuation time

1.5.3. Phuong phdp riit gon thuéc tinh theo tiép cdn topo

Dinh nghia 1.9 (T4p rit gon theo tiép can topd [37]). Cho bang quyét dinh DT = (U,C, D, f),
v6i B C C va r € B. Khi d6 r dugc goi la quan hé khong can c6 trong B néu: Bg = Bg_g,).-
Khi d6: B dudc goi la tap rut gon cua C khi va chi khi:

(i) Bc = Ba)

(ii) Bc # Bp—{r}),Vr € C—B.

Dua trén dinh nghia vé ciu triic topo rit gon, mot sd cac nghién ciu lién quan dén phuong
phdp xay dung topo theo tiép cén tap tho dudc trinh bay trong Bang ??

Bdng 1.4: Tong hop phuong phdp xdy dung t6pé theo tiép cdn tdp thé

STT | Tai liéu tham chiéu Ca sd tinh toan

1 [18], [20], [37], [39], [41], [106], [107] | Khong gian xap xi

2 [37]1-[39], [41], [47], [48], [106]- | Tap xap xi trén va tap xap xi dudi
[109]
3 [20], [39], [45], [471, [551, [85], [108], | Khong gian mau va quan hé cla cac
[110], [111] phép toan
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1.6. Két luan Chuong 1

Chuong 1 da gi6i thiéu khai quat vé bai todn rit gon thudc tinh va phan loai phuong phap
riit gon thudc tinh. Trinh bay céc co s& 1y thuyét quan trong dé thuc hién trong cac Chuong
nghién ciu tiép theo clia luan 4n.

CHUONG 2. PHUONG PHAP RUT GON THUOC TINH TRONG

BANG QUYET PINH THEO TIEP CAN TAP THO MO
TRUC CAM

2.1. Mé dau

Trong chuong niy, luan 4n trinh by phuong phdp riit gon thudc tinh theo tiép can do do
khoéang cach mé truc cdm. Trudc tién luan 4n dé xuat do do khodng céch giita hai phan hoach
md trgc cam, trén cd s§ d6 luan an xay dung do do danh gia do quan trong cua thudc tinh.
Tiép theo luan 4n dé xuit thuat toan Heuristic tim tp rit gon trén co s6 dé xuét clu tric tap
rit gon theo tiép can dd tuong tu § - equal. Cudi cuing 12 thuc nghiém va so sanh thuit todn
dé xult v6i cdc thudt toan ctia A.Tan [36], [112] trén cac b dit liéu dugc téi vé tt UCL

Céc két qua nghién cttu da dugc cong bd trén cac cong trinh nghién ciu [CT3, CT4].

2.2. Xay dung d6 do khoang cach mé truc cam

2.2.1. Khoang cdch gitta hai tdp md truc cam

B3 d& 2.1 [S6 md truc cam]. Cho ba s6 thice a,b,c € [0,1]. Khi do:
1) Néu a > b then a— b > min(a, ¢) —min (b, c)
2) Néu a < b then a— b < max (a, c) — max (b, c)

Ménh dé 2.1 (Quan hé cua cac IFS). Cho X ,17,2 la cdc tdp mo truc cdm xdc dinh trén U,
vai U la tdp khong rong cdc doi twong. Khi do:

DNéux Cymily|—|ynzl>|x|-|xnz
2)NéuX Cy thi |Z|—|znx|>|z| - |zny
31X =|xny|+|z| = |znx| > 2| = |zny

Ménh dé 2.2 (Khoang cach gitra hai IFS). Cho hai tdp mo truc cam ; , ? xdc dinh trén U,
vdi U la tdp khong rong cdc doi tuong. Khi dé d <X Y> = ‘fu?‘ — ‘f ﬂf) la khodng cdch

giita hai tdp mo truc cdm X Y

2.2.2. Khoang cdch gita hai phdn hoach md truc cam

Dlnh nghla 2.1 (Khoang céch phan hat md truc cam). Cho bang quyét dinh DT = (U, C, D, f)
[X ], [X UD] tuong ung la cac phan hoach cia X va X UD v6i X C C. Khi d6 khoang cach
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~ ~
~ ~

gitta [X], [X U D] dugc xdc dinh bdi:

2(&],[;(“ ) |;|2i(' ) @D

Ménh dé 2.3 (D6 do phan hat). Cho bdng quyét dinh DT = (U,C,D, f) va [X] (X CJD]

1~ N[ ~
= |l g Ml

tuong ving la cdc phdn hoach cia X va X UD voi X C C. Khi do d <[ |, [X UD]) la mot do

do khodng cdch.

Thuét toan 2.1 Thuit toan filter - wrapper hai giai doan st dung khoang cach mo truc cam
(IFD)
Input: DT = (U,C, D, f), md hinh phéan 16p Model, A= {0.1,0.2,...,0.9}
Output: Tap rut gon R
R« 0;
RSV — 0
forallc € Cdo _
computation [c];
end for
for all 6 € Ado
R;? — 0

A S

~ S ~
while [RS U D] # [CUD] do

9: Cm € C—Rg|SIGR5 (cm) = Max {SIGRs (c)}; {Giai doan filter}
F CECng F

o]

10: RS =R U{cn};
11:  end while
12:  if ACC(Model,R%) > ACC(Model,Rj,) then

13: Ra, = Rg; {Giai doan wrapper delta (W)}
14:  end if
15: end for

16: for (i = 1;i < |RY,|;i++) do
17:  if ACC(Model,R3,[0 : i]) > ACC(Model,R{)) then

