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LOI CAM ON

Luéan 4n nay dudc hoan thién véi su nd Iuc va cb gang khong ngling cia tac gia
cing v6i su an can chi bao, gitip dd cia cdc thay huéng dan, su gép y xac dang ctia
cdc chuyén gia, nha khoa hoc, su dong vién vé tinh than ctia gia dinh, ban bé v dong
nghiép trong sudt qu4 trinh hoc tip va nghién ctiu cia tic gia.

Trudc tién, tdc gia xin bay td long biét on dén PGS. TS Nguyén Long Giang, GS.
TS Vii Duc Thi da tan tinh chi bdo, hudng dan va dong vién tic gia hoan thanh luan
an ding muc tiéu va ding tién do. Tac gia cling xin dugc bay té 15i cam on siu sic
dén PGS. TS Lé Hoang Son da c6 nhitng gép y quy gia trong sudt qua trinh thuc hién
luin 4n nay.

TAc gia xin gdi 10i cAm on tdi cdc thiy, cd gido va can bo phong quin ly nghién
ctiu sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam. Pac bét tac gia xin tran trong cam on phong quan ly sau dai hoc ctia Vién
Cong nghé thong tin da nhiét tinh gidp do, tao ra mai truong nghién ctiu thuan 1di cho
tac gia hoan thanh luan 4n ding tién do va diing quy dinh ctia Hoc vién.

Tac gia xin chan thanh cdm on nhém nghién ctiu Al 4.0 tai Vién Cong nghé thong
tin (ITT) - Pai hoc Qudc gia Ha Noi da gitp dd tdc gid vé mit chuyén mon va tinh
than nghién ctiu trong sudt qu4 trinh trao ddi va nghién cttu hoc thuit tai ITL

Tac gi4 xin chan thanh cdm on t6i Ban Gidm Hiéu Trudng Dai hoc Kinh té Ky thuat
Cong nghiép da dong vién tinh than va tao nhiéu diéu kién thuin 1gi trong sudt qua
trinh hoc tdp va nghién cuu.

Dic biét tic gia xin bay td long biét on siu sic t6i Gia dinh va ngudi than da hi
sinh vd diéu kién, tao diéu kién t6t nhit vé tinh than va thdi gian cho tac gia trong sudt
qua trinh hoc tdp va lam nghién ctu.

NCS Tran Thanh Pai
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MO PAU

Tinh cép thiét ciia dé tai ludn an

Giam thudc tinh [1]-[3] hay chon loc thudc tinh la budc tién xi ly dit liéu quan
trong, dudc tng dung rong rai trong cac linh vuc lién quan dén nhan dang mau va
khai thdc dif liéu gdm c6: phan 16p dit liéu [4], [5], nhan dang chit viét tay [6], [7],
nhan dang tiéng no6i [8], [9], phat hién va phan loai spam [10], [11] va ho tr¢ ra quyét
dinh [12], [13]. Giam thudc tinh nhiam xdc dinh va chon loc tip con clia tip thudc
tinh ban dau c6 lién quan nhiéu nhat hoic loai béd cdc thudc tinh du thira it lién quan
nhit t6i viéc ra quyét dinh cia bai todn. Gidm thudc tinh thudng dudc thuc hién dé
mo hinh dat dudc mot s6 muc tiéu gdom c6: ting tinh dé hiéu cta luat, cai thién hiéu
nang, giam chi phi tinh toan.

mo hinh RS c6 dién (Rough Set - RS) dugc Pawlack gi6i thiéu vao ndm 1982 la
cong cu todn hoc manh mé, hiéu qua cho cac trudng hdp dif liéu khong chic chin,
khong day dii va thiéu nhit quan [14]. Gidm thuoc tinh 1a mot trong nhiing tng dung
quan trong ciia mo hinh RS ¢ di€n, da va dang nhan dudc su quan tAm cta cdc nha
nghién ctu [15]-[17]. Dua trén khai niém 16p tuong duong va cac phép toan xap xi
trong mo hinh RS ¢8 dién, nhiéu phuong phap do ludng dd quan trong ctia thudc tinh
dugc dé xuit dé tim tap thudc tinh rit gon. Bén canh d6, khong gian topd ciing 13 mot
khdi niém quan trong trong md hinh RS ¢8 dién [18], [19]. Khdi niém topd theo tiép
can RS ciing dugc Pawlack gidi thiéu vao nim 1988 va nhin dudc nhiéu quan tAm clia
cac nha nghién cuu [4], [20].

Hon ba thap ki vita qua, huéng giam thudc tinh theo tiép can RS [14] di va dang
thu hit dudc su quan tim ctia nhiéu nha nghién cttu. Cac két qua nghién citu cho thay
phuong phap gidm thudc tinh theo tiép can RS hiéu qua trén cac bang quyét dinh ¢
thuoc tinh gid tri rdi rac. Tuy nhién, véi cic bang quyét dinh cé thudc tinh gid tri lién

tuc (bang quyét dinh sb) can phai thuc hién budc bién d6i mién gia tri lién tuc vé mién
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gia tri roi rac trude khi gidm thudc tinh. Bude bién d6i nay phat sinh chi phi thuc hién
va c6 thé 1am méat dit liéu trong qua trinh bién ddi. Do d6, cac nha nghién cifu dé xuit
phuong phap gidm thudc tinh truc tiép trén cac bang quyét dinh gbc ma khong phai
qua qua trinh rdi rac hoa du liéu.

D€ giam thudc tinh truc tiép trén bang quyét dinh gbc, cic nha nghién ctiu di mé
rong mo hinh RS c6 dién truyén thong trén nén cac tap mo (Fuzzy Set - FS) va tap
mo truc cadm (Intuitionistic Fuzzy Set - IFS) gdm c6:

1. RS mo (Fuzzy Rough Set - FRS)

MO hinh RS md [21], [22] st dung khai niém tuong tu thay cho khéi niém khong
phan biét dugc trong mo hinh RS ¢8 dién truyén théng. Do d6, ching ta khong can
phéi rdi rac héa dit liéu ma van danh gia chinh xéc su tuong quan clia cac ddi tugng
trong mot tap. Cho dén nay, cdc huéng nghién ctiu giam thudc tinh theo tiép cin RS
md dién ra kha sdi dong véi cac dé xuat méi vé do do gom cé: do do mién duong mo
(Fuzzy POS - FPOS) [17], [23]-[29], d0 do entropy thong tin md (Fuzzy Information
Entropy - FIE) [13], [30]-[32], d6 do khoang cach m& (Fuzzy Distance - FD) [33].

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

Theo dinh nghia cia IFRS, mbi phan ti trong mot tdp md truc cam dudc biéu dién
bdi hai thanh phan gom c6: ham thudc va ham khong thudc. Viéc danh gid mbi quan
hé ctia hai d6i tuong dua trén hai thanh phan nay dudc cho 1a chit hon so véi tip mo
truyén thdng [34], [35]. Do d6, cac nha nghién ctiu nhin dinh thut toan rit gon thudc
dugc xay dung theo tiép can IFRS c6 kha ning cai thién kha ning phan 16p cho céic
reduct t6t hon so véi tiép can FRS trong céc trudng hop tap dit liéu nhiéu. Trong dé
cac tap dit lidu nhiéu 12 cac tap di liéu c6 kha ning phan 16p ban dau thap. Gan day,
cac cong bd dién hinh vé giam thudc tinh theo tiép can IFRS gom cé: phuong phap
gidm thudc tinh theo tiép cin mién duong md truc cidm (Intuitionistic Fuzzy POS)
[36], theo tiép can entropy thong tin md truc cdm (Intuitionistic Fuzzy Information

Entropy - IFIE) [15].

Tai Viét Nam, da c6 mot s6 luan 4n tién si nghién citu phuong phéap gidm thudc
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tinh truc tiép trén bang quyét dinh s6 gdm c6: luan 4n tién si cia tac gid Cao Chinh
Nghia [3] nghién cttu gidm thudc tinh va sinh lut quyét dinh trén cac bang dit liéu
s6, c6 mién xdc dinh diy du sit dung d6 do mién duong md. Ludn 4n tién s cda tac
gia Nguyén Vin Thién [2] dé xuét do do khoang cach m& va xay dung mot s thuat
toan tim reduct theo phuong phap filter va phuong phép filter wrapper. Luén 4n tién
si ctia tac gia HO Thi Phuong [1] dé xuat mot s thuit todn gia ting tim reduct trong
cdc bang quyét dinh dong st dung do do khoang cich md.

Tir cac két qua khao sat bén trén cho thiy, cdc phuong phap gidm thudc tinh truc
tiép trén bang quyét dinh s6 tai Viét Nam hién nay chi dua trén tiép cin FRS. Céc két
qua thuc nghiém cho thiy tap rit gon thu dudc theo tiép can FRS con chua hiéu qua
vé sb lugng phan t va kha ning phan 16p trén cac bo dit liéu nhiéu do khong gian x4p
xi mo 1a chua di d€ md ta su tuong quan clia cic dbi tuong trong mot tap. Phuong
phép gidm thuoc tinh theo tiép can IFRS [15], [36] trén thé gidi hién nay con chua
hiéu qué vé s6 lugng phan ti clia reduct va chi phi tinh todn ctia thuit todn do cach
thiic xay dung khong gian xip xi md truc cadm cac tac gia dé xuét chua phan dnh day
dd thong tin quan hé ctia mot ddi tuong va do do danh gid do quan trong clia thudc
tinh con qud phiic tap. Do d6, muc tiéu nghién citu thit nhdt clia luan 4n 1a xay dung
phuong phap gidm thudc tinh theo tiép can IFRS hiéu qua vé thdi gian, sd luong phan
tl, cai thién kha ning phan 16p d6i véi cac tap dit liéu nhiéu.

Bén canh c4c phuong phdp gidm thudc tinh theo tiép cAn RS va RS md rong nhu da
dudgc trinh bay bén trén. Phuong phap gidm thudc tinh theo tiép can topd ciing dudc
cic nha nghién cfu quan tdim va dé xuit trong nhitng nim gan diy do céac tinh chit
hoat dong cuia topd kha tuong dong véi mod hinh RS ¢6 dién [37], [38].

Theo tiép can topd, khdi niém reduct theo ciu triic topd 1an dau tién dudc gidi thidu
bdi Lashin va céac cong su [37]. D€ giam thudc tinh cho bang quyét dinh theo tiép cin
topo, trudc tién can phai dua ra cac phuong phap xay dung cu tric topo dua trén cac
thong tin da c6 trong bang quyét dinh. Pay 1a mot thach thiic 16n, di va dang thu hiit

dugc sy quan tAm ctia nhiéu nha nghién citu [37]-[39]. Hién nay c6 hai phuong phap
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xay dung topd theo tiép cin RS gbém cd, cic phuong phdp xiy dung topd tif khong
gian xAp xi ctia RS [38], [40]-[42], cdc phuong phdp xiy dung tdpd tif cac phép toan
xap xi ctia RS [43]. Bén canh do6, su tuong quan ctia md hinh ly thuyét topd va RS
cling thu hit dudc su chu y cia cac nha nghién cuu [38], [43]-[47]. Trong do6, cac
nghién cifu vé su tuong dong giita cdc phép toan xap xi ctia md hinh RS ¢d dién véi
cic phép toan dinh mién cia mo hinh ly thuyét topd [48]. Trén co sé d6, nhiéu ciu
triic topo dugc dé suit dua trén viéc xdy dung lai cdc phép toan xap xi ctia RS [20],
[45], [49]. Hon niia, dua trén su tuong quan nay, mot s6 phuong phap céu tric lai mo
hinh RS dua trén cAu tric topd cling dugce dé xuat [44], [50], [51].

Tuy nhién, hau hét cac nghién citu dudc trinh bay bén trén chi 1a cdc nghién ciiu
khéi quat vé mat ly thuyét va cach tiép can xdy dung topd tit RS va RS tif tdpd nham
nh4n manh sy tuong quan ly thuyét chit ché ctia hai mo6 hinh nay. Gan day, Xie va cac
cong sy [52] da dé xuét phuong phdp gidm thudc tinh theo tiép cin ma tran phan biét
topd. Tuy nhién cic két qua nghién cifu van con han ché vé khung nén tang ly thuyét
va kha ning ting dung trong cdc bd di liéu thuc tién. Do do, muc tiéu nghién ciiu thii
hai ciia ludn dn 1a nghién cttu phuong phap gidm thudc tinh cho bang quyét dinh theo
tiép can topd dai s6 nham xdy dung nén tang ly thuyét topo dai s6, ing dung cho bai
toan giam thudc tinh.

Muc tiéu nghién ciru

Xuat phat tif nhitng vin dé con ton tai cla cac phuong phdp gidm thudc tinh hién
nay, luan 4n dit ra muc tiéu nghién ctiu mot sé6 phuong phap giam thudc tinh trong
bang quyét dinh theo huéng tiép can RS md truc cdm va tdpd suy rong, cu thé nhu
sau:

1) Nghién citu phuong phdp gidm thudc tinh theo tiép cdn RS mo truc cam: V6i
phuong phap gidm thudc tinh theo tiép cAn RS m& truc cam, vdn dé nghién citu trudc
tién 1a can tim hiéu cach thiic mo ta su tuong quan ctia cdc ddi tugng hiéu qua trén nén
tap mJ truc cam, cu thé 1a xay dung cac ham ddnh gid do thudc va do khong thudc

cho khong gian xap xi mo truc cam. Trén co s6 d6, vdn dé nghién ciiu tiép theo 1a can
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xay dung dd do danh gi4 do quan trong cla thudc tinh hidu qui vé mit thdi gian, ting
dung xay dung thuit toan gidm thudc tinh hiéu qua trén cac bo dit liéu nhiéu va c6 sb
chiéu 16n trong thuc tién.

2) Nghién citu phuong phdp gidm thudc tinh theo tiép cdn topé dai so: V6i phuong
phédp giam thudc tinh theo tiép can topod dai s, vdn dé nghién citu trudc tién 12 can
tim hi€u céc phuong phip xay dung ciu tric topd, tim hiéu céc tinh chit co s& cla
t6pd sao cho c6 thé danh gia tdpd trong mot khong gian nhod hon dé tiét kiém chi phi
tinh toan. Trén co s d6, vdn dé nghién ciiu tiép theo 1a nghién ctiu cac phép toan co
ban trén cau triic topd nham xay dung cac phuong phap danh gid, nhan dién d6 quan
trong ctia thudc tinh, dinh nghia reduct thong qua céu tric topd, ung dung xiy dung
thuat todn giam thudc tinh hiéu qua trén cac bd dit liéu c6 sd chiéu 16n trong thuc tién.
Péi twgng nghién ciu

Luan 4n tap trung nghién ctiu phuong phap gidm thudc tinh trén cac bang quyét
dinh ddy di c6 mién gid tri s, cac bang quyét dinh nhiéu c6 sd luong mau va chiéu
tif trung binh dén 16n.

Luan 4n tap trung nghién ctiu cic phuong phdp giam thudc tinh trong bang quyét
dinh theo tiép cin RS va topo dai s6 gdm co:

- Khdo sit cic khai niém co ban vé RS, cic do do dudc st dung dé danh gid do
quan trong cua thudc tinh va cac phuong phap xay dung thuat toan giam thudc tinh
theo tiép can Heuristic.

- Kh3o sét cac khdi niém co ban vé topd theo tiép cin RS, topo thu tir khong gian
xap x1, topo thu tif quan hé ctia cac phép toan xap xi, tinh kha li trong khong gian topd
va topd rut gon.

Pham vi nghién ciu

Luén 4n tip trung nghién cu cdc bién thé dua trén céc tiép can cia RS va topd dai

s6 trén nén tap md va tap md truc cadm gdm co:

- Nghién cttu cdc mo hinh RS md rong trén nén tip md va tip md truc cam, dng
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dung xay dung thuit toan gidm thuoc tinh trong bang quyét dinh so.

- Nghién citu céu triic topd theo tiép can RS va mot sb tinh chit kha li ctia khong
gian topd trén nén tip md va tip md truc cam, Ung dung xiy dung thuit toan giam
thudc tinh trong bang quyét dinh sb.

Phuong phap nghién ciu:
Céc két qua nghién ctiu cia luan 4n dudc danh gid trén hai géc dd nghién ctiu gom

2

co:

- Goc do nghién citu Iy thuyét: cac dinh nghia dudc trinh bay 16 rang, cidc ménh dé
dudc chiing minh chit ché dua vao nén tang co ban cua ly thuyét tip hop, do do, RS,
tdp mo, tdp md truc cam va entropy Shanon.

- Goc do nghién ciu thuc nghiém: cac thuat toan dugc cai dat va thuc nghi€m trén
cdc bo dit liéu tit UCI'. St dung cdc mo hinh phan 16p dif liéu phit hop véi dit lidu va
cdc do do danh gia, phuong phdp danh gid nhim danh gid chat luong cia reduct. So
sanh chat lugng reduct tir thuit toan dé xuit véi cac thuat todn khac nham clng cb gia
thiét nghién ctfu ctia luan 4n 13 hoan toan hop ly.

CAu tric ctia luan an:

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

Chuong 1. Luan an gidi thi€u va dinh nghia bai toan giam thudc tinh, phan loai cac
phuong phdp gidm thuodc tinh. Trinh bay cac khdi niém co ban vé hé thong tin, bang
quyét dinh va reduct. Trinh bay cic khdi niém co ban vé md hinh RS truyén théng,
khong gian topd va tap md truc cam. Trén co s6 do, luan an trinh bay cac phuong
phdp giam thuoc tinh theo tiép cin do do va tiép can topd. Trinh bay céc chi sb va
phuong phép danh gia chét luong mo hinh phan 16p dii liéu. Cac dong gép chinh cia
luadn an dudc trinh bay trong cac chuong 2, chuong 3, va chuong 4.

Chuwong 2. Luan 4n trinh bay phuong phap giam thuoc tinh theo tiép cin RS mdo

truc cam bao gdm cac dé xuat chinh nhu sau:

Thttps://archive.ics.uci.edu/ml/datasets.html
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1) Pé xuét do do khoang cach md truc cdm trén cd s6 md rong do do khoang cich
tri thuc.

2) bé xuét thuit toan reduct cho cho bang quyét dinh theo phucng phép lai ghép
filter - wrapper, st dung do do khoang cach md truc cam.

Chuwong 3. Luan an trinh by phuong phdp giam thudc tinh theo tiép cin topd md
tric cam bao gom cac dé xuat chinh nhu sau:

1) Bé xuit cau tric tdpd md truc cam

2) Pé xuét do do danh gid su tuong dong ctia hai topd md truc cam

3) Dé xuit thuat toan tim reduct cho bang quyét dinh theo phuong phap filter, st
dung céu tric topoé md truc cam.

4) Pé xuat thuit todn tim reduct cho bang quyét dinh theo phuong phép lai ghép
filter - wrapper, st dung cAu tric topd md truc cam.

Chuwong 4. Luan 4n trinh bay phuong phdp giam thudc tinh theo tiép can topd
Hausdorff bao gdm céc dé xuét chinh nhu sau:

1) Dé xuét ciu triic topo theo tiép can RS

2) Bé xuét cau triic topd Hausdorff

3) Dé xuét thuit toan tim reduct cho bang quyét dinh theo phuong phap lai ghép
filter - wrapper, st dung cAu tric topd Hausdorff

Cubi cling, phan két luan néu nhiing két qua da dat dudc cla luan 4n, huéng phat

trién trong tuong lai va nhitng vin dé quan tAm cta tc gia.



CHUONG 1. TONG QUAN BAI TOAN RUT GON THUOC
TINH THEO TIEP CAN RS VA TOPO

1.1. M dau

Rut gon thudc tinh (attribute reduction) hay con dudc goi lua chon déc trung (fea-
ture selection) 12 mot trong nhiing budc tién xi 1y dif liéu quan trong trong céc linh
vuc nhan dang (pattern recognition), hoc may (machine learning) va khai thac du liéu
(data mining). Pdi véi cdc tap dit liéu danh cho céc bai todn hoc khong gidm sat (un-
supervised - learning), rit gon thudc tinh nhim Iya chon mot tip con ciia tip thudc
tinh ban diu bio toan thong tin clia tip thudc tinh gbc. Pdi véi cac tap dit lidu cho cic
bai todn hoc c6 gidm sat (supervised - learning), riit gon thudc tinh nham chon ra mot
tap con ctia tap thudc tinh ban dau bio toan kha ning phan 16p hay du bio so véi tap
thudc tinh gbc [53].

C6 ba md hinh tiép can chinh dé€ xay dung cic thuat toan rit gon thudc tinh gom
c6 mo hinh filter, wrapper va embed thudc tinh. Trong d6 tiép can Filter la tiép can
dudgc st dung rong rai nhit. Cach tiép can Wrapper thudng dudc gan v6i mot mod hinh
phan 16p cu thé dé& danh gia tap thudc tinh rit gon dng vién tot nhat vé kha ning phan
16p. Tuy nhién véi C thudc tinh ta can danh gid t6i 2€ tip con thudc tinh, do d6 cach
tiép can nay c6 chi phi tinh toan rat 16n.

Gan day, mot s6 mo hinh lai ghép filter va wrapper, trong d6 ky thuat wrapper
dugc cdi tién d€ danh gia trén céc reduct tng vién c6 sd lugng nhd. Véi cach tiép can
embed, viéc danh gia thudc tinh hay tip thudc tinh thudng dudc gan truc tiép vao mot
md hinh cu thé, vi du md hinh cay quyét dinh thi luit thu dugc tif mo hinh nay thudng
ngan gon hon so véi luat quyét dinh ctia bang dit liéu huén luyén. Tuy nhién tip thudc
tinh rit gon thu dudc theo cach tiép can Wrapper hay Embed chi phit hop véi mot mo

hinh hoc may cu thé, néu st dung reduct d6 sang mo hinh hoc mdy khac c6 thé sé
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khong hiéu qua. Do d6, cho dén nay tiép can Filter vin dudc cdc nha khoa hoc lua
chon nhiéu hon c4 do muc tiéu danh gid tip thudc tinh rit gon dugc khai quat theo
tiéu chi bio toan thong tin clia reduct so véi tap dif liéu gbc.

Dé xay dung céc thuat todn rit gon thudc tinh, moé hinh chung cho céc thuit toan
gdm c6 hai thanh phan chinh nhu sau:

- Tiéu chuan chon loc thudc tinh: bao gdm cac phuong phap danh gia do quan trong
ctia thudc tinh nhu dua trén do do dudc dinh nghia hay cu tric topd dudc dinh nghia.

- Phuong phép tim kiém: chii yéu dua vao tiép can Heuristic nhu tim kiém thudc
tinh quan trong dua trén tap thudc tinh ban dau, dua trén tap thudc tinh 16i hay xuét
phat tir tap rong.

Céc thudc tinh diéu kién trong bang quyét dinh c6 thé dugc chia 1am 03 nhém c6
tinh chit nhu sau:

- Tinh doc 1ap (Independent): Bao gom céc thudc tinh diéu kién khong tuong quan
v6i cdc thudc tinh diéu kién khac nhung tuong quan véi thudc tinh quyét dinh.

- Tinh du thita (Redundant): Bao gom cac thudc tinh diéu kién c6 tuong quan véi
cac thudc tinh diéu kién khac nhung khong tuong quan véi thudc tinh quyét dinh.

- Tinh khong phit hgp: Bao gdm céc thudc tinh diéu kién khong tuong quan véi cac
thuoc tinh diéu kién khac ma ciing khong tuong quan véi thudc tinh quyét dinh.

Bén canh phuong phdp rit gon thudc tinh truyén thong da dudgc phat trién hon ba
thap ki vira qua, trong nhitng nim gan diy nhiéu nha nghién cifu dé xuit cach tiép
can it gon thudc tinh theo tiép can tdpd dai s6, cach tiép cin niy nhan dudc nhiéu su
quan tAm ctia cong dong cc nha nghién cifu ly thuyét vé RS, topdlogy va topd dai sb
do mot s6 cong trinh cong bd di chi ra su tuong quan khd gan giii gitta mo hinh RS
¢ dién va khong gian topo, dic biét vé y bai toan rit gon thudc tinh c6 lién quan dén

khai niém bat bién cta khong gian topo dudi goc nhin cia dai sb tritu tuong.
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1.2. Cac khai niém co ban

1.2.1. Hé théong tin va mé hinh RS truyén thong

Hé thong tin 1a cong cu bi€u dién tri thiic dudi dang mot bang dit liéu gom A cot
ting v6i A thudc tinh va U hang ting v6i U ddi tuong. Mot cach hinh thiic, hé thong
tin dugc dinh nghia nhu sau.

DPinh nghia 1.1 (Hé thong tin [14]). HE thong tin 1a mot bo i IS = (U,A,V, f) trong
d6 U 1a tap hitu han khéc rdng cac ddi tuong, A 1a tap hitu han khac réng cic thudc
tinh, V = |J V, v6i V, la tap gia tri cua thuoc tinha € A va f: U x A — V, la ham

acA
thong tin, Va € A, u € U tacé f (u,a) € V,.

Mot 16p dic biét clia cdc hé thong tin ¢d vai trd quan trong trong nhiéu ing dung
12 bang quyét dinh. Bang quyét dinh 12 mot hé thong tin DT véi tap thudc tinh A dudc
chia thanh hai tip khac rdng r&i nhau C va D , 1an lugt dudc goi 12 tip thudc tinh diéu
kién va tap thudc tinh quyét dinh. Titc 1a DT = (U,C,D, f) v6i CND = 0.

Xét bang quyét dinh DT = (U,C, D, f) véi gia thiét Vu € U, Vd € D day du gia tri,
néu ton tai u € U va ¢ € C sao cho ¢ (u) thiéu gid tri thi DT dudc goi la bang quyét
dinh khong day du, trdi lai DT dudc goi 1a bang quyét dinh day du.

Dinh nghia 1.2 (Quan hé bét kha phén biét dugc [14]). Xét bang quyét dinh DT =
(U,C,D, f) . Khi d6, quan hé ctia cic dbi tugng trong U trén tap thudc tinh B C C ky
hiéu béi ID (B), duge dinh nghia bdi:

ID(B) ={(u,v) €eU|Va€B, a(u)=a(v)} (1.1)

RG rang ID(B) 1a mot quan hé tuong duong trén U. Néu (u,v) € IND (P) thi hai
ddi tugng u va v khong phan biét dugc bdi cac thudc tinh trong P. Quan hé tuong
duong ID (B) xac dinh mot phan hoach trén U, ky hiéu la U/ID (B) hay U /B. Ky
hiéu 16p tuong duong trong phan hoach U /P chia dbi tugng u 12 [u] g , khi d6 [u]p =
{veU|(u,v) €ID(B)}.
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DPinh nghia 1.3 (Phan hoach cta thudc tinh [18], [54]). 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 la nhu nhau hay U/P =U/Q,
khi va chi khi Vu € U, [u]p = [u]y.

2) Phan hoach U /P dudc goi 1a min hon phan hoach U /P hay U /P < U /Q khi va
chi khi Vu € U, [u]p C [u],
Dinh nghia 1.4 (M6 hinh RS truyén thong [14], [18], [54]). Trong m6 hinh RS ¢&
dién truyén thong, dé€ bi€u dién tap X C U trén co sd tri thiic clia tip thudc tinh B theo
khai niém RS, Pawlack st dung hai phép toan dya trén cac 16p tuong duong ctia U /B.
Céc phép toan nay dudc goi la B-xap xi dudi va B-xép xi trén ctia X trén U /B, ky hiéu
1an lugt 1a B(X) va B(X). Trong do:

B(X) = {ucU|lu, <X} (1.2)

BX)={ueU|ulznX #0} (1.3)

Khi d6, B(X) 1a tap céc phan tif trong U chic chin thudc X (xdc dinh thudc), con
B(X) 1a tap cac phan tit cia U c6 thé thudc X dua trén tap thudc tinh B. Trén co s&

do, cac tap khong xdc dinh va tap xdc dinh khong thudc dudc dinh nghia nhu sau:

BNj (X) = B(X) — B(X) (1.4)

U—B(X) (1.5)

Trong d6: BN (X) dudc goi la mién bién ciia X theo B 12 tap céac dbi tugng c6 thé
thudc hoidc khong thudc (khong xac dinh) trong X, con U — B(X) 1a mién ngoai ctia X
1a tip cdc d6i tuong chac chan khong thudce (khong xac dinh) trong X. Trong trudng
hgp BNp (X) = 0 thi X dudc goi 1a tip xac dinh, ngudc lai X dudc goi la RS (Rough
Set - RS).

