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LOI CAM ON

Trong qud trinh nghién ctiu va hoan thién luin 4n tién si ndy, toi xin bay td long
biét on sau sic dén cac Thiy Co, cac nha nghién ciu, cdc chuyén gia, va gia dinh da
luon dong hanh va hé trg tdi sudt quing thdi gian dai 1am nghién ciu.

Dau tién, toi xin bay td 1ong biét on chan thanh dén cac Can bd Phong Pao tao -
Hoc vién Khoa hoc va Cong nghé, phong quan ly Sau Pai hoc cua Vién Cong nghé
thong tin, da danh sy quan tAm, chi bdo va hd trg tin tinh cho qua trinh nghién ciu
cua toi.

Toi xin gti 16i tri an dic biét dén cac Thay hudng din cla toi, PGS. TS Nguyén
Long Giang va TS. Nguyén Manh Hung, nhitng ngudi da danh thdi gian va cong stic
khong ngiing d€ huéng dan, chi bao va dong vién tdi trong sudt qud trinh thuc hién
luan an nay.

Téi cling mudn gii 18i cAm on dén cdc cong su, ban be, va gia dinh di ludn & bén
canh, dong vién, va chia sé nhitng y kién quy bdu dé€ gitp toi vuct qua nhitng khé
khan trong qua trinh nghién ctiu.

Cubi cung, tdi mudn gii 15i biét on siu sic dén gia dinh, ngudi than, va nhiing
ngudi yéu thuong ctia tdi, da luon dong 1ong va hd trg toi khong ngling, mang lai su
4m 4p va dong vién tinh than cho t6i trong sudt ching dudng dai 1am nghién ciiu.

T6i xin kinh chuc suc khoe, hanh phic va thanh cong cho moi ngudi. Loi cam on
chan thanh ctia t6i khong thé nao dién ta hét 1ong biét on va tinh cdm ma t6i mudn
bay to.

NCS. Pham Minh Ngoc Ha
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MO PAU

Tinh cép thiét ctia dé tai luén an

Chon loc thudc tinh, con dugc goi la chon loc dac trung, 1a mot bude quan trong
trong phan tich dif liéu va hoc mdy thdng ké. Qua trinh nay bao géom viéc lua chon
mot tip con cdc thudc tinh ¢ lién quan tir tap thudc tinh ban dau, sao cho thong tin
quan trong dudc git lai mot cach tdi da. Chon loc thudc tinh mang lai nhiéu 1gi ich
dang ké: 1) gidm do phuc tap tinh todn, 2) cai thién kha ning dién giai md hinh, va
3) nang cao kha nang du doan. Muc tiéu chinh la tim ra mot tdp con cac dac trung, tu
tap dic trung ban dau, ma vin dam bao bio toan thong tin hoic kha niing dua ra quyét
dinh chinh x4c. C4c dng dung quan trong ctia chon loc thudc tinh xuit hién rong rai
trong céc linh vuc nhu nhin dang miu va khai thic dit liéu, bao gom phan loai vin
ban [1], [2], x{ 1y anh [3]-[5], va xit ly tiéng néi [6]-[9].

Nim 1982, Pawlak gidi thiéu md hinh Iy thuyét tap thd (Rough Set - RS) [10],
dugc cong dong khoa hoc danh gia cao vé kha ning phan tich dit liéu trong c4c tinh
hudng khong diy di va thiéu nhat quan. Nho kha ning nay, chon loc thudc tinh theo
tiép can RS da thu hiit sy quan tAm ctia nhiéu nha nghién cttu trong linh vuc 1y thuyét
tap tho trong nhiéu nim qua [4], [11]-[16]. Dua trén khdi niém khong gian xp xi
(Approximation Space - AP) ctia RS, nhiéu d6 do da dugc dé xuat dé dinh nghia
reduct va hd tr¢ chon loc thudc tinh. Cac nghién ctiu gin diy cho thiy ring, cic
phuong phap it gon thudc tinh theo tiép cén tip thd truyén thdng mang lai nhiéu két
qua dang chd y trong viéc gidm s6 lugng thudc tinh ma van bio toan kha ning phan
16p ctia bang quyét dinh [1], [8], [14]-[17].

Tuy nhién, tap tho truyén thong chi yéu phu hop vé6i cac bang quyét dinh c6 mién
gia tri roi rac [18]. Do d6, can phai r8i rac héa dit liéu ctia cac bang quyét dinh sb

(mién gid tri lién tuc) tru6e khi thuc hién chon loc thudc tinh. Qua4 trinh nay phat sinh
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thém chi phi tinh todn, c¢6 thé 1am mét di tinh tu nhién clia di liéu, va tiém 4n nguy co
lam mét thong tin quan trong. D€ khic phuc nhiing han ché niy, cdc nha nghién ctu
da dé xuat mé rong RS trén khong gian x4p xi md, tao ra mo hinh tap thd mo (Fuzzy
Rough Set - FRS) [19]-[21], va m& rong RS trén khong gian x4p xi md truc cam, tao
ra mo hinh tap thd md truc cam (Intuitionistic Fuzzy Rough Set - IFRS) [22]. Cac mo
hinh nay cho phép xdy dung cac phuong phap chon loc thudc tinh truc tiép trén bang
quyét dinh géc ma khong can rdi rac hoa.

Khong gian xAp xi md clia FRS st dung khdi niém quan hé tuong tu (similarity
relation) thay cho quan hé tuong duong (equivalence relation) dé xay dung khong
gian quan hé giita cac ddi tuong. Nho do, quan hé gitta cdc dbi tuong trong khong
gian x4p xi md trd nén mém déo hon so véi quan hé tuong duong truyen théng. Mic
do quan hé giita cdc d6i tugng dugc biéu dién bing cac gid tri trong khoang [0, 1] thay
vi chi 0 hodc 1 nhu trong tap tho truyén thong. Hién nay, viéc phat trién cic phuong
phdp chon loc thudc tinh dua trén viéc xay dung do do trén khong gian xip xi md dién
ra rit s6i dong, vdi nhiéu do do dién hinh da dudc dé xuit, bao gdm do do FPOS [20],
[21], [23]-[28], do do FIE [4], [29]-[32], va d6 do FD [6], [11], [33]-[35]. Tai Viét
Nam, luan 4n ctia TS. Nguyén Vin Thién da md rong mot sd do do trén khong gian
xap xi mo, rit gon thudc tinh cho bang quyét dinh sb.

Tuy cic nghién cifu da chi ra rang cic phuong phéap chon loc thudc tinh theo tiép
can xay dung do do trén khong gian xip xi md ctia FRS hoat dong hiéu qué véi cic
bd dif liéu c6 mién gia tri s6, nhung hiéu qué ctia chiing c6 thé giam khi 4p dung cho
cac bd dit liéu s6 c6 do nhay cao vé ti 1& phan nham 16p (ttic 1a ¢6 nhiéu nhiéu). Do
do6, mo hinh tap thd md do chinh xéc thay doi (Variable Precision Fuzzy Rough Sets -
VPFRS) [19], [31], [36]-[50] va cac do do xay dung trén khong gian xip xi md truc
ciAm ctia mo hinh IFRS [13], [20], [22], [41], [46], [51]-[54] da dugc dé xuat d€ giai
quyét vin dé nay.

Theo tiép can VPFRS, viéc diéu chinh thanh phan trong tap xip xi dudi sé anh

hudng dén mién duong cia thudc tinh, din dén d6 phu thudc cta thudc tinh sé thay
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ddi. Khéc véi tiép can VPFRS, cac do do xay dung theo tiép can IFRS hoan toan phu
thudc vao khdng gian xip xi md truc cdm. Trong d6, mdi phan ti ciia khong gian xAp
xi mo truc cam biéu dién mifc do tuong tu va khong tuong tu gitta hai ddi tugng dudc
xét. Do d6, khong gian xAp xi md truc cAm mo td mdi quan hé gitta cc ddi tuong da
chiéu hon so véi khong gian xap xi md ctia FRS [52]. Céc cong trinh nghién ctu [51]
cho théy tiép can IFRS c6 thé cai thién chit luong reduct trén cac bd dif liéu nhiéu,
tuy nhién thdi gian tinh todn con nhiéu han ché (chi phi tinh to4n gip doi tiép can
FRS). Tai Viét Nam, luan 4n TS clia tac giad Tran Thanh Dai dé xuit do do khoang
cach gitra cac phan hoach md truc cam (Intuitionistic Fuzzy Distance - IFD), chon loc
thudc tinh cho céc bang quyét dinh s6 c¢6 chita nhiéu. Tuy nhién thdi gian tinh toan
con han ché do viéc xdc dinh cong thiic tinh do thanh vién va khong thanh vién cho
AP. Do d6, muc tiéu nghién citu thii nhdt ctiia luan an 1a nghién citu md rong mo hinh
VPFRS sao cho thdi gian tinh todn cac tip x4p xi hiéu qua hon mo hinh VPFRS hién
c6. Muc tiéu nghién ctiu thid nhit thudce nhom cdc phuong phdp chon loc thudc tinh
cho bdng quyét dinh tinh, nghia la cac bang quyét dinh c6 noi dung khong thay ddi
theo thoi gian.

Trong thuc té, cdc ing dung hoc mdy thudng xuyén phai cap nhat mo hinh dé thich
ing véi nhiing thay d6i cta dit liéu theo thdi gian. Do do, viéc phat trién cdc phuong
phap chon loc thudc tinh hiéu qua khi di liéu dudc cap nhat 13 mot yéu cau cip thiét
[55]. Pén nay, da c6 nhiéu phuong phép tinh todn gia ting dudc dé& xuit nhim cap
nhat tap rut gon mot cach hiéu qua [3], [6], [S5]-[92]. K§ thuat tinh toan gia ting
nay chi danh gid cac thong tin méi va két hop chiing véi két qué trudc dé dé cap nhat
reduct. C6 ba kich ban thay doi dit liéu chinh: thay doi tap thudc tinh [55], [56], [58],
[60], [61], thay d6i tap dbi tuong [3], [6], [64], [69], [70], [74], [78]-[80], va thay d6i
ndi dung ctia ddi tugg [3].

Tai Viét Nam, luin 4n tién si cia Nguyén B4 Quéing da dé xuit mot phuong phap
tinh toan gia tang dua trén do do khoang cach, dugc xay dung dua trén tinh don diéu

ctia cac phép hop va giao gitta hai tip hop. Gan day, Yang va cong su da dé xuit mot
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phuong phép tinh todn gia ting theo tiép cin dd do hat thong tin tri thifc [70]. Khong
gibng nhu dd do khoang cich, do do hat thong tin tri thiic dva trén do thd va do min
cua cac phan hoach, giip cong thiic xay dung don gian hon va thdi gian tinh toan
nhanh hon. Tuy nhién, nghién ctiu clia Zhang va cdng su mdi chi phat trién do do hat
thong tin tri thifc trén khong gian x4p xi rd (crisp approximation space), chi chua md
rong né trén khong gian xap xi md.

Do d6, muc tiéu thit hai cia luan an nay la nghién ciu va mé rong dd do hat thong
tin tri thifc trén khong gian xap xi md, tng dung vao viéc xdy dung mdt phuong phap
cAp nhat thudc tinh cho bang quyét dinh s6 c6 su thay d6i vé ddi tuong. Muc tiéu
nghién ctiu thd hai nay thudc nhom cdc phuong phdp chon loc thudc tinh cho bdng
quyét dinh cé su thay doi vé doi tuong.

Muc tiéu nghién ctru: Han ché chinh ctia cic phuong phdp rit gon thudc tinh hién
tai, ap dung cho céac bang quyét dinh sd c6 chita nhifu va cic bang quyét dinh dong,
la chi phi thdi gian tinh toan cao. Do d6, luan an nay tap trung vao muc tiéu cai thién
thoi gian tinh todn tap rit gon trén ca hai loai bang quyét dinh nay. Cu thé, muc tiéu

nay dudc chia thanh hai huéng nghién ctiu chinh:

1. Cdi thién thoi gian tinh todn tdp rit gon trén bang quyét dinh sé c6 chita nhiéu:

Dé dat dugc muc tiéu ndy, luin 4n sé gidi quyét cac van dé nghién ciu sau:

e Vandé 1: N ghién ctu téng quan cic phuong phap chon loc thudc tinh hién
c6 nham giam thiéu anh hudng ctia nhiéu. Phan tich uu va nhudc diém clia
tiing phuong phép, va ly giai tai sao luin 4n Iva chon tiép cin VPFRS (Vari-
able Precision Fuzzy Rough Sets) d€ phat trién.

« VAn dé 2: Phat trién va t&i vu héa cdc phép todn cd ban, nham cai thién hiéu
qua thdi gian tinh todn cic tap x4p xi trong VPFRS.

* Van dé 3: D& xuit mot phuong phap chon loc thudc tinh méi, dua trén tiép

can VPFRS di dudc mé rong va tbi uu hoa.
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2. Cdi thién thoi gian tinh todn tdp riit gon trén cdc bdng quyét dinh dong:

DE cdi thién thdi gian tinh toan tap rit gon trén cdc bang quyét dinh dong néi
chung, va dic biét 1a trén cac bang quyét dinh s6 c6 su thay déi vé tap dbi tuong,

ludn an sé tap trung vao cac van de sau:

* Van dé 1: Nghién ctiu va danh gia cac phuong phap chon loc thudc tinh gia
ting hién c6, dua trén tiép can tinh toan hat (granular computing). X4c dinh
cac khodng trong nghién ctiu trong linh vuc nay va ly giai tai sao luan 4n lua
chon tiép can hat thong tin tri thiic (information-theoretic granular measure)
dé mé rong.

* Van dé 2: M5 rong khai niém hat thong tin tri thic trén khong gian xap xi
md va xay dung mot do do méi dua trén tiép cén tinh todn hat.

* Van dé 3: Xay dung cac cong thuc tinh toan gia tdng tuong ung vdi cac
trudng hop bd sung va loai bé d6i tuong trong bang quyét dinh sb.

* VAn dé 4: Dé xuit cic phuong phap chon loc thudc tinh gia taing mdi, tuong

ung véi cac cong thic tinh todn gia tang da dudc xay dung.

Poi tugng nghién ctru: Luin 4n tip trung vao viée rit gon cdc bang quyét dinh day
dd c6 mién gia tri s6, thudng dudc goi chung 1a bang quyét dinh s6, thong qua hai

nhom phuong phap sau:

* Nhém phuong phap chon loc thudc tinh nhiam cai thién do chinh x4c trong céc

bang quyét dinh s c6 chita nhiéu.

« Nhém phuong phédp chon loc thudc tinh gia ting 4p dung cho cic bang quyét

dinh sb.
D€ thuc hién nghién cttu ndy, ludn 4n dua trén céc kién thic nén tang sau:

« Téng quan vé cic khai niém co ban lién quan dén bang quyét dinh s6 va dinh

nghia reduct trong ngit canh chon loc thudc tinh.
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« Khio sat ly thuyét tp thd (Rough Set) va cdc md rdng clia nd, cling vdi cic

phuong phép chon loc thudc tinh dya trén cac ly thuyét nay.

 Nghién ctiu quy trinh chung dé xay dung reduct thong qua phuong phap chon loc

thuoc tinh.

« Tim hiéu vé cdc cong cu chuin héa dit liéu, cling nhu cic phuong phap do ludng

va danh gia hiéu qua cia md hinh phan 16p di liu.

« Nghién ctiu cac bd dit liéu s6 day di (complete numerical datasets) c¢6 san tif kho

du liéu hoc may UCI [93].

Pham vi nghién citu: Luén an tip trung vao nghién ctu cac phuong phap chon loc
thudc tinh dua trén cac bién thé ctia cac do do dudc xay dung trén khong gian xap xi

mo, véi ing dung chinh la chon loc thudc tinh cho hai truong hop du li€u sau:

 Phuong phap chon loc thudc tinh cai thién dé chinh xac cho cic bang quyét

dinh s6 c6 chia nhiéu.

 Phuong phap chon loc thudc tinh gia tang trén cic bang quyét dinh s c6 su

thay d6i vé tap ddi tuong.