18: RA RS wl0 ;s {Giai doan wrapper attribute (W)}
19: end if
20: end for

) A .
21: return Ry,;

2.3. Riit gon thudc tinh trong bang quyét dinh stt dung dé do khoang
cach mo truc cam

2.3.1. Pé xudt thudt todn tim tdp riit gon theo phuong phdp lai ghép filter - wrapper, sit
dung do do khodng cdch md truc cam

Dlnh nghia 2.2 (Ma tran 6 equal). Cho ha1 ma tran quan hé md truc cam M B = b j]an va
= [Cijlnxn V6i n = |U|. Khi d6 MB va Mc dugc goi la O equal khi va chi khi:
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1) Sup?d'zl ‘.u(bij) _“<Cij)| <1-6

2) Supzjzl ‘V(bij) — V(C,’j)| <1-— o

Trong do sup! =1 cho biét su khac biét 16n nhit ctia hai ma tran quan hé md truc cam dat
dudc tai vi tri 7, j, v6i 8 € [0, 1]. Ta ki hicu Mg > Me.
Dinh nghia 2.3 (P9 quan trong cla thudc tinh). Cho bang quyét dinh DT = (U,C,D, f) va
tap thudc tinh B C C. Khi d6 dd quan trong cua thudc tinh a € C — B véi tap thudc tinh B
dudc xac dinh bdi:

SIGB(a):Z<[§],[BGD]) —3([Bﬁa],[3u5up]) 2.2)
Dinh nghia 2.4 (Tap rit gon). Cho bang quyét dinh DT = (U,C,D, f) va tap thudc tinh
B C C. Khi d6 tap thudc tinh B dudc goi 1a tip rit gon néu:
1 [BUD] 2 [cUD];

~
~

~ )
2)Wbe B, [B—{b}UD] % [CUDI.
Thuit todn c6 4o phiic tap: O (|CI[U") +O(T|A|[CI2|U ) + O(TIRS, ).

Bang 2.1: Mo td kich thudc thu duoc cua tdp riit gon thu dioc tix cdc thudt todn

RI
ID | Dataset | ICl IFD-SVM | IFD-KNN | IFPOS[36] | IFIE[15]
1 heart 13 7 9 13 10
2 CMSC | 20 11 11 20 20
3 PDS 22 9 7 8 10
4 BCWP | 32 25 21 12 12
5 IS 34 16 5 11 19
6 UFDC | 43 26 29 8 11
7 UEDD | 43 27 25 6 8
8 SHDC | 44 2 9 10 14
9 UFDB | 51 2 2 5 11
10 | DPDS 54 5 15 24
11 sonar 60 11 31 17 25
12 | VRB 310 11 18 35

2.3.2. Thuc nghiém va danh gid thudt toan

Chuong nay st dung hai thuét toan ctia A. Tan [15], [36] d€ so sdnh va dénh gia thuat
toan dé xuat IFD. Trong d6 thuit todn [36] 1a thuit todn st dung d6 do mién duong md truc
cam va thudt toan [15] st dung d6 do Entropy md truc cam(Intuitionistic Fuzzy Information
Entropy - IFIE). Bang 2.1 so sanh kich thuéc cua tap rut gon thu dudc tu cac thuat toan, trong
khi d6 cac Bang 2.2 va 2.3 so sanh d0 chinh xac phan 16p cua cac tap rut gon thu dugc ti cac
thuat toan trén hai mo6 hinh phan I6p SVM va KNN.
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Bang 2.2: So sdnh do chinh xdc phdn Idp cua cdc tdp riit gon trén mo hinh phdn lop SVM

Accurac
ID | Dataset | U Raw IFD-SVM IF};)OS[36] TFIE[15]
1 heart | 270 84+0.7 84+0 84+0.6 82+0.7
2 CMSC | 540 95+0.2 95+0.9 95+0.9 95+0.2
3 PDS | 195 84+0.5 85+0.1 85+0.1 84+0.7
4 BCWP | 198 77+0.2 77+0.1 76+0.7 76+0.5
5 IS 351 880 89+0.9 87+0.6 87+0.6
6 UFDC | 181 4420.1 520 49+1 49+0.3
7 UEDD | 180 68+0.9 681 64+0.8 63+0.8
8 SHDC | 267 79+0.6 79+0.5 79+0.8 79+0.9
9 UEDB | 92 100.0 100.0 100.0 92+0.4
10 | DPDS | 170 98+0.5 98+0.5 98+0.7 98+0.3
11 | sonar |208 65+0.3 70+0.5 70+0.2 64+0.7
12 | VRB | 126 83+0.7 88+0.7 91+0.2 80+0.5

Bang 2.3: So sdnh do chinh xdc phdn [dp cua cdc tdp riit gon trén mo hinh phdn lop KNN