Ménh dé 1.1 (Céc tinh chit co ban ctia RS [14], [18]). Cho bdng quyét dinh DS =
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(U,C,D, f), voi X,Y CU va A CC. Khi do:

A(2)=A

2)A(X) CX CA(X);
3JAXUY)DAX)UA(Y);
HAXNY)=AX)NA(Y);
5)AXUY)=A(X)UA(Y);
6)A(XNY) CAX)NA(Y);
7)A(U—X)CU—-A(X);

8 A(U—X)CU—-A(X);

9 A(4(X)) =A(4(X)) =AX);
10)A(A(X)) =A(AX)) =A(X)

1.2.2. RS mo truc cam

DPinh nghia 1.5 (Tap md [55]). Cho U la tap hitu han khéc rdng cic ddi tuong, tap
mo A xac dinh trén U ¢6 dang: A = {(x, ) |[x € U}. VGi yy : U — [0, 1] thda man
0 < ua (x) < 1. Trong d6 pa (x) duge goi 1a d thanh vién cta phan ti x trong A.
Meénh dé 1.2 (Tinh chat va phép toan cd ban ciia FS[55]). Cho A,B C F (U) vdi F (U)
la ho cdc tap mo trén U. Khi do:

I)A=BnéuA(x)=B(x), VxeU

2)ACBnéuA(x)<B(x),VxeU

3) (AUB) (x) =max{A(x),B(x)},Vx €U

4) (ANB) (x) =min{A(x),B(x)},VxeU

5)A(x) =1-A(x),VxeU

DE phit trién céac phép todn trong mdi trudng dit liéu md, céc todn tit logic ro ciing
dugc mé rong cho moi trudng dit liéu md. Bang 1.1 mo ta chi tiét mot s6 todn tl chudn

T-norm va déi chudn T-conorm tuong ing cho phép toan hdp va giao. Bang 1.2 mo
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ta cdc chi tiét cic todn ti kéo theo I-norm va I-conorm. Trong d6 : x = V1 — a2,y =
V1—-02, p=+2a—a%,q=+/2b—b%

Bdng 1.1: Cdc todn tit T-chudn va T-doi chudn

T-norm T-conorm

Tn(a,b) = min{a,b} Sm(a,b) = max{a,b}

Ty(a,b) =ab Sy(a,b) =a+b—ab

Ti(a,b) = max{a+b—1,0} Sr(a,b) =min{a+b,1}

Teos(a,b) = max {ab — xy,0} Scos(a,b) = min{a+b—ab+ pq,1}

Bdng 1.2: Cdc todn tit kéo theo chudn va doi chudn

I-norm I-conorm

1, a<b 0, a>b
Op(a,b)=< " "~ — Omla,b)=< = =
n(4,5) {b, a>b n(:) {b, a<b

1 a=0 1 a=0;
0,(a,b) =< " o,(a,b) =< "’ ’
p(a,b) {min{l,g}, otherwisg © (a.5) {max{O,lf—Z}, otherwise.
O(a,b) =min{b—a+1,1} or(a,b) = min{0,b —a}

I, a<b 0, a>b
6cos(a,b) = GCOS(aub) =

ab+xy, a>b a+b—ab—pqg, a<b

Dua trén nén tip mo, dé bi€u dién su tuong quan clia cac dbi tugng trong cling mot
tap dudc tron hon, phan 4dnh 16 nét do tuong tu gitta cac ddi tuong. Dic biét 1a quan
hé gitta cac ddi tuong thuoc R. Khi d6, quan hé tuong duong ctia mo hinh RS truyén
théng dudc mé rong trén nén tap md bang quan hé tuong duong ma theo dinh nghia
sau day:

DPinh nghia 1.6 (Quan hé tuong duong mo [56] ). Xét R 1a quan hé tuong duong trén
U khong réng. Khi dé R dudc goi la quan hé tuong duong md néu cac tiéu chuin sau
day dudc thoa man:

(C1) C6 tinh phan xa: néu R(x,x) = 1 véi moix € U;

(C2) C6 tinh dbi xing néu R(x,y) = R(y,x) v6i moi x,y € U;

(C3) C6 tinh bic cau néu T (R(x,y),R(y,z)) < R(x,z) v6i moi x,y,z € U.
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Dinh nghia 1.7 (Ma trdn quan hé). Cho R la mdt quan hé tuong md trén U, khi d6
quan hé gilta cic ddi tuong trong U theo quan hé R c6 thé dudc biéu dién bdi ma tran
quan hé M = [i, j]|y|x|y|- Py 1a ma trin vudng c6 s6 lugng phan tit |U| x |U|. Trong
d6 |U| 1a s6 cac ddi tugng trong U va i, j 1a chi sb clia phan tif tai hang i va cot j trén
ma tran M. Khi d6 mdi gid tri tai hang i cdt j cho biét d6 tuong tu gitta ddi tuong i va
j trong U.

Trong d6 T va I tuong ung véi toan ti 7' — norm va toan tu kéo theo I — norm dugc
chon trong Bang 1.1 va Bang 1.2.

Dé ¢6 thé mo t4 thong tin day di hon trong cac trudng hop dit liéu phic tap nhu
thong tin vé phiéu tin nhiém ctia mot ing vién can dudc danh gia. Trong d6 c6 cac
thanh phan vé ti 1 tin nhiém va ti 1& bat tin nhiém. Khi d6 khai niém vé RS md truc
cam ra doi va dugc dinh nghia nhu sau:

Dinh nghia 1.8 (Tap md truc cam [57]). Cho U la tap khong réng cic ddi tuong, tap

mo truc cam X trén U dudc xac dinh béi:

X ={{x,ux(x),vx(x)) [x €U} (1.6)
Trong do, ux (x) € [0, 1] la miic do thanh vién cta x € U v6i X va v4(x) € [0, 1] 1a muc
do khong thanh vién cta x € U véi X sao cho 0 < uy(x) 4+ vx(x) < 1vx e U.
Khi d6, v6i mbi tip md Y truyén thdng, tip md truc cdm X c6 thé dugc xdc dinh
bdi:
X = {1y (), 1 — py (0)) x € U } (17

Néu 0 < ,th(x) + Vx (X) <1 thi my (X) =1—ux (X) — Vx(x) dudc goi la d6 do du
thanh vién cua x € U véi X.
Dinh nghia 1.9 (Phép toan cd ban cua IFS [36]). Xét P va Q la cac tdp md tryc cam

xac dinh trén U. Khi d6 hgp va giao cua cua P va Q dudc xac dinh nhu sau:

PUQ = {(x,V (tp(x), ko (%)) ;A (Vp(x), Vo (x))) } (1.8)
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POQ = {{xA(kp(x), Ho(¥)),V (Ve(x), vo(x))) } (1.9)

Ménh dé 1.3 (Quan hé ctia hai IFS [36]). Xét P va Q la cdc tdp mo truc cam xdc dinh
tréen U:

1) P C Q khi va chi khi up(x) < po(x) va vo(x) > vp(x) vdi moi x € U

2)P=QkhivachikhiPC Qva Q CP.

Dua trén nén tap md truc cim, dé biéu dién su tuong quan clia cic ddi tuong trong
cling mot tap dugc chit hon. Dic biét 1a quan hé gitta cc dbi tuong thudc R trén cic
mién gid tri c6 chita nhiéu. Khi d6, quan hé tuong duong ctia mo hinh RS truyén thong
dugc md rong trén nén tap md truc cadm bang quan hé tuong duong md truc cam theo
dinh nghia sau day:

Dinh nghia 1.10 (Quan hé md truc cam [36]). Xét quan hé R xac dinh trén U khong
rong. Khi d6 R dudc goi 1a quan hé tuong duong md truc cam néu:

1) C6 tinh phan xa: U ) = 1 va Vg(; ) = 0 v6i moi x € U;

2) C6 tinh d6i XUng: Ug(y.y) = HUR(y.x) VA VR(xy) = VR(yx) VOl MOi x,y € U;

3) C6 tinh bac cau: fig(, ) > y;/U [HR(ey) AN HR(y) ] VA VR(xz) < yé\U (V) V VR2)]
v6i moi x,y € U.

Pinh nghia 1.11 (Lyc lugng cia mot tdp md truc cam [36]). Cho tdp md truc cam X
x4c dinh trén U, v6i U 1a tp khong rong cac dbi tuong. Khi d6 luc luong clia X ducc

xac dinh nhu sau:
1
x| =y “" (1.10)

Dua trén quan hé md truc cam va cac toan ti logic md, md hinh RS md truc cam
dugc mé rong theo dinh nghia sau:
Dinh nghia 1.12 (M6 hinh RS m& truc cam [36]). Cho bang quyét dinh DT = (U,C, D, f),
R 1a quan hé tuong duong ma xac dinh trén U va A C U, ta cé:

= N\ I(R(x,),A()) (1.11)

yeU
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A(x) =\ T(R(x,y),A()) (1.12)
yeU

1.2.3. Khong gian topo

Khong gian topd [37] dudc ki hiéu béi cdp (U, T), trong d6 U 1a tap khong rong
cac dbi tuong va T 12 ho cdc tap con clia U théa man cic diéu kién sau:

(THHPertandU € 7.

(T2) 7 c6 tinh d6ng duéi phép todn hop bt ki.

(T3) 7 c6 tinh dong dudi phép toan giao hitu han.

Cip (U, 1) dugc goi 1a khong gian topd xdc dinh trén U véi cdc phan tif 12 céc tap
md va 12 tip con clia U, phan b clia céc tip md dudc goi 1a cdc tap dong.

Pinh nghia 1.13 (Co s (base) [58]). Cho U 1a tap khong rong cac dbi tuong. Khi do
co sd (base) cua topd T trén U 1a ho cac tap con cua C ki hiéu la B sao cho:

(1) V6imbix € U, tdon tai G C U sao cho x € G.

(2) V&i moi G1,G, € B, néu x € G| N Ga, thi tdn tai G3 € B sao cho x € G3.

Pinh nghia 1.14 (Co s con (subbase) [58]). Cho khong gian topd (U, t). Khi do6
S C 7 dugc goi 1a co s6 con (subbase) clia tdpd T néu giao hitu han cac tip con clia §
tao thanh co sd B cua topo 7.

Dinh nghia 1.15 (Topd Hausdorff [37]). Cho khong gian x4p xi (U, ), topd Ty €
(U, ) dudc goi la topd Hausdorff néu moi x # y € (U, 7) ludn ton tai hai 1an cin md
Vi,Vy € Ty sao cho VNV, =0.

D& xay dung topd, cach truyén théng 1a dua trén co s6 (base). Trong do, mdi phan
tu cua topoO tuong ing la hop cac phan ti trong mot tap con cua co s6 (base). Trong
d6 co s6 base dudc tao ra ti c¢d sG con (subbase). Khi d6 ho cac tap con B C 7 dudc
goi 1a ¢o s cua 7 khi va chi khi moi tap md khong rong ciia U ¢6 thé dude biéu dién
bdi hop céc phan ti ctia 8. Ho cac tap con S C T dudc goi 1a cd sé con khi va chi khi

giao hitu han cdc phan ti cia S tao thinh mot co sé cia 7.
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Dé x4c dinh céc dbi tuong c6 thé thudc vao tip muc tiéu A véi A C U dua trén khai

ni€ém tap dong F véi F C U dugc xac dinh nhu sau:
A={FCU:ACF} (1.13)

Dé x4c dinh cdc dbi tugng chic chin thudc vao tap muc tiéu A véi A C U dua trén

khai niém tdp mS G v6i G C U dudc xac dinh nhu sau:
A°=U{GCU:GCA} (1.14)

Ménh dé 1.4 (Chu tric topd theo tiép can RS [38]). Cho bdng quyét dinh DT =
(U,C,D,f) va quan hé tuong duong R xdc dinh trén U. Khi do 1 = {X CU|R(X) =
R(X)} la mot t6pé trén U.
Pinh nghia 1.16 (Top6 md truc cam IFT). [20] Cho 7 la ho cac tdp md truc cam xac
dinh trén tap khong réng U. Khi d6 7 dudc goi 1a topd md truc cdm néu:

(Th) Op, lIp et

(T) GiNGye1:G1,Gr 7T

(T3) UG;€t:{G;:G;eT,iel}

Khi do, cap (U, t) dugc goi 1a khong gian topd ma truc cam. Trong do, O va 1

1an Iuot 12 c4c tp md truc cam nho nhét va 16n nhét trén U.

1.2.4. Tap rut gon

Trong bang quyét dinh, c4c thudc tinh diéu kién dugc phan thanh ba nhém: thudc
tinh 161 (core attribute), thudc tinh rut gon (reductive attribute) va thudc tinh du thua
(redundant attribute). Thudc tinh 15i 1a thudc tinh khong thé thiéu trong viéc phan 16p
chinh x4c tap dit liéu. Thudc tinh 16i xuat hién trong tat ca cac reduct clia bang quyét
dinh. Thudc tinh du thuta 1a nhitng thudc tinh ma viéc loai bd ching khong anh hudng
dén viéc phan 16p tap dit liéu, thudc tinh du thira khong xuét hién trong bat ky reduct

nao ctia bang quyét dinh. Thudc tinh rit gon 13 thudc tinh xuat hién trong mot reduct
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nao dé clia bang quyét dinh.

1.3. Mt s6 cong thite tinh toan dé thanh vién

Bang quyét dinh 1.3 dugc bi€u dién bsi bd DT = (U,C,D, f). Trong d6 CND = 0,
U 1a mot tap khong réng cac ddi tuong, C 1a tip khong réng cac thudc tinh diéu kién
va D la thudc tinh quyét dinh. Ham thong tin f. xdc dinh mot gid tri trong V, tuong
ting v6i mdi u € U va ¢ € C, trong d6 V, 1a mién gia tri cta thudc tinh ¢ va V, thudc
R. Ham thong tin fp xac dinh mot gia tri trong Vpp véi mdi u € U, trong d6 Vpp 12 mién

gia tri cua D va Vp thudc N.

Bdng 1.3: M6 td cdu triic bdng quyét dinh sé

U a b c d e f

up 1.0 0.4 0.8 0.2 1.0 0.0
up 1.0 0.4 0.2 0.4 0.2 0.8
u3 0.8 0.6 1.0 0.0 0.6 0.4
Uug 0.2 0.6 0.8 0.2 0.0 1.0
Us 0.2 0.8 0.8 0.2 0.0 1.0
Uug 0.2 0.8 0.2 0.8 0.0 1.0

S == O = Oolg

1.3.1. Chudn héa dit liéu

Péi véi cac bang quyét dinh c6 thude tinh diéu kién mién gia tri s6, cdc thudc tinh
thudng dudgc chuin héa dé ting hiéu qua cho cdc mo hinh. Theo cac két qua khao st
clia [56] Sau day 1a mot s6 phuong phap chuin héa dit liéu dudc st dung phd bién.

(1) Min-max normalization:

 Je (xi) —ming,
maxe, — mine,

F (fck (x,-))

(max,, —min,, ) +min, (1.15)

Trong d6 max, va min,, 1a cdc gia tri nho nhat va 16n nhat cta thudc tinh ¢x. Sau

khi chuén héa, cic gid tri cla thudc tinh dugc dua vé doan méi [min/Ck, max/Ck].
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(2) z-score normalization:

fck (xi) —Ck

Oc

F(fe (x) = (1.16)

k
Trong do, ¢ va o, ki hiéu la gia tri trung binh va do 1éch chuén cta thudc tinh c.
(3) Chuan héa vé thang do hé 10:

f Ck (xi )
10/

F(fe, (i) = (1.17)

Trong d6 / 1a s6 nguyén nhd nhét sao cho max (|F (f;, (x:))]) < 1.

1.3.2. D¢ do do tuong tu

Cho bang quyét dinh DT = (U,C,D, f) v6i B C C va quan hé tuong duong md R.
Khi d6 R sé chia U thanh céac 16p tuong duong mdo theo B goi 1a phan hoach md cua
B trén U ki hiéu 1a U /Rp. Trong d6 U /R = {[xl] Ry 2y s [l RB}, voi: [xilp, =
(rf 7By 7). RO rang, [xi]p, 12 mot tdp md trén Rp. ta cb [xi|g, (x;) = R (xi,x}) =
ri;. Néu Rp (x;,x;) = 1, nghia la x; chac chan thude [xi] ; Néu Rg (xi,x;) = 0, thi x;
chic chin khong thudc [x;] Rg"

Luc lugng cua tdp mo [x;] g, dudc xdc dinh bdi } xil g ‘ =Yi_1Rs (xi,x;). Ta c6
1< ’[xl ‘ < nv6in = |U|. D€ xdc dinh do tuong tu rB Sau day 12 mot sd cong thiic

tinh do tuong tu dudc st dung phd bién.

(1) Khoang cach [59] dudc xac dinh béi

1
rh=1-——A

v 5 (xinx)) (1.18)

Trong d6 i = [B|, A (xi,x;) (/Zk 1 (fo () — fo, (x))". Khip=1,p =2, va
p = A (xi,xj) tuong Ung v6i khodng cach cia Manhattan, Euclidean, va Cheby-

shev. C la hé s6 khodng cach sao cho rB thudc doan [0, 1].
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(2) B0 tuong quan [60] dugc xac dinh bdi:

/B ZZ:I |fck (xi)_fi‘ |fck (xj)_x_j‘

T \/22:1 (fer (x2) —?71')2\/2221 (for (x)) _x_j)z

Trong d6: X; = 4 X0y fo, (1) X = 3 Xy fe (%))
(3) Bo phan li [61] dudc xac dinh bdi:

rB h Ck h Ck
ij = Ne=17; :rcn:Hllrij

(4) Nhan dai s6 [62] dudc xac dinh béi:

(5) Phuong phap T-norm [63] dudc xac dinh béi
B Ck
rii = Czlrl- ;

(6) Ham Kernel [64], [65]:

(1) Gaussian kernel:

i~ il
7y = exp (T

(i1) Exponential kernel:

i — il
rf;- = exp <_TB

(i11) Rational quadratic kernel:

2
i —yills

- 2]
lxi — yill g |6 — yillg + &

ij —
(iv) Spherical kernel:

3 —yillg 1 (Ixi—yillz\
B2 il | 1 i illB
i > s 2 5

(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)

(1.25)

(1.26)
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V6i 5 —yillp < 8

(v) Circular kernel:

2 b —yills\ 2 lxi—yilly [, (l—yillg)
rf;- = arccos (—5 5 1 —5 (1.27)

i [l — yilly <

Trong d6 & 1a tham s6 ctia ham kernel.

(7) Mot s6 phuong phép khac [66]:
1
VlB:E‘{CkEB|ﬁk(xl):fck(x])}| (128)

Déi vé6i cac thudce tinh c6 gia tri rdi rac, do thanh vién rlCJ" dudc x4c dinh nhu sau:

L, .fck i) = Jep \Aj
1 i) = fa ) .

ij
0, otherwise.
Déi v6i cac thudce tinh c6 gia tri s6, rlc]" c6 thé dudc xdc dinh bi ham F nhu sau:

rlcj" = F (xi,x;) (1.30)

Trong d6, F thoa man F (x;,x;) = 1,F (x;,xj) = F (xj,x;), va F (x;,x;) € [0,1].
Sau day 12 mot s6 vi du ciia ham F

(D) rE =1 | foy () — for, ().

@) rft = max (min <ka ()T, S0t <xj)+cck> 70)

Gck GCk

Trong do, o, dugc goi la do 1éch chuan.

1.4. Phuong phap danh gia reduct

1.4.1. Cac tiéu chi danh gia

Céc thuat todn gidm thudc tinh theo tiép cian do do hién nay thuong dudc danh gia

dua trén ba tiéu chi gdm c6: s lwong phdn tit cta reduct thu dudc, khd ndng phdn ldp
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ctia reduct trén mo hinh dudc huin luyén va chi phi tinh todn clia thuét todn.

Tap rit gon thu dudc tif thuat toan c6 sd luong phan ti cang nhd thi cang hiéu
qua vé thoi gian xdy dung mo hinh. Do chinh xdc cang cao thi cang khang dinh dudc
phuong phap chon loc thudc tinh va céu tric reduct thu dudc hiéu qua. Chi phi tinh
to4n cang nhanh cho biét kha niing rit gon dif liéu ctia thuét todn trén cic tap dif liéu

2,

16n.

Muc tiéu chung clia cdc thudt toan giam thudc tinh 1a cb ging dat dudc ca ba tiéu
chi trén, tuy nhién trong thuc té véi cac bd dit liéu nhiéu va phic tap. Tiéu chi sb
lugng phan ti va kha ning phan 16p chinh x4c cta reduct dudc nhiéu nha nghién ctiu
quan tAm. Sau day 12 mot sé do do danh gid kha ning phan 16p chinh xéc ctia mo6 hinh

trén cac reduct.

1.4.2. M6 hinh va du liéu danh gia

Theo khao sét clia cic tac gia trong cong trinh [56] cho thiy cac thuat todn phan
16p dudc st dung phd bién trong danh gia kha ning phan 16p ctia cac tap dit liéu trudc
va sau khi rit gon gdm c6: md hinh cay quyét dinh C.45, ciy phan 16p va hdi quy
CART, mdy vector hd tr¢ SVM va mo hinh phan 16p 14n can k-NN. Déi véi cac bang
quyét dinh c6 thudc tinh mién gia tri s6, md hinh phan 16p k-NN va SVM dudc st
dung nhiéu hon cic mo hinh phan 16p con lai.

Hau hét c4c thuit todn giam thuodc tinh dudc nghién ciu va danh gia dua trén céc
tap dit liéu duoc tai vé tit UCL Pay 1a kho dit liéu da dang cac chu dé, dang tin cay.

Pudc nhiéu chuyén gia va cac nha nghién ciu st dung.

1.4.3. Chi sé ddnh gid

Dé danh gid hiéu qua vé kha ning phan 16p chinh xdc clia reduct thu dudc tif cic
thuat todn. Nhiéu chi s6 danh gid da dudc dé xuAt, trong d6 cic chi sd nay déu st dung

ma tran 1am 14an két hop véi phuong phdp danh gia chéo [56].
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Tiép can danh gia chéo 1a phuong phdp danh gia quan trong trong cic mo hinh
ctia hoc mdy, trong d6 tap dit liéu ban dau dudc chia thanh hai phan chinh la tap dit
liéu huén luyén va tap dit liéu kiém thi. C6 hai loai danh gia chéo phd bién gom co:
phuong phép k-folde, phuong phép left-one-out. Trong hai loai phuong phap danh gia
chéo nay, phuong phap 10-folde dudc st dung rong rii nhat trong cac nghién ciu vé
md hinh hoc mdy. Phuong phép nay thuc hién viéc chia ngiu nhién tap dit liéu ban
dau thanh 10 phan trong d6 9 phan dudc huin luyén va 1 phan dugc ding dé danh gid.
Thuc hién viéc thay déi ti 1& nay véi 10 1an khac nhau ta dugc phuong phap danh gia

chéo 10-folde.

Bdng 1.4: Ma trdn lam ldn nhi phdn

Actual class Predicted class

Positive Negative
Positive TP FN
Negative FP TN

Ma tran 1am 14n 12 mot cong cu hiéu qua trong viéc phan tich hiéu ning ctia cac bo
phan 16p dit liéu. Vi md hinh phan 16p dit liéu nhi phan, ma trin 1am 14n c6 thé dugc
biéu dién trong Bang 1.4. Sau diy 12 mot s6 chi s6 d€ danh gia kha ning phan 16p dua

trén ma tran 1am Ian.

(1) Accuracy:
TP+TN
Accuracy = + . (1.31)
TP+TN+FP+FN
(2) Error:
FP+FN
Error = i (1.32)
TP+TN+FP+FN
(3) Precision:
TP
Precision = ——— (1.33)

TP+FP
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(4) Recall:

TP
Recall = ———— (1.34)
TP+ FN

(5) F measure (F) :

o 2 X prc?c.ision x recall (1.35)
precision + recall

(6) Fg measure (Fp) :

1+ B2) x precision x recall
Fy = (1+5%) x pre (1.36)
B2 x precision + recall

1.5. Mot s6 phuong phap giam thude tinh

1.5.1. Phuong phdp giam thudéc tinh theo tiép cdn ma trin phén biét

Vao nim 1992, Skowron va Rauszer 1an dau tién gidi thiéu phuong phdp gidm
thudc tinh theo tiép cin ma tran phan biét trén nén RS [67]. Khi d6 ma trin phan biét

c6 s6 lugng phan t n x n v6i n = |U|, ki hiéu 1a M(DS) = (c;j), ., dudc xdc dinh bdi:

ceC|c(x; c(xj)p,o(xj,x;
o, | leeclet e} oty) .
0, otherwise.

Trong d6: @ (x;,x;) thda man mot trong céc diéu kién sau day:

(1) x; € POS¢c(D) Ax;j ¢ POSc(D);

(2) x; ¢ POSc(D) Axj € POSc(D);

(3) xi,xj € POPc(D) A (x4,x;) ¢ ind(D).

Ham phan biét cia ma tran phan biét f(C,D) la mdt ham Boolean dugc xac dinh

nhu sau:

f(C,D) =N{Vcij|cij# 0} (1.38)
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Khi d6 tap thudc tinh 16i dugc xac dinh bdi:
corec(D) = {c|cij={c}} (1.39)

Nam 2008, Tsang va cac cOng su [22] giGi thi€u ma trin phan biét mo cho mo hinh

giam thudc tinh dya trén cong thic xay dung ma tran quan hé sau:

ce€C|1—R.(xi,x;) > At A < Ay
6= { | (i x7) } j (1.40)
@, otherwise,

TI‘OHg do: }l,' = RC [x,-]D (Xl'), va A,j = RC [xi]D ()Cj).
Nam 2009 Jensen va cac cong su [68] dinh nghia lai ma tran cua Tsang dua theo

cong thic:
cij={cu | =N (R (x;,x}))} (1.41)

Tuy nhién, cidc ma tran phan biét nay con sinh ra qua nhiéu reduct dng vién do d6
cdc tac gia [69] dé xuAt ma trin phan biét cac thudc tinh diéu kién rang budc bdi thudc

tinh quyét dinh nhu sau:

ce€C|T(R:(xi,x;),A) =0}, ifx; & [xi]p;
o, | feeCiT Rt 2) =0 it ¢ ] )
@, otherwise

trong do A = Roc [xi]D (xi).
Chen va céc cong su [70] két hop ma tran phan biét v6i RS md dé giam thudc tinh

trong bang quyét dinh hybrid. Ma trin phan biét dugc xac dinh bdi:

{ceC|oc(x)—Rp(c)(xi,xj) < e}, ifx; ¢ [xi]p and @¢ (x;) # 0;

@, otherwise,

Cij =
(1.43)
Trong d6 Q¢ (x;) = minp)2p(y) Rp(c) (xi,x;). Néu (x,y) € Rp(c), thi Rp(c) (x;, x;) =
1; ngudgce lai Rp(c) (x;,x;) = 0. Cho dén nay, c6 khd nhiéu phuong phdp gidm thudc

tinh theo tiép cin ma tran phan biét dudc dé xuit trong cic cong trinh [71]-[74].
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1.5.2. Phwong phdp gidam thuéc tinh theo tiép cin dé do

Hau hét cac phuong phap giam thudc tinh theo tiép can do do hién nay déu st dung
mo hinh filter thudc tinh dé xac dinh reduct. Ba thanh phan quan trong nhét dé xay
dung mé hinh filter thudc tinh gdbm co:

1) Phuong phdp tim kiém: Hau hét c4c thuat todn gidm thuoc tinh hién nay déu si
dung tiép can tim kiém tham lam. Trong d6 k¥ thuat tim kiém tham lam theo chiéu
tién thuong xut phat tif reduct ban dau, sau d6 bd sung 1an ludt vao reduct titng thudc
tinh quan trong nhét d6i v6i reduct. D6i véi tiép can tim kiém tham lam 10, xuét phat
tlf tAp thudc tinh ban dau, 1an lugt loai bé di cac thudc tinh du thira, khong lién quan
dén viéc ra quyét dinh.

2) Phuong phap danh gia: Hau hét cac thuit toan giam thudc tinh theo tiép cin do
do déu st dung phuong phap bao toan do do do dé xac dinh reduct, dua trén cac chién
lugce chon loc thude tinh quan trong nhit va loai bd di thudc tinh du thita cho dén khi
thong tin ra quyét dinh ctia reduct 1a tuong duong vdi tap thudc tinh gdc thi thuit toan
két thuc.

Sau day 12 mot sd do do dudc st dung d€ danh gia do quan trong cta thudc tinh va

dinh nghia reduct trong cdc md hinh giam thudc tinh theo tiép can d6 do hién nay.