Phuong phap nghién ciu: DE dat dudc két qua nghién ciiu cia luan 4n, nghién ctiu
ly thuyét va nghién citu thuc nghiém dudc két hgp nham ddm bao tinh chit ché vé co
s6 toan hoc va tinh ting dung trén cdc bo du liéu thuc tién. Trong do:

- Vé phuong dién ly thuyét: nghién ctiu va xay dung cdc cac dinh nghia, cic ménh
dé dudc trinh bay va chiing minh rd rang, chit ché, diy da dua trén co sS 1y thuyét
vitng chac ctia tip tho va tip thd md rong.

- Vé géc dé thuc nghiém: st dung cc bo dit liéu mau tr UCI [93] 12 nguyén liéu
dau vao cho cic thuit todn. St dung cdc md hinh phan 16p dit liéu tiéu chuin cho dit
ligu sb, két hop véi cac do do va loai hinh ddnh gia nham két luan kha ning phan 16p

cua reduct thu dudc.
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Két qua nghién citu: Hai két qua nghién ctu chinh ctia luan 4n da dat duge gdm c6:

1. Pé xudt phuwong phdp riit got thudc tinh theo tiép cdn mé rong tdp thé mo do

chinh xdc thay doi trong khong gian xdp xi mo

Noi dung chinh ctia két qua nay dudc trinh bay trong Chuong 2 cta luin 4n, véi

mot s cac diém dong goép chinh nhu sau:

* P& xuit phuong phap md rong mo hinh tip thd md dd chinh xic thay ddi
VPOFRS.

« P& xuit thuit todn rit gon thudc tinh theo tiép cin VPOFRS.

Cac két qua phan tich va thuc nghiém cho thiy, thuat todn rit gon thudc tinh dé
xuat trén mo hinh VPOFRS cho thdi gian thuc hién nhanh hon so vé6i thuét toan
rit gon thuoc tinh theo tiép can IFRS va VPFRS truyén théng. Pang chi y, tap
rut gon thu dudce cé kich thude nho hon va do chinh xac phan 16p cao hon so
v6i mét s6 phuong phap hién c¢é trén mot so6 bd dix liéu. Céc két qua nghién

ctfu da dugc cong bd trén cac cong trinh [CT2, CT3] cta ludn 4n.

2. Dé xudt phuong phdp tinh todn tdp riit gon gia ting trén khong gian xdp xi mo
Nbi dung chinh ctia két qua nay dudc trinh bay trong Chuong 3 cta luin 4n, véi
mot s6 cac diém dong gép chinh nhu sau:

« D& xuit khdi niém hat thong tin m& va do do hat thdng tin md.

* D& xuit md hinh va thuit todn rit gon thudc tinh theo tiép cin hat thong tin

N

mo.

* Xay dung cong thic gia ting khi bd sung tap dbi tuong va thuit toan cip
nhat tap rat gon tuong Ung.

* Xay dung cong thiic gia ting khi loai bd tip d6i tuong va thuat todn cap nhat

tap rut gon tuong ung.
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Céac két qua phan tich va thuc nghiém cho thiy, thuat toan rit gon thudc tinh dé
xuat theo tiép can do do hat thong tin md cho thdi gian thuc hién nhanh hon so
v6i thuat todn rit gon thudc tinh theo tiép cin khodng cach md truyén théng.
Hon nira, tip rut gon thu dugc co kich thude nho hon va do chinh xac phan
16p cao hon so vdi mot s6 phuong phap khac trén mét so bo dir liéu. Cac két

qua nghién ctiu da dudc cong bd trén cac cong trinh [CT1, CT4] cia luan an.

CAu tric cia luin an: Ngoai phin m& diu va phin két ludn, luan 4n xdy dung 03
chuong nghién ctiu v6i cdc ndi dung chinh nhu sau:

Chuong 1. Nghién ciiu tong quan vé phuong phdp riit gon thudc tinh trén khong
gian xdp xi mo. Chuong nay gidi thiéu tong quat vé bai toan rit gon thudc tinh, trinh
bay cac kién thifc co s& ctia 1y thuyét tip tho va tp thd mé rong trén khong gian xap
xi md, rit gon thudc tinh cho bang quyét dinh sb.

Chuong 2. Riit gon thudc tinh theo tiép cdn md réng tdp thé mo do chinh xdc thdy
doi trén khong gian xdp xi mo. Chuong nay trinh bay cac déong gép quan trong trong
viéc xay dung do do do phu thuéc mdé rong, co thdi gian tinh toan hi€éu qua. Pang chu
y, mot s tAp rit gon trén cic bang quyét dinh s c6 chita nhiéu c6 kha ning cai thién
dd chinh x4c phan 16p tot hon so vé6i cac phuong phap hién c6.

Chuong 3 Phuong phdp tinh todn gia ting tdp riit gon theo tiép cdn tinh todn hat
trén khong gian xdp xi mo. Chuong nay trinh by cac déng gép chinh trong viéc xay
dung phuong phép tinh toan gia ting tip rit gon hiéu qua trén khong gian xip xi md.
Hon nita, phuong phap dé xuét ciing trinh bay mot s6 két qua thuc nghiém dang chi
y vé kha niing cai thién do chinh x4c phan 16p tot trén mot s6 bo dit lidu c6 kich thuée

16n.



CHUONG 1. TONG QUAN VE PHUONG PHAP RUT GON
THUOC TINH TREN KHONG GIAN XAP Xi MO

Chuong 1 ctia luin 4n cung cAp mot cdi nhin tdng quan vé bai todn chon loc thudc
tinh va cac kién thiic nén tang can thiét. Chuong nay trinh bay tdng quan vé cic
phuong phap chon loc thudc tinh trén khong gian xip xi md, tip trung vao hai huéng
tiép can chinh: cai thién do chinh x4c phan 16p trén cac bang quyét dinh sb c6 chifa
nhiéu va tinh todn gia ting trén cac bang quyét dinh sb cap nhat tip cac ddi tugng.

Diém ndi bat cla chuong 1 viéc khdo sat va phan tich cic nghién cifu lién quan
dén hai hudng tiép cin nay, chi ra cic uu va nhugc diém cla cac phuong phap hién
c6, cling nhu x4c dinh cac khodng tréng nghién ctiu. Cu thé, chuong nay 1am rd cic
han ché vé thdi gian tinh todn ctia cidc phuong phép cai thién do chinh xac phan 16p
ctia tip riit gon thu dudc dua trén cac bang quyét dinh sb c6 chifa nhiéu nhu VPFRS
va IFRS, dong thdi néu bat su can thiét bai toan cip nhat mo hinh khi dit liéu thay d6i,
1a tién dé xay dung tiép can tinh toan gia ting tip rit gon.

Bén canh d6, chuong 1 ciing trinh bay cac kién thifc nén tang vé ly thuyét tap tho,
tap mJ, khong gian xip xi md va cac do do lién quan, cung cip nén tang ly thuyét cho

cac chuong tiép theo.

1.1. M6 dau

1.1.1. Khdi qudt bai todn chon loc thuéc tinh theo tiép cdn tdp tho

Nim 1982, Pawlak dé xuit mo hinh ly thuyét tap thd (Rough Set -RS) [10], dugc
cong dong cic nha khoa hoc danh gia cao vé kha ning phan tich dit liéu véi cac truong
hop dit liéu: khong diy dd, thiéu nhit quan. Duya trén kha ning phan tich dit liéu cla

RS, chon loc thudc tinh theo tiép cin RS 1a ting dung dudc nhiéu nha nghién ciiu ly
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thuyét tap thd quan tim trong nhiéu nim qua [4], [11]-[16]. Khong gidng nhu cac
phuong phap gidm chiéu dif liéu ctia PCA hay SVD, chon loc thudc tinh theo tiép cin
tap tho 1a qua trinh chon loc thudc tinh dé tao ra mot tip con clia tp thudc tinh ban
dau sao cho bo toan thong tin, bdo toan kha ning phan 16p so vdi tap dit liéu gbc. Do
do, tinh tu nhién cta di liéu sau khi rit gon khong bi thay ddi so véi dit liéu ban dau.

Riit gon thudc tinh con dudc goi 1a chon loc dic trung, 1a budc tién xi Iy quan
trong trong c4c tac vu phan tich dit liéu va hoc may. Chon loc thudc tinh lién quan dén
viéc chon mot tip con céac thudc tinh c6 lién quan tif tip thudc tinh ban dau sao cho
van git lai dugc cang nhiéu thong tin cang t6t. Qua trinh nay rat can thiét vi nhiéu ly
do khdc nhau nhu gidm d6 phuc tap tinh todn, cai thién kha ning dién gidi mo hinh va
nang cao kha nang du doan. Muc tiéu chinh cta viéc lua chon dac trung la tim ra mot
tap diic trung con, giif lai thdng tin quan trong hoic kha ning ra quyét dinh so véi tip
dic trung gdc. Qua trinh chon loc thudc tinh thudng budc qua cac giai doan sau day:

- Ddnh gid thudc tinh: Panh gia tAm quan trong hodc mic do lién quan cla tiing
thudc tinh trong tap dit liéu. C6 thé sit dung nhiéu k¥ thuat khac nhau nhu phén tich
thong ké, phan tich tuong quan va do ludng mic do déng gép thong tin ctia titng thudc
tinh.

- Lita chon thudc tinh: Chon mot tp con céc thudc tinh dua trén tiéu chuin chon
loc thudc tinh dudc st dung. Qud trinh nay c6 thé dudc thuc hién bang nhiéu chién
luge chon loc khac nhau bao gdom cdc phuong phép filter thudc tinh, phuong phap
wrapper thudc tinh hoic phuong phdp nhing thudc tinh. Chi tiét cac phuong phap
dugc mo ta trong cac Hinh 1.1, 1.2, 1.3.

- Xdc thite tinh diing ddn ciia tdp con: Xac dinh tip con cic thudc tinh di chon da
dam bao tinh toan ven thong tin so vdi tap thudc tinh gbc hay chua. Tuy thudc vao cic
phuong phap xay dung thuat toan khac nhau ma phuong phap xac dinh tinh chét ding
dan cla tap con ciing khac nhau. Khi d6, tip rit gon theo tiing phuong phép ciing sé
dudc dinh nghia khac nhau.

- Hudn luyén mé hinh: Huin luyén mo hinh phan 16p dudc chon trén tip rit gon
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thu dudc va danh gid hiéu nang phan loai cia m6 hinh. Thong qua viéc xdy dung mo
hinh trén tip rit gon, mo hinh c6 thé dat dudc mic do khdi quat hoa tot hon, thsi gian
huén luyén nhanh hon va kha ning dién gii ctia mo hinh dudc cai thién.

Dua trén cac phuong phap xac dinh tinh chit ding dan cta tip con, phuong phap
chon loc thudc tinh, c6 ba phuong phap xay dung thuat toan tim tap con cua tap thudc
tinh theo céc tiép can sau day:

- Tiép can filter thudc tinh: tiép can nay st dung cac cong cu do ludng miic do
dong gop thong tin clia thudc tinh nhu: dd nhat quan, d6 phu thudc, do chic chan, do
két hat. K&t hop vdi cac chién luge = bd sung céc thudc tinh quan trong hoic loai bd

cdc thudc tinh du thita hodic két hop ca hai dé tim tap thudc tinh rit gon. Tiép cin nay

cho thdi gian tinh todn la da thiic, phit hdp véi niing luc tinh todn clia cic thiét bi phan

cung hién nay.

Tap thudc tinh goc

Chon loc thudc tinh

Chua bao toan ) .
Phan loai tot nhat

Bao todn Tap reduct

Xuat reduct

Hinh 1.1: Mé hinh filter thudc tinh vdi chién lugc bo sung thudc tinh

- Tiép can wrapper thudc tinh: tiép cin nay sit dung cic phuong phap tim kiém t6i
uu két hop véi mot bd phan 16p dit lidu dé€ xac dinh tap dic trung con t6i uu nhét vé

kha ning phan 16p. Theo tiép cin wrapper thudc tinh, s6 lugng cic ting vién reduct
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Tap thuoc tinh goc

Chon loc thudc tinh

Chua bao toan

Phan loai t6i nhat

Bao toan Cap nhat tap goc

e
I
Hinh 1.2: Mé hinh filter thudc tinh vdi chién lugc loai bé thudc tinh

sinh ra 1a rat 16n, do phic tap tinh toan 1a ham mi. Do d6, c4c thuat toan tim kiém tbi
vu 1am gidm khong gian tim kiém, c6 thé dap ing dudc nhu cau tinh toan trén cac bd
d liéu nho. Tuy nhién véi cac bd dit li€u ¢ kich thude trung binh 16n hon la khong
thé thuc hién duoc.

- Tiép cén lai ghép filter-wrapper: Tiép cin nay khai thac nhiing uu diém ctia hai
phuong phdp filter va wrapper, trong d6 uu diém cta filter 1a tinh toan nhanh va wu

di€m cua phuong phap wrapper 1a kha ning phan 16p chinh xéc cao.

1.1.2. Mot s6 ting dung cia bai todn chon loc thuéc tinh

Céc k¥ thuat chon loc thudc tinh trai rong trén nhiéu linh vuc va nhiéu tac vu khéc
nhau, bao gém:

- Phan 16p dit liéu: Lua chon thudc tinh thudng dudc st dung dé€ cai thién hiéu suit
ctia cac mod hinh phan loai bang cach chon céc thudc tinh c6 tinh phan biét cao nhét

va giam nguy c¢d khép qua muc [1].
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Tap ban dau

Sinh &ng vién

Tap &ng vién
Xét (rng vién thir k

Chua tét nhit
M6 hinh phan l&p

Panh gia

Tot nhat »
Xuat reduct

Hinh 1.3: Mé hinh wrapper thudc tinh vdi chién luge tim kiém vét can

- Hoi quy dit liéu: Trong phan tich hdi quy, viéc gidm thudc tinh gitip x4c dinh cac
yéu t6 du doan c6 anh hudng nhit va don gian héa mo hinh trong khi van duy tri kha
nang du doan cta no [2].

- Phan cum dif liéu: Lua chon thudc tinh c¢6 thé nang cao thuét toan phan cum bang
cach loai bd cac thudc tinh khong lién quan hoic du thita, din dén cdc cum c6 y nghia
hon [3].

- Giam chiéu: Giam thuoc tinh c6 lién quan chit ché dén cac ky thuat giam kich
thu6c nhu Phén tich thanh phan chinh (PCA) va Phan tich gid tri don 18 (SVD), nham
muc dich nam bét ciu tric thiét yéu ctia dit liéu trong khong gian c6 chiéu thip hon
[4], [5].

- Phét hién bat thudng: Viéc x4c dinh hanh vi bt thudng hodc cic diém bat thudng
trong tap dit liéu c6 thé dudc hudng 16i tir viéc gidm thudc tinh d€ tip trung vao céc
thudc tinh mang lai nhiéu thong tin nhat cho nhiém vu phat hién bat thudng [6]-[9].

Gan day, mot s6 ting dung bio mét thong tin st dung phuong phap chon loc thudc
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tinh dé sang loc ra cc dic trung giy hai nhit, cic dic trung rii ro nhit dén nguy co
mét an toan cho hé théng thong tin ctia mdy tinh, gdm co:

- Phét hién Spam Web: Ting tht hang cho web thong qua tiép cin spam la mot
hinh thiic danh Ifa c4c thuat todn ctia cong cu tim kiém. Vi vdy, cdc phuong phéap
khéic nhau da dugc dé xuit d& phat hién va cai thién chét luong két qua tim kiém. Vi
mot trang web c6 thé dugc xem tit hai khia canh noi dung va lién két, do d6 s6 luong
trich din c6 thé ting rat cao. Vi vy, viéc chon loc cic dic trung c6 kha ning phan
loai cao 12 tién xt ly dif liéu quan trong nham gidm thdi gian va chi phi tinh todn [94].