Accuracy
ID | Dataset | |Ul Raw IED-KNN | IEPOS[36] | IFIE[15]
1 [ heart | 270 7740.4 78402 7720.6 76£0.8
2 | CMSC | 540 84+0.9 86:£0.9 84:+0.4 84:0.6
3 | PDS | 195 85+0.5 87+0.8 87+0.3 84+0.3
4 | BCWP | 198 7820.7 79+0.8 79+0.1 79+0.1
5 |IS 351 85+0.3 92:+0.5 88:£0.6 88:£0.6
6 | UFDC | 181 82+0.7 86+0.8 74+0.5 78+0.3
7 | UFDD | 180 81+0.8 84+0.2 7740 82+0.1
8 | SHDC | 267 6620.3 72204 69+0.8 67+0.2
9 | UFDB | 92 99.0 100.0 100.0 98+0.8
10 | DPDS | 170 98+1 97+0.2 98+0.5 96:0.8
11 | somar | 208 68+0.8 69+0.1 62+0.9 60+0.9
12 | VRB | 126 680.6 82:+0.7 81+0.7 65+0.2

2.4. Két luAn Chuong 2

Chuong 2 da trinh bay vé phuong phdp riit gon thudc tinh theo tiép can tip thd md truc
cam trén co sé md rong dd do khoang céch gitta cdc phan hoach. Céc két qua thuc nghiém
cho thiy thuat toan dé xuit c6 kha niing cai thién t6t do chinh x4c phan 16p trén mot s6 bo dit
liéu nhiéu.

CHUONG 3. PHUONG PHAP RUT GON THUOC TINH TRONG

BANG QUYET PINH THEO TIEP CAN TOPO MO
TRUC CAM
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3.1. Mé dau

Chuong nay dé xut phuong phdp rit gon thudc tinh theo tiép cin topd md truc cam.
Trude tién 1a dé xuit ciu triic topd dua trén quan hé uu tién md tryc cam, trén co sé do
nghién ctiu mot s6 tinh chét ctia IF-base va IF-subbase dé xay dung phuong phap danh gia su
tuong dong giiia hai topd md truc cam. Tiép theo 1a dé xuit mot s6 thuit todn riit gon thudc
tinh trén co s& tinh chét tuong dong clia hai tdpd thong va dinh nghia tap rit gon theo cau
truc topo don vi.

Cic két qua nghién cifu trong Chuong nay dudc cong bd trén cc cong trinh nghién ciu
[CT2] va [CT6] dang chd phan bién vong 2.

3.2. Pé xuét cAu tric topd md truc cam

Dinh nghia 3.1 (Cong thiic quan hé md truc cdm). Cho bang quyét dinh DT = (U,C,D, f),
v6i moi (x,y) € U va 8 € [0.5,1] , Khi d6 IFRZ (x,y) = <y, uy,vy> v6i a € C dugc xac dinh
béi:

uy:{ 1—la(x)—a(y)| if pa(x,y) > 8

0if other 3.1
vy=1-p
Trong d6 pq (x,y) = 2401 Khi d6, gid tri p, luon thuoe doan [0.5,1]. Khi gid trj

8 = 0.5, quan hé uu tién nay c6 tinh chit phan xa va bic cau, khi § > 0.5 quan hé uu tién
nay chi c6 tinh bac cau.

Dinh nghia 3.2 (C& s6 con IF-subbase). Cho bang quyét dinh DT = (U,C,D, f). Khi d6
IF-subbase cua a € C dugc dinh nghia bdi:

Sa= {5454} (3.2)

Trong d6 SE va SR 1an lugt 1a IF-subbase tréi tuong tGing v6i ma tran quan hé M= va IF-

subbase phai tuong Ging v6i ma trdn quan hé (M7) " trén thudc tinh a € C, véi (Muz)T 1a ma
trAn chuyén vi clia ma tran Maz.
Dinh nghia 3.3 (Giao hai IF-subbase). Cho bang quyét dinh DT = (U,C,D, f) va hai IF-
subbases S, S, tuong ting véi p,q € C. Khi d6, phép toan giao cua hai IF-subbase dudc dinh
nghia bdi:
L ~cL oR ~ R
SpNSy={S,NS;,$yNS; } (3.3)

Dinh nghia 3.4 (Hop hai IF-subbase). Cho bang quyét dinh DT = (U,C,D, f) va hai IF-
subbases S, S, tuong ting vdi p,q € C. Khi d6, phép todn hgp clia hai IF-subbase dudc dinh
nghia bdi:

SpUS, = {ShusL, SKuUSK} (3.4)

Pinh nghia 3.5 (Co s6 IF-base). Cho bang quyét dinh DT = (U,C, D, f) va IF-subbase S, =
{SE, SR} tuong tng véi a € C , trong d6 S5 duge goi la IF-subbase trdi va SX dude goi la
[F-subbase phai. Khi d6 IF-base B, dugc dinh nghia bdi:

B,=S,"nsK (3.5)
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Ménh dé 3.1 (IFT tit IF-base). Cho bdng quyét dinh DT = (U,C,D, f) va B, la mot IF-base
dugc xdc dinh bdi cong thiic 3.5. Khi do, B, la mot co s cuia F,.

Dinh nghia 3.6 (IF-subbase ctia tap thudc tinh). Cho bang quyét dinh DT = (U,C,D, f) ,
v6i moi p,g € C. Khi d6 IF-subbase cia {p} U{g} dugc dinh nghia bdi:

Sipyufqy = SpMNSq (3.6)

Pinh nghia 3.7 (IF-base min nhét). Cho bang quyét dinh DT = (U,C,D, f) va IF-base
B, tuong véi a € C. Khi d6 B, dugc goi 1a IF-base min nhét (smoothest) néu: B, [i, j] =
{ Lipifi=j

O7F if other

Trong d6 1;r = (1,0) va O;r = (0,1). Ki hiéu IF-base min nhit 1a B; 1a co s clia topd
don vi mo truc cam.