1.5.2.1. do do do phu thudc

Do do do phu thudc dudc gisi thiéu bdi [39] nhan dudc nhidu quan tim cla cac
nha nghién citu, co s& clia do do nay dua trén khai niém mién duong (POS) ctia RS.

Cho bang quyét dinh DT = (U,C,D, f) v6i BC C, X C U va R la quan hé tuong
duong trén U. Khi d6 mién duong ctia D theo B dudc xéc dinh nhu sau:

POSz(D)= |J RsX: (1.44)
X;cU /D
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Khi do, d6 phu thudc cua D vao B dudc xac dinh béi:

_ |Ps(D)| _ Yreu PeSB(D)(x)

D) = = 1.45

Trén co sé d6, dd quan trong ciia thudc tinh theo tiép can POS dudgc xic dinh dua

trén hai cong thiic chinh sau day:

Sig, (a,B,D) = y5(D) — Y5_a(D) (1.46)

Sigy(a,B,D) = Yua(D) — v5(D) (1.47)

Trong d6 cong thiic 1.46 phit hgp véi k¥ thuét tim kiém tham lam 1 con cong thiic
1.47 phu hop véi k§ thuat tim kiém tham lam tién.

Trén co s& d6, cac phuong phdp giam thudc tinh theo tiép cin do phu thudc dudc
phét trién dua trén md rong cic do do nay. Chi tiét cic phuong phdp dudc trinh bay

trong Bang 1.5.

1.5.2.2. dé do do chdc chdn

Do do dd chac chin 1a mot do do quan trong dudce dung dé danh gid su chic chan
ctia thong tin trong bang quyét dinh. dua trén khai niém Entropy thong tin ctia Shanon,
mot s6 dd do do chic chan dudc md rong cho bai toan gidm thudc tinh gdm co:

(1) Entropy diéu kién [57]: Dua trén khdi niém Entropy thong tin ctia Shanon, ba
loai do do dudc md rong dé danh gia do chic chin thong tin gdm co:

- entropy thong tin:

(1.48)

- entropy két hop:

1
FE(B,E) = —mngz U (1.49)
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Bang 1.5: Tong hop phuong phdp gidm thudc tinh theo dé phu thudc

STT | Tai liéu tham chiéu Kiéu dit liéu | Tiép can | Tap nén | Tiéu chuan danh
gia

1 [75]-[86] Hybrid NRS Classical | accuracy, size,
compuation
time

2 [27], [32], [87]-[92] | Number NRS FS accuracy, size,
compuation
time

3 [93] Number NRS IFS accuracy, Ssize,
compuation
time

4 [94] Hybrid PRS Classical | accuracy, size,
compuation
time

5 [17], [22]-[29], [59], | Number FRS FS accuracy, size,

[87], [89], [95]-[101] compuation

time

6 [34]-[36], [93], | Number IFRS FS accuracy, size,

[102]-[108] compuation
time
- entropy c6 diéu kién:
n Xilp. M |X;
FE(E|B) = —’é—|210g2 ’[ e (Wil (1.50)
i=1

‘[xi]RB

Khi d6 Va € C — B, B C C, hai phuong phap tinh d§ quan trong cta 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)

(1.51)

(1.52)

(2) Mutual information [93]: Vao nam 2008, An va cac cOng su st dung khai niém

cuc dai héa thong tin lién quan va cuc tiéu héa thong tin du thira (mRMR) két hop véi
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khdi niém entropy thong tin dé dé xut thuat toan mRMR:

Ul ‘ il gy |- ‘ [xil r,

FMI(E;B) = FE(E)—FE(E | B) log 1.53
(E:8) = PE(E) ~FE(E | B) =~ Y o, o (153)

[xilg, N [XilR,
Khi d6 Va € C— B, B C C, d6 quan trong cta thudc tinh a véi tap thudc tinh B dugc
xac dinh nhu sau:

Sig(a,B,D) = FMI(BU {a}; D) — FMI(B; D) (1.54)

Trén co s d6, cac phuong phap giam thudc tinh theo tiép cin do chac chian dudc
phat trién dua trén md rong cac do do nay. Chi tiét cac phuong phdp dudc trinh bay

trong Bang 1.6.

Bdng 1.6: Tong hop phuong phdp giam thudc tinh theo do khong chdc chdn

STT | Tai liéu tham chicu | Ki€u du liéu | Tiép can | Tap nén | Tiéu chuan danh
gia
1 [15], [109], [110] Number Entropy IFS accuracy, size,
thong tin compuation
time
2 [31], [53], [88] Number Entropy FS accuracy, size,
diéu kién compuation
time
3 [111] Hybrid Entropy | Classical | accuracy, size,
két hop compuation
time
4 [112] Number Entropy | FS accuracy, size,
bu compuation
time

1.5.2.3. do do khodng cdch

Do do khoang céch 1a do do quan trong dudc st dung d€ d6 ludng do khac biét
gitta hai phan tif hai tip hop. Dua trén tinh chit don diéu cta do do, mot sb do do

dudc st dung d€ mé rong cho bai todn gidm thudc tinh gdm co:
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(1) Khoang céch Jacard [19]: Cho bang quyét dinh DT = (U,C,D, f). V6i moi
X,Y C U, khoang cach Jacard dugc xac dinh nhu sau:

XNY|
XUY|

DX,Y)=1- (1.55)

(2) Khoéng cich tri thiic [48]: Cho bang quyét dinh DT = (U,C,D, f). V6i moi
P,Q C C, v6i cac tri thiic tuong ting dugc ki hiéu bdi K(P) va K(Q). Trong d6 K(P) =
{lulp:ueU} vaK(Q) ={[u]p:uec U}. Khi d6, khoang cach tri thic gitta P va Q

theo tiép can Jacard dudc xdc dinh nhu sau:

MQ’ (1.56)

lp Ul |
Khi d6 Va € C — B, B C C, d6 quan trong cua thudc tinh a véi tap thude tinh B dugc
xac dinh nhu sau:

SIGy(a) = d; (K (B),K (BUD)) —d; (K (BU{a}),K (BU{a}UD))  (1.57)

Trén co sé d6, cac phuong phap giam thudc tinh theo tiép can do do khoang cich
dugc phat trién dua trén mé rong cac do do nay. Chi tiét cic phuong phap dudc trinh

bay trong Bang 1.7.

Bdng 1.7: Tong hop phuong phdp gidm thudc tinh theo khodng cdch

STT | Tai liéu tham chiéu | Kiéu dit liéu | Tiép can | TAp nén | Tiéu chuan danh
gia

1 [24], [33], [78], | Hybrid KD Classical, | accuracy, size,

[113], [114] FS, IFS compuation

time

2 [29], [115], [116] Number GD FS accuracy, size,
compuation
time

3 [29] Number PD FRS accuracy, size,
compuation
time
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1.5.3. Phuwong phdp gidam thudc tinh theo tiép cin topo

Khai niém khong gian topd trén nén RS lan dau tién dudc dua ra bdi Pawlack
va cong su [14], [18], [54]. Trong dd, cac phan hoach dudc xem nhu la mot co sé
(subbase) ctia topo. Khi d6, Pawlack va cic cong su cling da khang dinh céu triic dai
s6 ctia RS véi topo 1a tuong duong trén nén tip rd véi cac phép toan xap xi dudi clia
RS tuong duong véi todn ti mén trong (INT) clia topd va phép toan xap xi trén cia

RS tuong duong vdi todn ti mién ngoai (CLS) ctia topd [18], [54].

Bdng 1.8: Tong hop phuong phdp xdy dung topé theo tiép cdn RS

STT | Tai li€u tham chiéu Co sd tinh toan

1 [18], [20], [37], [39], [41], [117], | Khong gian xap xi
[118]

2 [371-[39], [41], [47], [48], [117]- | Tap xap xi trén va tap xap xi dué6i
[120]

3 [20], [39], [45], [47], [58], [100], | Khong gian mau va quan hé clia cac
[119], [121], [122] phép toan

Trén co cac dé xult ban dau ctia Pawlack va cic cong su, Lashin va cdc cong su
dua ra khdi niém biéu dién tri thiic trén khong gian topd va phuong phap loai bd cic
tri thic du thita thong qua bdo toan ciu tric topd ban dau [37]. Sau d6 Zhu dé xuit
khai niém khong gian topd trén ho cdc phi ctia RS d€ gidm thudc tinh trong bang
quyét dinh khong day da [123], tuy nhién c4c nghién ctfu van ding lai & giai doan dé
xuat ma chua c6 ting dung trén cac bo dit liéu thuc va danh gia tinh hiéu qua ciia mo
hinh dé xuét [124]. Gan day c6 cong trinh nghién ciiu cia Xie va cdc cong su c6 dé
xuat huéng gidm thudc tinh dua trén ma tran phan biét st dung cu triic topd, trong
d6 tinh chat phan biét dugc md rong dua trén cau triic topo thay vi tinh chit clia thudc
tinh diéu kién hay thudc tinh quyét dinh [52], [94]. Shami va cic cong su dé xult xay
dung m6 hinh RS méi dya trén khong gian topd [44], [51]. Nhin chung, su tuong quan
ctia khong gian topd va mo hinh RS déu dua trén ciu tric clia cic phan hoach sinh
bdi cac quan hé va cac phép toan xap xi ctia RS, xem Bang 1.8. Do d6, vé co ban hién

nay co ba loai phuong phap xay dung khong gian topd nhu sau:
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Phuong phdp sinh tépé tiv khong gian xdp xi: Dbi v6i md hinh RS truyén thong,
khong gian xap xi 12 cac phan hoach hay tap cac 16p tuong duong [18], [117]. Do dé,
cac phan hoach nay luén 1 céc base ctia mot topo. Khi d6 dé€ nghién ciu clu triic
topd, cac nha nghién ciu thuong phan tich cu tric ctia mot base 1a di thong tin can
phan tich [37]. Do d6, khi mot quan hé x4y dung khong gian x4p xi c6 tinh chét khac
nhau thi base ciing sé khac nhau. Dbi v6i cac phu sinh bdi cdc quan hé dung sai thi
cdc phi nay dudc coi 1a cic subbase, khi d6 dua trén cic tinh chit cla base sinh tir
subbase, c6 thé dé xuit cdc phuong phap xiy dung base tif cac phii nay [41]. Trén nén
FS va IFS, cac nha nghién ciu cling dé xuét phuong phap xay dung topd tif cic khong
gian xAp xi md [20] va xAp xi md truc cam tuong dng [39], [118].

Phutong phdp sinh t6pé tir cdu triic RS: Mo hinh RS ¢6 hai phép toan co ban 1a
xap xi trén va x4p xi dudi d€ danh gid mifc do tho ctia mot tap trong mot khong gian
xap xi. Pawlack va cong su [14], [18] cling da chi ra su tuong quan gitta mot tap véi
céc tap xap xi trén va dudi c6 quan hé thi tu, trong d6 tip x4p xi trén ludn 16n hon
tap muc tiéu va tip muc tiéu ludn 16n tap xap xi dudi. Do do, két hop cac tap xap xi
dudi va tap x4p xi trén ludn thdéa man 13 mot cu tric topd [37]-[39], [41], [47], [48],
[117]-[120].

Phuong phdp sinh top6 dua trén khong gian mdu: Dua trén cac phép toan cua FRS
va khong gian mau ctia FS, cdc nha nghién citu dé xuét cic phuong phap khac nhau
dé xay dung topd md [39], [45], [58], [100], trong d6 cac tac gid dua ra nhiéu cAu triic
topd md khac nhau dua trén tinh chit cia quan hé xay dung khong gian xip xi md va
tinh chit ctia phép todn x4p xi md trén, x4p xi md dudi tuong tng. Dua trén cac phép
toan cta IFRS va khong gian mau IFS, c4c nha nghién ctiu cling mé rong dé xay dung
topd ma truc cam [20], [47], [119], [121], [122]. Hon nita, trong cac cong trinh nay,
cac tac gia con chi rd trudng hop nao hai topd bang nhau va trudng hdp nao hai topd
bao thudc 1an nhau [20], [122]

Dua trén khai niém co sé B ctia khong gian topd (U, 7). Lashin va cac cong su [37]

da st dung khai niém quan hé du thita d€ dinh nghia reduct theo tiép cin topo nhu
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sau:
Pinh nghia 1.17 (Tap rit gon theo tiép can topd [37]). Cho bing quyét dinh DT =
(U,C,D, f), véi B C C va r € B. Khi d6 r dugc goi 1a quan hé khong can c6 trong B
néu: Bz = B(s—{ry)- Khi do: B dugdc goi 1a reduct ctia C khi va chi khi:

(1) Bc = Br)-

(i) Bc # B(B_{r}),w cC—B.

Dua trén cac két qua khdo sat vé cac phuong phdp giam thudc tinh theo tiép cin
topd va RS cho thiy cac tiép can gidm thudc tinh trong bang quyét dinh hién nay con
gip nhiéu thach thiic vé chi phi tinh todn ctia thuit todn trén cic tap di liéu sb luong
phan i 16n, kha ning céi thién sé lwong phan tik trén cic bo dit liéu c6 sd chiéu 16n
va kha ning cai thién nhiéu trén cac bo dit liéu xAu. Sau day 12 cdc phan tich vé nhudc
diém cua tiing tiép cén, tif d6 dua ra ciu hdi nghién cifu va phuong huéng gidi quyét
dudgc thuc hién trong cac Chuong nghién ctu tiép theo luan an.

1) Theo céc tiép can do do dudc dé xuét trén nén tip md truc cam hién nay con
khodng tréng nghién cifu cai thién do chinh xdc cho cic tap dit liéu nhiéu thdng qua
bai toan giam thudc tinh. Cac d6 do dua trén mo hinh VPRS cua tip mé va tdp mo
truc cam da cho thiy tinh hiéu qua cta viéc diéu chinh cic ngudng xap xi d€ phu hop
v6i ting bo dit lidu. Cac két qua thuc nghiém trén cac thuit todn nay cho thiy kha
ning phan 16p chinh xdc cta reduct thu dudc dudc cai thién ddng ké, dic biét 1a trén
céc bo dit liéu nhiéu. Tuy nhién, chi phi tinh toan trén tiép can nay vain con gip nhiéu
thach thiic. Do d6 can phai phat trién tiép cin do6 do mdi va phuong phap xdc dinh
thudc tinh nhiéu hiéu qua nham giam chi phi tinh todn ctia thuat toan.

2) Tiép can do do 1a tiép can truyén thong d€ danh gid mic do tuong quan va mic
do phu thudc gitta cac thudc tinh. Ban chit ctia cac do do nay dua trén su thay d6i vé
ti 1¢ tong thanh phan cla c4c gid tri dia phuong trén tdng thanh phan clia cic gia tri
toan cuc. Do do d€ so sdnh su khéc biét giita cic tAp muc tiéu can xét, ta can so sanh
su chénh léch giita céc ti 1& nay. Tuy nhién, c4ch tinh ti 1& trong hau hét cdc do do hién

nay déu dua trén khdi niém luc luong ctia tap hop. Tiép can tinh todn nay 1a khong di
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chit d€ két luan su tuong duong gitta hai tip gid tri can xét, dic biét 1a trén cic tap gia
tri md din t6i sd luong phan i reduct ctia cdc thuat todn hién nay van con chua hiéu
qua. Do d6 can phai phat trién do do mdi d€ danh gia do tuong tu cia hai tip chit ché
hon.

3) Hau hét c4c nghién cttu vé ciu triic topd riit gon theo tiép can RS hién nay con
chua diy dd, chua 16 rang vé nén tang ly thuyét. Do d6, cac phuong phdp gidm thudc
tinh cho céc tap dit liéu thuc hién nay con rit han ché vé s6 luong ciing nhu chit lugng
md hinh ly thuyét. Do d6, can phai phat trién khung nén tang ly thuyét topd cho bai
to4n gidm thuoc tinh. Trong d6 can phai chi rd, phucng phap sinh topd theo tiép cin
nao 12 hiéu qua cho bai toan giam thudc tinh va md rong cac phép toan dai s trén
topd dé phat trién cac phuong phap giam thudc tinh hiéu qua trén cac bo dit liéu c6 sd

chiéu 16n.

1.6. Két luan Chuong 1

Chuong 1 da gi6i thiéu khdi quat vé bai todn gidm thuodc tinh va phan loai phuong
phép gidm thudc tinh. Trinh bay cic co s& 1y thuyét quan trong dé thuc hién trong cac
Chuong nghién ctiu tiép theo clia luan an nhu sau:

- Trinh bay khai quat cac khdi niém co ban vé mo hinh RS c6 dién truyén thong va
tap mdJ truc cam. Y nghia va vai tro cla tdp md truc cam trong viéc cai thién nhiéu,
cdc do do cd ban 12 co s6 kién thiic quan trong dudc st dung trong Chuong 2 ctia luan

2

an.
- Trinh bay khai quét c4c khdi niém co ban vé khong gian tdpd, cdc nghién ciu lién
quan dén phuong phap xay dung topo trén khong gian xap xi md 1a co s kién thiic
quan trong dudc st dung trong Chuong 3 cua luén an.
- Trinh bay khai quét cic nghién ciu lién quan dén phuong phap xiy dung topd
theo tiép can RS, cic phuong phap xdy dung cac phép todn cho ciu triic topo dai sd

1a c4c kién thiic quan trong dudc st dung trong Chuong 4 cia luan an.
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CHUONG 2. PHUOGNG PHAP RUT GON THUOC TINH
TRONG BANG QUYET PINH THEO TIEP CAN
RS MO TRUC CAM

2.1. Mé dau

P& giam thudc tinh truc tiép trén cic bang quyét dinh mién gi tri s6 lién tuc.
Khoang hon mu6i nam tré lai day, cac nha nghién ciu thuéng mé rong md hinh RS
truyén théng sang mo6 hinh RS 1an can [75], [80], [81], [85], [125], md hinh RS mdo
[33], [56], [59], [99], [126]. Bén canh d6, md hinh RS xdc suét [29], [127], [128], md
hinh tap tho bién thién vé do chinh xac [89], [129] ciing dudc cdc nha nghién ctiu md
rong cho céc trudng hop dit liéu nhiéu. Tuy nhién kha ning cai thién nhiéu clia céic
tiép can trén van con chua hiéu qua. Gan diy, mo hinh RS md truc cam [27], [34],
[93] dudc nhiéu nha nghién ctiu quan tim trong céi thién chit lugng phan 16p clia cac
reduct trén cac bo dit liéu nhiéu.

Trén co s6 khung kién triic [34] ca IFRS, nhiéu mo hinh suy rong tif RS md truc
cam dudc dé xuit nhu mo hinh RS 1an cidn md truc cam [27], [34], [93], mo6 hinh RS
bién thién md truc cam[108], mo hinh RS xdc suat md truc cam [128]. Tir d6, nhiéu
phuong phdp gidm thudc tinh cho bang quyét dinh mién gid tri s6 dugc dé xuat [36],
[102], [103], [128], [130].

Gan day cac phuong phdp giam thudc tinh theo tiép can IFRS do Tan va cic cong
su dé xuat [36], [131] da chiing minh dudc su cai thién nhiéu cho reduct hiéu qua trén
mot s6 bd dit lidu so v6i cdc mo hinh mé rong khac ctia IFRS. Tuy nhién khong gian
xap xi md truc cam céc tac gid dé xuit con qua phic tap va chua mo ta diy di thong
tin quan hé ctia cac dbi tuong theo géc nhin ciia tip md truc cAm. Hon nita dd do danh

gia do quan trong clia cdc tac gia dé xuit con qud phtc tap, chiém nhiéu chi phi tinh
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toan trong thuc té.

Trong phan nay luin 4n trinh bay vé phuong phap gidm thudc tinh theo tiép cin RS
md truc cam. Trong d6, dé xuat do do danh gid do quan trong cta thudc tinh trén co
s& md rong do do khoang cach trén khong gian xip xi mo truc cam. Trén co sd d6 dé
xuat thut todn gidm thudc tinh theo phuong phap lai ghép filter - wrapper hai budc.
Trong d6 buéc Wy dudc st dung dé xac dinh reduct ting vién miic &, budc Wy dugc
st dung d€ x4c dinh reduct thuc su ciia thuat todn. Cac két qua thuc nghiém cho thay
thuét todn dé xuit cho cac reduct hiéu qua vé sb luong phan tif va kha ning phan 16p
trén hau hét cac tap dif liéu so véi tap dit liu gbc. Hon nita mot sb tap dit liéu nhiéu
ciing dudc cai thién tdt hon so vé6i cac thuit toan dudc so sanh.

Ciéc két qua nghién cifu da dugc cong bd trén cac cong trinh nghién citu [CT3,

CT4].

2.2. Xay dung dé do khoang cach mé truc cam

2.2.1. Khodng cdch giwta hai tdp mo truc cam

BG dé 2.1 [S6 md truc cam]. Cho ba s6 thuc a,b,c € [0,1]. Khi do:
1) Néua > b thi a—b > min(a, ¢) —min (b, c)
2) Néu a < b thi a—b < max(a, ¢) —max (b, c)

Ménh dé 2.1 (Quan hé cta céc IFS). Cho X,Y,Z la cdc tdp mo tric cdm xdc dinh

trén U, véi U la tdp khong rong cdc doi tugng. Khi do:

DNéuX Cy mily|—|ynz| > |x|-|xnz
2)NéuXx Cy thi |Z| —|znXx|>|z| - |zny
3) x| = xny|+|z| - lznX|> 1Z| - |zny

Chitng minh. Sau dy ta 1an ludt chiing minh tiing tinh chat nhu sau:
1) Vi X Cc ?, do d6 v6i moi u € U ta ¢ ,I,L?(u) > M (u) va v?(u) < v;(u) Ap dung

b6 dé 2.1 ta co:



(1): () = i () > min (s (), s
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& Y v(i)— Y vx(i) < Zmax(vw() v~ ( ) Zmax( ~
i=1 Y i=1 i=1 z X
Tir (1) va (2) ta cé: ’17‘ - ’X’ > )sz‘ - ’)mz‘ & ‘Y‘ - ‘Yﬂi) > ‘)?‘ -
Z)VU?Q;, do d6 v6i moi u € U ta c6 [.L?(u)z,u;(u) va V~(u) < v~ (u). Ap dung
bd dé 2.1 ta cé:

(
& H= (1) — min (u (1), s ()) > pis () — min (g (), o= (u)
& ¥ ()~ X min (1 (0,05 () = £ s ()~ X min (2 0.5 1)
i=1 i=1 Z i=1 Z i=1 Y
@): v~ (u) < v~ (u) & max (vz(u),vg(u)) < max <v§ (), vs (u))
@VE( u) — max(v (u), ;(u)) < V= (u) — max v?(u ,Vz(lxt)
& |§‘ v~ (i) — g max (VN( ), VN( )) < % v~ (i) — % max |V~ (i), V= (z))
i=1 Z i=1 X i=1 i=1 Z
Tt (3) va (4) ta c6 ’?‘ ‘zmx‘ ‘z‘ ‘zm/(
HVIXNZCXvaxXNy CY. Ta 1) va2) taco:
5): ‘?‘ - ‘?m?‘ > ‘?m?‘ - ‘?m%m?)
6): E( - ‘Em?m?’ > )E‘ - Em?‘
Tu (5) va (6) ta co: )?—)?ﬁ?—l—;—;ﬂ; Z%—%ﬂ;.dpcm. ]

Ménh dé 2.2 (Khoéng céch giiia hai IFS). Cho hai tdp mo trc cdm X, Y xdc dinh
trén U, vdi U la tdp khong réng cdc déi tugng. Khi do d (X Y) = ‘)? z‘ ‘Xﬁ?‘

la khodng cdch gitta hai tdp mo truc cam X Y

~

Chitng minh. Vi ‘;u?) > ‘)?ﬁ?‘ do do Z ) > 0. D€ chiing minh ¢ (X Y) la

~
~

do do khoang cach, ta can chiing minh d(x 17) thoéa man bét dang thic tam gidc.

/\
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That vay ta co:
o 7| - [{?]+ 2| - k| = f] - [507]
o 7] [fnd]+ |- oz = 7] - [p
Tu (7) va (8) ta co:
O (|x|+[r]-2[xn7|) + (|| + 2| -2|xnZ]) = |v| +|z| 2| nZ].
Hon nita véi moi x,y € R ta luén ¢6 max (x,y) = x+y —min(x,y) va min (x,y) =
x+y—max (x,y) do d6 véi moi u € U:
(10): max (pix (u) , fy (u)) = px (u) + py (u) — min (px () , ty (u))
(11): min (vx (u), vy (1)) = vx (u) + vy (u) —max (vx (u), vy (u))
Tu (10) va (11) ta co:
(12): [xur| = [x|+[r] - [xn7|
Tw ©) va (12) eo: ([xu7] - [xn7]) + ([xuz| - [xnZ)) > [ruz| - [FnZ]

~ ~

hay d (X Y) +d (X z) >4 (v.2).-Dodsa (5??) Ia mot do do khoang cach. [

2.2.2. Khodng cdch giwta hai phdin hoach mo truc cam

DPinh nghia 2.1 (Khoang cédch gitta hai phan hoach mo truc cdm). Cho bang quyét

~
~

dinh DT = (U,C,D, f) va hai phan hoach [X] [ ] tuong tng cia X,Y C C. Khi d6
khodng cach gitta [X], [; ] dugc xac dinh béi:

;([;’ z) |U|2i|( Y> @D

Meénh dé 2.3 (b6 do khoang cach md truc cam). Cho bdng quyét dinh DT = (U,C, D, f)

~ X

va hai phdan hoach [X] [Y] tuwong ving cua X,Y C C. Khi do d ([X] [Y]) la khodng

cdch gitta hai phdn hoach mo truc cdam.

Cluing minh. Thit vy, ta luon ¢6 d ([5&], [?]) >0vad ([5&], [?]) - ([)?], [17]).

~ o~
~ X

Khi d6 dé 4 ( [X],[Y] ) 12 mot khodng céch, ta cin chiing minh bét ding thic tam gidc
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Ti ménh dé 2.2, v6i moi u € U ta c6 d (

ddZ(&Hﬁ)+§(§L§0

_ i] ~ Uil ~ | —|[i] ~ N[i] =
_W%ﬁ<HTU”m ”m“”m)
L‘U| 1 ~ i~ — ||| =~ iN
TP i§1( HPNQUH[E] Hﬁm“ﬁ )
U| ~ |U| ~ . U| ~
=ﬁ7pﬂ<m~’m[)+ﬁ?§d(mm*%i>zﬁﬁéd(W1$*D

Il
QUR
/;\
<

: [2]) . Ta c6 dpem. O

DPinh nghia 2.2 (Khoéng cach phan hat mo truc cdm). Cho bang quyét dinh DT =
(U,C,D, f) va [X] [ ] tu?dng Ung la cac phan hoach cia X vaY =X UD v6i X C C.

) (2.2)
D

N

) a

Khi d6 khoang cach gitta [X ] (X UD] dugc xac dinh bdi:

z<§’z> |U|2i|<

Ménh dé 2.4 (Do do phan hat). Cho bdng quyét dinh DT = (U,C,D, f) va

~

h<zz><zz

[
tuwong ting la cdc phdn hoach cia X vaY =X UD voi X C C. Khi do d ([X] [

mot do do khodng cdch.

Chiing minh. Tt ménh d& 2.3 ta ¢6: d ([N] X ND])
L (TP
= X xup]|
=~ 5 (i
“ P A\ MR D) b

— 5 (i a
— e A M

Ménh dé 2.5 (Tinh chét phén don diéu ctia do do phan hat). Cho bdng quyét dinh

>
C
/:\
>
i)
T
~__

DT = (U,C,D, f) va [X] [ | tuong ving la cdc phdn hoach ciia X vaY vdi X CY CC.
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Khi dé d ([)N(], [X[]D]) >4 ([?], [YGD]) véi moi u € U.