- Phat hién Malware: Phin mém ddc hai 12 mot trong nhitng hinh thic tin cong
mdy tinh phd bién nhit trong bdi canh mbi de doa ngdy cang ting ctia toi pham mang.
Céac nghién ctiu gan day da chiing minh ring, phan loai dugc cac ham API c6 thé hiéu
dudgc chinh x4c hanh vi cia phan mém doc hai. Do d6, viéc chon loc ham API nao c6
kh4 ning phan loai cao 1a hét stic quan trong [95], [96].

- Phat hién xam nhap: Pién toan ddm may cung cip cho ngudi dung cac dich vu
dua trén Internet va mot trong nhiing thich thic chinh d6 1a vin dé bao mat. Do do,
viéc st dung Hé thong phat hién xam nhap (IDS) 1am chién Iudc phong tha 1a diéu
can thiét. C6 nhiéu rang budc trong mot hé théng IDS, khi d6 viéc lua chon nhiing
rang budc nao cta IDS ¢ kha ning phan loai t6t cac hoat dong doc hai va hop phap

12 hét sdc can thiét [97].

1.2. Cac d do dé phu thudc ciia thude tinh trén khong gian xap xi

mo
Phan nay sé khai quét cic do do lién quan, ting dung xay dung phuong phap chon
loc thudc tinh trén khong gian xAp xi mo. Cac do do nay dugc xay dung tif cdc bién

thé md rong tif mod hinh tap tho truyén thong trén khong gian xip xi md.
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1.2.1. Pé do mién duong mo

D6 do mién duong 1a dd do dua trén cac gia tri théng ké dudc clia cac tip xap xi
duéi trong mo hinh ly thuyét tip tho. Khi d6 do do mién duong mo 1a mot do do dudc
mé rong tlt do do mién duong cho khong gian x4p xi md. P9 do nay thudng dugc goi
1a do do do phu thudc mién duong, dd do nay thé hién mic dd phu thudc ciia thude
tinh quyét dinh trén cac thudc tinh diéu kién thong qua cic gid tri khang dinh ctia mién
duong thdng ké dugc. Trong hé thong tin néi chung va bang quyét dinh néi riéng, do
do nay cho phép do ludng dd nhit quan. Mot bang quyét dinh dudc goi 13 nhit quan
néu do phu thudc cta thudc tinh quyét dinh 13 16n nhét (bang 1). Chi tiét cac nghién

ctfu lién quan c6 thé dudc tim thiy trong Bang 1.1.

Bdng 1.1: Bdng thong ké cdc tiép cdn xdy dung dé do mién duong

STT | Tai  liéu | Kiéu di liéu | M6 hinh Khong Nam cong
tham chiéu gian bd
1 [23], [24] | Hon hop Tap thé mo lan | Xap xi ms | 2019,
can 2020
2 [25], [26] | SO Tap thd mo Xap xi mo | 2023
3 [20], [21] | SO Tap thé mo Xap xi mo | 2023
4 [27], [28] | Hon hop Tap thé mo lan | Xap xi md | 2023
can

1.2.2. DBé do Entropy mo

Do do Entropy ctia Shanon 1a do do dudc st dung nhiéu trong linh vuc hoc may
véi cay quyét dinh. Do do nay dung dé€ xdc dinh sb bit thong tin t6i thi€u can st dung
dé€ phan loai méi phan tif trong mot tap. Khi dé, do do do phu thudc cla thudc tinh
theo tiép can Entropy dudc xay dung d€ danh gia do 1di thong tin clia tiing thudc tinh,
lam tiéu chuin dé& xép hang mic dd quan trong ctia cac thudc tinh trong bang quyét
dinh. Trén moi trudng khdng gian x4p xi md, do do Entropy ciing dudc mé rong cho
bai todn chon loc thudc tinh. Chi tiét cdc nghién ctiu lién quan c6 thé dudc tim thiy

trong Bang 1.2.
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Bdng 1.2: Bdng théng ké cdc tiép cdn xdy dung dé do Entropy

STT | Tai  liéu | Kiéu di liéu | M6 hinh Khong Nam cong
tham chiéu gian bd
1 [29] Hon hop Entropy lan can | Xap xi md | 2019,
mo 2020
2 [4] So Entropy mo Xap xi mo | 2023
3 [30] So Entropy mo Xap ximo | 2023
4 [31], [32] | Hon hgp Entropy lan can | Xap xi md | 2023
mo

1.2.3. Dé do hat thong tin

Do do hat thong tin 1a khai niém quan trong cua linh vuc tinh toan hat. Trong moi
trudng tap tho truyén thdng, do do hat dudc xay dung dua trén cic gid tri théng ké
dudc ctia mot phan hoach hay mot phi. Do do hat con thé hién mifc d6 thd va min ctia
mot phan hoach, dudce goi 1a do thoé va do min cua hat. Khi do, d6 do d6 phu thudc
theo tiép can tinh toan hat dudc xay dung. P9 do nay dudc st dung d€ danh gia do
phu thudc cia thudc tinh trong bang quyét dinh. Tt d6 xay dung do do danh gia do
quan trong cua thudc tinh qua muc do thoé hay min cia hat thong tin phu thudc. Trén
moi trudng khong gian xAp xi md, do do hat thong tin cling dudc md rdng cho bai

todn chon loc thudc tinh trén bang quyét dinh sb. Chi tiét cic nghién cifu lién quan ¢

thé dugc tim thiy trong Bang 1.3.

Bdng 1.3: Bdng thong ké cdc tiép cdn xdy dung do do hat théng tin

STT | Tai  liéu | Ki€u di liéu | Mo hinh Khong Nam cong
tham chiéu gian bd
1 [11] Hon hop Hat thong tin | Xap xi mo | 2019,
lan can mo 2020
2 (6] S6 Entropy md Xap xi mo | 2023
3 [33] So Entropy mo Xap xi mo | 2023
4 [34], [35] | Hon hop Hat thong tin | Xap xi mo | 2023
lan can mo
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1.3. Phuong phap chon loc thudc tinh cai thién do chinh xac trén

khéng gian xap xi mo

1.3.1. Cdc nghién civu lién quan

Su phat trién ctia dit liéu 16n (Big Data) dong thdi 1am gia ting céc trudng hop dit
lidu thiéu, khong diy di va thiéu nhit quan. C4c tap dif liéu nay thudng can dudgc tién
Xt 1y trude khi dua vao huin luyén mo hinh. Bén canh viéc loai bd céc thudc tinh du
thira, viéc xac dinh va loai bd cic thudc tinh c6 d6 nhit quan thap (thudc tinh nhiéu)
1a mot budc quan trong. Viéc loai bd cdc thudc tinh nhiéu khong chi gitip gidm thoi
gian huin luyén mo hinh ma con cai thién dang k€ do chinh xac va do tin cdy clia mo
hinh.

DAi vé6i cac bang quyét dinh c6 mién gia tri r0i rac va khong day di, quan hé giia
cac ddi tuong thudng tao thanh cac phii (coverings). Do d6, cic tap xap xi dugc xay
dung dua trén cdc phi nay thuong khong chinh xdc do su khéng chic chin trong quan
hé gitta cac dbi tuong. DE giai quyét vin dé nay, Ziarko da dé xuit phuong phép diéu
chinh thanh phan trong tip xap xi dua trén mic do thanh vién cuia tiing d6i tuong,
din dén su ra ddi cia mod hinh Tap Tho D6 Chinh Xac Thay Péi (Variable Precision
Rough Set - VPRS). Céc nghién cifu gan day [10], [98] da cong bd cdc md hinh cii
tién va phuong phap chon loc thudc tinh cho bang quyét dinh khong day di, chiing
minh kh4 ning cdi thién viéc xt ly nhiéu trong cic bang quyét dinh rdi rac khong day
du.

Déi véi bang quyét dinh c6 mién gia tri s6, md hinh Tap Tho Do Chinh Xac Thay
D6i dude mé rong trén khong gian xﬁp xi mo [31], [39], [45]. Trong khong gian xép
xi md, cdc phép todn xAp xi dudi va xap xi trén clia tp thd mo c6 thé dugc diéu chinh
dé thay d6i do chinh xdc clia cac tap xap xi. Khi tap xAp xi dudi dugc diéu chinh, do
phu thudc ctia thudc tinh trén mién duong ciing dudc cip nhat. Tuy nhién, phuong

phdp thay ddi do chinh xac nay phu thudc nhiéu vao viéc Iva chon gia tri ngudng diéu
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chinh, va gia tri nay thuong khac nhau gitta cac tap di liéu. Do d6, phuong phap nay
doi héi nhiéu kinh nghiém va phan tich théng ké dé chon ngudng phu hop.

Ngoai tiép can Tap Tho Mo Po Chinh Xac Thay Déi, tiép cn st dung khong gian
xap xi mo truc cam (Intuitionistic Fuzzy Rough Set - IFRS) ciing thu hit dugc su
quan tAm clia nhiéu nha nghién citu [13], [20], [54]. Trong khong gian xAp xi md truc
cam, cac do do thuong dudc xay dung thong qua mién duong ctia IFRS hoic truc
tiép trén khong gian nay. Khac v6i khong gian x4p xi md truyén thdng, khong gian
xap xi md truc cam c6 cic rang budc chit ché hon dua trén cdc ham thanh vién va
khong thanh vién cuia tap md truc cam. Tuy nhié€n, viéc xay dung cac ham thanh vién
va khong thanh vién doc 1ap nhau 1a mot thach thuc 16n, thusng doi hoi st dung mot
ngudng vé do do du (hesitation degree) [54]. Hon nita, khong gian luu trit va chi phi
tinh todn trén khong gian xip xi md truc cam thudng gip doi so v6i khong gian xap
xi md truyén thdng.

Do d6, luan 4n nay dé xuAt mot hudng nghién ciiu m3 rong mo hinh Tap Tho Mo
Do Chinh Xac Thay D6i, ting dung vao bai toan chon loc thudc tinh dé cai thién do
chinh xdc trong cdc bang quyét dinh s6 c6 chifa nhiéu. Chi tiét vé cac nghién cifu lién

quan c6 thé dudc tim thiy trong Bang 1.4.

1.3.2. Vin dé con ton tai

Cic nghién ciiu gin day vé phuong phap chon loc thudc tinh nhim cai thién do
chinh xac phan 16p [31], [39], [45] da chi ra r:\?lng mo hinh tap thé mé v6i do chinh
x4c thay ddi, nhu dugc dé& xuit bdi mot sb tac gia, con han ché vé hiéu qua thdi gian
tinh toan. Cu thé, phuong phap diéu chinh clia cdc tdc gid ndy van xem xét toan bo cac
ddi tuong trong bang quyét dinh, dan dén thdi gian tinh todn dang ké. Trong khi do,
md hinh 1y thuyét tap thd cho phép tan dung mot s6 dic diém quan trong: tip cac d6i
tugng trong mot phan 16p ludn 14 tip con cia tip doi tuong trong bang quyét dinh, va
cdc tinh chét co ban cta tip thd cho phép tlly bién cac phép toan xap xi phut hop véi

nhiéu trudng hop dit liéu khac nhau. Vi vay, luan 4n niy dit muc tiéu cai thién thoi
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lop
STT | Tai  liéu | Kiéu dii liéu | Mo hinh Khong Nam cong
tham chiéu gian bd
1 [10], [98] | Hon hop Tap tho d6 chinh | Xap xirdo | 2022,
xdc thay doi 2023
2 [36], [42] | SO Tap tho mo do | Xap xi md | 2018,
chinh xéc thay 2019
doi
3 [19], [40], | SO Tap thd mo dod | Xap xi ms | 2020,
[43] chinh xac thay 2021
doi
4 [41] So Tap thd mo do | Xap xi mg | 2022
chinh xac thay
doi
5 [31], [39], | SO Tap thd mo do | Xap xi mg | 2023
[45] chinh xac thay
doi
6 [51] So Tap thd md truc | Xap xi mo | 2020
cam truc cam
7 [51], [53] | SO Tap thd ma truc | Xap xi mo | 2020
cam truc cam
8 [52], [54] | So Tap thé md truc | Xap xi mo | 2021
cam truc cam
9 [41] So Tap thd mo tryc | Xap xi mo | 2022
cam truc cam
10 [13],[20] | So Tap thé ma truc | Xap xi mo | 2023
cam truc cam

gian tinh todn clia qua trinh chon loc thudc tinh, diic biét trong viéc gidm thi€u anh
hudng ctia nhiéu, bang cach tbi uu héa cic phép toan xap xi dua trén cac tinh chat co

ban cta tap thd md vé6i do chinh xac thay doi.
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1.4. Phuong phap chon loc thudc tinh gia ting trén khong gian xap

xi mo

Trong c4c bai toan yéu cau ciap nhat md hinh phan 16p lién tuc, nhu cic hé théng
giam st giao thong, dit liéu luon dudc bS sung va thay d6i. Diéu nay dan dén viéc mo
hinh phan 16p can dudc diéu chinh theo cédc cip nhat dit liéu. Trong bbi canh d6, chon
loc thudc tinh gia ting déng vai trd quan trong trong viéc giam thdi gian tién xd ly dit
lidu, tir d6 ting hiéu qua vé mit thdi gian cho qud trinh cip nhat md hinh. Phan tiép
theo sé trinh bay cdc nghién citu lién quan dén chon loc thudc tinh gia ting, dong thoi

thao luan vé nhiing vin dé con ton tai trong linh vuc nay.

1.4.1. Cac nghién cuu lién quan

Céc phuong phdp chon loc thudc tinh dua trén do do xay dung tif tp xap xi duéi
thuong bi gi6i han trong cdc bang quyét dinh tinh, khong cip nhat cidc mau méi. Tuy
nhién, trong thuc té, cic bang quyét dinh lién tuc dudc cip nhat d€ nang cao do tin
cdy clia mo hinh. Piéu nay dit ra yéu cau vé kha niing tinh todn hiéu qua, trong d6 chi
cc thong tin mdi dugc cip nhat can dudc xi 1y ma khong can tinh todn lai toan bd
dit liéu. Do do, tiép cén tinh todn gia ting (incremental computation) [55], [56], [66],
[74], [79] ngay cang thu hut su chd y cua gidi nghién ctu. Ky thuét nay chi danh gia
nhiing thay ddi mdi va két hop ching vé6i két qua truée d6 dé tao ra két qua cp nhit,
dap ung nhu cau t6i vu hoéa thdi gian tinh todn trong cac ting dung thuc té. Cac phuong
phdp rit gon thudc tinh dua trén tinh todn gia ting c6 thé dudc phan loai thanh bon
nhém, tuong dng v6i bdn loai thay d6i di liéu chinh: thay d6i vé tap dbi tuong [3],
[6], [64], [69], [70], [74], [78]-[80], thay d&i vé tap thudc tinh [55], [56], [58], [60],
[61], thay d6i vé gia tri thudc tinh, va thay ddi hén hop (két hop nhiéu loai thay ddi).
Thong tin chi tiét vé cac nghién ciiu lién quan dudc trinh bay trong Bang 1.5.