3.3. Pé xuit dé do tuong dong cia hai topd md truc cam

Ménh dé 3.2 (b0 khéc biét gitta hai IF-subbase). Cho bdng quyét dinh DT = (U,C,D, f)va
hai IF-subbases S, S, tuong ving vdi p,q € C. Khi do:

2 i L L. L. L+
£ (Sp.Sq) = T Z{ (|S5 US| — |85 [N Sy L)) 3.7)
1=
La do khdc biét giita S, va S,
Ménh dé 3.3 (Do phu thudc ctia thudc tinh theo IF-subbase). Cho bdng quyét dinh DT =
(U,C,D, f) va hai IF-subbases S¢ and Scyp tuong iing vdi C va CUD. Khi do:

U]
¢ (e, Scum) = W% Y. (15 i~ b A S 1) (338)

La do phu thudc cua thudc tinh D vdi thudc tinh C.
Ménh dé 3.4 (Tinh chit phan don diéu ctia d6 do tuong dong). Cho bdng quyét dinh DT =
(U,C,D, f) va hai IF-subbases Sp, Sc tuong iing véi Bva C. Khi dé, néu B C C thi { (Sp,Spuc) <
¢ (Sp,Spus):

3.4. Riit gon thudc tinh trong bang quyét dinh theo tiép cin topdé md truc
cam
3.4.1. Pé xudt thudt todn tim tdp riit gon trong bang quyét dinh theo phuong phdp filter

Dinh nghia 3.8 (D6 quan trong cda thudc tinh). Cho bang quyét dinh DT = (U,C,D, f) va
tap thuoc tinh R C C. Khi d6, d6 quan trong cua thudc tinh a € C — R v6i tap thudc tinh R
dugdc dinh nghia bdi:

Sigr (a) = € (Sp,Spurua) — € (Sp,SpUR) (3.9)

Meénh dé 3.5 (Tinh tdn tai ciia tap rit gon). Cho bdng quyét dinh DT = (U,C,D, f) va hai
IF-bases Br va B¢ tuong ung voi R C C. Khi do, néu Br = Bj thi Bc = By.

Dua trén ménh dé 3.5 ta c6 thé kh:flng dinh, néu mot bang quyét dinh ton tai mot tap con
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Thuit toan 3.1 Riit gon thudc tinh theo phuong phép filter sit dung tiép cin tdpd md truc
cam (F_IFT)
Input: Bang quyét dinh DT = (U,C,D, f) va § = 0.5
Output: Tap rut gon R
R < 0;
B 1 c6 s6 md truc cam thd nhit;
By 14 co 86 md truc cam min nhat;
forallcc CuDdo
calculate S.; {theo cong thuc 3.1 va 3.2}
end for
while B # B; do
forallce C—Rdo
calculate Sigg (c); {theo cong thiic 3.9}
end for
select ¢,, € C—R : Sigg (cp) = gjaxR {Sigr (c)};
R+ RU{cm};
update Bg; {theo cong thuc 3.5}

: end while
: return R;

o A A R o

—_ =
—_ O

—_— = =

R ctia tap thudc tinh ban dau C ma Bg 1a co sé min nhét thi chic chan Bc ciing 1a cd s6 min
nhat. Nghia 12 Bg = B¢ = B;. Khi do, tip rit gon c6 thé dugc dinh nghia nhu sau:
Dinh nghia 3.9 (Tap riit gon theo tiép can topd don vi). Cho bang quyét dinh DT = (U,C, D, f)
va R C C. Khi d6 R dudc goi 1a mot tap rut gon cia C khi va chi khi

(1) Bk = By

(2) BR—¢ # By v6i moi ¢ € R

Pé dam bdo tinh ton tai ctia By, quan hé wu tién mo truc cam dé xult phai c6 tinh chit
phan xa, do d6 gia tri 0 dudc chon mac dinh la 0.5 cho toan bo cac vi du minh hoa va thuc
nghiém cac thuat toan.

Thudt toan F_IFT c6 do phic tap: & (\R\ C—R| ]U]z) va thuat toan FW_IFT ¢6 do phic

tap: & (IST|IC— R [U ) + 6 (JRwl|T]) -
3.4.2. Thuc nghiém va ddnh gid cdc thudt todan

Phan nay sé trinh bay mot s6 két qua thuc nghiém clia hai thuét toan dé suat. Trong d6
thuét toan F_IFT s€ dugc so sanh véi cac thuat toan cua A. Tan [15], [36] va Thang [102].
Thuat toan FW_IFT sé dudc so sanh véi thuat toan FW_IFD [102].

Hinh 3.1 cho thiy uu diém vé thdi gian thuc hién ctia thuat todn F_IFT ciing nhu mdi quan
hé vé thai gian va kich thudc tap rit gon thu dugc cla thuat toan. Trong khi d6, ciac Bang 3.1
va 3.2 cho thiy nhiing uu diém vé kich thudc va do chinh xdc phan I6p clia tap rit gon thu
dudc tur thuat toan FW_IFT.
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Thuit toan 3.2 Phuong phap riit gon thudc tinh lai ghép filter - wrapper st dung tiép cin
topo mo truc cam (FW_IFT)
Input: Béng quyét dinh DT = (U,C,D, f) va § = 0.5, md hinh phan 16p Model
Output: Tap rat gon R
ST <+ 0; Ry < 0; Rr <+ 0; R < 0;
Bg, 12 c0 s6 md tryc cam tho nhét;
By 1a ¢6 8 m§ truc cam min nhét;
forallcc CUD do

calculate S; {theo cong thuc 3.1 va 3.2}
end for
for allcc C— Ry do

calculate Sigg, (¢); {theo cong thiic 3.9}
end for
for all ¢,, € { Max {Sigg, (c)}} do

ceC—Rp

11:  ST.PUSH (RrpU{cn}); {Pdy ¢, vao Stack}
12: end for

13: while ST # 0 do

14:  Rp =ST.POP; {giai doan filter}
15:  update Bg,

16: ifBRF = B; then

D AN AN Al

~
e

17: Rw = Rw U{Rr}; {Pua tap rut gon ting vién vao danh sach}
18:  else

19: quay lai bude 10;