Chiing minh. Vi X C Y, do d6 [Y] < [X] nghia Ia [u] ~ C [u] ~ v6i 1 <u < |U]. Khi

v X

do |[u ] [u] . V6i moi u € U ta co:
03 [ =l | = E g (0 X min a0 00
Ul = | — ~ U ~ | = — mln u ) U~
Y] Y] Dl| k= Hiu ][Y] H ]m H ][B]
14y | = [~ |1 = = = % g 1 ‘%' {005 1)
U= | — || U = Ul ~ | = ul ~ min U s M
X) g m| T ey T R T g
V6i moi k € [u] ~, néu py, . (k) =1 thi
(D] D]
(15):Mz—btmﬂuz :O:uz—uzﬁuz
| [ 5| =0 = [0 - iz ha
V6i moi k ¢ [u] ~ neu uy, . (k) =0 thi
(D] D]
(16): |{u| ~ | —|lu|~ N{u|~ | > ||lu|~ | —|u|~ N|u|~ | < ||lu|~ | > ||lu| ~
[ ][X] [ ][X] [ ][D} [ ]m [ ]m [ ][ ] [ ][X] [ ][Y]
Tu (15) va (16) ta co:
| ][X] | ][X} | ][D] = |l ][Y} | ][Y} | ][D}
|U| - o U R
@k <[”]§1|_ g g ) _U_lzug([u][?] " | Mf)})
@§<[i],[xﬁp]> z?([?],[y@]).dpcm 0

2.3. Giam thudc tinh trong bang quyét dinh s&t dung do do khoang

cach mg¢ truc cam

2.3.1. Pé xudt thudt todn tim reduct theo phuong phdp lai ghép filter - wrapper, sic

dung do do khodng cdch mo truc cam

Pinh nghia 2.3 (Ma tran o equal) Cho bang quyét dinh DT = (U,C,D, f) va hai
ma trdn quan hé ma truc cam MB = [bijlnxn, Mc = [¢ijlnxn Xac dinh trén B va C véi

BCC,n=|U|.Khidé MB va MC dugc goi la § - equal khi va chi khi:
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1) SuP?,j:1 |.u(bij) - .u(cij)} <1-6
2) supf iy |v(bij) = v(cij)| <1-8
Trong d6 sup};_; cho biét su khac biét 16n nhét cia hai ma tran quan hé md truc
cam dat dudc tai vi tri i, j, v6i 6 € [0,1]. Ta ki hiéu ]\713 2 A?C.
Dinh nghia 2.4 (D6 quan trong ctia thudc tinh). Cho bang quyét dinh DT = (U, C, D, f)
va tap thudc tinh B C C. Khi d6 dd quan trong cta thudc tinh a € C — B véi tap thudc

tinh B dugc dinh nghia béi cong thiic sau:

~
~
~

SIGy(a) = d ([B], [BUD]) My <[BU {a}],[BU{a} up]) 2.3)
Dinh nghia 2.5 (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 reduct néu:
1) [BUD] 2 [cUD;

2)vbe B, [B—{b}UD] %[CUD]

Dua theo c4c thanh phan co ban ctia mo hinh gidm thudc tinh dé xuét da dudc dinh
nghia bén trén, sau dy luan 4n dé xuét thuit todn giam thudc tinh theo phuong phap
lai ghép filter-wrapper hai budc.

Thuét todn dé xuét bao gdm c6 hai giai doan, giai doan filter - Wy va giai doan Wj.
Trong d6, budc filter st dung dinh nghia 2.4 va dinh nghia 2.5 d€ xéc dinh reduct ting
vién mifc 8. Két hop véi v6i mo hinh phan 16p Model, buéc Wy d€ xac dinh reduct
ting vién tot nhit trong toan bo cic gia tri §. Két thiic giai doan filter - W, chuyén
sang giai doan Wy. Giai doan Wy truy vét tip con nao ctia reduct ting vién miic § c6
kh4 ning phan 16p cao nhit v6i mo hinh phan 16p Model. Két thic giai doan Wy ta
thu dudc reduct thuc su cta thuat toan. Sau diy 1a cdc bude chi tiét clia thuat toan dé
XuAt.

Trong do: RAW l1a ki hiéu cho reduct thu dudc, Rf’; la tap thudc tinh loc dugc tai muc
8, RS, 1a reduct ting vién c6 kha ning phan 16p cao nht tai mic §. ACC 1a ham danh

gia kha nang phan 16p chinh xac cua reduct cho trudc trén mo hinh phéan 16p Model.
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Thuat toan 2.1 Thuit toan filter - wrapper hai giai doan st dung khoang cach mo
truc cam (IFD)
Input: DT = (U,C, D, f), m6 hinh phan 16p Model, A= {0.1,0.2,...,0.9}
Output: Tap rut gon R
I: R‘{}V —0;
Rﬁ, «— 0;
forallc € Cdo _

computation [c];
end for
for all 0 € Ado
RI‘?: — 0;

S A A S S

*®

while [RS U D] i [CUD] do
9w €C—R3ISIG s (cn) = Max {SIGR5 (c)}; (Giai doan filter)
F CEC—R?; F
10: RS :=RSU{cn};
11:  end while
12:  if ACC(Model,R%) > ACC(Model,RY,) then

13: Rév = 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: R}, = Rfv [0:1]; {Giai doan wrapper attribute (Wy)}
19:  end if
20: end for

21: return R4 ;

Mai gia tri 8 c6 bude nhdy 1a 0.1. Sau ddy 13 phan danh gid do phuc tap ctia thuat toan
dé xuAt.

Trudc tién, luan an ki hiéu |U| 1a s6 cac ddi tugng va |C| 1a sd cac thudc tinh trong
bang quyét dinh DT = (U,C,D, f), |R%| 1a s6 lugng phan ti clia tip thudc tinh rit

gon ting vién, |§| 1a s6 lugng céc gia tri § can xét. Goi T 1a chi phi tinh todn ctia md

hinh phan 16p Model. Khi d6, dd phuc tap cua thuat toan dudc trinh bay trong Bang

2.1 nhu sau:

P& minh hoa qu4 trinh hoat dong cla thuit toan dé xuét, sau ddy 13 phan trinh
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Bang 2.1: Do phiic tap cua thudt todn IFD

Dong Iénh | D6 phuc tap

Dong3-5 | O (|c| |U|2>

Dong 8 - 11 | O(|C|?|U|?)

Dong 13 o(T)

Dong 6-14 | O(T|A||C]?|U|?)

Dong 16 O(T|RS)|)

Tong o(IclU®) +O(TIAICPIUP) + O(TIRS|)

bay vi du s6 minh hoa trén bang quyét dinh s6 nhu sau. Cho bang quyét dinh DT =
(U,C,D, f) dugc trinh bay nhu trong bang 1.3. Cac budc cua thuit toan dudc thuc

hién tuan tu nhu sau:
Giai doan khdi tao:

- bat: R{‘}V — 0 R“,SV —0;

~ ~ ~ ~
=~ ~ ~

- Tinh cdc phan hoach [al, [8], [¢], [d], [e], [f], [D], [C], [B]. Trong dé: [B] 1a ma tran
quan hé md truc cdm tho nhit.
Giai doan Filter - Wg

Lan lugt thi cac gid tri 6 tr 0.1 — 0.9 v6i mdi budc nhdy 1a 0.1. Khi d6 gid tri &
nao cho reduct ing vién cé d chinh xédc cao nhit, ta sé chon reduct ting vién d6 cho
giai doan W_A ctia thuét toan. Gia st reduct ing vién c¢6 do chinh x4c cao nhét tai
gia tri & = 0.8, sau day Ia chi tiét cac bu6e thuc hién tai gid tri & = 0.8.

RS =0

~

~ ~

~

o
Vi [RS.UD] # [CUD], do dé:
- Tinh:

~
~

SIGys (a) = 3(1%;2, [RIQUD]) —d <[R2u{a}], [R;Zu{a}uz)]> =05-0.31 =
0.19

SIGys (b) = d ([;;2], [R;ETJD]) —d ([R;Z b}, [RD U {b} UD]) —0.5-0.43 =
0.07



§<R5u{c}] R5u{c}un]) —0.5-0.36 =

CEIE

SIGys (d) =d ([Rié] ) 2(péu{d}, R? U{d}UD]) —0.5-0.38=0.12
( ) Z<R5u{e}] R5U{e}UD])—05 0.26 —
(

SIGys (f) =d [R;i],[R;zUD]> —d ([RFU{f}] [RFU{f}UD]) —0.5-0.26=

- Chon e vi SIG s (e) 16n nht, do d6 RS = {e}.

Vi min (1 —supgj:1 ‘,u(bij) —,u(cij)| o1 —supl.6’j:1 !v(bij) — v(c,-j)‘) = 0.4 < J hay

~
~

[{RS — b} UD] # (8)[CUD], do dé tiép tuc vong lip ta c6:

- Tinh:

SIGys (a) = d ([1;2], [R;;u D]) d ([R5 U{a}],[RSU {a} UD] ) =0.26—0.23 =
0.03 o

SIG s (b) = d ([152], [R,‘ZL D]) 4 <[R6 U{b}],[RE U {b} UD] ) =0.26—0.25=
0.01 o

SIGpg(c) = d ([Eg], REU D]) iy ([RF S{el] RS U{e) UD]) —026-0.18 =
0.08 o i

SIGys (d) = d ([1;2], RS U D]) —d (P:gu R UNdUD]> —0.26—0.20 = 0.06

$16yg) ~a (kg1 1R LD )~ (IR U1 1) [RE U {7} UD]) =026 ~0.26 -

0.00
- Chon ¢ vi SIGRg (c) 16n nhit, do d6 RS = RS U {c} = {e,c}.

Vi min (1 —supgj:1 |[.L(b,~j) —/,L(cij)| o1 —supgjzl |v(b,-j) - v(c,-j)‘) =0.76 < 6 hay

~

by ~
R%UD] # [CUD], do dé tiép tuc vong lip ta c6:
F P g lap
- Tinh:
SIGs (a) = d ([R;Z], [RS UD]) —d <[R2 U{a}],[RSU {a}UD]) =0.18—0.15=
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0.03

516,5(6) = (IR 1R} LD ) -
0.00

[UR

([R;Z S{b}], RS U {?}UD]) =0.18—0.18 =

~
~

SIGys (d) =d <[R;Z], [R§UD]> —d (P;éu{d}, [R?UdUD]) =0.18-0.18 =0.00

Q

516,51 =d (81187 D)) - (1R U (7). 8] U L7} UD]) =0.18-0.13 =
0.00
- Chon a vi SIGys (a) 16n nhit, do do

RS =RSU{a} = {e,c,a}.
Vi min (1 —supgjz1 |\ (bij) — pu(cij)| 1 —supgjz1 \v(bij) — v(c,-j)}) = 0.8 = § hay
[Rf,NU D] 2 C SD] Theo gia thiét ban dau, reduct dng vién R%® ¢6 do chinh xdc cao
nhét trong cdc ngudng & do d6 RS, = {e,c,a}. Két thiic giao doan filter - Wy. Thuét
toan chuyén dén giai doan W, ctia thuat toan IFD.
Giai doan Wy:

Tap riit gon ting vién RS dugc chia thanh céc tap con {e,c} tuong ting v6i khoang
[1:2] va tap con {e,c,a} tuong ting vdi khoang [1 : 3] cia tap thudc tinh RY,. Chon
tap con tap thudc tinh c6 kha ning phan 16p cao nhit trén mo hinh phan 16p Model.

Gid st {e,c} 1a tap thudc tinh con c6 khd ndng phan 16p cao nhét, khi d6 RY}, = {e, c}.

2.3.2. Thuc nghiém va danh gia thudt toan

Trong céc két qua nghién ctiu cia A.Tan va cdc cong su da chi ra phuong phap
giam thuoc tinh theo tiép cin RS md truc cam hiéu qua hon tiép can RS md truyén
thong vé kha ning phan 16p. Do d6, chuong ndy sit dung hai thuat todn ctia A. Tan
[15], [36] d€ so sanh va danh gia thuit toan dé xuét IFD. Trong d6 thuat todn [36]
st dung do do mién duong md truc cadm (Intuitionistic Fuzzy POS - IFPOS[36])va
thuat toan [15] st dung d6 do Entropy md truc cam(Intuitionistic Fuzzy Information

Entropy - IFIE[15]).
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Bang 2.2: Bdng mo td cdc tdp dit liéu thuc nghiém

STT | Dataset | Mo ta. Ul | IClI | IDI
1 Heart | Statlog (Heart) 270 | 13 |2
2 CMSC | Climate Model Simulation Crashes Data Set | 540 | 18 | 2
3 PDS Parkinsons Data Set 196 | 22 |2
4 BCWP | Breast Cancer Wisconsin (Prognostic) 198 | 33 |2
5 IS Ionosphere 351134 |2
6 UFDC | Ultrasonic flowmeter diagnostics (C) 181 |43 | 4
7 UFDD | Ultrasonic flowmeter diagnostics (D) 181 |43 | 4
8 SHDC | SPECTF Heart Data Set 267 | 44 | 2
9 UFDB | Ultrasonic flowmeter diagnostics (B) 92 |51 |3
10 DPDS | Divorce Predictors data set 170 | 54 | 2
11 Sona Connectionist Bench 208 | 60 | 2
12 VRB Voice Rehabilitation(Binary) 126 | 310 | 2

2.3.2.1. Méi truong thuc nghiém

Céc thuat toan dudc cai dit bang ngdn ngit 1ap trinh Pyhton va chay trén nén hé
diéu hanh Window 10 vé6i cAu hinh phan ciing 1a bd xt 1y Core 15, ram 8GB. Clng
v6i 12 tap dit liéu thit nghiém dudc tii vé tif UCI dugc mo ta chi tiét trong Bang 2.2.

Trong d6 |U| 1a sb lugng mau, |C| 1a s6 thudc tinh diéu kién va |D| 1a s6 phan 16p cla

thudc tinh quyét dinh trong méi tap dif liéu (dataset).

Céc tap dit liéu thit nghiém déu 1a cac dataset c6 thudc tinh diéu kién mién gia tri
s6 lién tuc. Do d6, tru6e khi thuc hién thuit toan giam thudc tinh, mién gid tri clia
cac thudc tinh sé dudc chuan héa vé doan [0,1]. D6 tuong tu (ham thuodc) ctia x,y € U
, do

khac biét (ham khong thudc) dugc tinh theo cong thiic v = % v6iA >0,khidl =0

theo thudc tinh a dugc xac dinh bdi cong thic u = R,(x,y) = 1 — |a(x) —a(y)

cong thifc nay suy bién vé tip md tuyén thong, gia tri cia A cang ting thi gid tri clia v
cang giam. Tuy nhién, véi su da dang cia dit liéu, viéc phan bd dit liéu trong cic tap
dit liéu 1a rat khac nhau. Do d6 dé€ chon dudc hé s6 A dung chung cho toan bo cac tip

dit lidu 1a rat kho, dic biét 1a trén cac bo dit lidu c6 kha ning phan 16p ban dau thap.
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Do d6, chuong nay dé xuit cong thiic tinh gia tri A nhu sau:

l<0,=0
Ao = 2.4)
§—Z<:>c7a>0

n
Trong d6 o, = \/ Ly (aly) — d)2 la do léch chuan ctia mién gia tri thudc tinh a va
1

n—1

B.= %j}‘ 12 d6 nhit quén cta thudc tinh a trong bang quyét dinh.

DE danh gia do chinh xéac phan 16p cla reduct. Chuong nay st dung hai mo hinh
phén 16p dit liéu s6 1a SVM va k-NN(k=IDI). P9 do danh gia va phuong phap dénh
gia do chinh x4ac trén cac mod hinh la do do Accuracy va phuong phap danh gia chéo

10-folde dudc su dung chung cho toan bo cac reduct thu dugc tur cac thuat toan.

2.3.2.2. Kich bdn thuc nghiém

Nhim khang dinh phuong phap gidm thudc tinh dé xuit 1a hiéu qua hon vé kha
ning phan 16p so v6i mot sé6 phuong phap gidm thudc tinh khac cia A.Tan va cic
cong su dé xuit, chuong nay tién hanh thuc nghiém thuat toan dé xuét IFD theo cic
kich ban nhu sau:

1) Lua chon gi4 tri & t6t nhat cho thuat todn. Thuit todn dé xuit c6 hai budc
wrapper la wrapper_delta (W_delta) va wrapper thudc tinh (W_A), trong dé budc
W_delta dudc thuc hién truéc buéc W_A. Nhu vay, véi mdi bd dit liéu khac nhau sé
c6 mot gid tri § khac nhau sao cho reduct thu dudc sé dudc ti uu ca vé kha ning phan
16p va sb luong phan ti.

2) Panh gia reduct cta thuat todn dé xuét IFD vé6i cac thuat toan IFPOS[36],
IFIE[15]. Trong d6 cac tiéu chi dugc st dung d€ so sanh va danh gia bao gom kha
ning phan 16p (accuracy), sd lugng phan ti clia reduct (|R|) va chi phi tinh todn cla

thuit toan (second).
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Bdng 2.3: M6 td sy tuong quan vé sé luong phan tit va khd ndng phdn 10p chinh xdc
cua reduct tai hai giai doan wrapper trén mé hinh phdn lop SVM

IRI Accuracy

ID Dataset | IUI CT W, W, | 1CT | Ws | Wa
1 Heart 270 13| 8 | 7 10.84]0.84]|0.84
2 CMSC 540 20 | 12 | 11 {095 ]0.95|0.95
3 PDS 195 22 {10 | 9 10.84|0.86 | 0.86
4 BCWP 198 32 126 |25 ]0.770.77|0.77
5 IS 351 34 119 | 16 | 0.88 | 0.89 | 0.89
6 UFDC 181 43 | 31 | 26 | 044|049 | 0.52
7 UFDD 180 43 | 41 | 27 | 0.68 | 0.68 | 0.68
8 SHDC 267 44 (4 | 2 10.7910.79 | 0.79
9 UFDB 92 51 129 2 | 1 1
10 DPDS 170 54 | 11| 5 [ 098|098 | 0.98
11 Sonar 208 60 | 15 | 11 | 0.65| 0.67 | 0.7
12 VRB 126 | 310 | 14 | 11 | 0.83 | 0.88 | 0.88

Bdng 2.4: Mé td su tuong quan vé sé lugng phdn tit va khd ndng phdn 16p chinh xdc
cua reduct tai hai giai doan wrapper trén mé hinh phdn lop KNN

[RI Accurac

ID Dataset | Ul T Wy (W, | 1CT | W; y Wi
1 heart 270 13 {10 9 [0.77]0.78 | 0.78
2 CMSC 540 20 | 12 | 11 [ 0.84 | 0.86 | 0.86
3 PDS 195 22 |10 | 7 | 0.85]0.87 | 0.87
4 BCWP 198 32 126 |21 | 0.78|0.78 | 0.79
5 IS 351 34 | 15| 5 | 0.85]0.88]0.92
6 UFDC 181 43 | 31129 1082|086 0.86
7 UFDD 180 43 | 41 | 25 1 0.81 | 0.81 | 0.84
8 SHDC 267 44 | 12| 9 1 0.66|0.72 | 0.72
9 UFDB 92 51 129 2 (099|099 | 1
10 DPDS 170 54 | 11| 7 [098|097 | 0.97
11 sonar 208 60 | 48 | 31 | 0.68 | 0.63 | 0.69
12 VRB 126 310 | 14 | 12 | 0.68 | 0.78 | 0.82

2.3.2.3. Lua chon gid tri O

Trude tién, P& minh hoa su tac dong clia gid tri & t6i sd luong phan ti ciia reduct

thu dugc tf thut todn dé xuét. Chuong nay xay dung biéu d6 2.1 va biéu dd 2.2 dé
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minh hoa su tdc dong ctia § tdi s6 luong phan ti va kha ning phan 16p chinh x4c cia
reduct thu dugc trén moi mo hinh phén 16p di liéu.

Thong quan su bién dong vé s lugng phan tir va kha ning phan 16p ctia cac tap
thudc tinh con thu dudc tif su thay d6i cla cac gia tri &, ta c6 thé thiy khi gia tri &
cang ting, sd luong phan ti cla reduct cang giam. Piéu d6 cho thiy su thay ddi tuyén
tinh vé s6 lugng phan tit clia reduct so vdi gid tri thay d6i ctia 8. Tuy nhién kh ning
phén 16p trén c4 hai mo hinh phan 16p lai khong tuyén tinh véi su thay ddi cia gid tri
0.

2.3.2.4. Pdnh gid reduct cua cdc thudt todn

Bang 2.3 va Bang 2.4 mo ta s6 lugng phan tii ctia cac reduct dng vién tai giai doan
Ws va reduct tai giai doan Wy tuong tng véi hai md hinh phan 16p k-NN va SVM.
Sau giai doan Wy ta thu dugdc reduct ing vién muc delta, sau giai doan Wy ta thu dugdc
reduct thuc su ctia thuét toan IFD. Ta c6 thé thiy s6 lugng phan ti clia reduct thuc
su nhd hon dang ké so vé6i sb luong phan tif clia reduct tng vién. Dic biét trén mo
hinh phan 16p KNN, reduct thuc su khong nhiing céi thién ca vé so luong phan tif ma
dod chinh xac cua reduct thu dugc cling hi€u qua hon so véi reduct ing vién cua thuat

toan.

Quan sat Bang 2.5 ta c6 thé thiy s6 lugng phan tii trung binh cta reduct trén toan
bd cac tap dit liéu khong chénh 1éch qua nhiéu so véi thuit todn gidm thudc tinh theo
tiép can IFPOS[36] nhung lai t6t hon so vé6i thuat toan theo tiép can IFIE[15]. Trén hai
md hinh phan 16p SVM va KNN ta c6 thé thiy s6 luong phan ti reduct dudc wrapper
theo md hinh phan 16p SVM la t6t hon m6 hinh phan 16p KNN.

Mic du s6 luong phan ti trung binh cla cic reduct thu dudc tif cdc thuit toan
khong chénh léch nhau dang ké nhung quan sét trén cac bd dit liéu c6 sd lugng phan
ttf 16n nhu CMSC va bo dit lidu c6 s6 chiéu 16n nhu VRB ta c6 thé thiy sb lugng phan
tt reduct thu dudc tir thut toan dé xut 1a t6t hon han so v6i hai thudt toan con lai. DE

c6 thé quan sat truc quan hon su khac biét vé reduct thu dudc tif cac thudt todn trén
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Rl
ID | Dataset | ICl IFD-SVM | IFD-KNN | IEPOS[36] | IFIE[15]
1 heart 13 7 9 13 10
> |cMmsc | 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 | UFDD | 43 27 25 6 8
8 | SHDC | 44 2 9 10 14
9 |UFDB | 51 2 2 5 11
10 |DPDS | 54 5 7 15 24
11 sonar 60 11 31 17 25
12 | VRB 310 11 12 18 35

tung tap dit liéu, chiing ta c6 thé quan sat Hinh 2.3 va Hinh 2.4 dé biét thém thong tin

chi tiét.

Bang 2.6: So sdnh khd ndng phdn Idp cua cdc reduct trén mé hinh phdn lop SVM

Accuracy
ID | Dataset | IUl Raw | IFD-SVM | IEPOS[36] | IFIE[15]
1 [heart | 270 8440.7 840 8440.6 | 82407
> | cMSC | 540 95+02 | 95409 | 95:0.9 | 95402
3 |PDS | 195 84+05 | 85+0.1 | 85x0.1 | 84407
4 | BCWP | 198 77402 | 77401 | 76207 | 76%0.5
5 IS 351 880 80409 | 87406 | 87+0.6
6 | UFDC | 181 4420.1 5240 4941 49203
7 | UFDD | 180 6820.9 681 64208 | 63+0.8
8 | SHDC | 267 79+0.6 | 79405 | 79+0.8 | 79+0.9
9 | UFDB |92 100.0 100.0 100.0 92+0.4
10 | DPDS | 170 08205 | 98405 | 98207 | 98+03
11 |sonar |208 65:03 | 70405 | 70£02 | 64207
12 |VRB | 126 83407 | 88407 | 91202 | 80+0.5

Bang 2.6 va Bang 2.7 mo ta su chénh léch vé kha niing phan 16p ctia cic reduct
tuong ing véi cac md hinh phan 16p SVM va KNN. Chiing ta c¢6 thé thy trén md hinh

phan 16p SVM, thuit todn dé xuat cho reduct c6 kha ning phan 16p trung binh trén
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Bang 2.7: So sdnh khd nang phdn Idp cua cdc reduct trén mé hinh phdn l6p KNN

Accurac
ID | Dataset | IUl Raw | IFD-KNN IFI};OS[36] TFIE[15]
1 | heart | 270 77204 | 78202 | 77406 | 76208
2 | cMSC | 540 84+09 | 86209 | 84204 | 84%0.6
3 |pDS | 195 85+0.5 | 87+0.8 | 87x03 | 84203
4 | BCWP | 198 78+0.7 | 79+0.8 | 79+0.1 | 79+0.1
5 |18 351 85¢03 | 92405 | 8806 | 880.6
6 | UFDC | 181 82407 | 86208 | 74205 | 7803
7 | UFDD | 180 81408 | 84402 7720 82:+0.1
8 | SHDC | 267 66203 | 72404 | 69+08 | 67402
9 | UFDB |92 99.0 100.0 100.0 98+0.8
10 | DPDS | 170 9821 97+02 | 98+05 | 960.8
11 |sonar |208 68+0.8 | 69+0.1 | 62409 | 6009
12 | VRB | 126 68+0.6 | 82407 | 81207 | 65%02

cdc bo dit lidu 1a tuong duong vé6i thuit toan theo tiép can IFPOS[36] va tot hon thuat
toan theo tiép can IFE la 3%.

Thuit toan dé xuat IFD va thuat toan IFPOS[36] déu cho reduct c6 d6 chinh x4c
cao hon so véi tap dit liéu gbc (Raw). Mic du, dd chinh x4c trung binh trén cic bo dit
liéu rit gon ctia hai thuat todn nay 1a nhu nhau nhung khé ning cai thién nhiéu trén
thuat toan dé xuat IFD 14 t6t hon thuét toan IFPOS[36]. Cu thé véi bo dit lisu UFDC
c6 kha ning phan 16p ban dau 1a 0.44 (44%), thuat toan IFD cho ra reduct ¢6 do chinh
xac 0.52 (52%) va thuat toan IFPOS[36] cho reduct c6 do chinh xac 0.49 (49%). Trén
bd dit liéu Sona ca hai thuét todn déu cai thién nhiéu t6t nhu nhau ting tir 0.65 (65%)
1én 0.7 (70%). Pbi v6i mod hinh phan 16p KNN, thuit toan dé xuét IFD cho reduct c6
kha nang phan I6p trung binh trén toan bd du liéu trdi hon so v6i hai thuét toan con
lai. Véi cac bo dit liéu c6 kha ning phan 16p ban dau thip nhu SHDC, Sona, VRB di
dudc cai thién hiéu qua vé kha ning phan 16p véi thuat toan IFD. Tuy nhién, Bang 2.8
cho thiy chi phi tinh to4n ctia thuit toan dé& xuat IFD con thip hon so véi thuit toan
IFPOS[36] va thip hon dang ké so véi thuat toan IFIE[15].

Nhin chung, tiéu chi kh4 ning phan 16p va sb luong phan ti clia reduct clia hai
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Bang 2.8: M6 td chi phi tinh todn cua cdc thudt todn

Computation time (second
ID | Dataset | Ul Il [FD-SVM | TFD-KNN IFPE)S[36]) TFIE[15]
1 | heart 270 13 7.89 791 158 2.06
2 | CMSC | 540 18 5333 5425 36.56 12.28
3 | PDS 195 2 7.67 7.63 6.18 2.46
4 | BCWP | 198 33 13.0 123 8.26 428
5 1S 351 34 44.94 43.94 2434 12.16
6 | UEDC | 181 43 14.83 13.43 13.46 498
7 | UEDD | 180 43 13.08 13.64 10.86 422
8 | SHDC | 267 44 2075 32.52 1832 9.6
9 |UEDB | 92 51 45 5.02 278 2.44
10 | DPDS | 170 54 13.83 16.14 12.84 8.68
11 sonar 208 60 27.12 29.1 23.26 13.3
12 | VRB 126 | 310 52.86 49.83 5734 57.18

thuat toan IFD va IFPOS[36] la t6t nhat. Trong khi d6, hau hét cic thuit toan gidm
thudc tinh theo tiép cin do do dua trén RS va RS md rong lau nay van dudc chiing
minh 12 tiép cin bdo toan thong tin t6t nhat so véi céc tiép can do do khac. Diéu do
cang khang dinh phuong phéap giam thudc tinh theo tiép cin do do khoang ciach md
truc cam IFD dé xuét 1a hiéu qua va dang dudc quan tAm. Sau day la cac phan tich vé
nguyén nhan anh hudng tdi chi phi tinh toan cla thuat toan IFD, s6 lugng phan ti va
kha nang phan 16p chinh xac cua reduct thu dugc bdi thuat toan IFD

- Kich thudc ctia reduct: Cac két qua so sanh trong Bang 2.5 ciing nhu su chénh
léch cta hai giai doan wrapper da dudc phan tich bén trén cho thiy giai doan Wy c6
vai trd quan trong trong viéc giam thuoc tinh trong khi van gitt dudc kha ning phan
16p t6t nhit clia giai doan Ws. Hon nita quan sit cdc Hinh 2.1 va 2.2 chiing ta c6 thé
thiy ro vé su tuong quan gitta s6 lugng phan tif va kha ning phan 16p chinh x4c cla
reduct. Hau hét cac tap dif liéu dudc phan tich cho thiy reduct cé sd luong phan ti 16n
hon chua chic c¢6 kha ning phan 16p cao hon so véi reduct c6 s6 lugng phan ti nhd
hon. Day chinh la nguyén nhan chuong nay dua giai doan W4 vao sau giai doan Wy

trong phuong phdp giam thudc tinh dé xut.
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- Kha niing phan 16p chinh x4c cla reduct: Bén canh viéc st dung tip nén IFS dé
xdy dung d6 do danh gia dd quan trong cta thudc tinh. Giai doan Wy cta thuét toan
gidm thudc tinh c6 4nh hudng quan trong dén kha ning phan 16p chinh xac ciia reduct
thuc su thu dugc tir thuat toan. V&i moi gid tri § khac nhau, reduct ung vién thu dudc
c6 thé ¢6 s6 luong phan tif va kha ning phan 16p khac nhau. Thong qua giai doan W,
thuat todn dé xuit da loc bd di phan 16n cac thudc tinh khong can thiét, giam thasi gian
tinh toan cho giai doan Wy clia thuat toan dé xuét.