Trong trudng hop dit liéu thay ddi vé dbi tuong, Jing va cac cong su [3] da trinh

bay vé su suy giam do quan trong ctia thudc tinh khi tip ddi tuong ting 1én va dé xuat
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Bdng 1.5: Bdng thong ké phuong phdp gia tdng khi thay doi tdp doi tuong

STT | Tai li€u tham chicu Kiéu di liéu | Po do Nam cong bo
1 [3], [69] So Hat thong tin 2018
2 [64] SO Hat thong tin 2019
3 [6] SO Hat thong tin 2020
4 [70], [78], [80] So Hat thong tin 2022
5 [74], [79] SO Hat thong tin 2022
6 [76] S6 Khoang céach 2021

do do tuong ung. Liang va cong su [89] su dung entropy thong tin, trong khi Shu va
cdc cong su di st dung khai niém phu thuoc ham d€ dé xuat phuong phap tinh toan
gia ting trén cdc bang quyét dinh dong [59]. Yang va cong su da st dung cac k¥ thuat
lay mau dé€ 1am gon cdc phan thong tin thay ddi [66], trong khi Zhang va cong su da
dé xuit mot thuat toan gia ting bang ki thuét chon cip dai dién khong nhit quan [79].
Giang va cdc cong su dé xuat mot thuat todn gia ting st dung khoang cach ma [76].
Lién quan dén su bién d6i ctia cc tap thudc tinh, Wang va cac cong su [86] di st dung
entropy thong tin dé tinh toan muc do suy giam thong tin khi s lugng thudc tinh ting
1én, trong khi d6 Jing va cdc cong su gidi thiéu mot thuat todn gia ting cho bang quyét
dinh day du [3]. Niu va cong su trinh bay phuong phap cap nhat tap rit gon cho cic
bang quyét dinh hén hop [64], va Chen va cac cong su [99] da xac dinh mdi quan hé
ctia cdc ddi tuong khi thay ddi clia cdc gid tri thudc tinh, Wang va cdc cong su [55]
tinh entropy dai dién, trong khi Jing va cac cong su [3] dé xudt mot phuong phéap gia
tang dua trén muc d phan chia tri thic. Wei va cac cong su xay dung phuong phap
tinh todn gia ting theo tiép can ma trin phan biét [66]. Dong va Chen [55] trinh bay
phuong phdp cip nhat tip rit gon trong trudng hop dif liéu bién dong hon hop. Jing
cac cdng su da 4p dung céch tiép can gia ting d€ t6i uu thdi gian cAp nhat tip rit gon

trong truong hop bién dong ca vé dbi tugng va thuodc tinh trong bang quyét dinh [40].
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Bdng 1.6: Bdng thong ké phuong phdp gia ting khi thay doi tdp thudc tinh

STT | Tai li€u tham chicu Kiéu di liéu | Po do Nam cong bo
1 [58], [61] So Hat thong tin 2018
2 [56], [60] So Hat thong tin 2019
3 [55] SO Hat thong tin 2020

1.4.2. Vin dé con ton tai

Két qua khao sit cho thiy ring, trong bai todn cap nhit tap rit gon khi bang quyét
dinh c6 su thay d6i vé tap dbi tuong, do do dua trén tiép cin tinh toan hat (granular
computing) té ra hiéu qua trong viéc xay dung cac cong thic tinh toan gia tang. Bén
canh do, tiép can tinh toan ciing cho thay do do khoang céch (distance measure) va do
do hat thong tin tri thiic (information-theoretic granular measure) 1a hai cong cu hitu
hiéu. Trong khi d6 do khoang cach thuong dudc xay dung dua trén cac phép toan giao
va hgp cua tap hgp, do do hat thong tin tri thic lai dya trén do tho (roughness) va do
min (granularity) cia cac phan hoach. Nho vay, cac cong thiic tinh todn gia tadng dudc
xay dung theo tiép cin do do hat thong tin tri thifc ¢6 ciu triic don gian hon, dé dang
chiing minh va x4c nhan tinh ding din trong cac trudng hop bd sung hoic loai b ddi

tuong.

1.5. Céc kién thifc nén tang

1.5.1. Tdp thé truyén thong

Mb hinh Tap Tho, dudc dé xuét bdi Zdzistaw Pawlak, 12 mot phuong phép todn
hoc dé xit ly dit liéu khong day di, khong chinh xdc va mo hd. N6 dua trén viée xap
xi mot tap hop xdc dinh (target set) bang hai tap hop khac: xp xi dudi va xap xi trén.
Muc tiéu 12 tim ra kién thic tiém 4n trong dif liéu ma khong can thém bét ky thong
tin trudc nao.

Dinh nghia 1.1 (Hé thong thong tin). Mot hé thong thong tin dudc dinh nghia 1a mot
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bota S = (U,A,V, f), trong do:

* U 12 mdt tap hop hitu han cic ddi tuong (con goi 1a vil tru - universe).
* A la moét tap hop httu han céac thudce tinh (attributes).
* V =Uuea Vu» V61 V, 12 tip hgp céc gid tri ma thudc tinh a c6 thé nhan.

o f:U xA — V 1amot ham gan gid tri cho mdi thudc tinh ctia mdi d6i tuong, tiic
la f(x,a) € V, v6imoix € U vaa € A.

Pinh nghia 1.2 (Quan hé tuong duong). Cho B C A. Quan hé tuong duong IND(B)

(indiscernibility relation) dudc dinh nghia nhu sau:
IND(B) = {(x,y) €U xU | Va € B, f(x,a) = f(y,a)} (1.1)

Diéu nay c6 nghia 13, hai d6i tuong x va y 1a khong phan biét dudc (indiscernible)
theo cdc thudc tinh trong tip B néu va chi néu chiing c6 cling gia tri cho tit ca cic
thudc tinh do.

Pinh nghia 1.3 (LJp tuong duong). Tap hdp [x]p = {y € U | (x,y) € IND(B)} 1a 16p
tuong duong chita x dya trén tap thudc tinh B.
Dinh nghia 1.4 (Xap xi dugi). Cho X C U. Xép xi duéi ctia X theo B, ky hiéu 1a BX,

dudgc dinh nghia nhu sau:
BX ={xeU|[x]p C X} (1.2)

XAp xi dudi chifa tit ca cac dbi tuong ma chic chan thudce vé& X dua trén thong tin
trong B.

Pinh nghia 1.5 (X4p xi trén). Cho X C U. Xép xi trén clia X theo B, ky hiéu 1a BX,

dudc dinh nghia nhu sau:
BX ={xeU|[x]pgNnX #0} (1.3)

Xap xi trén chia tit ca cac ddi tuong ma cé thé thude vé X dua trén thong tin trong
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B.

Pinh nghia 1.6 (Vung bién). Vung bién ctia X theo B, ky hiéu la BNp(X), dugc dinh

nghia nhu sau:

BNp(X) = BX — BX (1.4)
Vung bién chia cic d6i tugng ma khong thé xac dinh chic chan la thudc vé X hay
khong thudc vé X dua trén thong tin trong B.

Dinh nghia 1.7 (Tap hop thd). Tap hop X dudgc goi 1a tap hop tho néu BX # BX. Noi

cach khac, néu ving bién khong rdng, thi tap hop dé 1a mot tap hop thd

M0 hinh ly thuyét tap tho c6 thé duge biéu dién khai quat theo Hinh 1.4

UxU

Tap
/muc

tiéu

Tap
Ma trén quan hé Xap xi

dudi

Tap
Xap xi
trén

Hinh 1.4: M6 hinh Iy thuyét tdp tho

Dinh nghia 1.8. Bing quyét dinh s dugc biéu dién bsi bd NDT = (U,C, D, f). Trong
d6 U 1a tap hitu han khac rdng cc dbi tuong, C 1a tap hitu han khac réng cdc thudc
tinh diéu kién, D 1a tap hitu han c4c thudc tinh phan I6p va f 1a ham xdc dinh gi4 tri

ctia mdi ddi tuong trong U tuong tng véi cac dic trung cho trude.

Béng quyét dinh s6 1.7 ¢c6 U = {uy,...,us},C = {a,b,c,d,e, f},D = {D}. Trong
dé f(uy,a) =1.0,f(u;,D) =0
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Bdng 1.7: M6 td cdu triic bdng quyét dinh sé

U a b c d e f

U 1.0 0.4 0.8 0.2 1.0 0.0
u 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
Ug 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
Ug 0.2 0.8 0.2 0.8 0.0 1.0

S == O = Olg

1.5.2. Tip mo truyén thong

DPinh nghia 1.9 (Khai niém tip md). Cho U 1a tap khong réng, néu .7 12 mot anh xa
cua U sang khoang [0, 1], ki hiéu o7 : U — [0, 1] thi <7 dugc goi la mdt tdp ma trén
U. Véi moi x; € U, A(x;) dudc goi la do thudc cla x; trong .<7. Ho tit c4 cdc tip mo
trén U dugce ki hiéu la .# (U).

Dinh nghia 1.10 (Céc tinh chit co béan ctia tap md). Cho o7, % € .% (U). Vi moi

xeU:
o =B o (x) = Bx) (1.5)
A C B (x) < Bx) (1.6)
o UB(x) = max{t (x), B(x)} (1.7)
o N B(x) = min{o (x), B(x)} (1.8)
F(x)=1—o(x) (1.9)

Nhan thiy cac phép todn hop, giao va phép bu trén tip md 1a cac phép toan md
rong tif chudn tam giac (t — norm), d6i chuan tam gidc (t — conorm) va phép pha dinh.

Xét .7 :]0,1] x [0,1] 1a mdt anh xa. V6i moi x,y,z € [0, 1], cdc diéu kién dau day
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dudc thoa man:

(1) Tinh giao hoan: 7 (x,y) = .7 (y,x)

(2) Tinh két hop: T (x, T (%,2)) = T (T (x,¥),2)

(3) Tinh don diéu: y <z = 7 (x,y) < T (x,2)

(4) Diéu kién bién: 7 (x,1) = x.

Khi d6 .7 dudgc goi l1a chuin tam gic trén doan [0, 1]. Néu phép toan hai ngoi .7
thda man tinh giao hoén, tinh két hgp, tinh don diéu va .7 (x,0) = x thi . dudc goi la
phép todn dbi chuéin tam gic trén doan [0, 1]. Phép todn phii dinh .4 1a mdt anh xa
[0,1] — [0,1] khong ting trén doan [0, 1] théa man cac diéu kién bién .4 (0) = 1 va
A (1) = 0. Thong thudng .4 (x) = 1 —x dugc goi l1a phép toan phu dinh tiéu chuén.

Cho .7,.% va.# ,tanéi .7 va.¥ dbingiu qua .4 néu 7 (x,y) = N (L (N (x), 4 (y)))
va L (x,y) = N (T (AN (x), A (¥))). Cho T va & : I (x,y) = sup{z| T (x,2) < y}.
Khi d6 .# dudc goi la toan ti kéo theo md dua trén .7 . Tuong tu 0 (x,y) = inf{z|-(x,z) >
y} dugc goi 1a todn tit kéo theo dua trén .7 (.#-kéo theo). Mot s6 phép todn ¢ — norm,

t — conorm va kéo theo dudc trinh bay trong bang 1.8.

Bang 1.8: Cdc todn tit co bdn cua tdp mo

chuan doi chuan kéo theo
T (x,y) = min{x,y} S (x,y) = max{x,y} S (x,y) = max(1—x,y)
9(x,y):xy LS”(X,y):ery—xy f(x,y)zl—x—l—xy

I (x,y) = max{x +y — | L(x,y) =min{x+y,1} | Z(x,y) =min(l —x+y,1)
1,0}

1.5.3. Khéng gian xdp xi mo

Dinh nghia 1.11 (Quan hé tuong tu clia hai déi tugng trén mot thudc tinh). Cho bang
quyét dinh NDT =< U,C,D >, quan hé tuong tu ctia hai ddi tugng i, j € U theo thudc

tinh a € C dudc xac dinh bdi cong thiic sau:

sij = 1=la(i) —a(j)| (1.10)
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RO rang cong thic (1.6) ¢6 céc tinh chét sau:

(1) Tinh phan xa: sij =1 néui=j;
(2) Tinh ddi tudng: s¢ =%

(3) Tinh béc cau: s% > min(sf;, %)

Vi du: Cho bang quyét dinh NDT = (U,C, D) nhu bang 1.7, xét thudc tinh a € C

va hai dbi tuong uy,u,. Khi d6 quan hé tuong tu ctia hai déi tugng nay dudc xic dinh

bdi cong thiic (1.6) nhu sau: 5§, = 1 —|a(u1) —a(u2)| = 0.8

DPinh nghia 1.12 (Ma trin quan hé tuong dudng md cia mot thudce tinh). Cho bang

quyét dinh NDT =< U,C,D >, quan hé tuong tuy gitfa cic ddi tuong ctia U theo thudc

tinh a € CUD c6 thé dugc bi€u dién bdi ma trin quan hé md nhu sau:

a a
St S12
a a
S S
21 S22
S(a,U) =

a a
Su1 Sn2

a
S1n
a
Son

a
nn

S

(1.11)

Trong d6, n = |U|, s{; € [0,1]Vi, j € [1,n] la quan h¢ tuong ty gitia ddi tuong i va

ddi tugng j trong U trén thudc tinh a.

Vi du: Cho bang quyét dinh NDT = (U,C, D) nhu bang 1.7, xét thudc tinh a € C.

Khi d6 ma trin quan hé tuong tu cta cac dbi tugng trong U theo thudc tinh a € C

dudc biéu dién qua ma tran (1.7) nhu sau: R, =

I 1
I 1
0.8 0.8
02 0.2
0.2 0.2
0.2 0.2

0.8 0.2 0.2 0.2
0.8 0.2 0.2 0.2
I 04 04 04

04 1 1 1
04 1 1 1
041 1 1

Dinh nghia 1.13 (Ma tran quan hé tuong duong IIIG cua mot tap thudc tinh). Cho l_)éng

quyét dinh NDT =< U,C,D >, ma tran quan hé clia cac d6i tuong trong U trén tip
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thudc tinh P C C dudc xac dinh nhu sau:

S(PU)=(]S(a,U)

acP

Trong do, s{} = min{s{; : a € P}.

Vi du: Xét hai ma trin quan hé clia cic dbi tugng trong U tuong tng véi hai thudc

tinh a,b € C nhu sau:

I 1
I 1
0.8 0.8
0.2 0.2
0.2 0.2
0.2 0.2

0.8 0.2 0.2 0.2
0.8 0.2 0.2 0.2
1 04 04 04

s Rp
04 1 1 1
04 1 1 1
04 1 1 1

I 1 08 08 0.6 0.6 ]
1 1 08 08 0.6 0.6
08 081 1 0.8 0.8
08 081 1 0.8 0.8
06 06 08 08 1 1
06 06 08 08 1 1

Khi d6 ma trdn quan hé cua tap thucf)c—t_l’nh a,b _du'QC xac dinh bdi cong thic (1_.8)

la: Rab =

I 1
I 1
0.8 0.8
0.2 0.2
0.2 0.2

0.2 0.2

1.5.4. Tap tho mo

0.8 0.2 0.2 0.2
0.8 0.2 0.2 0.2
1 04 04 04

04 1 08 0.8
04 08 1 1
04 08 1 1

Cho #Z :U xU — [0,1] la quan hé md tu U sang U. Khi d6, véi moi x,y € U,

2 (x,y) xac dinh mic do tuong tu cta x va y thong qua quan hé Z. Quan hé Z cla

céc ddi tugng trén U c6 thé dugc bi€u dién bdi ma trin quan hé m& My = [r;j]nxn, Vi

rij = #(xi,x;) van = |U|. Khi d6, mo6i hang ctia ma trén la mot vector quan hé md

hay 1a mdt tdp md trén U. Ki hiéu tip cac quan hé ciia Z tu U sang U la % (U x U).

Pinh nghia 1.14 (Quan hé tuong duong mo). Xét # € .7 (U x U). V6i moi x,y € U,

Z dugc goi 1a quan hé tuong duong md néu:

(1.12)
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(1) Z(x,x) = 1: c6 tinh phan xa;
(2) Z(x,y) = Z(y,x): c6 tinh dbi xdng;
(3) Z(x,z) > min{%(x,y),Z(y,z)}: c6 tinh bic cau - min.
Dinh nghia 1.15 (Tip thd md). Cho bang quyét dinh NDT = (U,C,D, f), % 1a quan
hé tuong duong md trén U. V6i moi <7 € .Z (U), do thudc ctia dbi tugng x € U vao

tap xap xi dudi va xap xi trén ctia A theo quan hé Z lan lugt dudc xac dinh nhu sau:

R (x) Zyiggf(c%’(x,y),%(y)) (1.13)
R (x) = sggmin(%(x,y),szf(y)) (1.14)

I 1 08 02 02 0.2
1 1 08 02 02 02
08 081 04 04 04
Vi du: Xét ma tran quan hé R, = va 16p muc
02 02 041 1 1
02 02 04 1 1 1

02 02 04 1 1 1
tiéu A = {uy,us3,us} = [1,0,1,0,0,1]. Khi do, do thudc ctia dbi tugng u1 véi tap muc

tiéu A dudc xac dinh bdi cong thic (1.9) nhu sau:
=min{max (1 —1,1),max (1 —1,0),...,max (1 —0.2,1)}
=min{1,0,1,0.8,0.8,0.8} =0

1.6. Quy trinh xay dung va danh gia thuat toan chon loc dac trung

1.6.1. Trinh tu cdac budc xdy dung phwong phdp chon loc ddc trung

Dé xay dung phuong phép chon loc dic trung, hau hét ciac phuong phap chon loc
dic trung theo tiép cén tip tho truyén thdng va tap thd md rong déu xay dung theo 16

trinh cac bu6c sau day:
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- Xay dung phuong phdp ddnh gi, phan loai va chon loc thudc tinh: tiép cin ma
tran phan biét c6 thé phan loai cac thudc tinh theo mifc dd phan biét clia cic dbi tuong,
tiép can do do c6 thé danh gid miic do phu thudc, luong thong tin va kich thude hat
thong tin cua thudc tinh.