20:  end if

21: end while
22: for all » € Ry do
23:  if ACC(Model,r) > ACC(Model,R) then

24: R=r; {Giai doan wrapper}
25:  end if
26: end for

27: return R;

100 100
= F FT 404|—=—F_IFT - 40
——F_IFD —e—F_IFD
204 F_IFPOS oo 27 F_IFPOS 35
—v—F_IFE 50T F_IFE 20
5 E)
£ 60 F60 & 25+ 25
[
2 a
£ — 20 - 20
T 40 40 g b
x = 15 e |15
b
. 10 A 10
20 v— / 20 v
'/.74./ v
| = \ I—a— 3. 54 v—Y— v 5
° v\vﬂ/
o= T/T §=7 : 0 7/¥é;/.\7 S et ST P SN A
13 13 30 33 34 43 60 90 166 310 310 754 13 13 30 33 34 43 60 90 166 310 310 754
Il (attribute) [C| (attribute)

Hinh 3.1: Biéu do ddnh gid moi quan hé vé kich thudc tdp rit gon (trdi) va thoi gian thuc
hién (phdi) vdi sé lugng thudc tinh ban dau cia thudt todn F_IFT so vdi cdc thudt todn khdc

3.5. Két luAn Chuong 3

Chuong 3 da trinh bay phuong phdp rit gon thudc tinh theo tiép cin tdpd md truc cam
va dé xuét hai thuit todn. Trong d6 thuat toan F_IFT cho tip rit gon c6 kich thudc va thoi
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filter - wrapper trén mé hinh phdn lop SVM va KNN

FW_IFT FW_IFD
ID | Dataset SVM KNN SVM KNN €l
T [ Wine 5 4 10 10 3
2 Heart 6 5 11 11 13
3| Wdbc 3 5 16 16 30
4 | Wpbc 3 2 2 2 33
5 | Tono 7 5 12 12 34
6 | UFDC 8 6 5 5 43
7 Sona 3 2 9 9 60
8 | Libras 18 13 7 14 90
9 | Musk 5 5 3 3 166
10 |LvB 6 2 2 2 310
11 | LVG 7 5 5 5 310
12 | pD 9 1 17 23 754

Bang 3.2: So sdnh do chinh xdc phdn Idp cuia cdc tdp rit gon thu dugc ti cdc thudt todn theo

tiép can filter - wrapper trén mé hinh phdn l6p SVM va KNN

D | Data FW_IFT FW_IFD IC]

SVM | KNN | SVM | KNN | SVM | KNN
I | Wine 9424 | 9125 | 97.87 | 9474 | 9816 | 9625
2 | Heart 86.43 | 7885 | 84.65 | 76.74 84.5 77.44
3 | Wdbe 97.15 | 9542 | 97.99 | 9502 | 9833 | 9545
4 | Wpbe 7779 | 7612 | 7614 | 7834 | 7802 | 77.18
5 | Tono 87.1 92.05 | 8546 | 89.14 | 8837 | 86.04
6 | UFDC | 68.16 90.9 5095 | 69.14 | 4349 | 79.13
7 | Sona 7721 | 6835 | 67.35 61 6545 | 68.16
8 | Libras 70.9 7759 | 6479 | 78.02 | 7141 | 7523
9 | Musk 73.17 | 7513 | 6251 | 6441 | 7554 | 7737
10 |LVB 8529 | 77.19 | 7771 | 7631 | 83.24 67.8
11 | LVG 9022 | 78.64 | 70.18 | 6693 | 89.05 | 69.22
12 | PD 84.47 | 8479 84.8 6553 | 81.26 81.8

gian thuc hién hiéu qua, trong khi d6 thuat toan FW_IFT cho tap rut gon c6 kich thudc va do
chinh xac phan 16p hiéu qua.

CHUONG 4. PHUONG PHAP RUT GON THUOC TINH TRONG

BANG QUYET PINH THEO TIEP CAN TOPO
HAUSDORFF

4.1. Mé dau

Phan nay trinh bay tém tat cac két qua nghién ciiu vé phuong phép it gon thudc tinh theo
tiép can topd Hausdorff. Trong do, dé xuit ciu tric topd theo tiép can tap tho trén khong gian
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xap xi mo ngudng B va dé xuét cau tric topd Hausdorff; Pé xuét khai niém dong cu triic
phu thudc trong khong gian t6pd Hausdorff; Dé xuit thuat todn tim tip rit gon dua trén dinh
nghia méi vé thudc tinh quan trong theo tiép cin tdpd Hausdorff va gém nhém cic thudc tinh
theo khdi niém dong ciu tric phu thudc ctia topd Hausdorff. C4c két qua nghién cifu trong
Chuong nay dugc cong bd trén cac cong trinh nghién ciiu [CT1], [CT5]