- Kha niing cai thién nhiéu: Cai thién nhiéu tot cling chinh Ia ting kha ning phan
16p cho reduct. Bén canh yéu t6 vé tip nén IFS c6 kha ning cdi thién nhiéu nhu da
dudgc phéan tich trong cac cong trinh nghién ciu cia A.Tan va cac cong su [15], [36]
thi cach thic xay dung cong thic tinh do thudc va do khong thudc theo tiép can do
nhét quan cla thudc tinh trong phan thuc nghiém ctia Chuong ciing anh hudng quan
trong tGi viéc cai thién nhiu, ting khi ning phan 16p cho tap di liéu.

- Thoi gian tinh todn: Chi phi tinh todn ctia thuat todn giam thudc tinh dé xuat IFD
con han ché vé mit thdi gian tinh todn so v6i cac phuong phap giam thuodc tinh khac.
Nguyén nhan chinh 14 su anh hudng cta hai giai doan wrapper ctia thuat todn dé xuAt.
giai doan Wy bi phu thudc vao do phic tap ctia do do dé xuét va sb luong gid tri & can
xét. Pay 1a su tuong quan tuyén tinh. Giai doan Wy c6 thdi gian tinh toan phu thudc
vao mo hinh phan 16p va s luong phan ti clia reduct ting vién. Néu reduct ting vién

c6 s6 lugng phan tit nhd thi giai doan Wy sé thuc hién nhanh va ngudgc lai.

Bang 2.9: M6 td reduct thu duoc tix cdc thudt todn

Reducts
ID Dataset
IFD-SVM IFD-KNN IFPOS|[36] IFIE[15]
1 heart [12, 6, 1, 2, [ [12,6, 1, 2, [0,1,2,3,4, | [6, 1, 8, 12,
8,5, 11] 8,5 11,10, 5,6,7,8,9, | 5, 10, 2, 11,
9] 10, 11, 12] 0, 3]
Tiép theo trang sau
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Bang 2.9 — Tiép theo trang trudc

ID

Dataset

Reducts

IFD-SVM

IFD-KNN

IFPOS[36]

IFIE[15]

CMSC

[0, 2, 1, 19,
3, 18, 17, 4,
16, 15, 14]

[0, 2, 1, 19,
3, 18, 17, 4,
16, 15, 14]

[2, 3, 15, 0,
5,1,6,4,7,
9, 13, 8, 10,
11, 12, 14,
16, 17, 18,
19]

[0,1,4,6,5,
7, 10, 8, 9,
3,11,17,12,
2,13,14, 15,
16, 18, 19]

PDS

[0, 2, 16, 1,
3,21, 10, 20,
19]

[0, 2, 16, 1,
3,21, 10]

[18, 0, 10,
16,17,2, 19,
20]

[16,2,17,1,
0, 10, 3, 19,
6, 20]

BCWP

[0, 1, 31, 6,
30, 29, 11,
28, 27, 26,
25, 12, 24,
23, 22, 19,
21, 20, 18,
17, 16, 15,
14, 13, 10]

[0, 1, 31, 6,
30, 29, 11,
28, 27, 26,
25, 12, 24,
23, 22, 19,
21, 20, 18,
17, 16]

[0,4,2,5,6,
19,11,9,12,
17, 31, 20]

[0, 31, 6, 19,
1, 11, 22, 5,
20, 8, 12,
18]

IS

[14, 0, 2, 4,
7,8, 33, 11,
32, 31, 30,
24, 29, 28,
27, 26]

[14, 0, 2, 4,
7]

[0, 4, 2, 5,
27, 30, 7, 3,
9,16, 17]

[14, 0, 27,
28,7,31, 18,
23, 26, 4, 2,
17, 3, 5, 9,
10, 24, 12,
19]

Tiép theo trang sau
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Bang 2.9 — Tiép theo trang trudc

Reducts
ID Dataset
IFD-SVM IFD-KNN IFPOS[36] | IFIE[15]
6 UFDC | [3,23,27,8, | [3,23,27,8, | [7, 9, 25, 5, | [3, 23,8, 25,
18, 42, 41, | 18, 42, 41,27, 0, 39,0, 2, 27, 15,
40, 39, 38, |40, 39, 38, | 11] 29, 33, 31]
37, 36, 35, |37, 36, 35,
34,0,33,32, | 34,0,33, 32,
31,30, 2,29, | 31, 30, 2, 29,
28, 26, 25, |28, 26, 25,
24, 22] 24, 22, 21,
20, 19]
7 UFDD | [33, 5, 21, |[33, 5, 21, [25, 27, 17, | [5, 27, 21,
27, 42, 41, | 27, 42, 41, | 3,11,42] 42,39, 31,0,
40, 39, 38, |40, 39, 38, 41]
37, 36, 35, |37, 36, 35,
34, 32, 31, |34, 32, 31,
30, 29, 28, |30, 29, 28,
26, 25, 24, |26, 25, 24,
23, 22, 20, | 23, 22, 20,
19, 18, 17] 19]
8 SHDC | [25, 1] [25,1,2,21, | [40,29, 1,2, | [43,3,18, 1,
43, 42, 41, 13, 25, 3, 4, | 12,14,21,9,
29, 40] 18, 9] 29, 36, 23, 2,
24, 41]

Tiép theo trang sau
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Bang 2.9 — Tiép theo trang trudc

Reducts
ID Dataset
IFD-SVM IFD-KNN IFPOS[36] | IFIE[15]
9 UFDB [41, 14] [41, 14] [41, 14, 13, | [35, 6, 12,
16, 12] 39, 31, 0,
19, 22, 23,
3,43]
10 DPDS [39, 34, 0,|[39, 34, 0, ] [10, 32, 30, | [44, 45, 3,
53, 15] 53, 15, 52,0, 48, 15, 6, | 51,34,5, 30,
51] 39,35,3,19, | 46,41, 6,48,
43, 42, 27, | 2,36,52,43,
46] 0,38, 21,42,
1,31,47,53,
27]
11 sonar [19, 16, 22, | [19, 16, 22, | [0, 11, 15, [19, 25, 16,
25, 34, 28, |25, 34, 28, |36, 26, 19, |22, 34, 27,
44, 59, 58, | 44, 59, 58, | 21,9,53,23, | 29, 31, 36,
57, 35] 57, 35, 56, | 24,28,6,30, | 53, 44, 0, 5,
55, 54, 53, 32,35,44] |9,11,17,20,
31, 52, 51, 7,24, 18, 26,
50, ...] 28, ...]
12 VRB [59, 70, 1, |[59, 70, 1, | [54, 84, 79, | [58, 70, 59,
69, 34, 41, | 69, 34, 41, | 83, 91, 41, | 60, 62, 92,
62, 79, 57,|62, 79, 57, 3,16,46,52, | 55, 69, 127,
309, 83] 309, 83, | 70, 34, 55, |57, 107,
308] 59, 62, 64, | 121, 138,
90, 69] 25, ...]
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2.4. Két luan Chuong 2

Chuong 2, luan 4n trinh bay vé mot phuong phap gidm thudc tinh theo tiép can
IFRS. Cac dong gop chinh ctia Chuong nay gom co:

- Pé xuét do do khoang cach md truc cam 12 co s6 dé xay dung do do danh gia do
quan trong cua thudc tinh

- Pé xuit thuat todn tim reduct trong bang quyét dinh s v6i dinh nghia mdi vé
reduct theo tiép cin & - equal.

Bén canh do, phuong phap xay dung ham thanh vién va ham khong thanh vién cho
khong gian x4p xi mo truc cdm theo tiép can dd nhit quan ctia thudc tinh do tic gia
dé xuit ciing 12 nhan t6 quan trong anh hudng t6i kha ning chon loc thudc tinh cho
reduct.

Céc két qua thuc nghiém cho thiy thuat todn dé xuat cho cac reduct hiéu qua vé sb
lugng phan ti va kha ning phan 16p trén hau hét cac tap di liéu so vdi cac thuit toan
theo tiép can IFRS khac. Tuy nhién chi phi tinh todn cta thuit toan dé xuit con han
ché do phai ddnh ddi vé s6 luong phan tir va kha niing phan 16p cho reduct, dic biét 1a
muc tiéu ning cao chit lugng phan 16p cho cac bo di liéu c6 kha ning phan I16p ban

dau thap.
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CHUONG 3. PHUONG PHAP RUT GON THUOC TINH
TRONG BANG QUYET PINH THEO TIEP CAN
TOPO MO TRUC CAM

3.1. M6 dau

Topology 1a mot nhanh todn hoc ma céc khai niém ctia né xuit hién phd bién trong
céc linh vuc todn hoc khic va trong céc dng dung cudc séng. Theo goc nhin cia ly
thuyét RS, ciu tric topd 14 nén tang toan hoc quan trong trong qua trinh trich rut,
phan tich va x Iy thong tin [37]. Do do6, viéc két hop ly thuyét RS va topo sé ting kha
ning xt ly trén céc tap dif liéu phic tap, trong d6 cac bd dit lidu c6 sd luong phan ti
16n, sb chiéu cao, chiia nhiéu va khong day di xuat hién ngay cang nhiéu trong cudc
séng. Do d6 huéng gidm thudc tinh theo tiép can topod trén nén RS ngay cang nhan
dudc nhiéu quan tam tu cac nha nghién cuu [38], [40]-[42].

Niam 2005, Lashin va cic cong su 1an dau tién gidi thiéu khai niém topd rit gon
theo tiép can rough set [37]. Tir d6, phuong phap xay dung cu tric topd theo tiép can
RS dudc nhiéu nha nghién ctiu quan tim va dé xuit. Hién nay c6 hai phuong phap xay
dung topo theo tiép can RS gdm cd6, cac phuong phap xay dung topd tif khong gian
xap xi ctia RS [38], [40]-[42], c4c phuong phdp xdy dung topo tif cdc phép todn xAp
xi cua RS [43].

Nim 2014, Yu va cdc cong su [38] da chi hai phan hoach khac nhau c6 thé c6 cung
cAu triic topd do d6 giam thudc tinh theo tiép can bao toan cu tric c6 cho tap rit gon
¢6 s6 lugng phan ti t6i uu hon so véi tiép can do do truyén thdng. Bén canh d6, kha
ning céi thién nhi€u cta tAp md truc cam trén cdc bd di liéu c¢6 kha ning phan 16p
ban dau thip nhu da trinh bay trong Chuong 2.

Trén co s& d6, Chuong nay dé xuit phuong phap giam thudc tinh theo tiép cin
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topd Mo truc cam. Trudc tién 1a dé xuét clu tric topo dua trén quan hé uu tién mo
tric cam, trén co s& d6 nghién ciiu mot s6 tinh chat ctia IF-base va IF-subbase dé xay
dung phuong phap danh gi4 su tuong dong gitta hai topd md truc cam. Tiép theo 1a dé
xuat mot s6 thuat toan giam thuoc tinh trén co sé tinh chit tuong dong cuia hai topd
thong va dinh nghia reduct theo céu tric topd don vi. Cudi cung 12 thyc nghiém va so
sanh cdc thuat toan dé xuit véi mot s6 thuat toan theo tiép can IFRS trén cac bo dit
liéu duoc tai vé tir UCI.

Cic két qua nghién citu trong Chuong nay dudc cdng bd trén cac cdng trinh nghién

ctiu [CT2] va [CT6] dang chs phan bién vong 2.

3.2. Pé xuit ciu tric topd mo truc cam

Dinh nghia 3.1 (Quan hé md truc cam). [58] Cho bang quyét dinh DT = (U,C, D, f)
va quan hé md truc cam /F R xac dinh trén U. Khi d6 IF R dudc goi la quan hé tuong
duong md truc cam néu cac diéu kién sau day théa man:

(1) Tinh phan xa: IFR (x,x) = l;r v6i moi x € U.

(2) Tinh dbi xing: IFR (x,y) = IFR (y,x) v6i moi x,y € U.

(3) Tinh béc cau: R (x,y) AR (v,z) < R(x,z) v6i moi x,y,z € U.

Khi d6, IFR dudc goi 1a quan hé uu tién md truc cadm néu cac tinh chat (1) va (3)
thda man.
Dinh nghia 3.2 (Cong thic quan hé md truc cdm). Cho bang quyét dinh DT =
(U,C,D, f), v6i moi (x,y) € U va § € [0.5,1] , Khi d6 IFRZ (x,y) = (y, Ly, Vy) V6i

a € C dudc xac dinh béi:

1—la(x)—a)| if pa(x,y) > 6
0if other (3.1

W=1-u

Trong d6 p, (x,y) = W Khi d6, gia tri p, ludn thudc doan [0.5,1]. Khi gia



64
tri 8 = 0.5, quan hé vu tién nay c6 tinh chit phan xa va bac cau, khi § > 0.5 quan hé
uu tién nay chi c6 tinh bac cau.
Dinh nghia 3.3 (Ma trin quan hé uu tién md tryc cam). Cho bing quyét dinh DT =
(U,C,D, f) va quan hé uu tién md truc cdm IFRZ tuong ing véi thudc tinh a € C xac
dinh trén U. Khi d6 IFR= ¢6 thé dugc biéu dién bdi ma tran quan hé M= = [i, j],xn.

Vi du 3.1. Xét bang quyét dinh cho trong Bang 1.3, v6i 6 = 0.5, ta c6:

(1,0) (1,0) (0.8,0.2) (0.2,0.8) (0.2,0.8) (0.2,0.8)
(1,0) (1,0) (0.8,0.2) (0.2,0.8) (0.2,0.8) (0.2,0.8)
> (0,1) (0,1) (1,0) (0.4,0.6) (0.4,0.6) (0.4,0.6)
oo 01 (01 (1,0)  (1,0) (1,0
(0.1) (0.1) (0,1) (1,00  (1,0)  (1,0)
(0.1 (0,1) (0,1)  (1,0)  (1,0)  (1,0)

Dinh nghia 3.4 (Hop hai ma tran). Cho bang quyét dinh DT = (U,C,D, f) va hai ma
tran quan hé uu ti€én mo truc cam M, >,Mb tuong ung cua a,b € C xac dinh trén U.

Khi d6 hgp cua hai ma tran dudc dinh nghia béi

Mz UM (i, j] = max (MZ[i, j],M; [i, j]) (3.2)

Dinh nghia 3.5 (Giao hai ma tran). Cho bang quyét dinh DT = (U,C, D, f) va hai ma
tran quan hé uu ti€én mao truc cam M, >,Mb tuong ung cua a,b € C xac dinh trén U.

Khi d6 giao cua hai ma tran dugc dinh nghia béi
Mg My [i, j) = min (Mg [i, j},M; 17, ]]) (3.3)

Dinh nghia 3.6 (C4 s con IF-subbase). Cho bang quyét dinh DT = (U,C, D, f). Khi

do IF-subbase cua a € C dudc dinh nghia bdi:

Sa = {SL, S5} (3.4)
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Trong d6 SE va S® 1an lugt 1a IF-subbase trdi tuong dng véi ma tran quan hé M=
va [F-subbase phai tuong ting v4i ma tran quan hé (Maz) " trén thudc tinh a € C, voi
(MZ) " 12 ma tran chuyén vi ctia ma tran M=,

Vi du 3.2. Tiép theo Vi du 3.1, thyc hién phép lay ddi xiing ta cé:

(1,0) (1,00 (0,1)  (0,1) (0,1) (0,1) |
(1,0) (1,0) (0,1) (0,1) (0,1) (0,1)
)T (0.8,0.2) (0.8,0.2) (1,0)  (0,1) (0,1) (0,1)
(0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)
(0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)
(0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)

Dinh nghia 3.7 (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 cta hai IF-subbase
dugc dinh nghia bdi:

SpNSy={S;NS;. Sk NSk (3.5)

Dinh nghia 3.8 (Hop 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 hgp cua hai IF-subbase

dugc dinh nghia bdi:
SpUS, = {ShusL SxuSH (3.6)

DPinh nghia 3.9 (Co s IF-base). Cho bang quyét dinh DT = (U,C,D, f) va IF-
subbase S, = {S%, SR} tuong tng véi a € C , trong d6 S5 dugc goi 1a IF-subbase

trdi va S® dugc goi 1a IF-subbase phai. Khi d6 IF-base B, dudc dinh nghia béi:
B, =St NS,k (3.7)

Dinh nghia 3.10 (Topd md truc cam IFT). Cho bang quyét dinh DT = (U,C, D, f) va
IF-base B, tuong tng véi a € C. Khi d6 IFT .7, dudc dinh nghia bdi:

Tu={c:c=U{beB},BCB,} (3.8)
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Ménh dé 3.1 (IFT tit IE-base). Cho bdng quyét dinh DT = (U,C,D, f) va B, la mot

IF-base duoc xdc dinh bdi cong thiic 3.7. Khi do, B, la mét co sd ciia 7.

Chiing minh. : Ta c6 hai diéu phai chiing minh

(1) Theo dinh nghia 3.9 ta ¢6 B, = SEN SR 1a mot tap cac quan hé md truc cam chi
c6 tinh chét phan xa va dbi xing do IF-subbase trai S& va IF-subbase phéi S 1a cac
thanh phan dbi xdng nhau.

(2) Theo dinh nghia 3.10 vé cAu tric topd IFT trén co sé IF-base va dinh nghia

1.13 vé co s ctia mot topo ta thiy 16 rang B, 13 mot IF-base.

Tur (1) va (2) ta c6 diéu phai chiing minh (dpcm) ]
Vi du 3.3._Tiép theo vi dy 3.2, thuc hién phép todn giao cua hai ma tran ddi xung ta
(1,0) (1,0) (0,1) (0,1) (0,1) (0,1)
(1,0) (1,0) (0,1) (0,1) (0,1) (0,1)
¢ B, — (0,1) (0,1) (1,0) (0,1) (0,1) (0,1)
(0,1) (0,1) (0,1) (1,0) (1,0) (1,0)
(0,1) (0,1) (0,1) (1,0) (1,0) (1,0)
(0,1) (0,1) (0,1) (1,0) (1,0) (1,0)

Meénh dé 3.2 (So sdnh hai IF-topd). Cho bdng quyét dinh DT = (U,C,D, f) va hai
16p6 7, T, tuong ing cia p,q € C. Khi do, T, < I, néu B, < By.

Chiing minh. Theo dinh nghia cAu triic IF-topo trén IF-base ta c6 dpecm. U

Dinh nghia 3.11 (IF-subbase ctia tip thudc tinh). Cho bang quyét dinh DT = (U,C, D, f)
, V6i moi p,q € C. Khi d6 IF-subbase cua {p} U{q} dudc dinh nghia bdi:

Sipyuiqr = SpMNSq (3.9)

Ménh dé 3.3 (So sanh hai IF-subbase). Cho bdng quyét dinh DT = (U,C,D, f) va
hai IF-subbases Sp, Sg tuong iing voi P,Q C C. Khi do Sg < Sp néu P C Q.
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Chiing minh. Theo dinh nghia 3.8 va phép toan giao trén tip nén IFS ta c6 dpcm. [

Dinh nghia 3.12 (IF-base min nhit). Cho bing quyét dinh DT = (U,C,D, f) va IF-
base B, tuong véi a € C. Khi d6 B, dudc goi 1a IF-base min nhit (smoothest) néu:
lLipifi=j

Ba [laj] =
O7F if other

Trong d6 1;r = (1,0) va 0;r = (0,1). Ki hiéu IF-base min nhét la B; 1a co s6 cia

topo don vi md truc cam.

3.3. Pé xuit do do tueng dong ctia hai topdé mo truc cam

Pinh nghia 3.13 (Khoang cich giita hai IF-subbase). Cho bang quyét dinh DT =
(U,C,D, f) va hai IF-subbases S,, S, tuong ung véi p,q € C. Khi d6, do khac biét
gitia S, va S, dudc dinh nghia bdi:

1 U]
£(Sp,S,) = W (|S5 US| =[Sy [N Se i)
"; (3.10)
+ﬁ2(\5’? USK ] — SR NSF[])

Ménh dé 3.4 (Do khac biét gitta hai IF-subbase). Cho bdng quyét dinh DT = (U,C, D, f)
va hai IF-subbases S, S, tuong iing vdi p,q € C. Khi do:
U|
£ (Sp,S,) = ur ; S5 USL| - [S5 [ NS5 [i]) (3.11)

La do khdc biét giia Sp, va S,

Chiing minh. Vi S5, SR, va SL, SX 1a d6i xiing 1dn nhau, do d6 |S5| = |SR| va |SL| =

’Sg } Ta c6 dpem. 0

Ménh dé 3.5 (Do phu thudc cta thudc tinh theo IF-subbase). Cho bdng quyét dinh
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DT = (U,C,D, f) va hai IF-subbases S¢ and Sc_p twong ving vdi C va CUD. Khi do:

U|
¢ (Sc.Scup) = ﬁ; (IS5l = sp i nselil]) (3.12)

La dé phu thudc cua thudc tinh D vdi thudc tinh C.

Chiing minh. Theo ménh dé 3.4 ta c6:

U
£ (SpSpuc) = wiz Y. (1S58 cli] =[S0 Shc )
|U|
_ ﬁ ; ({Slﬁ [l] U (Sg [l] ﬂSIé [l])‘ — ‘SIE [l] N (SzL) [l] ﬂSé M) ‘)
|U|
_ ﬁ;% ] — IS5 [ N Sé i)
Ta c6 dpcm. : -

Meénh deé 3.6 (Tinh chat phan don diéu ctia do do tuong ddng). Cho bdng quyér dinh
DT = (U,C,D, f) va hai IF-subbases Sp, Sc tuong iing vdi B va C. Khi dé, néu B C C
thi § (Sp,Spuc) < ¢ (Sp,Spus):

Chiing minh. Theo ménh dé 3.3, vi B C C, S& < Sk, nghia 1a v6i moi x € U, néu
[ € W i [E] < |G| Khi d6 € (S, Spc) < £ (Sn,Soum). O

3.4. Giam thudc tinh trong bang quyét dinh theo tiép cin topé mo
truc cam
3.4.1. Pé xudt thudt todn tim reduct trong bang quyét dinh theo phuong phdp filter,
si dung cdu triic topé mo truc cam

Dinh nghia 3.14 (D6 quan trong ctia thudc tinh). Cho bang quyét dinh DT = (U, C, D, f)
va tap thudc tinh R C C. Khi d6, do quan trong cua thudc tinh a € C — R véi tap thudc
tinh R dugc dinh nghia bdi:

Sigr (a) = ¢ (Sp,Spurufa}) — € (Sp,SDUR) (3.13)
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Meénh dé 3.7 (Tinh tdn tai ciia reduct). Cho bdng quyét dinh DT = (U,C,D, f) va hai
IF-bases Bg va B¢ tudng ving véi R C C. Khi do, néu Bg = By thi Bc = By.

Chuing minh. Vi R C C, S¢ = SRU{C—R} = Sk mS{C—R}’ nghia la B¢ = By ﬂB{C_R}.

Khid(/)BR:B[%BC:BlﬁB{CiR}:Bl. ]

Dua trén ménh dé 3.9 ta c6 thé khang dinh, néu mot bang quyét dinh ton tai mot
tap con R clia tap thudc tinh ban dau C ma Bg 12 c¢o s& min nhét thi chic chin B¢ cling
12 co s6 min nhat. Nghia 1a Bg = B¢ = B;. Khi do, reduct theo tiép can topd c6 thé
dugc dinh nghia nhu sau:
Dinh nghia 3.15 (Tap rt gon theo tiép can tdpd don vi). Cho bang quyét dinh DT =
(U,C,D, f) vaR C C. Khi d6 R dugc goi 1a mot reduct cta C khi va chi khi

(1) Bk = By

(2) Bg_ # B; v6i moi c € R

Pé dam bio tinh ton tai cia By, quan hé uu tién md truc cam dé xuit phai cé tinh
chit phan xa, do d6 gid tri § dudc chon mic dinh 14 0.5 cho toan bd cic vi du minh
hoa va thuc nghiém cdc thuat todn. Sau day 1a phan dé xuat thuat todn F_IFT tim
reduct theo phuong phap filter.

Tiép theo sé 12 phan dénh gia do phiic tap clia thuat toan. Trudc tién, ki hiéu |U|, |C|
1an ludt 12 s6 luong cic ddi tuong va s ludng cac thude tinh cia bang quyét dinh
DT = (U,C,D, f).

(1) Do phiic tap tai cac budc 4-6 la & (]C| |U\2);

(2) Do phuc tap tai cac budc 8-10 1a & ( |C —R| |U|2), do phic tap tai buée 11
la & (|C —R|), dd phiic tap tai buéc 13 1la& |U|2). Do d6, do phuc tap tai cac budc
71414 6 <|R| C—R| |U|2);

Tu (1) va (2) ta c6 do phic tap ctua thuat toan F_IFT algorithm la & (|R\ |C—R||U ]2) :
Vi du 3.4. D€ minh hoa qua trinh hoat dong cta thuat todn dé xuit, sau diy 1a phan

trinh bay vi du s6 cho thuét toan F_IFT.
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Thuét toan 3.1 Giam thudc tinh theo phuong phép filter sit dung tiép cin topd mo
truc cam (F_IFT)
Input: Bang quyét dinh DT = (U,C,D, f) va § = 0.5
Output: Tap rat gon R
R+ 0;
Bpg 12 co s6 md truc cam tho nhit;
B; 12 c6 s md truc cam min nhat;
forallcc CUD do
calculate S; {theo cong thuc 3.1 va 3.4}
end for
while Bi # B; do
forallcc C—Rdo
calculate Sigg (c); {theo cOng thic 3.13}
end for
select ¢,, € C—R: Sigg (cm) = c]gICaxR {Sigr(c)};
R+ RU{cn};
update Bg; {theo cong thuc 3.7}

: end while
: return R;

A AU e

,_H
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Cho bang quyét dinh DT = (U,C, D, f) dudc trinh bay nhu trong Bang 1.3 trong
d6 U = {uy,up,u3,us,us,uc} vaC ={a,b,c,d,e, f}.
Giai doan khdi tao:
ST < 0; Ry < 0; Rr < 0; R + 0; Bg 13 c6 s md truc cam thd nhit; By 1a co s6
md truc cdm min nhat;
Giai doan tinh cdc IF-subbase ban ddu S,, Sp , S¢ , Sq ., Se | AY>
Giai doan filter:
Vi Br # B; do d6 thuc hién tinh toan dd quan trong cua ting thudc tinh theo IF-
subbase nhu sau:
= ¢ (Sp,Spurutay) — € (Sp,Spur) = 0.23
= & (S, Spuruipy) — € (Sp,Spur) = 0.21
Sigr (¢) = & (Sp,Spuruie}) — & (S, Spur) = 0.22
=& (Sp,Spurufar) — & (Sp,Spur) = 0.19
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Sigr(e) = ¢ (SD;SDURU{e}) — & (Sp,Spur) =0.21
Sigr (f) = € (Sp.Spurugsy) — € (Sp,Spur) = 0.21
Vi Sigg (a) 16n nhiat nén R = RU {a} = {a} va cap nhat lai Bg. Vi Bg # B, khi d6
tiép tuc tinh do quan trong ctia cac thudc tinh con lai ta cé:
b) = ¢ (Sp;Spurupy) — & (Sp,Spur) = 0.08
) (Sp,Spuruc) — & (Sp,Spur) = 0.04

Vi: Sigg (b) 16n nhit nén R = RU {a} = {a,b}, va cap nhat lai Bg. Vi Bg # B; khi
dé6 tiép tuc tinh do quan trong ctia cic thudc tinh con lai ta co:

Sige = & (Sp,Spurugey) — € (Sp,Spur) = 0.01

Siga = ¢ (Sp,Spuruay) — € (Sp,Spur) = 0.01

Sige = § (Sp,Spurugey) — € (Sp,Spur) = 0.01

Sigr=¢ (SDvSDURU{f}) —{(Sp,Spur) =0.01

Vi Sigr (¢) = Sigg (d) = Sigg (e) = Sigr (f) do d6 ta chon ¢. Khi d6 R=RU{c} =
{a,b,c}. Cap nhat lai Bg ta c6 Bg = B;. Khi d6 vong lip két thiic. Ta c6 R = {a,b,c}

la reduct cua thuat toan F_IFT algorithm.