- Xay dung tap rit gon thong qua cic diéu kién can (tinh bao toan) va diéu kién di
(tinh t6i thi€u) dugc dinh nghia.

- Thiét ké thuat todn: st dung phuong phép filter thudc tinh vé6i cac chién ludc bs
sung cac thudc tinh quan trong hoic loai bd cac thudc tinh du thira, hoic két hop ca
hai, stt dung phucong phap wrapper két hop véi cac thuit todn tinh toan tién hoa. Két
hop phuong phap filter va phuong phdp wrapper thudc tinh cho tap rit gon c6 chét
luong phan 16p tot va thdi gian thuc hién cia thuat todn c6 bac da thic. Thudt todn
1.1 12 12 m6 hinh téng quét dudc st dung dé xay dung cho hau hét cac thuat toan rit

gon thudc tinh.

Thuat toan 1.1 Thuit toan QuickReduct
DPau vao: Tap thudc tinh diéu kién A
Pau ra: Tap rit gon B

1: B+ 0,

2. while M(B) # M(A) do
3: T <+ B;

4:  best +— —1;

5: forallaec (A—B)do
6: if M(BUa) > best then
7: T < BUa;

8: best < M(BUa);
9: end if
10:  end for
11: B+ T;

12: end while
13;: return B

- Cudi cuing la budc dénh gia tinh hiéu qua ctia phuong phap dé xuét dua trén céac
tiéu chi hodc cip tiéu chi vé do chinh xac phan 16p va kich thudc ctia tap rit gon, thdi

gian thuc hién cta thuat toan.
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Trong d6, M 13 mot @6 do (Metric) nham danh gid do phu thudc, ludng thong tin

hay hat thong tin ctia tap dic trung. Ta c6 B sé 1a tap riit gon ctia A néu M (B) = M(A).

1.6.2. Dit liéu va chudn héa dit liéu

Dit liéu thit nghiém trong cdc Chuong nghién ctfu ctia luin an dudgc tai vé tir kho
dit liéu UCL Day 1a tap hop cac bo dit liéu cho hoc mdy dudc cung cAp mién phi, ludn
dudc cip nhat bdi Pai hoc California, Irvine. Nhitng bd dit liéu ndy bao gdm nhiéu
chti dé khac nhau va thudng dudc st dung cho linh vuc nghién citu va gido duc. Trudc
khi x4y dung cic m6 hinh hoc mdy, dit liéu can dudc chuin héa. Trong d6, chuin héa
dit liéu trong hoc may va khai thac dit liéu 1a qua trinh diéu chinh va bién ddi dit liéu
sao cho chung phu hop va dé dang st dung trong cdc md hinh hoc mdy va quy trinh
khai thac dit liéu. Mot s6 tac vu chuin héa dit liéu co ban gom c6:

- Chuén héa don vi: Chuyén ddi don vi clia cic thuodc tinh trong dit liéu vé cling
mdt mién gia tri hodc don vi do ludng. Vi du, chuyén d6i cac don vi do ludng tir mét
sang centimet hodc tif dong sang USD.

- Chudn héa phan phéi: Pam bao phan phdi ctia dif liéu 1a dong nhét bang cach
chuyén ddi cac bién s sao cho ching tuan theo phan phdi chuin hoidc phan phdi
Gaussian.

- Chuén héa dinh dang: Dam bao dit liéu dudc biéu dién & dinh dang thich hop cho
md hinh hoc may hoic cong cu khai thac di liéu cu thé. Vi du, chuyén déi vin ban
thanh vecto dic trung hoic chuyén d6i dit liéu hinh anh thanh dinh dang sb.

- Loai bé nhiéu: Loai bé cic gid tri nhiéu, dif liéu bi thiéu hoic cédc gia tri ngoai lai
c6 thé 4nh hudng dén hiéu sut cia md hinh hoc may hoic qud trinh khai thac di liéu.

- Chu4n hoa thoi gian: Néu dif liéu c6 thong tin thdi gian can dugc chuin héa va
dong bod héa sao cho cac mo hinh c6 thé hiéu dudc va st dung hiéu qua.

- Chuén héa ty 1&: Pam bao cac bién sb c6 cung ty 1¢, tranh tinh trang bién s ¢

gi4 tri 16n hon c6 anh hudng 16n hon dén md hinh hoc mdy so véi bién s c6 gia tri
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nho hon.
Trong qud trinh khai thac di liéu va xay dung mo hinh hoc may, viéc chuin hoa
dit liéu d6ng mot vai tro quan trong nham bao dam hiéu suit va do chinh x4c ctia mo
hinh. Pong thdi, viéc hiéu rd vé loai dit liéu ciing gitip cho qua trinh chuin héa dugc

thuc hién mot cach hiéu qua va chinh xac.

1.6.3. M6 hinh phan lop va phuong phdp ddanh gid
1.6.3.1. M6 hinh ddnh phan l6p

M0 hinh phan loai SVM (Support Vector Machine) va kNN (k-Nearest Neighbors)
12 hai trong s6 cac thuat toan phan loai cho bo dii liéu sd phd bién trong linh vuc hoc
mady. Trong d6, mdi md hinh c6 mot sb cac uu va nhude diém nhu sau:

1) M0 hinh phan loai SVM (Support Vector Machine): SVM la mot thuat toan phan
loai manh mé dudc st dung dé tim ra ranh giGi quyét dinh t6i uu gitta cac 16p dit liéu.
Muc tiéu ctia SVM la tao ra mot siéu phang (hyperplane) trong khong gian n chiéu
sao cho khoang céch tif cic diém dif liéu gan nhat dén siéu phang d6 1a 16n nhit. SVM
c6 kha ning x{ 1y ca dit liéu tuyén tinh va phi tuyén tinh thong qua cac ham kernel
nhu ham da thiic, ham Radial Basis Function (RBF), hodc ham sigmoid.

- Uu diém: Hiéu qua trong viéc xit 1y dit liéu c6 sd chiéu 16n, linh hoat v6i cdc ham
kernel khac nhau, c6 kh4 ning xt ly ca dit liéu phi tuyén tinh.

- Nhudc diém: Doi hdi bd nhd 16n va thdi gian tinh todn cao khi xi Iy céc tap dit
liéu 16n.

2) M6 hinh phan loai kNN (k-Nearest Neighbors): kNN Ia mot thuat toan phan loai
don gian dua trén viéc so sanh cac diém dit liéu véi cac diém lan can. Y tudng co
ban ctia kNN 12 gan nhan cho mot diém dit liéu méi bang cach xdc dinh nhan cia cac
diém lan can gan nhat véi né. Po do thudng dudc st dung trong kNN 1a khoang cach
Euclide hoiic khoang cidch Mahalanobis. Tham s6 k trong kNN 12 s6 luong diém 1an

can dudc stt dung dé€ quyét dinh nhan cia diém di liéu méi.
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- Uu diém: Dé trién khai, khong can gia dinh vé phan phdi clia dif liéu, linh hoat
v6i cac loai ham do do khac nhau.
- Nhudgc diém: Doi hoi luu trit toan bd tap dit liéu, do phuic tap tinh todn cao khi xu

ly cac tap du li€u 16n.

1.6.3.2. B¢ do danh gid

Trong hoc mdy, ma trin gdy 1an nhi phan (binary confusion matrix) thudng dugc
st dung dé€ danh gid hiéu suit cia mot md hinh phan loai trén mot tap dit liéu kiém
tra. Ma tran nay c6 dang nhu Bang 1.9. Trong do:

- TP (True Positive): S6 lugng cac mau thudc 16p Positive (duong) dugc mo hinh
du doan dung.

- TN (True Negative): S6 luong cac mau thudc 16p Negative (am) dugc md hinh du
doan dung.

- FP (False Positive): S6 ludng ciac mau thudc 16p Negative nhung dudc mo hinh
du doan la Positive.

- FN (False Negative): S6 luong cic mau thudc 16p Positive nhung dudc mo hinh

du doan la Negative.

Bdng 1.9: Ma trdn lam ldn nhi phdn

Lép thuc té Lop dy dodn

: Duong (P) Am (N)
Ping (T) TP ™
Sai (F) FP FN

Dua trén ma trin gy 1an nhi phin ndy, ta c6 thé tinh toan nhiéu d6 do danh gid
hiéu suit ctia mo6 hinh nhu do chinh xdc (accuracy), dd nhay (recall), dd chinh xdc ciia
16p duong (precision), va F1-score. Ma tran giy 1an cung cip cdi nhin tdng quan vé
kha ning du dodn clia md hinh trén ca hai 16p va gitp xac dinh cdc 16i du dodn mo
hinh c6 thé gip phai. Sau diy 12 mot s6 do do thudng dudc st dung dé danh gia cac

mo hinh phan 16p.
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1. Bg do - Accuracy:

TP+TN
Accuracy = + . (1.15)
TP+TN+FP+FN
2. Do do - Error:
FP+FN
Error = + (1.16)
TP+TN+FP+FN
3. B0 do - Precision:
TP
Precision = ——— (1.17)
TP+FP
4. b0 do - Recall:
TP
Recall = —— (1.18)
TP+FN
5.D0¢ do - Fp:
1+ B?) x precision x recall
FB:( B?) x (1.19)

B2 x precision + recall

1.6.3.3. Phuong phdp ddnh gid

Phuong phdp danh gia chéo k-fold 1a mot ky thuat quan trong dung d€ danh gia
md hinh trong linh vuc hoc may, thudng dudc st dung dé danh gia kha ning cuia céc
m6 hinh phan 16p va du dodn. Céc thifc hoat dong ctia phuong phap nay bao gdom cic
budc chinh nhu sau

- Chia tap dit liéu: Tap dit liéu ban dau dudc chia ngiu nhién thanh k phan (folds)
c6 kich thuéc bang nhau.

- Lip lai qu4 trinh d4nh gia: Qu4 trinh ddnh gid dudc ldp lai k 1an. Trong mdi 1an
1ip, mdt phan trong s6 k phan dudc chon 1am tp kiém tht, con 9 phin con lai dudc
st dung 1am tap huén luyén.

- Huén luyén mo hinh: M hinh dugc huén luyén trén tiap huin luyén.
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- Dénh gia mo6 hinh: M6 hinh dudc dénh gia trén tap kiém thit d€ do ludng kha
nang phan 16p.

- Ghi nhan két qua: Két qua danh gid, chang han nhu do chinh xac dudc ghi lai.

- Tinh to4n do chinh xdc trung binh: Sau khi hoan thanh k 1an lip, do chinh xac
trung binh ctia mé hinh dugc tinh toan biang cach lay trung binh cong ctia cac két qua
danh gia tir mbi 1an lip.

Uu diém: Phuong phdp nay gitip ddnh gid hiéu suit cia md hinh mot cach khach
quan va chinh x4c. Pam bo ring md hinh dudc danh gi trén nhiéu phan dit liéu khac
nhau, gitip gidm thi€u hién tugng overfitting va underfitting.

Nhudc diém: Ting thdi gian ddnh gid so véi mot s6 phuong phap danh gid khac,
dac biét khi md hinh phuc tap va di liéu 16n. Khong phu hgp cho céc tap di liéu co
cAu tric dic biét, chang han nhu dit liéu chudi thdi gian. Tém lai, phuong phap danh
gia chéo 10-fold 1a mot trong nhitng ky thuat phd bién va dang tin ciy dé danh gia

hiéu suat cia mo hinh trong hoc may.

1.7. Két luan Chuong 1

Chuong 1 da gidi thiéu khdi quat vé bai todn chon loc dic trung, y nghia va vai tro
cua chon loc déc trung trong cac linh vuc hoc may va khai thac di liéu. Nghién ctiu
tong quat cac nghién citu lién quan vé cac nhém phuong phép chon loc dic trung cdi
thién nhi€u va nhém phuong phap chon loc dic trung gia tdng. Trén cd s phan tich
mot sd cac nghién ciu lién quan gan day cho thiy su kém hiéu qua vé thdi gian chon
loc dic trung bat ngudn tit mot sd nguyén nhan sau day:

- Pbi vé6i phuong phap chon loc dic trung cai thién do chinh xadc phan 16p: c6 hai
phuong phap tiép cin chinh 1a st dung mo6 hinh VPFRS va mo hinh IFRS. Phuong
phap chon loc dic trung cai thién dd chinh xac phan 16p theo tiép can VPFRS dua
trén su diéu chinh do chinh x4c clia cac phan ti trong tip xap xi dudi. Tuy nhién cong

thic tinh tip x4p xi dudi con chua hiéu qua do phai xét toan bo cac dbi tugng trong
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bang quyét dinh cho mdi tap xap xi dudi. Phuong phap chon loc dic trung cii thién
dd chinh x4c phan 16p theo tiép cin IFRS dua trén nén tang ctia ly thuyét tap md truc
cam. Tuy nhién khong gian x4p xi m& truc cam c6 do phic tap gip doi so véi khong
gian xap xi md. Hon nita, d€ xdy dung cac cong thiic tinh todn do thanh vién va khong
thanh vién doc 14p nhau, théa man diéu kién 12 mot s6 md truc cam 1a khong dé dang.
Pic biét 1a xay dung cong thiic mo ta chinh xdc vé do tuong tu va khong tuong tu,
phlt hop cho moi bang dit liéu 1a rit khé khin va tén kém. Do d6, luan 4n dinh hudng
Chuong 2 nghién ciu mé rong mo hinh VPFRS, ting dung chon loc déc trung cai
thién do chinh xac phan 16p, hiéu qua vé thdi gian tinh todn.

- b6i v6i phuong phéap chon loc dic trung gia ting khi bang quyét dinh thay d6i
vé dbi tuong: c6 hai phuong phép tiép can chinh 1a st dung do do khoang céch tri
thiic va do do hat thong tin tri thiic d€ xay dung céac cong thiic tinh todn gia ting, cap
nhat tap rit gon cho cdc trudng hop bd sung va loai bo tap dic trung. Thong qua céc
két qua phan tich cic nghién cifu gan diy cho thiy do do hat thong tin tri thiic cho
phuong phap xay dung cong thuc tinh toan gia tang don gian hon do do khoang céach.
Tuy nhién, d6 do hat thong tin tri thiic chua dudc md rong trén khong gian xap xi mo.
Do d6, luan an dinh huéng Chuong 3 nghién citu mdé rong dd do hat thong tin tri thic
trén khong gian xip xi md, ting dung xay dung cc cong thic tinh todn gia ting, cip

nhat tp rit gon khi tip ddi tuong thay ddi.
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CHUONG 2. RUT GON THUOC TINH THEO TIEP CAN MO
RONG TAP THO MO PO CHINH XAC THAY
POI TREN KHONG GIAN XAP Xi MO

Chuong 2 cua ludn an tap trung vao bai toan chon loc thudc tinh cai thién do chinh
x4c phan 16p cho bang quyét dinh s6 c6 chia nhiéu. Xuét phat tir han ché vé thdi gian
tinh todn clia cac phuong phap dua trén md hinh tap thd mo diéu chinh (VPFRS) va
khong gian xAp xi md truc cam (IFRS), luin 4n d& xuit cai tién mo hinh VPFRS nhiam
t6i uu hoa thoi gian tinh todn cac tip xap xi.