4.2. Pé xuit clu tric topo tir khong gian xap xi mo ngudng

Pinh nghia 4.1 (Cong thiic quan hé md ngudng B). Quan hé tuong duong ms ngudng B cia
uj,uj € U dudc xac dinh nhu sau:
B o\ _ l—lui—uj‘:ifl—‘u,-—uﬂzﬁ
RE (wi,1) {o:if1—|u,~—uj\</3. 1)
Meénh dé 4.1 (CAu tric topd theo tiép can tap thd). Cho khong gian xdp xi (U,RP) va RP 1a
mot quan hé tuong dwong mo. Khi do .7 = {X CU|RP(X)=RP (X)} la mét topo xdc dinh
trén U.

4.3. Dé xuit ciu tric topo Hausdorff

Pinh nghia 4.2 (Tinh kha li ciia quan hé md ngudng B). Cho khong gian xép xi (U,RP)
trong d6 RP 12 quan hé tuong duong mS B. Khi d6 RP dugc goi 1a phan biét dudc néu véi
moi u; € U tOn tai u; # u; € U sao cho [u]ps N [uj]rs = 0. Ki hiéu quan hé nay 1a REI .
Ménh dé 4.2 (Topd Hausdorff tit quan hé Rg). Cho topé Ty = {X CU|RB (X) = I@(X )}
xdc dinh trén U. Khi do, Ty duoc goi la topé Hausdorff néu RB 16 mot RE, .

Ménh dé 4.3 (Xéc dinh thudc tinh ¢6 quan hé Rg). Cho bdng quyét dinh DT = (U,C,D, f)

va ¢ € C. Khi do ¢ dugc goi la thudc tinh co quan hé REI néu max (V.) — max, (V) > B.
Trong do V. la tdp gid tri cua thudc tinh c.

4.4. Rut gon thudc tinh trong bang quyét dinh theo tiép can topo Haus-
dorff

4.4.1. Dé xudt thudt todn tim tdp riit gon trong bang quyét dinh theo phuong phdp lai ghép
filter - wrapper, sit dung cdu triic topé Hausdorff

DPinh nghia 4.3 (Thudc tinh quan trong theo tiép cn tdpd Hausdorff). Cho bang quyét dinh
DT = (U,C,D, f) va c € C. Khi d6 ¢ dugc goi 1a thudc tinh quan trong véi D néu .7, 1a mot
topd Hausdorff.

Dinh nghia 4.4 (Pong ciu tric phu thudc). Cho bang quyét dinh DT = (U,C,D, f) va hai
topd 7,, 7, xac dinh trén U tucng tng véi p,q € C. Khi d6 .7, dugc goi la dong cau tric
phu thudc véi 7, néu 7, U Ip = T, U Ip.

Tiép theo sé 1a phan danh gia do phic tap cla thuat toan CFW. Ki hiéu |U| 1a s céc
d6i tugng, |C| 1a sb cac thudc tinh, [HP| 1a s6 cic thude tinh Hausdorff, va |CHB| 1a sé
cac nhom thudc tinh Hausdorff c6 cuing ciu triic phu thudc. Khi d6 do phic tap tir 6-10
la 0(2|U]|C|), do phic tap tit 11-22 1a ¢(|U|*|HP|?). Gid sit T 1a thoi gian thyc hién ctia
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Thuat toan 4.1 Thuét toan rut gon thudc tinh theo tiép can filter - wrapper ciac cum thudc
tinh (CFW).

Input Bang quyét dinh DT = (U,C,D) v6i A= {0.1,0.2,...,0.8,0.9} va md hinh phan 16p
Model

Output Tap rut gon R
I: R=0;
2: forall B € Ado
3. HPF 0;
4 CHP «0;
5. RP«+ 0;
6: forallceCdo
7: if max; (V) —max, (V.) > B then
8: HP =HB U{c}; {Filter cac thudc tinh Hausdorff}
9: end if
10:  end for
11:  forall p e {HP —CHP} do
12: U,=0;
13: for all g € {HP —CHP — p} do
14: if 7,U9p = 7,U Ip then
15: U,=U,U{q}; {Phan cum thudc tinh Hausdorff}
16: end if
17: end for
18: CHP = CcHP UU,;
19: if ACC}/*“!>ACCRH*! then
20: RF=U s {Wrapper cac cum thudc tinh Hausdorff}
21: end if
22:  end for
23 if ACCH“'>ACCH ! then
24: R=R5; {Wrapper cac tap rut gon tng vién 3}
25:  end if
26: end for

27: return R;

mo hinh phan 16p Model. Véi sb6 luong A rat nhd, khi d6 do phiic tap cta thuit toan 1a
o@2U||cl)+o(JUP|HP |+ |CHP|T).

4.4.2. Thuc nghiém va ddanh gid thudt todn

Thuat toan dé xuit dudc so sanh va danh gid véi cac thut todn rit gon thudc tinh dién
hinh trén tiép can do do gdm c6: (1) thuat toan riit gon thudc tinh theo tiép cén tap thod véi
dd chinh x4c diéu chinh (VPRS) [113]; (2) thuét toan rit gon thudc tinh theo tiép can tap thd
md (FRS) [114]; (3) thuat toan rit gon thudc tinh theo tiép can Entropy thong tin md (IFE)
[87]; (4) thuit toan rit gon thudc tinh theo tiép can khoing cach md (FD) [33].