3.4.2. Dé xudt thudt todn tim reduct trong bang quyét dinh theo phwong phdp lai

ghép filter - wrapper, sit dung cdu triic top6 mo truc cam

VE co ban, phuong phap chon loc thudc tinh dudc st dung trong thuat toan F_IFT
van theo tiép can dd do, do d6 kh4 ning phan loai gilta cac thudc tinh vin con thap.
Khi d6, trong qua trinh danh gid, c6 thé xuat hién nhiéu thudc tinh c6 ciing dd quan
trong nhu nhau din t6i bd sét cac thudc tinh ting vién c6 thé tét hon trong thuc té.

P& gidi quyét han ché cta thuat toan F_IFT, sau day 13 phan dé xuit thuat ton lai

ghép filter - wrapper FW_IFT tim reduct vé6i cAu tric dit liéu Stack dugc st dung.
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Trong d6 céc tap thudc tinh ting vién tai giai doan filter sé dugc ddy vao Stack dé

sinh cac reduct ing vién cho giai doan wrapper cua thuit toan.

Thuét toan 3.2 Phuong phdp giam thudc tinh lai ghép filter - wrapper st dung tiép
can topd md truc cam (FW_IFT)
Input: Bing quyét dinh DT = (U,C,D, f) va § = 0.5, m6 hinh phan 16p Model
Output: Tap rut gon R
ST < 0; Ry <+ 0; Rp <+ 0; R < 0;
Bg, 1a c0 s6 mJ tryc cam tho nha;
B; 14 ¢d s6 md truc cam min nhét;
forallce CUD do

calculate S; {theo cong thuc 3.1 va 3.4}
end for
for all c € C—Rr do

calculate Sigg, (¢); {theo cOng thic 3.13}
end for
for all ¢,, € { Max {Sigg,(c)}} do

ceC—Rp

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

13: while ST # 0 do

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

16: ifBRF = B; then

R A L R S e

ﬁ
e

17: Rw =Ry U{Rr}; {Pua reduct Gng vién vao danh sach}
18:  else

19: quay lai buéc 10;

20:  end if

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

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

27: return R;

Trong d6 ST 1a céu tric dit liéu ngin xép Stack vdi cac phép toan PUSH dé day dit
liéu vao va POP dé day dit liéu ra khoi Stack. Ry 1a reduct ung vién tai budc filter ctia
thuat toan, Ry 1a danh sach chia cac reduct ting vién cho giai doan wrapper cia thuat

toan.
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Tiép theo sé 1a phan danh gid do phtic tap cta thuat toan. Trudc tién, ki hiéu |U|,|C]|
lan luot 14 sd luong cac d6i tuong va sd luong cac thudc tinh ctia bang quyét dinh
DT = (U,C,D, f).

(1) B0 phtic tap tai cac budc 4-6 1la & (]C| |U|2);

(2) Do phuc tap tai cac buée 7-9 1a & (|C — Rp| |U|2);

(3) b9 phic tap tai cac buée 10-121a & (|C — Rp|);

(4) Do phuic tap tai cdc budc 13-21 12 @ (|ST| IC— Ry| |U|2);

(5) From (1), (2), (3), va (4), ta c6 do phtc tap cua thuat toan FW_IFT tai giai doan
filter 12 & (|ST| C— Rr| |U\2);

(6) Gia st do phiic tap cia md hinh phan 16p Model 1a ¢ (|T|). Khi d6, do phiic
tap tai budc 22-26 la & (|Rw||T|);

Tu (5) va (6), ta c6 do phiic tap cta thuat toan FW_IFT la: & (]ST| |IC —RF| |U|2) +
O (|Rwl[T|) -
Vi du 3.5. D& minh hoa qua trinh hoat dong clia thuat todn dé xuat, sau day sé 1a phan
trinh bay vi du s6 cho thuat toan FW_IFT.

Cho bang quyét dinh DT = (U,C, D, f) dudc trinh bay nhu trong Bang 1.3 trong
d6 U = {uy,up,us,us,us,uc} vaC = {a,b,c,d,e, f}.
Giai doan khdi tao

ST < 0; Rw < 0; Rr < 0; R <— 0; Bg, 1a cd s6 md tryc cam tho nhat; By 1a cd sd
md truc cam min nhat;
Giai doan tinh cdc IF-subbase ban ddu S,, Sp , S¢ , Sq ., Se | Ay

Tinh d§ quan trong cua tiing thudc tinh trong C — Rf ta cé:

Sigry: (a) =G (SD7SDURU{a}) - (SD,SDuR) =0.23

Sigry (b) = ¢ (Sp,Spuruipy) — € (Sp,Spur) = 0.21
Sigry (¢) = & (Sp.Spuruicet) — € (Sp,Spur) = 0.22
Sigr, (d) = € (Sp,Spurugay) — ¢ (Sp,Spur) = 0.19
Sigry (¢) = & (Sp,Spurutet) — € (Sp,Spur) = 0.21



74
Sigry (f) = € (Sp,Spurutsy) — € (Sp,Spur) = 0.21
Vi Sigg, (a) 12 16n nhét nén thyc hién ST.PUSH (R U{a}) do d6 ST = {a}
Giai doan filter
Vi ST = {a} # 0 nén thuc hién Ry = ST.POP = {a}. Khi d6 ST = 0 va By, # B

nén tinh dd quan trong cta cac thudc tinh con lai trong C — R v6i Rp ta co:

Sigr; (b) = § (Sp,Spuruisy) — € (Sp.Spur) = 0.08
Sigry (¢) = & (Sp,Spuruier) — € (Sp,Spur) = 0.04
Sigry (d) = ¢ (SD’SDURU{d}) ¢ (Sp,Spur) = 0.02
Sigr, () = & (Sp,Spuruter) — € (Sp,Spur) = 0.01
Sigry (f) = & (Sp.Spuruisy) — & (Sp,Spur) = 0.05

Vi Sigg, (b) 1216n nhit nén thyc hién ST.PUSH (R U{a}) do d6 ST = {a,b}

Vi ST ={a,b} # 0 nén thuc hién Rr = ST.POP = {a}. Khi d6 ST =0 va Bg, # B
nén tinh do quan trong cua cac thudc tinh con lai trong C — R véi R ta c6:

Sige=2¢ (SD,SDURU{c}) — & (Sp,Spur) =0.01

Siga = € (Sp.Spurugar) — € (Sp,Spur) = 0.01

Sige = § (Sp,Spurugey) — & (Sp,Spur) = 0.01

Sigr = € (Sp,Spurugsy) — € (Sp,Spur) = 0.01

Vi Sigg,. (c) = Sigr, (d) = Sigr, (e) = Sigr, (f) nén ta thuc hién cdc 1énh:

ST.PUSH (Rp U{c}); ST.PUSH (Rr U{d});

ST.PUSH (RpU{e}); ST.PUSH (RFU{f});

Khi d6 ST = {{a,b,c};{a,b,d};{a,b,e};{a,b,f}}

Vi ST # 0 nén thuc hién Rp = ST.POP ={a,b, f}.

Khi d6 ST = {{a,b,c};{a,b,d};{a,b,e}}.

Vi Bg, = By do d6 Rw = Rw URr = {{a,b, f}}

Vi ST # 0 nén thuc hién R = ST.POP = {a,b,e}.

Khi d6 ST = {{a,b,c};{a,b,d}}.
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Vi Bg, = By do d6 Ry = Rw URF ={{a,b, f};{a,b,e}}

Vi ST # 0 nén thuc hién Ry = ST.POP = {a,b,d}.

Khi d6 ST = {{a,b,c}}.

ViBg, = By do d6 Rw = Rw URr = {{a,b, f};{a,b,e};{a,b,d}}

Vi ST # 0 nén thuc hién Ry = ST.POP = {a,b,c} do d6 ST = 0. Vi Bg = B; do
do:

Rw = RwURp ={{a,b, f};{a,b,e};{a,b,d};{a,b,c}}

Vi ST = 0 nén két thic giai doan filter, chuyén sang giai doan wrapper.
Giai doan wrapper

Thuc hién danh gia kha nang phan 16p cua tiing reduct tng vién r € Ry . Xac dinh
ting vién nao c6 kha ning phan I16p cao nhét trén md hinh Model. Gia st ting vién
r = {a,b,e} c6 kha ning phan 16p cao nhét, khi d6 reduct thiic su ctia thuit toan
FW_IFT thu dugc 1a R = {a,b,e}.

3.4.3. Thuc nghiém va ddnh gia cdc thudt toan

Phan nay sé trinh bay mot s6 két qua thuc nghiém ctia hai thut toan dé suat F_IFT
va FW_IFT trén mot sd bo dit liéu ctia UCI. Muc tiéu ctia thuc nghiém nham cing cb
gia thiét phuong phéap gidm thudc tinh theo tiép can topo cho reduct tdi uu hon tiép
can do do truyén thdng [38]. Trong dé thuit toan F_IFT sé dudc so sanh vdi cac thuit
toan cia A. Tan [15], [36] va Thang [113]. Thuat toan FW_IFT s€ dudc so sanh véi
thuat toan FW_IFD [113].

3.4.3.1. Ké hoach thuc nghiém

Céc thuat toan dudc cai dit bang ngdn ngit 1ap trinh Pyhton va chay trén nén hé
diéu hanh Window 10 véi cAu hinh phan ciing 1a b xt ly Core 15, ram 8GB. Ciing
v6i 12 tap dit liéu thi nghiém duoc tai vé tir UCI dudc md ta chi tiét trong Bang 3.1.

Trong d6 |U| 1a sb lugng mau, |C| 1a s6 thudc tinh diéu kién va |D| 1a s6 phan 16p cla



76

Bang 3.1: M6 td dit liéu thuc nghiém

ID | Data | Describe U] IC| |D|
1 | Wine | Wine 178 13 3
2 | Heart | Statlog (Heart) 270 13 2
3 | Wdbc | Breast Cancer Wisconsin (Diagnostic) | 569 30 2
4 | Wpbc | Breast Cancer Wisconsin (Prognostic) | 198 33 2
5 | Iono Ionosphere 351 34 2
6 | UFDC | Ultrasonic flowmeter diagnostics (C) 181 43 4
7 | Sona | Connectionist Bench 208 60 2
8 | Libras | Libras Movement 360 90 15
9 | Musk | Musk 476 166 2
10 | LVB Voice Rehabilitation(Binary) 126 310 2
11 | LVG Voice Rehabilitation(Gender) 126 310 2
12 | PD Parkinson’s Disease Classification 756 754 2

thudc tinh quyét dinh trong méi tap dit liéu (dataset).

Céc tap dit liéu thit nghiém déu 1a cac dataset c6 thudc tinh diéu kién mién gia tri
s6 lién tuc. Do d6, tru6e khi thuc hién thuit toan gidm thudc tinh, mién gia tri cla cac
thudc tinh sé dudc chuidn héa vé doan [0,1]. Po tuong tu va do khong tuong tu cia
quan hé uu tién md truc cdm dudc tinh giéng phan thuc nghiém clia chuong 2 luan 4n.

Dé€ danh gia kha niang phan 16p chinh xé4c cta reduct. Chuong nay st dung hai mo
hinh phan 16p dit liéu s6 12 SVM va k-NN(k=IDI). Po do danh gia va phuong phap
danh gia do chinh xac trén cac mod hinh la d6 do Accuracy va phuong phap danh gia

chéo 10-folde dugc st dung chung cho toan bo cac reduct thu dudc ti cac thuat toan.

3.4.3.2. Kich bdn thuc nghiém

Nham khang dinh phuong phdp gidm thudc tinh dé xuét 1a hiéu qua hon vé kha
ning phan 16p so v6i mot sd phuong phap gidm thudc tinh khac trén nén tap mo truc
cam, chuong ndy tién hanh thuc nghiém céc thuat toan dé xuat theo cic kich ban nhu
sau:

1) So sanh reduct ctia thuit toan dé xuat F_IFT vdi cac thuat toan filter theo tiép

can khodng cdch md truc cam F_IFD [113], thuat toan filter theo tiép cAn mién duong
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Hinh 3.1: Tdp rut gon thu duoc tie thudt todan F_IFT

ID | Datasets Tap rut gon

1 Wine [7, 11, 9]

2 Heart [0, 7, 9]

3 Wdbc [21, 4]

4 Wpbc [0, 1]

5 Iono [18,9, 3,25,30,6,7,5,2,19,23,32,12,4, 27, 8]
6 | UFDC [3, 26, 10, 42, 6, 29]

7 Sona [19, 30]

8 Libras [66, 1,71, 0, 88, 39, 89, 51, 58]

9 Musk [31, 62, 162, 164, 89, 25, 115, 106]

10 | LVB [58, 51]

11 | LVG [79, 82, 56, 84, 47, 49]

12 | PD [0, 420, 421, 422, 423, 424, 426, 427, 430, 437, 502, 613]

mo truc cdm F_IFPOS [36] va thuat todn filter theo tiép can Entropy thong tin mo
truc cdm F_IFE [15]. Trong d6 cdc tiéu chi dudc st dung dé so sanh va danh gia bao
gdm kha ning phan 16p (accuracy), sd lugng phan ti cia reduct (|R|) va chi phi tinh
toan cua thuat toan (second).

2) So sanh reduct ctia thuat toan dé xuat F_IFT vdéi thuat toan filter - wrapper theo
tiép can khoang cadch md truc cam FW_IFD [113]. Trong d6 cic tiéu chi dudc st dung
dé€ so sanh va danh gid bao gdm kha ning phan 16p (accuracy), sd luong phan tit cia

reduct (|R|) va chi phi tinh toan cta thuét toan (second).

3.4.3.3. Ddnh gid thudt todan F_IFT

Bang 3.1 mo ta cac reduct thu dudc ti thuat toan F_IFT trén tung tap di liéu. Trong
d6 tén clia cdc thuodc tinh dudc danh s6 1an lugt tir O dén |C — 1|. Bang 3.2 so sanh
s6 Iuong phan tif reduct thu dudc tit cac thuit todn. Két qua thuc nghiém dudc trinh
bay trong Bang 3.2 cho thiy sb luong phan tif trung binh clia cic reduct thu dugc tir
thuat toan dé xuét F_IFT thip hon ding k€ so vdi cac thuit todn khac. Quan sit biéu

dd phan tich sy tuong quan vé s6 ludgng phan ti reduct (tri) trong Hinh 3.4, ta c6 thé
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ID F_IFT F_IFD F_IFPOS F_IFE C]
1 3 10 13 11 13
2 3 13 13 13 13
3 2 16 21 7 30
4 2 14 22 18 33
5 16 16 29 17 34
6 6 6 16 5 43
7 2 10 44 12 60
8 9 10 22 30 90
9 8 8 61 10 166
10 2 5 60 5 310
11 6 6 60 6 310
12 5 23 90 10 754

Bang 3.3: So sdnh khd nang phdn I6p chinh xdc cuia reduct thu duoc tix cdc thudt todn

theo tiép cdn filter trén mé hinh phdn 16p KNN

ID F_IFT F_IFD F_IFPOS F_IFE C]|
1 86.62 96.93 98.96 88.12 96.24
2 72.84 717.57 84.85 77.71 1.7
3 74.91 93.66 97.72 90.48 95.13
4 74.82 79.21 77.61 79 77.81
5 90.89 89.72 88.28 88.63 86.26
6 76.71 68.9 55.65 70.61 79.2
7 52.83 60.67 67.45 61.93 68.95
8 76.62 70.79 62.46 77.88 75.21
9 66.14 66.17 72.25 73.16 77.61
10 57.55 56.31 86.76 64.92 67.85
11 62.07 60.91 85.83 75.76 69.54
12 80.11 84.91 88.28 86.6 84.05

thiy s6 thudc tinh ting 1én nhung s6 luong phan ti reduct khong ting. Do d6, chiing
ta c6 thé khang dinh phuong phap giam thudc tinh theo tiép can topd giam chiéu tot
hon so véi cdc tiép can do do trén nén tip md truc cam.

Hon nifa, chi phi tinh todn clia thuét todn gidm thudc tinh dé xuat F_IFT ciing dudc

cai thién ddng k& so véi cac thuat todn khac. Quan st biéu do phan tich su tuong quan
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Bang 3.4: So sdnh khd ndang phdn I0p chinh xdc cia reduct thu dugc ti cdc thudt todn
theo tiép cdn filter trén mo hinh phdn lop SVM

ID F_IFT F_IFD F_IFPOS F_IFE C]
1 89.37 97.45 98.14 93.55 98.64
2 75.33 84.35 84.81 84.36 84.91
3 80.79 96.96 97.62 92.34 98.99
4 77.71 76.3 77.51 76.13 78.9
5 87.09 84.46 88.17 86.22 88.07
6 36.39 35.13 55.7 43.94 43.92
7 64.23 64.34 67.18 72.71 65.3
8 57.46 59.31 62.53 65.92 71.68
9 66.48 63.76 72.22 72.71 75.49
10 67.03 67.55 86.45 68.86 83.06
11 67.83 67.98 85.3 82.37 89.92
12 84.83 84.75 88.38 86.39 81.37

vé chi phi tinh todn (phdi) trong Hinh 3.4, ta c6 thé thy chi phi tinh todn clia thuat
todn hau nhu khong bién dong trén cic bd dit liéu c6 sd luong thudc tinh nhé hon 500,
va bién dong thip nhit trén cac bo dit lidu c6 sd luong thudc tinh 16n hon 500.

Tuy nhién, kha niing phan 16p chinh x4c cta reduct thu dudc ti thuat todn dé xuat
van con han ché. Quan sat két qua thong ké vé kha ning phan 16p céc reduct thu dudc
tif thuat todn dé xuét trén mo hinh phan 16p KNN trong Bang 3.3, trén m6 hinh phan
16p SVM trong Bang 3.4. Ta c6 thé thiy do chinh xdc trung binh trén toan bd céc tap
dit liéu ctia hai mo hinh déu thip hon so vdi céc thuit toan khac. Sau dy 1a cac phan
tich vé nguyén nhan anh hudng t6i chi phi tinh toan ctia thuat toan F_IFT, s6 luong

phan ti va kha ning phan 16p chinh xdc cta reduct thu dudc bdi thuat toan F_IFT.

- Kich thudc ciia reduct: Cac két qua phan tich va thong ké trong phan thuc nghiém
cho thdy thuat toan dé xuit F_IFT hiéu qui vé gidm thudc tinh. Nguyén nhan chinh
4nh hudng tot toi kha ning gidm thudc tinh dé 12 phuong phap dinh nghia reduct theo
tiép can topd nhu di dugc dé xuit trong phan nghién ctiu ly thuyét ctia Chuong 3. Két
qua ndy 1a hoan toan phu hdp véi phuong phap danh gia do tuong dong vé mit cu

tric trong topd nhu da dudc khang dinh trong cdc két qua nghién ctiu clia Yu va cic
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cong su trong [38].

- Chi phi tinh todn ctia thudt todn: Cing dua trén phuong phap dinh nghia reduct
theo tiép can topo. Thay vi phai d6i sanh do tuong dong giita topd cua tip thudc rit
gon thong qua By véi topod cia tap thudc tinh ban dau thong qua Bc, chuong nay st
dung khdi niém t6po don vi thong qua B; dé 1am diéu kién diing cho thuat toan. Khi
d6, ching ta khong phai tinh todn B¢ nén gidm déng k€ chi phi tinh todn clia thuét
toan. Hon nita khi reduct c6 s6 lugng phan ti cang nho thi thdi gian hoi tu ctia thuat
todn cang nhanh. Pay 13 nhitng nguyén nhan quan trong cai thién tot chi phi tinh toan

cua thuat toan F_IFT.

- Khd ndng phdn Idp: Trai lai véi sb luong phan ti clia reduct dudc cai thién ddng
k€ thi kha ning phan I16p con gip nhiéu han ché. Nguyén nhan chinh d6 la phuong
phdp danh gid reduct dé xuét trong nghién cttu ctia Chuong 3 van dua trén tiép can
do do do tuong tu. Pay cling chinh 12 nhugc diém ctia hau hét cac phuong phap giam

thudc tinh hién nay nhu da dudc trinh bay trong phan M3 dau ctia luan 4n.

100 100

—s—F IFT 404 |— 88— F_lFT 40
—e—F_IFD —e—F_IFD

50 F_IFPOS oo 07 F_IFPOS 35
—v—F_IFE 0] —T—F_IFE [ 30

60

T
D
o

20
40

i= 154 \ e 15
/ J 10 1 10

20 20
7.7 \/‘ \ / v 51 T b
— 8=—F% '/ V”/'V\y\ ,__/
0 l—l\. / \7 o 0 -/!/ @ o v . - . { 0

13 13 30 33 34 43 60 90 166 310 310 754 13 13 30 33 34'43 60 90 166 310 310 754
|C] (attribute) |C| (attribute)

|R| (attribute)
5

Time (second)
3
1

Hinh 3.4: Biéu do ddnh gid su tuwong quan vé sé luong phan ti reduct (trdi) va chi
phi tinh todn (phdi) vdi sé luong thudc tinh ban ddau ciia thudt todn F_IFT so vdi cdc
thudt todn khdc
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3.4.3.4. Ddnh gid thudt toan FW_IFT

Céc Bang 3.5 va Bang 3.6 trinh bay reduct thu dudc tir thuit toan dé xuat FW_IFT
trén tung tap du liéu tuong ung trén hai mo hinh phan 16p SVM va KNN. Trong cac
béng nay, tén clia cac thudc tinh cling dudc danh sb thd tu tir 0 dén |C| — 1 d€ tién cho
qua trinh thong ké va quan sat cac thudc tinh thu dudc sau rit gon.

Bang 3.7 so sanh s lugng phan ti reduct thu dudc ti cac thuét toan. Ca hai thuat
todn so sanh déu st dung phuong phap lai ghép filter - wrapper trén hai mo hinh phan
16p dit liéu SVM va KNN.

Bang 3.5: Tdp rit gon thu duoc tir thudt todn FW_IFT trén mé hinh phdn lép SVM

ID | Data Reduct sets

1 Wine [7,9,10, 11, 12]

2 Heart [0,8,9, 11, 12]

3 Wdbc [21, 22, 24]

4 Wpbc [0, 1]

5 Iono [18,0, 2, 3,4, 5, 10]

6 UFDC [3,17, 19, 20, 21, 22, 23, 25]

7 Sona [19, 10, 11]

8 Libras [66, 10, 11, 14, 15, 16, 19, 20, 23, 26, 29, 34, 35, 41, 44, 51,
61, 72]

9 Musk [31, 161, 162, 163, 164]

10 |LVB [58, 81, 82, 83, 84, 88]

11 | LVG [79, 88, 89, 90, 91, 92, 93]

12 | PD [0, 420, 421, 422, 427, 430, 437, 502, 613]

Két qua thuc nghiém dudgc trinh bay trong Bang 3.7 cho thy s6 ludng phan tir
trung binh cla cic reduct thu dudc tir thuat toan dé xuat FW_IFT cai thién tot hon
so v4i thuat toan theo tiép cin do do khoang cach md. Quan sat biéu do phan tich su
tuong quan vé s6 luong phan i reduct (trai) trong Hinh 3.7 va Hinh 3.8, ta c6 thé thiy
s6 thuoc tinh ting 1én nhung s6 luong phan ti reduct khong ting dang ké, hon nita
tinh &n dinh vé s6 luong phan tif dat dudc trén hau hét cic bo dit liéu.

Hon nita, kha ning phan 16p ctia cac reduct thu dudc tif thuat todn dé xuat dudc cai

thién dang ké, tot hon so véi thuat toan theo tiép can do do khoang cach md truc cam.
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Bang 3.6: Tdp riit gon thu dugc tir thudt todn FW_IFT trén mé hinh phdn l6p KNN

ID | Data Reduct sets

1 Wine [7,10, 11, 12]

2 Heart [0,8,9,11, 12]

3 Wdbc [19, 20, 21, 24, 28]

4 Wpbc [0, 1]

5 Iono [18, 3,4, 5, 9]

6 UFDC [3, 29, 31, 33, 35, 36]

7 Sona [19, 11]

8 Libras [66, 4, 12, 13, 16, 19, 22, 25, 33, 36, 43, 54, 59]
9 Musk [31, 109, 110, 111, 114]

10 | LVB [58, 86]

11 | LVG [79, 90, 91, 92, 93]

12 | PD [0, 420, 421, 422, 427, 430, 437, 502, 503, 504, 613]

Céc két qua phan tich va thong ké vé kha ning phan 16p chinh xdc ctia reduct thu tit
thudt toan FW_IFT trén ca hai mo6 hinh phan 16p KNN va SVM trong Bang 3.8 cho
thiy kha ning phan 16p trung binh trén ca hai md hinh phan 16p déu tt hon dang ké
so véi phuong phép dua trén khoang cach md truc cam. Pic biét, mot sd bo dit lidu
c¢6 kha ning phan 16p ban dau thip nhu Sona va UFDC da dudc cai thién ddng ké so
v6i thuat toan dudgc so sanh.

Tuy nhién chi phi tinh todn ctia thuét toan dé xuat FW_IFT con gip nhiéu han ché.
Day la su danh ddi chi phi tinh todn d€ cai thién kha ning phéan 16p cho thuat toan
F_IFT. Quan sat bi€u d6 phan tich su tuong quan vé chi phi tinh toan ctia cic thuat
toan (phai) trong Hinh 3.7 va Hinh 3.8, ta c6 thé thiy s6 thudc tinh ting Ién thi chi phi
tinh todn cla thuat todn dé xuét cling ting 1én dang k€ trén hau hét cac bo dit liéu. Sau
day 12 cdc phan tich vé nguyén nhan anh hudng t6i chi phi tinh todn clia thuat toan
FW_IFT, s6 luong phan tif va kha ning phan 16p chinh xac cia reduct thu dugc bdi
thuat toan FW_IFT.

- Kich thuéc ciia reduct: Cac két qua phan tich dugc trinh bay trong phan thuc
nghiém ctia Chuong 3 trong luan an cho thiy s6 lugng phan ti céc reduct thu dugc tir

thuat todn FW_IFT gan nhu tuong duong vé6i thuit toan F_IFT. Theo cling tiép cin



Bdng 3.7: So sdnh sé lugng phdn tit ciia cdc reduct thu dugc tir cdc thudt todn theo
tiép cdn filter - wrapper trén mo hinh phdn 16p SVM va KNN

87

FW_IFT FW_IFD

D Dataset ¢ KNN SVM RKNN €l
I | Wine 5 4 10 10 13
2 | Heart 6 5 11 1 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 11 17 23 754

Bang 3.8: So sdnh khd ndng phdn [6p cua cdc reduct thu dugc tir cdc thudt todn theo
tiép can filter - wrapper trén mé hinh phdn l6p SVM va KNN

D Data FW_IFT FW_IFD

SVM KNN SVM KNN SVM KNN
1 Wine 94.24 91.25 97.87 94.74 98.16 96.25
2 | Heart 86.43 78.85 84.65 76.74 84.5 77.44
3 Wdbc 97.15 95.42 97.99 95.02 98.33 95.45
4 | Wpbc 77.79 76.12 76.14 78.34 78.02 77.18
5 Iono 87.1 92.05 85.46 89.14 88.37 86.04
6 | UFDC 68.16 90.9 50.95 69.14 43.49 79.13
7 Sona 77.21 68.35 67.35 61 65.45 68.16
8 Libras 70.9 77.59 64.79 78.02 71.41 75.23
9 Musk 73.17 75.13 62.51 64.41 75.54 77.37
10 | LVB 85.29 77.19 77.71 76.31 83.24 67.8
11 | LVG 90.22 78.64 70.18 66.93 89.05 69.22
12 | PD 84.47 84.79 84.8 65.53 81.26 81.8

lai ghép filter - wrapper, thuit toan dé xuét theo tiép can tdpd md truc cam cho reduct
c6 s lugng phan ti tot hon thuat todn theo tiép cin khoang cidch md truc cam. Yéu

td anh hudng chinh van 13 phuong phap dinh nghia reduct theo tiép cin topd nhu da

dudc trinh bay.
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Hinh 3.8: Biéu dé ddnh gid sy tuong quan vé sé lugng phan ti reduct (trdi) va chi phi
tinh todn (phdi) vdi sé lugng thudc tinh ban ddu ciia thudt todin FW_IFT so vdi cdc
thudt todn khdc trén mé hinh phdn lop SVM

- Khd nding phdn I6p chinh xdc ciia reduct: Yéu t6 anh huéng dén kha ning cai thién
kha nang phan 16p cia thuat toan dé chinh la phuong phap filter - wrapper thong qua
cAu tric dit liéu Stack. Nhugc diém cia tiép can do do 1a bd sét nhiéu thudc tinh tGng
vién c6 cling dd quan trong, do d6 cAu triic Stack sé& luu vét lai cic reduct dng vién
nay dé xay dung cac reduct ng vién. phuc vu cho budc wrapper ctia thuat todn.