Piém ndi bat ctia chuong 1 viéc dé xuat md hinh tap tho md do chinh xdc md rong
(VPOFRS) thong qua viéc cai tién cac phép toan vé cach tinh d6 thudc. Bén canh do,
lu4n 4n ciing xay dung d6 do do phu thudc méi dua trén md hinh VPOFRS va dé xuét
thuat toan rit gon thudc tinh theo tiép cAn VPOFRS, day 1a thuat toan dudgc thiét ké
theo phuong phap filter v6i d phic tap da thiic. Tuy nhién véi céc cai tién clia mo
hinh VPOFRS sé hifa hen giam déng k€ thdi gian tinh todn so véi cac phuong phdp
trude do.

Két qué thuc nghiém cho thdy, thuat todin VPOFRS_ARD c6 thdi gian thuc hién
nhanh hon so véi VPFRS va IFRS, dong thdi cho tap rit gon c6 kich thudc nhé hon
va do chinh x4c phan 16p cao hon trén mot sd bo dit liéu nhiéu, dic biét 1a trén bd dit
liéu UFDC. Piéu nay khang dinh tinh hiéu qua ctia phuong phap dé xuit trong viéc
gidm thiéu 4nh hudng ctia nhifu va cii thién hiéu suét tinh toan.

Cac két qué nghién cttu dugc cong bd trong cic cong trinh [CT2, CT3]. Trudc khi
di vao ndi dung chinh, céc kién thiic co s& dugc nhic lai 1am nén tang dé xay dung

cac dé xuit trong chuong nghién ciiu.
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2.1. Céc kién thidc cd s6

Phan nay nhic lai mot s6 kién thifc quan trong vé& md hinh tap thé VPRS do Ziarko dé
Xuit vao nim 1993, ng dung riit gon thudc tinh cai thién do chinh xac phan I16p cho
bang quyét dinh phan loai khong dy dd. Mo hinh tap thd md VPFRS dugc Zhao gidi
thiéu vao nim 2009 [48], 1a md hinh md rong cia md hinh VPRS trén khong gian xAp
xi mG. M6 hinh VPFRS dudc ung dung hi€u qua trong rit gon thudc tinh trén cac b

di lidu s c6 chida nhiéu.

2.1.1. M6 hinh tip thé diéu chinh

Dinh nghia 2.1 (Ti 1é thudc). [28]Cho U 1a tap khong rong cic dbi tugng, véi moi
X,Y C U, X dudc goi 1 tap con clia Y néu v6i moi x € X ta cé x € Y. Do thudc clia X

vao Y dudc xac dinh bdi cong thiic sau day:

1— B s x| >0
¢(X,Y) = < Xl (2.1)
0<|X|=0

Trong do |.| 1a ki hiéu lyc lugng ciia mdt tap.
Ménh dé 2.1 (b6 bao thudc). [28] Dua trén cong thiic (2.1), dé bao thudc cua Y voi

X duoc ddnh gid theo cong thiic nhu sau
XCY<cX,Y)=0 (2.2)

Pinh nghia 2.2 (f thudc). [28] Dua trén cong thic (2.2), dd thudc cia X véi Y tai

ngudng B dugc xac dinh bdi cong thic sau:
B
XCY<ecX,Y)<B (2.3)

Dinh nghia 2.3 (M6 hinh tap thd diéu chinh). [28] Dya trén cong thiic (2.3), M6 hinh

tap tho diéu chinh dudc dinh nghia lai nhu sau:
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Véi moi X C U, B - xap xi dudi ctia X dudc xac dinh béi:
RgX =\ J{E€U/R: c(E.X) < B} (2.4)

Vi moi X C U, B - xap xi trén ctia X dudc xdc dinh bi:
RgX =\ J{E€U/R:c(E,X) <1-B} (2.5)

Trong d6 U /R 1a phan hoach ctia U theo quan hé tuong duong R.

2.1.2. M6 hinh tdp thé mo diéu chinh

Pinh nghia 2.4 (Quan hé tuong duong md). [28] Cho U 1a tap khong réng cac dbi
tuong va Z 1a mdt quan hé trén U, khi d6 % dudc goi 1a quan hé tuong duong md néu
cac diéu kién sau day dudc théa man. V6i moi x,y,z € U.

(1) Tinh phan xa: Z(x,x) =1,

(2) Tinh dbi xing Z(x,y) = Z(y,x),

(3) Tinh bic cau Z(x,y) > min(Z(x,z), % (z,)).

Dua trén todn td t-chuan (min) va toan ti kéo théo .# cia tip md. Mo hinh tap tho
md dudc dinh nghia dua trén cac phép toan x4p xi sau day.
Dinh nghia 2.5 (Tap tho mo). [1]Cho U 1a tap khong rdng cic dbi tugng, véi moi
xeU,ACU,

Do thudc clia x vdi tap xAp xi dudi ctia A theo quan hé Z trén U dudc x4c dinh béi:

ZA() = inf 7 (B(x,7),A0) 2.6)

Do thudc clia x v6i tap xap xi trén clia A theo quan hé Z trén U dudgc x4c dinh béi:

FA(x) = iggmin(%(x,y),A(y)) (2.7)

Dua trén khdi niém diéu chinh trong mo hinh VPRS, Zhao dé xuit md hinh tap tho

m& diéu chinh nhu sau:
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Dinh nghia 2.6 (Tap thd md diéu chinh). [1]Cho U 1a tap khong réng céac dbi tugng,
véimoix,yc U,ACU,

B-thudc clia x v6i tip xap xi duéi clia A theo quan hé Z trén U dudgc xac dinh nhu

sau:

BpAx) = inf S (R(xy).B)A inf I (R(x3).AD)) (2.8)

B-thudc clia x v6i tip xap xi duéi clia A theo quan hé Z trén U dudc xac dinh nhu
sau:

TGAM) = sup min(#(ry),1-B)V sup min(#(ry),AG)  (29)
A(y)=1-B A(y)<1-B
UxU
—Tap
- muc
tiéu
: \ beta -
Ma trén quan hé | Tap
I'.I xap xi
II'. dudi
beta-
Tap
xap xi
trén

Hinh 2.1: Mé hinh ly thuyét tdp thé mo diéu chinh

Mot céach hinh thifc, m6 hinh 1y thuyét tip thd md diéu chinh c6 thé dudc biéu dién
theo Hinh 2.1

2.2. Dé xuat phwong phap ci tién mé hinh tip thé mo diéu chinh

Theo cong thifc (2.8) va cong thiic (2.9) ta c6 thé thiy phuong phdp tinh todn cic

tap xap xi nay 1a chua ti vu do phai xét toan bo y € U. Hon nita, cdc cdng thic nay
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phéi tinh todn do thudc clia x dua trén hai khoang ctia 8 va 1 — . Sau day 1a phan
trinh by phuong phap mé rong mo hinh VPFRS dua theo cc phép toan xp xi mo
ngudng B dudc dinh nghia lai. Trudc tién 12 phan dinh nghia vé khong gian x4p xi

mo.

2.2.1. Khéng gian xdp xi mo dé xudt

Pinh nghia 2.7 (Quan hé tuong duong md). Cho U 1a tap khong rong céac dbi tugng,

v6i moi x,y € U, do tuong tu cua hai x va y dugc xac dinh nhu sau:
% (x,y)=1-|x—y] (2.10)

Nhan thdy % 1a mot quan hé tuong duong md trén U. Khi d6 [x]4 12 mot 16p tuong
duong md ctia x € U. Cip %, U dudc goi 1a khong gian xAp xi mo clia Z trén U.

Pinh nghia 2.8 (Ldp tuong duong md). Cho U la tip khong réng cic dbi tuong va
quan hé tuong duong mo & xac dinh trén U. Khi d6, 16p tuong duong cua x € U theo

quan hé # dudc xac dinh nhu sau:
Xl ={»Z%(x.y) :y €U} (2.11)

Nhan thdy [x] 12 mot tap mo trén U.
Dinh nghia 2.9 (Phan hoach md). Cho bang quyét dinh NDT = (U,C,D), va Z la
mot quan hé tuong duong mo trén U. Khi do, phan hoach mo cua Z trén U dudgc xac

dinh nhu sau:
U/Z%Z={x|z:x€U} (2.12)

Pinh nghia 2.10 (Phan hoach md ctia mot thudc tinh). Cho bang quyét dinh NDT =
(U,C,D), va # 1a mot quan hé tuong duong md trén U. Khi d6, phan hoach md cia
U theo thudc tinh a € C trén &% dudc ki hiéu b6i U /Z%,. Trong d6 U /%, dugc xac
dinh theo cong thuc (2.12)
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Dinh nghia 2.11 (Phan hoach md ctia tip thudc tinh). Cho bang quyét dinh NDT =
(U,C,D), va #Z la mot quan hé tuong duong mdo trén U. Khi d6, phan hoach mé cua
U theo tap thudc tinh P C C trén # dudgc ki hiéu bsi &, v6i & dugc xac dinh nhu
sau:

P =(\U/Ra (2.13)

acP
Ménh dé 2.2 (Tinh don diéu cta phan hoach md). Cho bdng quyét dinh NDT =
(U,C,D) va 2,2 la hai phdn hoach mo trén U tuong vung véi P,Q C C. Khi dd, néu
PCDthi QCP.

Chiing minh. Gia st P = QU {b} : b € C Theo cong thic (2.13) va toéan ti t-chuén
(min) cda tdp moS ta ¢6 U /Ry N(NyeqU/Ra < NaeoU/Ras nghia la & C 2. Ta c6

diéu phdi chiing minh. O

Dinh nghia 2.12. Cho bing quyét dinh NDT = (U,C,D) va £ 1a hai phan hoach
mo cia U v6i P C C. Khi d6 & dugc goi 1a phan hoach min nhit néu moi x € U,
] = {x}.

Dinh nghia 2.13. Cho bang quyét dinh NDT = (U,C, D) va 2 la hai phan hoach md

cia U v6i Q C C. Khi d6 2 dudgc goi 1a phan hoach thd nhét néu moix € U, [x] o = U.

2.2.2. M6 hinh tip thé mo diéu chinh dé xudt

Dua trén cic van dé con ton tai clia cic cong thiic tinh tap xap xi (2.8) va (2.9),
phan nay sé trinh bay phuong phdp céi tién cac phép toan vé cach tinh do thudc cla
x € U va céach xac dinh giéi han cuay € U
Dinh nghia 2.14 (Cai tién do thudc cta x € U). Cho U la tap khong réng cic dbi
tugng, v6i moi x,y € U, A C U. Khi do:

B-thudc clia x v6i tip xap xi duéi clia A theo quan hé Z trén U dudc xac dinh nhu
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A (x) = min{ inf 7 (%(x.5),A(%)). B} (2.14)

B-thudc clia x v6i tap xap xi trén clia A theo quan hé Z trén U dudc xac dinh nhu

sau:

RpA(x) = max{sugmin(%(x,y),A(y)),[3} (2.15)
ye

Meénh dé 2.3 (Cai tién gi6i han cta y € U). Cho bdng quyét dinh NDT = (U,C, D).

Voi moiye U vaA CU ta co:

min{inf .7 (% (x,y),A(y)), B} = min{inf .7 (%2 (x,y),A(y)), B} (2.16)
yeu y€EA

max{supmin(Z(x,y),A(y)), B} = max{supmin(Z(x,y),A(y)), B} (2.17)
yel yEA

Chuing minh. Dua theo cong thtc (2.14) va (2.15) ta co:

(DNéuyecAthiA(y) = 1.

Do d6 ta c6 min{inf,cy & (Z(x,y),A(y)), B} = min{inf,cs 7 (Z(x,y),A(y)),B} =
min{1,B}.

Néuy ¢ A thi A(y) = 0.

Khi d6 ta c6 min{infycyy & (Z(x,y),A(y)), B} =min{infycs S (Z(x,y),A(y)),B} =
min{0,3}.

(2)NéuyeAthiA(y) = 1.

Do d6 ta c6 max{sup,cy min(Z(x,y),A(y)), B } = max{supyc, min(Z(x,y),A(y)), B} =
max{Z(x,y),B}.

Néuy ¢ A thi A(y) = 0.

Khi d6 ta c6 max{sup,cy min(Z(x,y),A(y)), B} = max{supc, min(Z(x,y),A(y)), B} =
B.

Tur (1) va (2), ta ¢6 diéu phai chiing minh. O
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Dua trén ménh dé 3.2, md hinh VPFRS dugc dinh nghia lai nhu sau:
Pinh nghia 2.15 (M6 hinh VPOFRS). Cho U 1a tap khong rong cic dbi tuong, véi
moi x,y € U,A C U. Khi d6
B-thudc ctia x vé6i tp x4p xi duéi clia A theo quan hé Z trén U dudc x4c dinh nhu

sau:
ApA(x) = min{inf 7 (#(x,7).A(). B} 2.18)
Khi d6, B-x4p xi dudi clia A theo Z 1a mot tip mS dude xac dinh bdi

RpA = | ) {ZpA(x)} (2.19)

XEA

B-thudc clia x v6i tap xap xi trén clia A theo quan hé Z trén U dudc xac dinh nhu

sau:

RpA(x) = max{sugmin(%(x,y),A(y)),B} (2.20)
ye

Khi d6, B-xap xi trén ctia A theo Z 1a mot tap md dudc xac dinh bdi

ZpA = | {ZpA(x)} (2.21)

xeA
Cap (ZpA(x), ZpA(x)) dugc goi 1a md hinh VPOFRS.
RO rang ZA ludn luon nhd hon hodc bang ZgA. Néu ZgA = ZpA, ta goi A la
tap B - chinh xac.
Dua theo moi quan hé clia ZgA(x) va ZpA(x), tap U s& dugc phan chia thanh cac
mién theo A nhu sau:
- B - mién dudi (mién chic chin) cia A dudc xac dinh bdi

LgA =) {ZpA(x)} (2.22)

XEA

Khi d6, B - mién dudi ctia A 12 mot tip mo trong F(U) chic chin thudc A véi ti 16
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16i B hay:

L[;A :AﬂLﬁA (2.23)
- B - mién trén (mién khong chic chan) clia A dudc xéc dinh bdi

HpA = | J {ZpA(x)} (2.24)

XEA

Khi d6, B - mién trén ctia A 12 mot tap md trong F(U) khong chic chin thudc A

v6i ti 1€ 161 B hay:
A=ANHgA (2.25)
- B - mién bién (mién trung gian) ctia A dudc xic dinh béi:
BpA = HgA — LgA (2.26)

Khi d6, B - mién bién ctia A 1a mot tdp md trong F(U) vita thudc HgA, vita thudc
LpA v6i ti 18 18i B hay BgA N HpA # 0 vi BgA N HpA # 0.

- B - mién Am (mién phd dinh) ctia A dudc xac dinh bdi:
NgA =U — ZgA (2.27)

B - mién 4m cia A 1a mot tip md trong F(U) hoan toan khong thudc A véi i 1¢ 16i

B hay:

ANNA =0 (2.28)

2.2.3. D6 do db phu thuéc dé xudt

Dua vao m6 hinh VPOFRS dugc mé rong tit mo hinh VPFRS, d6 do d6 phu thudc
dudc xay dung ing dung cho phan tich dif liéu ctia bang quyét dinh. Trudc tién, khai

niém mién duong ctia bang quyét dinh dugc dinh nghia.
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Dinh nghia 2.16 (§ - mién duong ctia bang quyét dinh). Cho bang quyét dinh NDT =
(U,C,D) v6i D = {Dy,Dy,...D,} va € la phan hoach md cua C trén U. Khi d6 3 -

mién duong ciia bang quyét dinh NDT dudc dinh nghia nhu sau:
POSg(C,D) =| J{€pX : X e D} (2.29)

Dinh nghia 2.17 (Bang quyét dinh nhét quan - ). Cho bang quyét dinh NDT =
(U,C,D), NDT dugc goi 1a bang quyét dinh nhit quan néu:

POSg(C,D)=U (2.30)

Dinh nghia 2.18 (D6 nhit quan - ). Cho bang quyét dinh NDT = (U,C, D), do nhat
quéan B ctia bang quyét dinh dudc xdc dinh nhu sau

_ POSg(C,D)

v5(C,D) = 0 (2.31)

Nhan thiy bang quyét dinh NDT dudc goi la nhit quan - 8 néu ¥(C,D) = 1, khi
d6 D hoan toan phu thudc vao C. P do nay ciing th€ hién miic d6 phu thudc cta
thudc tinh D trong bang quyét dinh. Sau diy dudc goi chung 12 d6 do do phu thudc.
Ménh dé 2.4 (Tinh don diéu cta do phu thudc - B). Cho bdng quyét dinh NDT =
(U,C,D) va P,Q C C, khi dé y3(P,D) < 13(Q,D) if P C Q.