Bang 4.1 so sanh va danh gia kich thudc tap rut gon thu dudc cua cac thuat toan, bén canh
d6 mbi quan hé vé kich thudc clia tap dit lidu véi thai gian thuc hién cia céc thuit toan ciing
dugc mo ta trong hinh 4.1. Cic Bang 4.2 va 4.3 so sanh do chinh xac phan 16p cua tap rut
gon thu dudc tu cac thuat toan trén hai mo hinh phan 16p k-NN va SVM.
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Hinh 4.1: Biéu do phdn tich moi quan hé giiia thoi gian thuc hién cia thudt todn va |U |
(left), giita thoi gian thuc hién cia thudt todn va |C| (right).

Bang 4.1: So sdnh kich thudc cua tdp rit gon thu dugc tir cdc thudt todn

ID Dataset RI

|IC| | CFW-SVM | CFW-kNN | VPRS | FRS | FIE | FD
1 wine 13 10.8 7.6 11.8 | 104 | 106 | 7.1
2 heart 13 6.7 5.5 11.5 | 1391102 | 6.7
3 CMSC | 20 8.2 8.7 9.5 20.3 | 20.1 | 3.5
4 PDS 22 52 4.4 94 8.5 [ 108 | 4.3
5 BCWD | 30 3.2 3.6 14.8 76 | 12.1 | 4.1
6 BCWP | 32 2.9 2.2 8.9 126 | 124 | 5.8
7 IS 34 2.1 2.1 209 | 11.3119.6 | 6.1
8 UFDC | 43 13.9 4.3 15.3 87 | 11.7] 5.2
9 UFDD | 43 5.1 3.6 19.9 6.6 | 83 | 3.3
10 SHDC | 44 3.1 2.2 443 | 103|147 | 59
11 UFDB 51 4.1 34 8.9 58 [ 11.9 | 52
12 DPDS 54 2.5 1.6 8.4 157 (244 | 44
13 sonar 60 4.6 7.4 443 | 175252 | 7.6
14 musk 166 5.7 11.4 86.6 | 239|295 | 8.8
15 VRB 310 9.1 4.3 56.6 | 189 | 358 | 7.5
16 VRG 310 9.6 2.1 724 | 165 | 364 | 10.6

4.5. Két luin Chuong 4

Chuong 4 da trinh bay phuong phap riit gon thudc tinh theo tiép cin topd Hausdorff. Céc
két qua thuc nghiém cho thiy thuat todn dé xuit 12 hoan toan vugt trdi so v6i cdc phuong
phép khac.
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hinh phdn lop SVM
Classification Accuracy (%)

ID | Dataset gt oet TCFW-SVM | VPRS | FRS FIE FD
1 wine 98+0.7 96+0.9 99+0.6 99+0.3 93+0.1 96+0.8
2 heart 84+0.8 86+0.6 84+0.3 84+0.3 82+0.9 80+0.7
3 CMSC | 95+0.8 95+0.4 92+0.4 95+0.1 95+0.8 92+0.6
4 PDS 84+0.7 86+0.6 84+0.7 85+0.9 84+0.7 75+0.8
5 BCWD | 98+0.6 94+0.7 94+0.2 96+0 96+0.8 94+0.7
6 BCWP | 77+0.3 76+0.3 76+0.6 76x0.2 76+0.8 760
7 IS 88+0.5 82+1 88+0.9 87+0.5 87+0.3 89+0.6
8 UFDC 44+0.8 59+0.7 45+0.5 49+0.1 49+0.6 50«1
9 UFDD | 68%0.8 63+0.5 68+0.1 64+1 63+0.7 62+0.5
10 SHDC 79+0.5 79+1 79+0 79+0 79+0.6 79+0.3
11 UFDB | 100+0.4 96+0.9 100+£0.6 | 100£0.2 | 92+0.8 | 100+0.2
12 DPDS 98+0.6 98+0.3 98+0.3 98+0.6 98+0.4 98+0.5
13 sonar 65+0.8 73+0.2 65+0.2 70+0.7 64+0 58+0
14 musk 75+0.3 72+0.2 74+0.8 61+x0.4 61+0.1 55+0.4
15 VRB 83+0.1 83+0.2 88+0.6 91+x0.4 80+0.8 86+1
16 VRG 85+0.9 80+0.2 91+0.7 82+0.5 67+0.2 68+0.4

Bang 4.3: So sdnh dé chinh xdc phdn [dp cua tdp riit gon thu duoc tir cdc thudt todn trén mé
hinh phdn l6p KNN