- Chi phi tinh todn cua thudt todn: Trai lai v6i kha nang nang cao do chinh xac cua

reduct thu dudc ti thuat todn thi chi phi tinh toan con nhiéu han ché. Nguyén nhan
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chinh ciing 12 phuong phép xay dung cic reduct tng vién thong qua cau tric di liéu
Stack. Theo tiép cin nay ta sé thu dugc nhiéu reduct ting vién dé xét nhung phai tra

gia vé mit thoi gian x4c dinh reduct cudi cuing cla thuat toan.

3.5. Két luan Chuong 3

Chuong 3, luan 4n trinh bay vé phuong phap gidm thudc tinh theo tiép cn topd md
truc cam. Céac dong gép chinh ctia Chuong nay gdm co:

- Pé xuit ciu triic topd md triic cdm dua trén quan hé uu tién md truc cdm. Nghién
ctiu céc tinh chét ctia IF-base va IF-subbase va cic phép todn co ban nhim xay dung
do do danh gia su tuong dong gilta hai topd md truc cam.

- Pé xuat hai thuit toan theo phuong phép filter va filter - wrapper tim reduct trong
bang quyét dinh s véi dinh nghia méi vé reduct theo tiép céin topd don vi.

Cac két qua thuc nghiém cho thiy thuat todn dé xuét theo phuong phap filter cho
chi phi tinh todn hiéu qua. Trong khi d6 thuit toan dé xuét theo phucong phap lai ghép
filter - wrapper cho cic reduct hiéu qua vé s6 luong phan ti va kha ning phan 16p trén
hau hét cac tap dit liéu, dic biét 1A muc tiéu nang cao chat luong phan 16p va giam sd

lugng phan ti clia reduct cho cdc bd dit liéu c6 kha ning phan 16p ban dau thap.
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CHUONG 4. PHUONG PHAP RUT GON THUOC TINH
TRONG BANG QUYET PINH THEO TIEP CAN
TOPO HAUSDORFF

4.1. Mé dau

Niam 2005, Lashin va cic cong su 1an dau tién gidi thiéu khai niém topd rit gon
theo tiép cin rough set [37]. Tir d6, phuong phap xay dung cAu tric tdpd theo tiép can
RS dudc nhiéu nha nghién ctiu quan tAim va dé xuét. Hién nay c6 hai phuong phap xay
dung topo theo tiép can RS gdm c6, cac phuong phap xay dung topd tir khong gian
xap xi ctia RS [38], [40]-[42], c4c phuong phap xdy dung topd tif cdc phép toan xap
xi cua RS [43].

Chuong 3 ctia luan 4n da trinh by phuong phdp gidm thudc tinh theo tiép can topo
md truc cam, trong d6 cAu tric topd md truc cdm dude xac dinh qua quan hé vu tién
md truc cam. Tuy nhién, phuong phap danh gia do quan trong cua thudc tinh trong
Chuong 3 van st dung tiép cin do do, chua thé hién dudc tinh than chon loc thudc
tinh theo cAu tric topo. Hon nita, sy ddnh ddi vé mit chi phi tinh toan ctia thuét toan
v6i s6 luong phan i va kha niing phan 16p chinh x4c cta reduct 13 qué 16n.

Dua trén tinh chit kha li ctia topd Hausdorff, Chuong 4 luan 4n dé xuit phuong
phép giam thudc tinh theo tiép can topd Hausdorff nham thay ddi huéng tiép can chon
loc thudc tinh theo tiép can do do sang huéng tiép can chon loc thudc tinh theo ciu
tric topd. Mot sd déng gép méi cia chuong nghién ciiu nay gom co:

- D& xuét phuong phap gidm thudc tinh theo tiép cin tdpd Hausdorff. Trong do,
phuong phap xay dung ciu triic topo theo tiép cin RS trén nén khdng gian xap xi mo
ngudng .

- P& xuit phuong phdp xdc dinh cu triic topd Hausdorff dua trén dinh nghia vé
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tinh phan biét dugc cia ma tran quan hé mdo truc cam ngudng f3.

- P& xuit phuong phap gom cum céc thudc tinh dua trén dinh nghia vé su tuong
dong cAu triic phu thudc cta topd Hausdorff. Trén co s6 do, luan 4n dé xut thuat toan
giam thudc tinh mdi hiéu qua vé thdi gian trong khi nang cao chit lugng vé s6 luogng
phan tif va kha ning phan 16p cho reduct thu dudc.

Cic két qua thuc nghiém trén cac bo dit liéu tai vé tit UCI cho thiy, thuat todn dé
xuét 12 hoan toan vugt trdi so v6i cac thuét todn khac. Céc két qua nghién cifu trong
Chuong nay dudc cong bd trén cac cong trinh nghién ctu [CT1]. [CT5] dang cho

phan bién vong 1.

4.2. Pé xuat cau tric topo tir khong gian xap xi mo ngudng 8

Pinh nghia 4.1 (Khong gian xip xi mo ngudng B). Khong gian xip xi mo ngudng B
ki hiéu béi (U, RP). Trong d6 RF = {R(p,q) |B < R(p,q),B €[0,1],¥p,q € U}.
Pinh nghia 4.2 (Cong thiic quan hé mo ngudng ). Quan hé tuong duong md ngudng
B cia p,q € U dugce dinh nghia nhu sau:

I=|p—ql:if 1=|p—ql =P

RP(pg)=4 @.1)
0:if 1—[p—ql<p.

Pinh nghia 4.3 (Thu tu bd phan cia hai quan hé md ngudng f3). Cho hai quan hé
tuong duong md le and Rg xac dinh trén U. Khi d6 R/f dudc goi 1a nho hon (<) Rg
néu moi p,qg € U tacd le(p,q) < Rg(p,q).

Ménh dé 4.1 (CAu tric topd theo tiép can RS). Cho khong gian xdp xi (U,RP) va RB
la mot quan hé tuong duwong mo. Khi do . = {X CUIRB(X) = ﬁ(X)} la mét topo

xdc dinh trén U.

Chitng minh. Ta can chiing minh 3 diéu kién rang budc cia cau triic topd nhu sau:
(1): Dya trén tinh chét 2) cia ménh d& 1.1, ta c6 RP (U) = U va RB(0) = 0. Khi d6
0e T val e T,
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(2): Gid st X,Y € .7, khi d6 RP (X) = RB(X), va RF(Y) = RB(Y). Hon nita RF (X N
Y)CRB(XNY)vaRB(XNY)C RB(X)NRB(Y) =RP(X)NRP(Y) =RP(XNY). Khi
d6 RB(XNY)=RP(XNY).Dod6 XNY € T;
(3): Gid st X € 7|k € K. Khi d6 RP (X;) = RB(Xy), do d6 véi moi k € K ta ¢6
RP (Urex Xi) = Urer RP (Xi) = Usex RE (Xk) € R (Urex X ). Hon nita R (Uye Xe) €
RP (Urex Xi) do 46 R (Uyex Xe) = RP (Ugex Xe)-

T (1), (2) va (3) ta c6 thé két luan .7 1a mot topd trén U. L]

Vi du 4.1. Xét bang quyét dinh nhu trong Bang 1.3, st dung cong thiic quan hé 4.1

v6i B = 0.5 ta co:

1 1 08 000 1 0081 1 O
I 1 08 000 0O 10 O O 1
B 08 081 00O B 08 01 08 08 0
R, = SR =
0 0 0 111 1 0081 1 O
0 0 0 111 1 0081 1 O
0 0 0 111 0O 10 O O 1
Khi do:

% = {@7{u1)u2)u3}7{”47”57”6}71]};‘% = {0,{”],”3,”4,%5},{”2,”6},U}
DPinh nghia 4.4 (Quan h¢ bao thudc cta hai topd). Cho .7, = {X cU |R§ (X) = Rg (X )}
va 7, = {X C U|Rg (X) = Rg (X)} la hai topd xac dinh trén U tuong tng véi p,q C
C. Khi d6 .7, C .7, néu véi moi e € J, thi e € 7,

Vi du 4.2. Cho hai quan hé tuong duong ma nhu sau:

I 1 08 000 1 008 000
I 1 08 000 0O 10 000
B 08 081 00O B 08 01 00O
R — R s
4 g
0O 0 0 111 0O 00 110
O o0 0 111 O 00 110
0O o0 o0 111 0 00 001
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7.P:{®7{1/1171/127u3}7{“47“57”6}7(]};
Khido: .7, = {0, {u1,uz,uz},{us,us,ue}, {ur,uz,us,us} , {us,uc},{us},

{M],M3,M4,M5,M6},{M6},{MI,MQ,M:;,I/M,MS},{M4,M5},{M1,M2,M3,M6},U}
Do do: ., C .7,

Meénh dé 4.2 (Thi tu b phan ciia hai 16po). Cho 7, = {X cUIRE(x) =RE(x) } va

Ty = {X CUIRF(x)=R" (X)} li hai t6pé xdc dinh trén U tuong iing vdi p,q C C.

Khi d6 T, C T, néu RS < RE.

Chiing minh. Gié st ring RS < RP . khi d6 véi moi u € U, ta ¢6 [u)b C [u)?. Do d6
u C U, néu [u]g C X thi [x]g C X. Ta c6 dpcm. O

Vi du 4.3. Quan sit vi du 4.2, chiing ta c6 thé thiy 16 vi RE < Rg nén ., < 7.
Pinh nghia 4.5 (Quan hé min nhat). Cho le la mot quan hé tuong duong mo trén
U, khi d6 R? dugc goi 1a min nhét khi va chi khi v6i moi p,g € U, RP (p,q) = 1 néu
p=qvaR}(p,q)=0néup+q.

Ménh dé 4.3 (Topo 16n nhét). Cho 7 = {X C UIRB(X) = ﬁ(x)}. Khi d6 T duoc
goi la lon nhdt néu RP = R?.

Chitng minh. Ching minh tuong tu nhu ménh dé 4.2 ta c6 dpcm. 0

1 000
1 00
1 0

0
0
0
Vi du 4.4. Cho ma tran quan hé ma: R[f =
0

o O o o O

-}

1
0 01

S O o o O

0

00

00

00
Khi dé: 7} = {X C UIRB(X) :ﬁ(x)} PU) =
DPinh nghia 4.6 (Quan hé thd nhit). Cho Rg 12 mot quan hé tuong duong md trén U,
khi d6 Rg dudc goi 12 tho nhat khi va chi khi véi moi p,q € U, Rg (p,q) =1.
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Ménh d& 4.4 (Topo nhé nhét). Cho ) = {X C UIRP(X) = RB(X) } Khi d6 T duge

goi la nhé nhdt néu RE = Rg .

Chiing minh. Ching minh tuong ty nhu ménh dé 4.2 ta c6 dpcm. U

Vi du 4.5. Cho ma tran quan hé ma: RP =

I 11111
I 11111

Khi d6: T = {X C UIRB(X) = ﬁ(x)} —{0,U}
DPinh nghia 4.7 (Quan hé bu). Cho quan hé tuong duong RP xdc dinh trén U. Khi d6

quan hé bu cia quan hé RP dugc dinh nghia nhu sau: v6i moi p,q € U

_RB _RP
(REY (p.g) = I =R (p,q) |1 =R” (p,q) > B “2)
0t —RP (p,q) <P

Ménh d& 4.5 (Topo bil). Cho T = {X C UIRB(X) = ﬁ(x)}.

Khi d6 ~ T = {X CU|~RB(X) :NIW(X)} la mét 16pé b ciia T .
Vi du 4.6. Quan sét cac vi du 4.4 va 4.5, ching ta c6 thé thiy % va .7 1a cic tdpd bl
cta nhau.
DPinh nghia 4.8 (Phép toan hgp hai topd). Cho .7, = {X cuU |R_§ (X) = R_IE(X )} va
Ty = {X C U|R_§(X) = R_g(X)} la hai topd xac dinh trén U tuodng tng véi p,q C C.

Khi d6 hgp cua hai topd dugc dinh nghia nhu sau:
TV Ty={XCUIXe IvXeT,} (4.3)
A X e A A <A ~ . B . _ﬁ
Ménh deé 4.6 (Hgp hai topd theo tiep can RS). Cho .7, = { X CU|R,(X) =R, (X)

va Iy = {X C U|Rg (X) = Rg (X)} la hai tépé xdc dinh trén U tuong ing vdi p,q C
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C. Khi d6, néu Ry < Ry hodc Ry < Ry thi 7,0 7 = {X CUIRE ., (X) =R,y (X) },
voi Rb, = RENRP.

Chiing minh. Gi st ring RE < R hoc RE < RP, do d6 véi moi u € U, ta c6 [u]f C
)P hodc [uf C [u]f. Kni d6, v6i moi u C U, néu [u]f C X thi [u]f C X hay néu
)P € X thi [u]f € X. Khi d6 [u)h N [u]f = [u)? hoic [u) N [u)f = [u)f. Do d6, ta c6

dpcm. 0

Vi du 4.7. Xem vi du 4.2 d€ thém thong tin chi tiét.

Pinh nghia 4.9 (Phép todn giao hai topo). Cho .7, = {X CUIRE(x)=RP (X)} va

Ty = {X C U|R§ (X) = Rg (X)} la hai topd xac dinh trén U tuong tng véi p,q C C.

Khi d6 giao cua hai top6 dugc dinh nghia nhu sau:
INTy={XCU|Xe€ I,NX € T} 4.4)

Ménh dé 4.7 (Giao hai topd theo tiép can RS). Cho DT = (U,C,D,f) véi T, =
{X CUIRE(x)=RP (X)} va T, = {X CUIRP(x)=RP (X)} la hai topé xdc dinh

trén U tiwong ting véi p,q C C. Khi dé T,0 T, = {X CUIRB, (X)=RP,, (X)} véi
RE,=REURP,

Chiing minh. Gia st ring X € RS URE, Khi d6 X € REURE (X), do d6 X C RPN
REHXQREQHXG%O%.TaC()dpcm. O

Dinh nghia 4.10 (Nhém t6p6). Cho khong gian xp xi mo (U, R) va tdpd 7 = {X C
U|R(X)=R(X)} xdc dinh trén U. Khi d6 ho cdc tdpd cung v6i cdc phép todn ki hiéu
bsi G{(U,R),U,N,~, %, 1) dudc goi 1a mdt nhém néu véi moi .7 € G thdéa man:
) (ZuUT)U T = ZU(Fh U Z): Q) (TN T) N T = Fur (Fo 1 )

(3 (FU TN T = TN TeU Ty T (B TaU Ty = Ty U T

(5): TanN Ty = TN T3 (6): U Ty = Tos (1): SAN Ty = T

Meénh dé 4.8 (Nhém topd abel). Cho khong gian xdp xi mo (U,RB) véi topé T =



{X CU|RB (X)=RP (X)} xdc dinh trén U. Khi d6: G {(U,RP) ,U,N,~, %, T duogc

goi la mot nhom abel.

Vi du 4.8. Cho cac topd %, 71, Tu, T, T € G tuong tng véi cac quan hé:

)
<%

1
1
1

1
1
1

[E—

o o o O

© o o o o

1
1
1

1
1
1

|
1
1

S o O
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, U= {ul,uz,u3,u4,u5,u6}. Khi d6 ta co:

1 1 00
1 010
1 | Rll;: 0 01
1 0 0O
1 0 0O
1_ _0 00
00 O- _1
0 0O 0
0 0O ng: 0.8
111" o
1 11 0
1 1 1 0
0 0_

00

00

10

10

01

R} =00
R} =rw) =2
R} =
~#0}

0
0
0

S o o O

0

0
0
0

0
0
0
0
0

1
0.8

o

o o O

o o O

S o o o O
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O, {ur,ur,usz} ,{us,us,uc},{uy,uz,us,us} , {uz,ue} ,{uz},
{ur,uz,us,us,uc} ,{ue}, {uy,ur,u3,us,us} , {uz,ue}, {uy,us,us,us} ,U
(1: Vi (RENRY) nRE = Rl 0 (R NRE) = RE, do 06 (7,0 73) U 7, = Z,U
(TUT) = T
2): Vi (REURf) URP =RPU (RQURE> — R, do d6 (Z,UF)U T = T,U
(U T) = T
3): Vi (REURQ) NRE =REARPURENRP = RE do do (7,U %)L T = Z,U
(U T) = T5
@: ViRENR = RENRE =RP do d6 7,U T = 7,07, = F;
):ViREURP =RPURE =RE, do d6 7,09, = 1.7, = 7,
6): ViR (RS =R do d6 5L 7, = 7,3 (7): ViRP URE =R, do d6 71N .7, =
T

4.3. Dé xuit cau tric topoé Hausdorff

Bang quyét dinh s6 DT = (U,C, D, f) nhu dudc trinh bay trong Béng 1.3 c6 thudc
tinh quyét dinh D 12 c4c gid tri ri rac, tic 12 cac ddi tuong gidng nhau 13 khong phan
biét dugc. Khi d6 16p tuong duong clia cac ddi tuong nay khong giao nhau, rd rang
topod trén thudc tinh D 1a mot cAu tric topd Hausdorff. Do d6, d& xdc dinh mot thude
tinh diéu kién ¢ € C c6 anh hudng t6i thudc tinh D thi thudc tinh d6 ciing phai c6 ciu
tric topd Hausdorff. Do d6, phan nay dé xuét xay dung cau tric topd Hausdorff cho
bai toan giam thudc tinh.

DPinh nghia 4.11 (Tinh kha li cda quan hé md ngudng ). Cho khong gian xAp xi
(U,RP) trong d6 RP 1a quan hé tuong duong mo B. Khi d6 RP dugc goi 1a phan biét
duge néu v6i moi p € U ton tai g # p € U sao cho [p]s N[g]ps = 0. Ki hiéu quan hé
nay la REI .

Ménh dé 4.9 (Topo Hausdorff tit quan hé RE). Cho top6 Ty = {X CUIRP (X) =
RB (X)} xdc dinh trén U. Khi do, Ty duoc goi la topé Hausdorff néu RB 16 mot REI .
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Chitng minh. Ta can chiing minh hai diéu kién sau day théa man:
(1): Chitng minh tuong tu nhu ménh dé 4.1, ta c6 F 12 mot tdpd xac dinh trén U;
(2): Giast X,Y € .7, khi do:

R () = R (00 & Unew {[ul g © X | = Useo {9 [0 01X £ 0}, va

XY = Upgeu { g 0 blg [l S X, Bl CX |

= Upget { [ulp DT [l p 01X 7 0,[u] 5 NX 0}
Khi d6, néu [u] ;5 N [y] s =0 thi X NY =0.
H H

Hon nua:

Tu (1) va (2), ta c6 T la mot topd Hausdorfft. O

Ménh dé 4.10 (Xé4c dinh thudc tinh ¢6 quan hé REI). Cho bdng quyét dinh DT =
(U,C,D, f)vac € C. Khido c dugc goi la thudc tinh co quan hé RE, néu maxy (V) —

max; (V) > B. Trong do V, la tdp gid tri cua thudc tinh c.

Chiing minh. Dat, m; = max, (V,.) vd my = max (V). R6 rang néu m; —my > 8 thi
v6i moi m < my ta luén ¢6 m; —m > 3. Hon nta, theo cong thic 4.1 néu my < my thi

[WL]]Rﬁ M [le]Rﬁ =0, do do [’nl]Rﬁ M [m]ng = (. ta c6 dpcm. (]

4.4. Giam thudc tinh trong bang quyét dinh theo tiép cin topd Haus-
dorff

4.4.1. Pé xudt thudt todn tim reduct trong bang quyét dinh theo phwong phdp lai
ghép filter - wrapper, sit dung cdu triic topé Hausdorff

Dinh nghia 4.12 (Thudc tinh quan trong theo tiép can topd Hausdorff). Cho bang
quyét dinh DT = (U,C,D, f) va c € C. Khi d6 ¢ dudc goi 1a thudc tinh quan trong véi
D néu .7, 1a mot topd Hausdorff.

Dinh nghia 4.13 (Dong céu tric phu thudc). Cho bang quyét dinh DT = (U,C,D, f)
va hai topd .7,, .7, xdc dinh trén U tuong tng vé6i p,q € C. Khi d6 .7, dudc goi l1a
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dong cau tric phu thudc véi 7, néu 7,U Ip = 7, U Ip.
Sau day la thuat toan giam thudc tinh theo phuong phap phan cum va danh gia cac

nhom thuoc tinh Hausdorff.

Thuat toan 4.1 Thuat toan gidm thudc tinh theo tiép can filter - wrapper cidc cum
thudc tinh (CFW).
Input Bang quyét dinh DT = (U,C,D) véi A = {0.1,0.2,...,0.8,0.9} va md hinh

phan 16p Model
Output Tap rut gon R
1: R=0;
2: forall B € Ado
3. HP 0;
4. CHP «0;
5. RP«— 0;
6: forallceCdo
7: if max; (V) —max, (V.) > B then
8: HB =HPU {c}; {Filter cac thudc tinh Hausdorff}
9: end if
10:  end for
11:  forall p € {HP —CHP} do
12: U, =0,
13: for all g € {HP —CHP — p} do
14: if 7,U.9p = J,U Jp then
15: U,=U,U{q}; {Phan cum thudc tinh Hausdorff}
16: end if
17: end for
18: CHP =CHP UU,;
19: if ACC}/*/>ACCH*! then
20: RE=U s { Wrapper cac cum thudc tinh Hausdorff}
21: end if
22:  end for
23 if ACCHP*“'>ACCK** then
24: R =RP; {Wrapper cac reduct ting vién 3}
25:  end if
26: end for

27: return R;

Trong thuat toan nay, ki hiéu H Bia tap cac thudc tinh Hausdorff thu dugc tu tap

thudc tinh C ban dau trong bang quyét dinh DT. CHP 1a céc cum thuodc tinh dudc
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phan loai tit HP, trong d6 mo6i cum thudc tinh U, 1a cdc thudc tinh ¢ € H B 6 cung
cAu tric phu thudc véi thudc tinh p theo dinh nghia 4.13.

Tiép theo sé 1a phan ddnh gia do phuc tap cia thuat toan CFW. Ki hiéu |U] 1a sb
céc dbi tuong, |C| 1a s cac thudce tinh, [HP| 1a s6 cac thudc tinh Hausdorff, va |CHP|
12 s6 cac nhém thudc tinh Hausdorff c6 cuing cAu tric phu thudc. Khi d6 do phic tap
tir 6-10 1a € (2|U||C]), do phuic tap tit 11-22 1a ¢(|U|*|HP|?). Gia st T la chi phi tinh
todn ctia md hinh phan 16p Model. V6i s6 luong A rat nho, khi d6 do phiic tap cia
thuat toan 1a &(2|U||C|) + ¢ (|U [*|HP | + |CHP|T).

Vi du 4.9. Xét bang quyét dinh DT = (U, C, D, f) nhu dudc trinh bay trong Bang 1.3.
Xét B =0.7 ta co:

Budc 1: H7 « 0; CHP < 0; RP + 0;

Buéc 2: Xac dinh cac thudc tinh Hausdorff dua trén ménh dé 4.10 ta c6 H*7 =
{a,c,d e, f};

Budc 3: Tinh cic ma tran quan hé ctia cc thuoc tinh trong H%7 theo cong thiic

quan hé 4.1 véi B = 0.7 ta co:

1 1 08 000 1 0081 1 O
1 1 08 00O O 10 O O 1
Q7 [08 081 000 ,, 0801 08080
a [
O 0 O 111 I 0 08 1 I 0
O 0 O 111 I 0 08 1 I 0
O 0 o0 111 O 10 O O 1
I 08 081 1 O 1 01 001
08 1 0 08 08 0 01 01T1O0
07 080 1 08 08 0 1 01 001
1 08 081 1 O 01 01T1O0
1 08 081 1 O 010110
O 0 0 0 o0 1 1 01001




101

10 00 0 0 10 00 0 0
01 00808 08 01 00808 08
Q7|00 10 0 0 | o 00 10 0 0
;o e =
00801 1 1 00801 1 1
00801 1 1 00801 1 1
00801 1 1 00801 1 1

Vi RY7 r_WR%7 =RV NRY = 7,0 9p = Z,U Tp, do d6 CHYT = 0 U {a,c} =
{{a,c}}; ROTORY =RY NRY & F.UIp = T U Ip.

Do d6 CHY" = {a,c} U{e, f} = {{a,c},{e, f} };

Cubi cuing thudc tinh d dugc bd xung vao CH®’, do a6 CH?" = {{a,c}, {e, f},{d}}.

Budc 4: wrapper tung nhom thudc tinh trén md hinh phan 16p Model, nhém thudc
tinh nao c6 kha ning phan 16p cao nhét thi nhém d6 dudc gan cho R%7

Budc 5: Gia st R%7 c6 kha ning phan 16p cao nhét trong cic ngudng &. Khi d6

reduct thu dudc ctia thuat toan R = RO,

4.4.2. Thuc nghiém va danh gia thudt todan

Muc tiéu ctia phan thuc nghiém nham danh gi4 tinh hiéu qua ctia thudt todn dé xuét
khi dp dung véi cac bo dit liéu trong thuc tién. Trén cd s& d6 c6 thé khang dinh tinh
ding dan cia khung nén tang 1y thuyét bai todn giam thudc tinh theo tiép cin topd

Hausdorff. Sau day 1a k& hoach thuc nghiém thuit todn dé xuAt.

4.4.2.1. Kich ban va méi truong thuc nghiém

1) Chon Iva gid tri 8. Muc tiéu clia qu4 trinh thuc nghiém nay nham tim kiém gid
tri B phit hdp nhit cho tiing bd dit liéu clia thuat todn dé xuat, trong d6 gia tri B dudc
chon trong khoang [0.1,0.9] v6i mdi budc nhay 1a 0.1.

2) Pédnh gia thuat toan dé xuat. Sau khi chon lua dudc cac gia tri B phi hop, thuc

hién so sanh va danh gia thuit todn dé& xult véi cic thuit todn gidm thudc tinh dién
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Bang 4.1: M6 td cdc tdp dit liéu thuc nghiém

ID | Data Describe Ul | |C| | |D|
1 | Wine Wine 178 13 3
2 | Heart Statlog (Heart) 270 13 2
3 | CMSC | Climate Model Simulation Crashes Data Set | 540 18 2
4 | PDS Parkinsons Data Set 196 22 2
5 | BCWD | Breast Cancer Wisconsin (Diagnostic) 569 30 2
6 | BCWP | Breast Cancer Wisconsin (Prognostic) 198 33 2
7 | IS Ionosphere 351 34 2
8 | UFDC | Ultrasonic flowmeter diagnostics (C) 181 43 4
9 | UFDD | Ultrasonic flowmeter diagnostics (D) 181 43 4
10 | SHDC | SPECTF Heart Data Set 267 44 2
11 | UFDB | Ultrasonic flowmeter diagnostics (B) 92 51 3
12 | DPDS | Divorce Predictors data set 170 54 2
13 | Sona Connectionist Bench 208 60 2
14 | Musk | Musk 476 | 166 2
15 | VRB Voice Rehabilitation(Binary) 126 | 310 2
16 | VRG Voice Rehabilitation(Gender) 126 | 310 2

hinh trén tiép cin dd do gém c6: (1) thuat toan gidm thudc tinh theo tiép can RS véi
dd chinh x4c diéu chinh (VPRS) [132]; (2) thuit todn gidm thudc tinh theo tiép cin
RS md (FRS) [68]; (3) thuat todn gidm thudc tinh theo tiép cin Entropy thong tin mo
(IFE) [95]; (4) thuat todn giam thudc tinh theo tiép cin khodng cach md (FD) [33].