Chitng minh. Dua theo ménh dé 2.2 ta c6: néu P C Q, thi 2 C . Do dé6, véi moi
x €U vaA CU,néu [x]p thudc A, thi [x]g ciing thugc A. Khi d6 ZpA(x) < 25A(x)
) o . POSg(PD) _ POSg(Q.D)
do d6 POSg(P,A) C POSg(Q,A). Khi d6 ta c6 ﬁ” < fU‘
3(Q, D). Ta c6 diéu phai chiing minh. O

2.3. Dé xuét phuong phap rit gon thudc tinh cai thién do chinh xac

phan lép

Dua trén do do d6 nhit quan ctia bang quyét dinh dudc dé xuit trong phan trén clia

chuong nghién ciu. Phan nay sé trinh bay phuong phédp rit gon thudc tinh cdi thién
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nhiéu theo theo tiép can VPOFRS. Trudc tién 13 phan trinh bay vé mo hinh dé xuit.

2.3.1. Mé hinh dé xudt

Dua trén tinh chit don diéu ctia d6 do dd nhit quan - B da dugc dé xuit trong phan
trén clia chuong nghién cifu, phan nay xay dung do do danh gia do quan trong cia
thudc tinh va dinh nghia tap rut gon.

Dinh nghia 2.19 (D6 quan trong thudc tinh ngudng ). Cho bang quyét dinh NDT =
(U,C,D) va tap thudc tinh B C C. Khi d6, do quan trong cta thudc tinh ¢ € {C — B}

v6i B tai ngudng B dudc xac dinh bdi:

Sigp(c,B) = 5(BU{c}, D) — y3(B.D) (2.32)

Ménh dé 2.5 (Tinh chét khoéng céch). Cho bdng quyét dinh NDT = (U,C,D) vdi tdp
thuéc tinh B C C. Khi do Sigg(c,B) > 0 vdi moi c € C —B.

Chitng minh. Dya theo tinh chit don diéu ctia ménh dé 2.4 ta ¢6 ys(BU{c},D) >
¥8(B, D). Do d6 Sigg(c,B) > 0 v6i moi ¢ € C — B. Ta c¢6 diéu phai ching minh. [

Nhu vay dua theo ménh dé 2.5 ta ¢6 ¢ € C — B dudc goi 1a thudc tinh khong quan
trong véi B néu Sigg(c,B) = 0, hay khoéng céch phu thudc trude va sau khi bd sung
thudc tinh ¢ vao B khong thay d6i. Trén co s3 do, tap rit gon theo tiép cain VPOFRS
dudc dinh nghia nhu sau.
Pinh nghia 2.20. Cho bang quyét dinh NDT = (U,C, D), khi d6 B C C dudc goi la
B-tap rit gon néu cac diéu kién sau day dudc thda man:

(1) biéu kién can: y3(D,B) = y3(D,C)

(2) biéu kén di: V6i moi b € B, y3(D,B—{b}) # y3(D,B)

Dinh nghia 2.20 cho thiy diéu kién thd nhét can thda man nhim ddm bio tinh bao
toan do nhit quan ctia tip thudc tinh rit bon B so véi tip thudc tinh gbc C, diéu kién

thd hai can théa man d€ dim bao tinh t6i thi€u clia tap rit gon B.
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2.3.2. Thudt todn dé xudt

Dua trén cic dinh nghia vé d6 quan trong ctia thudc tinh va tap rit gon miic f3
dugc xay dung trong phan trén ctia chuong nghién cifu. Phan nay trinh bay thut toan
VPOFRS_ARD, riit gon thudc tinh cai thién do chinh xdc phan 16p theo tiép can
VPOEFRS.

thuat toan VPOFRS_ARD dudc thiét ké theo phuong phép filter thudc tinh, véi
chién lugc tim tip rit gon dudc thuc hién qua cdc budc nhu sau. V&i mdi gia tri
B <[0,1]:

- Khéi tao tap B = 0 tai buéc 1;

- Thuc hién cap nhat B tai cac budce tu 3-11. Trong do:

1) Xéac dinh thudc tinh b trong C — B ¢6 dd quan trong 16n nhit v6i B theo
dinh nghia 2.19, tai cac budc tu 5-6.
2) bo sung thudc tinh b vao B.

- C4c budc tir 3-11 sé két thuc khi diéu kién bao toan theo dinh nghia 2.20 tai bu6c
s6 2 dudc thda man.

- Két thuic thuat todn ta thu dudc tap rit gon B miic f3.

Sau day 12 no6i dung chi tiét clia thuat toan dé xuat:

Tiép theo 13 phan danh gia do phic tap ctia thuit toan VPOFRS_ARD. Cho bang
quyét dinh NDT = (U,C,D). Ki hiéu |U| 1a tap cac ddi tugng, |C| 1a tap thuoc
tinh diéu kién, |D| 1a sb phan 16p va |Dy| 1a sb dbi tuong clia phan 16p thd k trong
|D| ctia bang quyét dinh. Dua trén cac cong thic (2.29), (2.31) va (2.32) ta c6.
Do phuc tap cia céc bude tit 5-10 1a &(|D||D||U||C]); P9 phiic tap clia cac bude
tir 2-12 is O(|D||Dy||U||C|?). Do d6 d6 phic tap ctia thuat todn VPOFRS_ARD la
O(IDIID|UICP).

Do phic tap clia thuat toan VPFRS, it gon thudc tinh theo tiép cAn VPFRS clia
Zhao dé xut [48] c6 do phic tap 1a € (|Dy||U|*|C|?), do tap x4p xi dudi dugc tinh

dua trén cac phan ti trong U. Trong khi d6 thuit todn dé tinh tip xp xi duéi chi
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Thuét toan 2.1 Thuat toan VPOFRS_ARD riit gon thudc tinh theo tiép cin VPOFRS
Input Decision Table DT = (U,C,D), B € [0,1]

Output The reduct Bg
1: B=20;
2: while y3(D,B) # v3(D,C) do
3: SIG=0;
4: b=0;
5. forallce {C—B}do
6: if Sigg(c,B) > SIG then
7: SIG = Sigg(c,B);
8: b={c};
9: end if
10:  end for
11: B=BUb;

12: end while
13: return B;

dua trén céc phan ti trong |Dy|. Trong thuc té |Di| ludn nhd hon |U|. Dbi véi k phan
16p |Di| = ‘%', k cang ting thi |Dy| cang gidm va ngudc lai. Do d6, vé mit ly thuyét,
VPOFRS_ARD c¢ thoi gian thuc hién nhanh hon thuat toan VPFRS.

2.3.3. Vi du s6 minh hoa thudt todn

DE 1am 1o tinh ding dan clia cdc cong thiic va thudt toan dé xuit. Phan nay sé trinh
bay chi tiét cac budc thuc hién cta thuit todn qua ting cong thic. Cu thé nhu sau:

Pau vao: Bang quyét dinh DT = (U,C,D), B =0.5.

Pau ra: Tap rut gon B.

Budc 1: Khdi tao B = 0, Rp = [1] |y« |v|- Trong d6, [1];y|«|v| 1a ma trdn vudng kich
thudc |U| x |U| v6i moi phan ti ctia ma tran c6 gid tri la 1.

Buéc 2: Tinh d6 phu thudc ctia thudc tinh quyét dinh D vao tap thudc tinh B va tap
thudc tinh C. Trudc tién ta ap dung cong thic (2.10) ta tinh ma tran quan hé cia ting

thudc tinh trong C nhu sau:
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tran quan hé cua tap thudc tinh C nhu sau:

Rc =R, ﬂRbﬂ...ﬁRf =

Thudc tinh quyét dinh D ¢6 hai phan 16p Dy va D,, trong d6 Dy = {x1,x3,x¢} va

Dy = {x2,%x4,xs5 }. Nhan thiy hai phan 16p nay c6 thé dugc biéu dién tuong ting bdi hai
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vector sau day: D| = {x1,x3,x¢} = [1,0,1,0,0,1], D = {x2,x4,x5} = [0,1,0,1,1,0].
Ap dung cong thic (2.18), (2.29) va (2.31) ta tinh dudc cac do do do phu thudc
nhu sau:

0,0,0,0,0,0
Y3 (B,D) = % 6
0

Budéc 3: Vi )i (B,D) =

(C,D) = [0.5,0.5,0.5,0.5,05,0.5] _ 3
U] -

)}

)
£, ( D) = %, thuc hién cac buéc trong vong lap ta

co:

Ap dung cong thiic (2.32):

- Sig (a,B) = y3 (BUa,D) —y3 (B,D) = %2 — 00 — 02
- Sig (b,B) = y3 (BUb,D) — y3 (B,D) = 22 — 00 — 00
- Sig(c,B) = y3 (BUc,D) — 3 (B,D) = %2 — 00 = 02
- Sig(d,B) = y3 (BUd,D) — y3 (B,D) = %8 — 00 — 08
- Sig(e,B) = y3 (BUe,D) — 3 (B,D) = 11 — 20 = 11
- Sig(f,B) =13 (BUf,D)—y3 (B,D) = 1L — 00 = L1

Vi Sig (e, B) 1a 16n nhét. Do d6, b6 sung thudc tinh e vao tap thudc tinh B ta cé:
B=BU{e} ={e}.

Vi3 (B,D) = %2 £ 13 (C,D) =

. Tié
b BTN
- Sig (b,B) = 3 (BUb,D) — 13 (B,D) =12 - 02 = 13
- Sig(c,B) = y3 (BUc,D) — 3 (B,D) = 22 - 02 = 22
- Sig(d,B) = y3 (BUd,D) — 3 (B,D) = 2L — 02 = 23
- Sig(f,B) = Y3 (BUf,D) — 3 (B,D) = L1 - 02 =09

Vi Sig (d,B) 1a 16n nhat. Do d6, bd sung thudc tinh d vao tap thudc tinh B ta c6:
B=BU{d} ={e,d}.

Vi (B,D) =22 # y3(C,D) = . Ti

- Sig(a,B) = y3 (BUa,D) — v3 (B,

- Sig (b,B) = /s (BUb,D) — Y8 (B,



- Sig(c,B) = y3 (BUc,D) —y5 (B,D) = 28 — 25 = 03
- Sig (f,B) = v3 (BUF,D) —y5 (B,D) = & — 25 =02

Vi Sig (a,B) la 16n nhét. Do d6, bS sung thudc tinh a vao tip thudc tinh B ta co:
B=BU{a} ={e,d,a}.

Vi yg (B,D) = 2 8 # 13 (C,D) = %. Tiép tuc thyc hién vong ldp ta co:

- Sig(b,B) = Y3 (BUb,D) — y3 (B,D) = 28 — 28 = 9

- Sig(c,B) = y3 (BUc,D) — 3 (B,D) = 2 — 28 = 02

- Sig (f,B) =13 (BUf,D) — 13 (B,D) =3 -2 =%

Vi Sig (c,B) la 16n nhat. Do d6, b6 sung thudc tinh ¢ vao tap thudc tinh B ta c6:
B=BU{c} = {e,d,a,c}.

Viy (B,D)=¢=1(C,D) = %, két thic vong 1dp While ta c6 tip riit gon B =
{e,d,a,c}.

2.4. Thuc nghiém va danh gia

D& chitng minh thuat todn rit gon thudc tinh dé xuit hiéu qua vé thoi gian riit gon
thudc tinh, phan ndy trinh bay céac két qua thuc nghiém cia thuat toan dé xuit va so

sanh voi thuat toan VPFRS [48] va thuét toan IFD [54].

2.4.1. Kich ban va méi truong thuc nghiém

Dé danh gi4 tinh hiéu qua vé thsi gian rit gon thudc tinh cta thut todn dé xuét,
danh gia do chinh xac phan 16p va kich thuéc cua tap rut gon thu dudc, kich ban thuc
nghiém thuit toan dé xuit dudc thuc hién nhu sau

- Thit nhét, khao sat ving gia tri B clia thuat toan dé xuét cho ra tap rit gon c6 kich
thudc va do chinh xac phan 16p tot nhit. Trén co s& do, su bién dong vé do chinh xac
phan 16p cua tap rit gon thu dudc tai mdi gid tri B. Trén co s d6, danh gid dusc mbi

quan hé dong bién hay nghich bién gitta do chinh x4c phan 16p va kich thudc cia tap
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rut gon.

- Tht hai, so sanh va danh gi thuat toan dé xuit vdi cc thuat todn rit gon thudc
tinh cai thién do chinh xdc gom c6 thuat todn VPFRS ctia Zhao [48] dé xuit va thuat
toan IFD ctia Nguyen [54] dé xuit. Ba tiéu chi dung d€ so sanh gdm c6: thdi gian rit
gon thudc tinh, do chinh xac phan 16p va kich thudc cua tap rut gon thu dudc ti cac

thuat toan.

Bdng 2.1: Bdng mo td cdc bo dit liéu c6 do chinh xdc phdn 16p thdp

STT Tap di liéu Mo ta \U| |C| |D|
1 UFDC Ultrasonic flowmeter diagnostics (C) 181 43 4
2 UFDD Ultrasonic flowmeter diagnostics (D) 181 43 4
3 SHDC SPECTF Heart Data Set 267 44 2
4 SONAR Connectionist Bench 208 60 2
5 VRB Voice Rehabilitation(Binary) 126 310 2
6 VRG Voice Rehabilitation(Gender) 126 310 2

Céc tap dit liéu thuc nghiém dudc tai vé tit kho dit liéu chudn ctia UCI (UC-Irvine
Machine Learning Repository) [93]. Tat c4 cdc bd dif liéu nay déu c6 dd chinh xac
phan 16p ban dau thip (< 70%) dudc goi la cac bd dit lidu nhiéu. P chinh xdc phdn
l0p cua cdc tdp dit liéu nay duoc do luong boi do do Accuracy kem voi phuong phdp
ddnh gid chéo 10-folde trén hai bo phdn lop k-NN va SVM. Day ciing 1a phuong phap
danh gia dugc st dung cho tap rat gon thu dudc tir cac thuat toan. Pac biét bo dit liéu
UFDC c6 d6 chinh xac chi 44%. Chi tiét cic bo dit liéu c6 thé tim thiy tai Bang 2.1,

trong d6 |U| 1a sd dbi tugng, |C| 1a sb cac thudc tinh diéu kién, va |D| 1a s6 phan 16p

ctia tap dif liéu. C4c thudc tinh diéu kién ctia cac tap dif liéu ndy déu c6 mién gid tri s6
lién tuc. Trudc khi thuc hién rit gon thudc tinh v6i céc thuat todn, dit liéu dudc chuin
héa vé doan [0, 1].