D Dataset Classification Accuracy (%)
Rawset | CFW-KNN | VPRS | FRS FIE FD

1 wine 96+0.2 94+0.1 94+0.1 | 96£0.9 | 91+£0.4 | 94+0.6
2 heart 77+0.5 78+0.1 77+£0.3 | 77£0.3 | 7620.2 | 69+0.7
3 CMSC 84+0.1 92+0.1 86+0.2 | 84+0.6 | 84+0.9 | 71%0.1
4 PDS 85+0.7 85+0.3 88+0.9 | 87+0.1 | 84+0.3 | 74+0.5
5 BCWD 95+0.2 93+0.1 93+0.9 | 93+0.9 | 94+0.7 | 93+0.7
6 BCWP 78+0.8 81+0.9 74+0.6 | 79+£0.6 | 79+0.6 | 75+0.6
7 IS 85+0.6 88+0.6 862+0.9 | 88+0.7 | 88+0.4 | 89+0.4
8 UFDC 82+0.1 96+0.2 82+0.1 | 74+£0.9 | 78+0.1 | 76£0.2
9 UFDD 81+0.5 81+0.9 77£0.9 | 77£0.5 | 82+0.6 | 72+0.7
10 SHDC 66+0.1 75+0.7 66+0.5 | 69+0.8 | 671 | 72+0.6
11 UFDB 99+0.8 100 100 100 98+0 | 99+0.5
12 DPDS 98+0.4 98+0 98+0.3 | 98+0.4 | 96+0.9 | 98+0.2
13 sonar 68+0.3 71x0.3 64+0.5 | 62+0.7 | 60£0.7 | 55+0.3
14 musk 77+0.5 76+0.7 77£0.1 | 751 | 6904 | 64+0.3
15 VRB 68+0.3 76+0.6 77+£0.1 | 81£0.3 | 65£0.1 | 73+0.1
16 VRG 70+0.8 96+0.4 75+£0.8 | 76£0.9 | 61x1 | 60+0.9
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KET LUAN

A. Nhitng két qua chinh ctia luén an

Trén co s& cac muc tiéu dé ra nhu da dudc trinh bay trong phan md dau ctia luan 4n, cic
két qua chinh cda luan 4n gom c6: 1) Xay dung thuét toan rit gon thudc tinh theo tiép cin
lai ghép filter - wrapper, st dung d6 do khoang cach md truc cam (IFD). 2) Xay dung thuat
to4n rit gon thudc tinh theo tiép can filter (F_IFT) va thuit toan lai ghép filter - wrapper
(FW_IFT), st dung ciu triic topd md truc cam. 3) Xay dung thuit toan rit gon thudc tinh
theo tiép can lai ghép filter - wrapper cum (CFW), st dung céu tric topd Hausdorff.

Két qua thuc nghiém trén cic bd dit liéu tai vé tir UCI cho thy:

- Thuat toan IFD c6 kha ning cdi thién nhiéu kha t6t, tuy nhién kich thudc va do chinh
xac phan 16p cua tap rat gon chua hiéu qua hon so véi cac thuét toan dugc so sanh.

- Thuat toan F_IFT c6 thoi gian thuc hién hiéu qua va kich thude tap rit gon thu dugc tot
nhung dd chinh xac phan 16p con han ché so vé6i cdc thuit todn dudc so sanh.

- Thuat toan FW_IFT cho tép rit gon c6 kich thuée va do chinh xac phan 16p hiéu qua,
tuy nhién thdi gian thuc hién ctia thuét todn con han ché so véi cac thuat toan dudc so sanh.

- Thuat toan CFW 12 hoan toan vudt trdi vé thdi gian thuc hién, kich thudc va do chinh
xéac phan 16p cla tap rit gon thu dudc cling troi hon so véi cac thuit todn tdt nhit dudc so
sanh.

B. Nhirng dong gop méi ctua ludn an

Cic két qua nghién cifu ctia luan 4n da déng gép 03 phuong phap rit gon thudc tinh gdm
co:

- Phuong phdp riit gon thudc tinh theo tiép can tap thd md truc cam dua trén cac dé xuat
méi vé do do khoang ciach md truc cam.

- Phuong phép riit gon thudc theo tiép cin topd md truc cadm dua trén cac dé xuit méi vé
IF-subbase, IF-base va topd don vi.

- Phuong phdp riit gon thudc tinh theo tiép can topd Hausdorff dua trén cdc dé xuit méi
vé tinh chit kha 1i trén khong gian x4p xi md ngudng 3.

C. Hudng phat trién tiép theo ctia lun 4n

Hién nay, cic bang quyét dinh khong day dd, thiéu gia tri xult hién kha phd bién trong
cac linh vuc khai thac dit liéu va hoc mdy. Da c¢6 nhiéu phuong phép riit gon thudc tinh trong
bang quyét dinh khong day du theo tiép cAn mo hinh tap tho md rong, tuy nhién cac két qua
nghién ctfu van con han ché vé kich thudc va do chinh xdc phan 16p trén céc tap rit gon thu
dugc. Do d6, huéng nghién citu tuong lai clia ludn 4n sé nham t6i riit gon thudc tinh cho bang
quyét dinh khong day dd thong qua mot sd cdc huéng mé rong ciu tric topd theo tiép can
tap tho nhu sau:

1) Mé rong ciu triic topo dua trén khong gian xAp xi ctia md hinh tap thé dung sai, nghién
cttu mot sb tinh chét kha li nham tim ra tiéu chudn chon loc thudc tinh va xay dung diéu kién
ditng cda thuat toan. 2) M rong cAu tric topd dua trén mbi quan hé clia cac phép toan xap
xi ctia md hinh tap thé dung sai, nghién ctiu mot sb tinh chat kha li nham tim ra tiéu chuin
chon loc thudc tinh va xay dung diéu kién ding cta thuat toan. 3) Phat trién mot sb phép
todn tinh todn gia ting trén khong gian tdpd cho cic trudng hop dit liéu dong. 4) Phat trién
cAu tric dai s6 ciia topd véi cac dinh nghia mdi vé toan tit hop-k va giao-k thudc tinh nham
ting tdc qua trinh tim kiém tap rit gon.
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