Tat c céc thuat toan déu dudc danh gid trén 16 bo dit liéu dudgc ti vé tif kho dif
liéu hoc mdy UCIL. Céc tap dit liéu dudc chon la céc tap dif liéu c6 thudc tinh quyét
dinh mién gid tri s& va thudc tinh diéu kién c6 mién gid tri r5i rac. Cac thuit toan
dugc cai dit bang ngdn ngit 14p trinh Python trén nén hé diéu hanh Window 10 véi
cAu hinh phan cting 12 bd xit ly Core-i5, bd nhé RAM 8G.

Cic tap dit liéu dugc sap xép theo trat tu ting dan vé s lugng thudc tinh diéu kién.
Chi tiét cdc tap dit liéu dugc mo ta trong Bang 4.1 trong d6 ki hiéu |U] 1a s6 lugng
mau, ki hiéu |C| 1a s6 lugng céc thudc tinh diéu kién va |D| 1a s6 phén 16p trong thudc
tinh quyét dinh. Trong cdc bo dit liéu thuc nghiém, bo dii liéu UFDC va Sonar 1a cac

bd dit liéu nhiéu, c6 kha ning phan 16p ban dau trén mo hinh huin luyén Model thap
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Hinh 4.3: Biéu dé phadn tich sy tuong quan giita chi phi tinh todn ciia thudt todn va
\U| (left), gitia chi phi tinh todn cua thudt todn va |C| (right).

< 70%. C4c tiéu chi danh gid gdm: chi phi tinh todn clia thuat todn (seconds), s6 lugng
phan tif ctia reduct (|R|), va kha ning phan 16p ctia tap dit liéu trén md hinh phan 16p
di liéu Model (percentage). Qua trinh thuc nghiém ciling coi trong kha nang loai bd
nhiéu ctia cdc thuat todn trén cic tap dit liéu xAu. Trude khi thuc hién thuit toan gidm
thudc tinh, céc tap dit liéu dudc chuin héa gia tri vé doan [0, 1] d€ nang cao hiéu ning
cho thuat toan va cac mo hinh phan 16p.

MBbi thuit toan dugc thuc hién 10 1an trén tiing bo dit liéu véi 90% dit lidu dudc 1ay
ngau nhién t tap dit liéu gbc. Hai mo hinh phén 16p dudc st dung dé€ ddnh gid gdm co
m6 hinh phan 16p may vector hd trg ! (Support Vector Machine - SVM) va mé hinh
phan 16p k-lang giéng ? (k-Nearest Neighbor - kNN, k=IDI). Chi s6 ddnh gid do chinh
xé4c (accuracy) va phuong phap danh gia chéo 10-folde dudc két hop dé danh gia chat

lugng phan 16p cua reduct.

4.4.2.2. Chon loc gid tri B cho moi tdp dit liéu

Tru6c khi thuc hién so sdnh thuit todn dé xuét véi cac thuat toan gidm thudc tinh
khdc, ta can lua chon gia tri B phit hop nhit trén tiing bo dit liéu khac nhau cho thuét
todn. V6i mdi tap dit liéu thuc nghiém, thuc nghiém thuit todn véi tiing gid tri 8 khéc

nhau trong khoéng [0.1,0.9] v6i mdi budc nhay 1a 0.1. Nhu vay, m6i bd dit liéu duge

Thttps://brilliant.org/wiki/support-vector-machines/
Zhttps://brilliant.org/wiki/k-nearest-neighbors/


https://brilliant.org/wiki/support-vector-machines/
https://brilliant.org/wiki/k-nearest-neighbors/
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Bdng 4.2: So sdnh sé luong phan tit ciia reduct thu duogc 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 | 10.6 | 7.1
2 heart 13 6.7 5.5 11.5 | 139 [ 10.2 | 6.7
3 CMSC | 20 8.2 8.7 95 [20.31]20.1] 3.5
4 PDS 22 52 4.4 94 85 | 10.8 | 4.3
5 BCWD | 30 3.2 3.6 148 | 7.6 | 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 | 11.3(19.6 | 6.1
8 UFDC | 43 13.9 43 153 | 87 | 11.7| 5.2
9 UFDD | 43 5.1 3.6 199 | 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 | 119 | 5.2
12 DPDS 54 2.5 1.6 84 | 157 244 | 44
13 sonar 60 4.6 7.4 443 | 175252 | 7.6
14 musk 166 5.7 11.4 86.6 | 239 (29.5]| 8.8
15 VRB 310 9.1 43 56.6 | 189 358 | 7.5
16 VRG 310 9.6 2.1 724 | 16.5 | 36.4 | 10.6

thuc nghiém véi 09 1an khéac nhau. Véi mdi gid tri § khac nhau, s6 lugng phan ti
reduct sé khdc nhau va kha ning phan 16p v6i mbi reduct ciing ¢6 thé khac nhau. Tuy
nhién, véi cac gia tri B qua nho, co thé sé khong ton tai reduct.

Quan sat biéu do cia cac tap du liéu (Wine, CSMC, PDSB, BCWP, ..) trong Hinh
4.1 va Hinh 4.2 d€ biét thém thong tin chi tiét. Hon nita, biéu do trong cac hinh nay
ciing phan tich su tuong quan gitta s6 luong phan ti clia reduct va kha niing phan 16p
trén tiing tap di liéu. Chiing ta c6 thé thiy, nhiéu gid tri B cho reduct s6 lugng phan
tir nhd nhung do chinh xac lai cao hon so véi cac gia tri § khac. Tuy nhién méi quan
hé nay khong tuyén tinh nén chiing ta phai cin nhic gid tri B cho phii hop v6i muc
tiéu vé do chinh xdc hay sb luong phin ti cta reduct. O ddy, lya chon gid tri B sao
cho ddm bdo tinh can bang giita kha ning phan 16p va s6 lugng phan ti ctia reduct thu

dugc tUr thuat toan dé xuat.
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Bang 4.3: So sdnh khd ndang phdn I0p chinh xdc cia reduct thu dugc ti cdc thudt todn
trén mo hinh phdn lop SVM

D Dataset Classification Accuracy (%)

Rawset | CFW-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 | 76x£0.2 | 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£0.4 | 61+£0.1 | 55+0.4
15 VRB 83+0.1 83+0.2 88+0.6 | 91+0.4 | 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

4.4.2.3. Pdnh gid thudt todn dé xudt

Giai doan wrapper ctia thuat todn dé xuit st dung hai mé hinh phan 16p 12 SVM va
k-NN(k=IDI). Trudc tién, chuong nay danh gia hiéu ning clia thuit todn dé xut trén
mo hinh phan 16p SVM.

Ddnh gid thudt todn trén mé hinh phdn lop SVM

Cac két qua thuc nghiém cda thuat toan trén md hinh phan 16p SVM dudc phan
tich va théng ké vé sb luong phan ti reduct thu dudc trinh bay trong Bang 4.2, vé kha
nang phan 16p dudc trinh bay trong Bang 4.3, va chi phi tinh toan dudc trinh bay trong
Bang 4.5. Quan sét dit liéu trong Bang 4.2 ta c6 thé thiy thuit toan dé& xuit CFW va
thuat toan gidm thudc tinh theo tiép cin khoang cach md FD cho reduct c6 s6 luong
phan ti tot nhit, tuy nhién kha ning phan 16p trén reduct clia thuét todn dé xuat hoan

toan tot hon thuat toan theo tiép can FD. Bang 4.3 cho thdy thuit todn dé xuit CFW
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Bang 4.4: So sdnh khd ndang phdn I0p chinh xdc cia reduct thu dugc ti cdc thudt todn
trén mo 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 | 76+0.2 | 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 | 86+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 8109 | 77£0.9 | 77£0.5 | 82+0.6 | 72+0.7
10 SHDC 66+0.1 75+£0.7 | 66x0.5 | 69+0.8 | 67+1 | 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 71203 | 64+0.5 | 62+0.7 | 60+0.7 | 55+0.3
14 musk 77+0.5 76+0.7 | 77x0.1 | 751 | 69+0.4 | 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 | 61+1 | 60+0.9

va hai thuit toan dua trén do do mién duong 1a VPRS va FRS cho reduct c¢6 do chinh
x4c tot nhat, hau nhu khdng chénh Iéch so véi tap dif liéu gbc. Tuy nhién s lugng
phan tif reduct thu dudgc tir thuat todn dé xult hoan toan vudt troi so v6i hai thudt toan
theo tiép can VPRS va FRS. Dic biét 12 cac bd dif liéu nhiéu (UFDS, Sonar), kha
ning phan 16p dugc cai thién tit 44% to 59%. Bang 4.5 cho thiy thuat todn dé xuit c6
thoi gian hoan toan vugt tri so véi cac thuat toan khac.

Quan sat bi€u do trong Hinh 4.4 ta c6 thé thiy su tuong quan vé s6 lugng phan tir
va kha ning phan 16p clia cac reduct thu dudc tif cac thuat toan, hau hét cic reduct ctia
thuat todn dé xuét déu c6 sb lugng phan ti nhd hon nhung kha ning phan 16p khong
chénh 1éch so véi cac thuat todn tot nhat. Quan sat biéu do cta cac tap dit liéu (Heart,
CMCS, PDS, BCWP, UFDC, SHDC, DPDS, Sonar) ta cé thé thﬁy tinh hiéu qua vé
s6 luong phan tit va kha ning phan 16p cia thuit toan dé xuat 1a hoan toan vudt troi

so véi céac thuat todn khac. Qua d6 ta c6 thé thiy nhiéu reduct c6 s6 luong phan ti 16n
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Bang 4.5: So sdnh chi phi tinh todn cua cdc thudt todn

Computation time (s)

D Dataset CFW-SVM | CFW-kKNN | VPRS | FRS | FIE | ED
T | wine 0.05 0.07 07 | 127 | 058 | 03
2 | heart 0.08 0.1 108 | 0.79 | 1.03 | 0.63
3 | cMsc 0.28 0.26 6.19 | 1828 | 6.14 | 3.79
4 | PDS 0.17 0.09 124 | 309 | 123 | 06
5 | BCWD 0.67 049 | 11.19 | 23.01| 1069 | 7.3
6 | BCWP 0.71 0.57 181 | 413 | 2.14 | 1.04
7 |18 0.6 0.43 6.13 | 12.17 | 6.08 | 3.17
§ | UFDC 0.11 0.49 423 | 673 | 249 | 1.17
9 | UFDD 0.18 0.62 484 | 543 | 211 | 1.12
10 | SHDC 0.45 0.85 241 | 916 | 48 | 2.29
11 | UFDB 0.56 0.77 122 | 139 | 122 | 038
12 | DPDS 0.82 1.06 241 | 642 | 434 | 131
13 | sonar 0.63 0.52 78 | 11.63] 665 | 225
14 | musk 226 155 | 12448 | 216.6 | 73.32 | 32.31
15 | VRB 17 212 | 3625 | 2867 | 2859 | 4.1
16 | VRG 1.93 767 | 13124 |26.09 | 29.11 | 3.63

nhung chua chic di c6 do chinh xic cao hon.

Tém lai, thuét toan dé xuét thuc hién trén mo hinh phan 16p SVM cho reduct c6 s6
lugng phan ti va kha ning phan 16p 12 khong chénh 1éch dang ké so vdi cac thuit todn
t6t nhat. Tuy nhién chi phi tinh todn cta thuat todn dé xuét 12 hoan toan vugt troi so
vGi cac thuat toan khac.

Ddnh gid thudt todn trén mo hinh phdn lop KNN

Két qua thuc nghiém trén mo hinh phan loai KNN cilia thuit todn dé xuit dugc mo
ta chi tiét trong Bang 4.2, 4.4 va 4.5. Két qua trung binh clia céc tiéu chi danh gid vé
s6 luong phan i, kha ning phan 16p va chi phi tinh todn cia thuit toan dé xuat déu
c6 két qua vuot troi so v6i cac thuat toan khac. Quan sat Bang 4.2 ta c6 thé thiy sb
lugng phan ti trung binh ciia reduct thu dudc tir thuat toan dé xult c6 két qua tot nhét
va t6t hon khi thuc hién trén mo6 hinh phan 16p SVM. Quan sat Bang 4.4 va Bang4.5
ta thiy kha ning phan 16p chinh x4c ctia reduct va chi phi tinh todn ctia thuét toan dé

xudt 12 hoan toan vugt trdi so véi cdc thuat toan tot nhat.
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Quan sit bi€u do trong Hinh 4.4 ta c6 thé thiy su tuong quan vé sb lugng phan tir

va kha niing phan 16p clia cic reduct thu dugc tlif cdc thuat toan, hau hét cic reduct

clia thuat todn dé xult déu c6 s6 lugng phan tif nhd hon nhung kha ning phan 16p lai

cao hon so véi cdc thuit toan t6t nhat. Quan sat biéu do cia cac tap dif liéu (Heart,
CMCS, BCWP, IS, UFDC, UFDD , SHDC, UFDB, DPDS, Sonar, Musk, VRG).
Dic biét bo dit liéu nhiéu (VRG) cai thién kha ning phan 16p tit 70% 1én 96%.

Bang 4.6: M6 td reduct thu duoc tir cdc thudt todn

Reducts
ID | Dataset
CFW- CFWK- | VPRS FRS FIE FD
SVM NN
1 wine [0, 2, 3, [0, 4, 5, | [12, 11,|[12,9,5,|[7, 1, 5, |[11, 12,
4,5,7,8,16, 7, 8, 10,9,6,1,|0, 1, 11, | 3,4,8,0, | 7,0, 1,5,
9,10, 11] | 10] 3,10, 7, | 3,4,2,6] | 11,9,10] | 9]
5, 2]
2 heart (1, 2, 5,1 (2, 3, 4, [12, 2,|[0, 1, 2,|[6, 1, 8, |[12,6,8,
8,11,12] | 9, 11] 11, 6, 8, |3, 4, 5,|12,5,10, | 1,2, 10]
10, 1, 5,6, 7, 8,2, 11, 0,
7,3,9] 9,10, 11, | 3]
12]
3 CMSC | [2, 3, 4, |12, 3, 4,]12,3,19,|[2,3,15, | [0, 1, 4, ][0, 1,5]
5,8, 9,15, 8 919,11, 7,10, 5, 1,|6, 5, 7,
14, 15] 14, 15] 12, 18,16,4,7,9, |10, 8, 9,
14] 13,...] 3,..]
Tiép theo trang sau
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Bang 4.6 — Tiép theo trang trudc

Reducts
ID | Dataset
CFW- CFWK- | VPRS FRS FIE FD
SVM NN
4 PDS [16, 17, |[15, 18, ][0, 2, 18, | [18, O, |[16, 2,] [0, 16, 2,
18, 19, | 19, 20] 17, 19,110, 16,| 17,1, 0, | 1]
21] 20,21,9, | 17,2,19, | 10, 3, 19,
11] 20] 6, 20]
5 BCWD| [0, 20, |[0, 20,|([27, 7,|[20, 27,|[9, 21,]|[27,7,6,
27] 27] 20,25,6, | 1, 11, 4, | 27, 6, 8, | 20]
28,16,0, | 8, 21] 11, 3, 15,
17, ...] 1,18, ..]
6 BCWP | [0, 26] [11,31] | [23, 16, [0, 4, 2, |0, 31,6, | [0, 1, 31,
15,0,19, |5, 6, 19, | 19,1, 11, | 23, 19]
20, 24, |11,9,12, | 22,5, 20,
22] .., 20] 8,12, 18]
7 IS [4, 26] [4, 26] [0, 4, 2, | [0, 4, 2, | [14, O, |[14,0, 4,
7, 9, 5,15,27,30, | 27,28,7, | 24, 22,
27, 23,17, 3, 9,|31, 18, |27]
29, 13,116, 17] 23,26, 4,
] o]
8 UFDC | [0, 8, 9, | [29, 30, | [23, 27, |[7,9,25,][3,23,8,|[3, 23,
10, 25, | 31, 32] 5,25,36, |5, 27, 0, |25, 0, 2, |27, 7,
27, 28, 32, 12,39, 11] 27, 15, | 25]
29, 30, 11, 35, 29, 33,
31, 32, 21, ...] 31]
33, 34]

Tiép theo trang sau
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Bang 4.6 — Tiép theo trang trudc

Reducts
ID | Dataset
CFW- CFWK- | VPRS FRS FIE FD
SVM NN
9 UFDD | [10, 27, | [25, 29,|[33, 27, |[25, 27,|[5, 27,|[33, 5,
28, 41, | 30] 6, 40, 5, | 17,3, 11, | 21, 42, | 27]
42] 30, 12, | 42] 39,31, 0,
] 41]
10 | SHDC | [0, 21, |[25,41] | [0, 1, 2,|[40, 29, | [43, 3,]|[43, 24,
22] 3, 4, 5,1, 2, 13, | 18,1,12, | 41, 29,
6,7,8,9, 25, 3,4, 14,21,9, | 36]
o] 18, 9] o]
11 | UFDB | [17, 22, |[19, 39,|[41, 14, | [41, 14,|[35, 6, |[41, 14,
41, 42] 40] 4,32,15, | 13, 16, |12, 39, 16,20,7]
29, 34, 12] 31,0, 19,
23] 22, ..]
12 | DPDS | [10,19] | [18] [16, 39, | [10, 32, | [44, 45, [39, 34,
25,43,8, | 30,0,48, | 3,51, 34, | 10, 43]
24, 40, | 15,6,39, | 5, 30, 46,
27] 35, ...] 41, ...]
13 |sonmar | [11, 12, |[9, 16, |[35, 20,|[0, 11,19, 25,][19, 35,
29, 32] 17, 43, |11, 19,]15, 36,|16, 22,|16, 22,
47, 52,|44,7,36, |26, 19,34, 27,|25, 34,
53] 16, ...] 21,9,..0 | ...] 28]

Tiép theo trang sau
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Bang 4.6 — Tiép theo trang trudc

Reducts
ID | Dataset
CFW- CFWK- | VPRS FRS FIE FD
SVM NN
14 | musk |[62, 101, | [12, 20, | [91, 36, | [49, 16, [16, 124, | [31, 16,
161,163, | 50, 62,|76, 57, | 147, 3,]1,36,23, |40, 131,
164] 93, 104, | 15, 31,]96,1,38, |46, 60, | 124, 63,
109, 110, | 156,162, | 13, 31, | 68, 131, | 64, 36]
128, 140, | 135, 83, | 87, ...] 15, ...]
161] )
15 | VRB | [58, 83, |[[79, 84, |[72, 79, |[54, 84,|[58, 70, |[79, 58,
92, 107, | 270, 26, 70,179, 83,59, 60,70, 82,
117,121, | 271] 52, 77,(91,41,3, |62, 92,59, 84,
152,197, 83, ...] v v 69]
279]
16 | VRG | [75, 92, |[124, [60, 69, |[90, 95,|[59, 16, |[79, 38,
117,124, | 309] 62, 30,31, 102, |70, 62,70, 86,
196, 197, 85, 86,59, 73,57, 92,|84, 121,
198, 279, 77, 25,16, 82,]69, 127,|56, 69,
309] 70, ...] 89,...] o] 16, 62]

Nhin chung, cic két qua thuc nghiém ctia thut todn dé xuét trén mo hinh phan

16p kNN déu c6 két qua tét hon so véi cdc thudt todn con lai. Trong d6 kha ning cai

thién nhiéu va chi phi tinh todn cua thuat to4n la hoan toan vuot trdi. Dudi goc nhin

thuc nghiém, ta c6 thé khang dinh tiép can giam thudc tinh theo tiép can tdpo 1a hoan

toan phut hop. Tiép can ndy c6 kha ning tao ra nhiing thay ddi 16n trong cdi thién hiéu

ning cho cac thuét todn gidm thudc tinh. Sau day 1a phan phan tich cac nguyén nhan

4nh hudng t6i chi phi tinh todn ctia thut toan, kha ning phan 16p va s6 luong phan ti
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reduct thu dugc tu thuat toan.

1) Thoi gian tinh todn ctia thuat todn dé xuat.

Nhu d trinh bay trong phan danh gi4 do phtc tap, thuat toan dé xuit c6 thdi gian
tinh todn ly thuyét tét hon ddng k€ so vdi cdc thuét toan sit dung tiép can do do hién
nay. Hau hét cic thuat toan gidm thudc tinh truyén thong déu cé dod phic tap tinh
toan 1a O(|U]?|C|?). Khi |U| 16n din dén khong gian xip xi s& rat 16n, chiém dung
nhiéu tai nguyén luu trit va tai nguyén tinh toan cta hé thong. Khi |C| 16n, sé c6 nhiéu
thudc tinh can phai danh gia. Nguoc lai, do phic tap cia thuit toan dugc dé xuat 1a
02U |C|)+ 0 (|U|*|HP| + |CHP|T) c6 chi phi tinh todn nhé hon déng ké. Trong d6
giai doan filter ¢6 thdi gian chi &(2|U||C|), giai doan nay 1a yéu t6 chinh lam giam
manh chi phi tinh toan cta thuét toan. Khi |H B | nho thoi gia phan cum céc thudce tinh
sé nhanh. Trong d6 thoi gian phin cum ctia |[HP| thudc tinh 1a ¢(|U|*|HP|?). Hon
nita, néu s6 cum phan cum dudc it thi thdi gian xac dinh cum thudc tinh ¢6 kha ning
phén 16p sé nhanh hon véi s6 lugng cum 16n. Do d6, khi |[HP| cang nhé thi chi phi
tinh toan cua thuat toan cang nhanh va ngudc lai.

2) Kh4 ning phan 16p clia thuét toan dé xuat.

Hau hét cac phuong phap gidm thudc tinh truyén thdng déu st dung do do d€ danh
gia do quan trong cua thudc tinh ciing nhu do luong Iugng thong tin bao toan cua tap
thudc tinh rit gon so véi tap thudc tinh gbe. Tuy nhién, cach tiép can do do chi yéu
danh gid do tuong tu gitta cac tip dua trén tong thanh phan ma khong xem xét dén
ndi dung bén trong thanh phan d6. Trong khi d6, céch tiép can dua trén céu tric topd
cho phép danh gid su tuong tu gitta hai tip hop dua trén su tuong dong giita hai ciu
triic. Tiép can danh gia dua trén su tuong dong cAu triic chit ché hon so véi tiép can
dua trén luc luong clia cac tip hop. Hon nita, ciu tric topo dudc dung 1a ciu triic
topd Hausdorff. Tai sao st dung cAu tric tdpd niy vi phuong phap chung dé€ danh
gia do quan trong cta thudc tinh d6 12 danh gid su phu thudc ctia thudc tinh quyét
dinh. Trong d6, clu tric topd ctia thudc tinh quyét dinh 1a ciu tric topd Hausdorff

nén chuong nay dé xuit chon loc cac thudc tinh diéu kién c6 ciu triic topd Hausdorff.
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3) Kich thudc rit gon tif thuat toan dé xuit.

Nhu da dé cap bén trén, tiép cin danh gid thudc tinh theo ciu triic topd chit hon
so vdi céc tiép can do do truyén théng. Theo cac két qua nghién ctiu cia Yu va cac
cong [38] da chi ra hai phan hoach khac nhau c6 thé cé cung céu tric topd. Do do,
reduct theo tiép cin topo sé c6 sd luong phan ti nhé hon so véi reduct theo tiép cin
do do truyén thong. Hon nifa, giai doan phan cum cac thudc tinh lai tiép tuc chia nhd
tap thudc tinh tng vién thanh cic nhém thudc tinh con ¢ cing ciu tric phu thudc.
Pay 1a nguyén nhan chii dao 4nh hudng téi viéc cai thién sd luong phan ti reduct véi

cac thuat toan t6t nhat hién nay.

4.5. Két luin Chuong 4

Chuong 4, luan 4n trinh bay vé phuong phap gidm thudc tinh theo tiép can topo
Hausdorff. Cac déng gép chinh ctia Chuong nay gom co:

- Pé xuit ciu triic topd dua trén quan hé ctia cic phép toan x4p xi trén khdng gian
x4p xi md ngudng B;

- Pé xuét cau tric topd Hausdorff dua trén dinh nghia tinh phan biét dugc ctia ma
tran quan hé mo ngudng f;

- D& xuét thuat toan tim reduct dua trén ciu triic topd Hausdorff va dinh nghia khai
niém dong ciu tric phu thudc trong khong gian topd Hausdorff.

Céc két qua thuc nghiém cho thiy thuat toan dé xuét 13 hoan toan vuot trdi so véi
cdc phuong phap khéc ca vé chi phi tinh toan ciia thuat todn, kha ning phan 16p va sb

lugng phan ti cla reduct thu dugc.
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KET LUAN

A. Nhirng két qua chinh cia luén an

Trén co s cdc muc tiéu dé ra nhu da dudc trinh bay trong phan mé dau cta luan
an, cac két qua chinh ctia luan 4n gém co:

1. Xay dung thuit todn gidm thudc tinh theo tiép can lai ghép filter - wrapper, st
dung d6 do khoang cach mé truc cam (IFD).

2. Xay dung thuit todn giam thudc tinh theo tiép can filter (F_IFT) va thuét toan
lai ghép filter - wrapper (FW_IFT), st dung ciu triic tdpd md truc cam

3. Xay dung thuat toan giam thudc tinh theo tiép can lai ghép filter - wrapper cum
(CFW), sti dung ciu tric topd Hausdorff.

Két qua thuc nghiém trén cac bd dit liéu tai vé tir UCI cho thiy:

- Thuat toan IFD c6 kha niing cai thién nhiéu kha t6t, tuy nhién s6 luong phan ti va
kha nang phan 16p cia reduct chua hiéu qua hon so véi cac thuat toan dugc so sanh.

- Thuat toan F_IFT c6 chi phi tinh toan hiéu qua va s6 luong phan ti reduct thu
dudgc tét nhung kha ning phan 16p con han ché so véi cac thuat toan dudc so sanh.

- Thuat todn FW_IFT cho reduct ¢6 s6 lugng phan ti va kha ning phan 16p hiéu
qua, tuy nhién chi phi tinh todn cia thuit toan con han ché so véi cic thuit toan dudc
so sanh.

- Thuat toan CFW 1a hoan toan vugt troi vé chi phi tinh todn, s6 lugng phan tif va
kha ning phan 16p cta reduct thu dudc ciing trdi hon so v6i cac thudt toan tot nhat
dudc so sanh.

B. Nhirng dong gop méi caa ludn an

Céc két qua nghién ctiu cta luin 4n da déng gép 03 phuong phap giam thudc tinh
gdm co:

- Phuong phdp gidm thudc tinh theo tiép cAn RS md truc cAm dua trén céc dé xut
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méi vé do do khoang cach md truc cam.

- Phuong phap rit gon thudc theo tiép cn topd md truc cdm dua trén cdc dé xuit
mdi vé IF-subbase, IF-base va topd don vi.

- Phuong phap gidm thudc tinh theo tiép can topd Hausdorff dua trén cac dé xuét
méi vé tinh chat kha li trén khong gian xAp xi md ngudng 3.

C. Hudng phat trién tiép theo ctia ludn 4n

Hién nay, cac bang quyét dinh khong diy du, thiéu gid tri xuit hién kha phd bién
trong céc linh vuc khai thac dit liéu va hoc mdy. P c¢6 nhiéu phuong phap gidm thudc
tinh trong bang quyét dinh khong diy du theo tiép cAn mo6 hinh RS mé rong, tuy nhién
cac két qua nghién ctiu van con han ché vé s6 luong phan ti va kha ning phan 16p
trén cdc reduct thu dudc. Do d6, huéng nghién ciiu tuong lai ciia ludn 4n sé nham téi
giam thuoc tinh cho bang quyét dinh khong dy du thong qua mot sd cac huéng md
rong cAu triic topd theo tiép can RS nhu sau:

1) M& rong chu tric topd dua trén khong gian xap xi ciia mo hinh RS dung sai,
nghién ctiu mot s6 tinh chat kha li nham tim ra tiéu chudn chon loc thudc tinh va xay
dung diéu kién ditng cta thuat todn.

2) M4 rong chu tric topd dua trén su tuong quan clia cic phép toan xap xi clia mo
hinh RS dung sai, nghién ctiu mot sd tinh chét kha li nhdm tim ra tiéu chuén chon loc
thudc tinh va xay dung diéu kién diing ctia thuat toan.

3) Phat trién mot s6 phép toan tinh toan gia ting trén khong gian topo cho cic
truong hdp du liéu dong.

4) Phat trién cu tric dai s6 ctia tdpd v6i cac dinh nghia méi vé toan tir hop-k va

giao-k thudc tinh nhim ting tdc qud trinh tim kiém reduct.
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