Tap riit gon thu dudc tii cdc thuat todn dudc ki€ém thi trén hai mo hinh phén 16p dir
liéu s6 1a SVM va k-NN véi (k = |D|). Phuong phdp dénh gia chéo 10-folde két hop
v6i cac do do (accuarcy, precision, recall) dé ddnh gid do chinh x4c trung binh md

hinh phan 16p xay dung trén tap du li€u rut gon. Ngon ngti 1ap trinh Python dudc st
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Hinh 2.2: Méi quan hé giita kich thudc tdp rit gon vdi ngudng 3

dung d€ cai dit cac thuat toan trén nén tang Windows 10 va phan cing véi bo xit 1y

15, 8GB RAM.
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Hinh 2.3: Méi quan hé giita kich thudc va do chinh xdc phdn I6p ciia tdp riit gon trén
mo hinh SVM

2.4.2. Ddnh gid thudt todn dé xudt

Phan nay tién hanh thuc nghiém VPOFRS_ARD va didnh gid mdi quan hé giiia

kich thuéc tap rit gon thu dudc tai mdi gi tri B dudc dé xuét, trinh bay mdi quan
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hé gitra kich thuéc va dd chinh xac phan 16p cua tap rut gon. Trén c6 sé do, xac dinh
khoéng gid tri ctia 8 cho tap rit gon c6 kich thudc va do chinh x4c phan 16p tot nhat.

Hinh 2.2 trinh by mdi quan hé giita kich thudc tap rit gon va gid tri B (ngudng
diéu chinh) trong thuit toan dé xuét. Phan tich cho thiy, khoang gid tri B tbi uu c6 su
khac biét dang k€ gitia cac bd dif liéu, tao ra thach thic trong viéc Iva chon mot gid
tri phu hop cho tung truong hop.

Nhin chung, khi gia tri B tang 1én, kich thudc cta tip rut gon c6 xu hudng giam
dan, cho thdy mdi tuong quan nghich gitta hai yéu t6 nay. Tuy nhién, bo dit liéu UFDC
lai th€ hién mot xu hudng trai ngugc, véi kich thudc tip rit gon ting 1én khi § ting.
Su khéc biét nay nhin manh su phu thudc ctia thuit todn vao dic tinh riéng cla ting
bd dit liéu va tam quan trong clia viéc diéu chinh tham s6 8 mot cich can than dé dat
duoc két qua tot nhit. Viéc lua chon B thich hop doi hdi su can nhic ky ludng dé dam
bao tap rut gon thu dudc vira nhd gon vua gitt dude thong tin quan trong.

Hinh 2.3 thé hién su 4nh hudng ctia tham sb B dén do chinh xdc phan I16p ctia mo
hinh SVM sau khi 4p dung thuat toan rut gon thudc tinh. Khi so sanh véi Hinh 2.2, c6
thé thay 6 mdi tuong quan gitta kich thuéc tap thudc tinh va kha ning du dodn cia
mo hinh. Thong thuong, viéc loai bo thudc tinh (giam kich thudce tap rut gon) s€ lam
gidm do chinh xac, do mét m4t thong tin.

Tuy nhién, dang chu y la trén hai bd di liéu UFDC va SHDC, do chinh xac phan
16p lai khong hé suy giam khi 8 thay d6i, cho thiy thuit todn da loai bo thanh cong
nhung thudc tinh it hoac khong mang lai gia tri thong tin. Tham chi, véi bd UFDC,
do chinh xéc con ting vot tlif 44% 1én 57%. Piéu nay chiing to, thuat toan khong chi
loai bd thudc tinh du thira ma con c6 kha nang loai b hiéu qua cac thudc tinh gay
nhiéu (noisy features), tif d6 gitip mo hinh SVM khai quat héa tot hon va dua ra du
dodn chinh x4c hon. Pay 1a mot két qua quan trong, cho thy tiém ning cla thuit toan
trong viéc cdi thién hiéu suét phan loai trén cac bo dif lidu phtic tap, nhiéu nhiéu.

Tuong ti nhu phan tich trén mé hinh SVM, Hinh 2.4 cho thdy mbi quan hé giiia

tham s6 8, kich thudc tap rit gon va do chinh xdc phan 16p khi st dung mo hinh
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k-NN. Xu hudng chung van 1a do chinh xdc gidm khi kich thudc tap thudc tinh gidm
di, phan 4nh sy mat mat thong tin tiém ning. Tuy nhién, bo dit liéu UFDC tiép tuc 1a
mot ngoai 1 dang chu y. Sau khi 4p dung thuit todn rit gon thudc tinh va diéu chinh
tham sd B, do chinh x4c phan 16p trén bd UFDC di ting vot tif 70% 1én dén 86%.
Két qua nay khang dinh lai kha ning clia thudt todn trong viéc xdc dinh va loai bd cac
thudc tinh gay nhiéu, tif d6 gitip mo6 hinh k-NN hoat dong hiéu qua hon, dic biét 1a

trén nhitng bo dif liéu von c6 dd chinh xac ban dau thip.

2.4.3. So sdnh cdc thudt todn rut gon thudc tinh cdi thién dé chinh xdc phdn lop

Sau khi xdc dinh khoang gia tri 8 ti uu cho tliing bo di liéu, cho phép lua chon ra
tap rit gon cd su cAn bang tot nhét gitta kich thudc va do chinh xac phan 16p, budc
tiép theo 13 so sanh hiéu niing clia thuit todn dé xuat vdi cac thuat toan VPFRS va
IFD hién c6. Ba tiéu chi chinh dudc sit dung d€ danh gid va so sdnh céc thuit todn bao

gdom: thoi gian thuc hién, kich thu6c tap rit gon va dd chinh xac phan 16p.

2.4.3.1. So sdnh kich thudc cua tdp rut gon thu duoc tw cdc thudt todn

Hinh 2.5 so sanh kich thudc tap riit gon gilta cic thudt todn khac nhau. Két qua cho
thiy IFD c6 xu huéng tao ra tip rit gon véi kich thude trung binh nhd nhét trén cac
bd dit lidu. Tuy nhién, diéu thi vi la hai bd dit liéu UFDC va UFDD lai cho thiy su
vugt troi cua thuat toan VPOFRS_ARD.

Diéu nay dang chd y bdi vi UFDC va UFDD 1a hai bo dit liéu c6 do chinh xdc phan
16p ban dau thip nhit, cho thiy su hién dién ctia nhiéu trong dit liéu. Tuy nhién, thuat
toan VPOFRS_ARD da tao ra cac tap rut gon khong chi nhé hon ma con dat do chinh
xé4c phan 16p cao hon so v6i cac thuat toan khac. Piéu nay ngu y raing VPOFRS_ARD
c6 kha ning xac dinh va loai bd céac thudc tinh nhiéu mot cdch hiéu qua hon, cho
phép mo hinh phan loai tdp trung vao ciac thong tin quan trong va cai thién hi€u
suat du doan. Nhu vay, mic du IFD c6 xu huéng tao ra tap rit gon nhd nhat, nhung

VPOFRS_ARD cho thiy tiém niing 16n hon trong viéc xt ly dif liéu nhiéu va cai thién
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dd chinh xac phan 16p.
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Hinh 2.5: So sdnh kich thudc tdp riit gon thu duoc ti cdc thudt todn

2.4.3.2. So sdnh do chinh xdc phdn ldp cua tdp rit gon thu dugc tir cdc thudt todn

Hinh 2.6 so sanh do chinh xac phan 16p (trén mo hinh SVM) cua cac tap rut gon
do c4c thuat todn tao ra. K&t qua cho thdy do chinh x4c giiia cac thuit toan phan 16n
khong khéc biét nhiéu, gdi y rang tit ca déu bao toan tdt kha ning phan loai tdng thé.
Du vy, bo dit liéu UFDC lai ndi 1én nhu mot trudng hop dic biét, khi tap rit gon ti
VPOFRS_ARD dat dugc do chinh xdc cao hon dang k€ so véi IFD va VPFRS.

Khi xem xét dong thdi véi Hinh 2.5 (so sanh kich thudc tap rit gon), nhin thiy
raing VPOFRS_ARD khéng chi nang cao do chinh xic trén UFDC (ting 5% so vdi
VPFRS) ma con giam kich thudc tip rit gon xudng chi con mot nira. Piéu nay cho
thdy VPOFRS_ARD d thanh cong trong viéc loai bo cac thudc tinh khong lién quan
hoic gay nhiéu, gitip mo hinh SVM tap trung vao nhiing yéu t6 thuc su quan trong, tir
d6 cai thién hiéu suat. Mic du IFD tiép tuc thé hién kha ning tao ra céc tap rit gon
nhé hon (v6i do chinh xac tuong duong), két qua cia VPOFRS_ARD trén UFDC nhén
manh tiém ning ctia thut todn trong viéc vita giam chiéu dit liéu, vira ting cudng kha

ning du doan ctia mo hinh, mot yéu td then chét trong céc ting dung thuc té.
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Hinh 2.6: So sdnh dj chinh xdc phdn l0p cua cdc tdp rit gon xdy dung trén mo hinh
phdn lop SVM

Hinh 2.7 so sanh do chinh xac phan 16p (m6 hinh k-NN) cua cac tap rit gon tu cac
thuat toan. Két qua cho thiy, tuong ty nhu v6i mo hinh SVM, su khac biét vé do chinh
Xéc gitta cac thuat toan thudng khong dang ké. Tuy nhién, bo dit liéu UFDC tiép tuc
chuing té 1a mot trudng hop dac biét, khi VPOFRS_ARD mang lai d6 chinh xac phan
16p vuot trdi so véi IFD va VPFRS.

Khi két hop véi thong tin vé kich thude tap rit gon (Hinh 2.5), thiy rang VPOFRS_ARD,
trén bo UFDC, khong chi giam s6 lugng thudc tinh xudng mot nita so v6i VPFRS ma
con ting do chinh xac thém 5%. Piéu niy cang cling cd nhan dinh ring VPOFRS_ARD
c6 kha niing loai bo hiéu qua nhiéu trong dit liéu, gitip md hinh k-NN khai quat hoa

tot hon.

2.4.3.3. So sdnh thoi gian thuc hién cua cdc thudt todn

Nhu da dé cap trong phan khao st cidc phuong phdp rit gon thudc tinh cai thién
do chinh xdc phan 16p trén cic bd dit liéu nhiéu. Phuong phap IFD 1a tiép cin c6 thoi
gian tinh todn gip ddi so Vi cac tiép can tinh toan trén khong gian xip xi md. Do

do, phan nay chi so sanh thdi gian thuc hién ctia thuit todn dé xuit so véi thuat toan
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Hinh 2.7: So sdnh dj chinh xdc phdn [0p cua cdc tdp rit gon xdy dung trén mo hinh
phdn l6p k-NN

VPERS.

Hinh 2.8 so sdnh thdi gian thuc hién ciia thuit toan dé xuAt VPOFRS_ARD véi
thuat todn VPFRS gbc trén sau bo dif liéu khac nhau. Nhin chung, VPOFRS_ARD
thé hién su vugt trdi vé hiéu qua thdi gian, hoan thanh qud trinh rit gon thudc tinh
nhanh hon VPFRS trén moi bd di liéu thu nghiém.

Miic do cdi thién thdi gian ddng chi y nhit trén cdc bd dit liéu 16n hon nhu VRB
va VRG, cho thay 1di ich cia VPOFRS_ARD trong viéc xu 1y cac bo dii liéu phiic tap
hon. Vi du, trén VRG, VPOFRS_ARD hoan thanh trong 5.8 gidy, trong khi VPFRS
méat dén 8.8 gidy. Su khac biét nay c6 thé 1a do céc cdi tién ctia md hinh VPOFRS,
giam thiéu s6 lugng tinh toan can thiét dé€ xac dinh reduct.

Tuy nhién, trén cac bd dit liéu nhé hon nhu UFDC va UFDD, su khac biét vé thoi
gian 12 it rd rét hon. Diéu nay c6 thé 1a do chi phi cb dinh lién quan dén viéc khdi
dong thuat todn. Tém lai, két qua phan tich cho thly VPOFRS_ARD la mot thuit toan
hita hen dé rit gon thudc tinh hiéu qua trén céc bo dit lidu c6 chifa nhiéu, dic biét 1a

khi d6i mit v6i cac bo dit liéu 16n va phiic tap.
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Hinh 2.8: So sdnh thoi gian thuc hién giita cdc thudt todn

2.5. Két ludn Chuong 2

Chuong 2, luan 4n trinh bay tiép can dic biét hitu ich trong viéc gidi quyét cdc van
dé lién quan dén dit liéu khong chic chin va nhiéu, von 13 nhiing thach thic phd bién
trong c4c bai toan phan tich dit liéu thuc té.

Diém cbt 16i ctia phuong phap nam & viéc xdy dung mot do do dé danh gia muic
do quan trong cua tung thudc tinh. P do nay dua trén do phu thudc, dudce dinh nghia
theo cach tiép cAn VPOFRS, cho phép x4c dinh chinh xdc miic dd anh hudng ctia mdi
thudc tinh dén qua trinh phan loai dif liéu. Piéu nay gitip chon ra nhiing thudc tinh
quan trong nhat, dong thdi loai bé nhitng thudc tinh it lién quan hoic giy nhiéu.

Ngoai viéc ap dung cho bai toan riit gon thudc tinh, luan 4n ciing chi ra rang mo
hinh tip thd VPOFRS c6 tiém ning ing dung rdng rai trong cac bai todn phéan tich
dit liéu khac. Véi kha ning xi 1y dif liéu mdS va khong chac chian, VPOFRS c6 thé tré
thanh mot cong cu manh mé trong nhiéu linh vuc khic nhau, tif nhan dang mau dén

du bdo va ra quyét dinh, mé ra nhiéu huéng nghién cifu va ing dung trong tuong lai.



63

CHUONG 3. PHUONG PHAP TINH TOAN GIA TANG TAP
RUT GON THEO TIEP CAN TINH TOAN HAT
THONG TIN TREN KHONG GIAN XAP Xi MO

Chuong 3 ctia ludn 4n tip trung vao viéc gidi quyét bai toan chon loc thudc tinh
gia ting trong moi trudng dit liéu dong, cu thé 1a khi bang quyét dinh c6 su thay ddi
vé tap dbi tugng. Xuét phat tif nhiing han ché clia cic phuong phap truyén thong, cha
yéu dua trén do do khoang céich giita cac phan hoach, trong viéc xi Iy hiéu qua di
liéu bién dong. Luan 4n da dé xuit mot hudng tiép can mdi dua trén viéc md rong
khdi niém hat thong tin tri thifc d& xay dung do do trén khong gian xap xi md.

DPiém nhin chinh cta chuong 1a viéc xdy dung cic cong thiic tinh todn gia ting
cho phép cap nhat tap rit gon mdt cach nhanh chéng va hiéu qua khi c6 su bd sung
hoic loai bd dbi tuong trong bang quyét dinh. Cu thé, hai thuit toan FIGAMO (Fuzzy
Information Granularity-based Algorithm for Adding Objects) va FIGDMO (Fuzzy
Information Granularity-based Algorithm for Deleting Objects) da dudc phat trién,
tuong ng vdi hai kich ban thay déi dit liéu.

Céc két qua thuc nghiém cho thiy, thuét toin FIGAMO mang lai su cai thién ding
k€ vé thoi gian tinh toan so véi cdc phuong phap trude diy. Pic biét, trén mot s6 bd
dit liéu c6 s6 mau 16n, thuat toan FIGAMO khong chi gitip gidm thiéu s luong thudc
tinh ma con dong thdi nang cao do chinh x4c phan 16p. Piéu nay chiing minh ring,
viéc két hop khai niém hat thong tin tri thiic véi khong gian xip xi md c6 thé tao ra
cac phuong phép chon loc thudc tinh gia ting khong chi hiéu qua vé mit tinh todn ma
con c6 kha ning cai thién chit lugng md hinh.

Tuy nhién, chuong 3 ciing chi ra ring viéc Iva chon diéu kién ditng phit hgp déng
vai trd quan trong trong viéc cin bang giita thdi gian tinh toan va kich thudc cta tap

rit gon. Nhin chung, chuong 3 da déng gép mot phuong phép tiép cin day hia hen
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cho viéc gidi quyét bai toan chon loc thudc tinh gia ting trong moi trudng di liéu
dong, dic biét 1a v6i nhitng bo dif lidu c6 s6 mau 16n.
Céac két qua nghién cifu dudc cong bd trong cac cong trinh [CT1, CT4]. Truée khi
di vao noi dung chinh, phan kién thiic co sé vé khong gian xip xi md, ma trin quan

hé m& va mét sb tinh chit dudc nhic lai.

3.1. Céc kién thidc cd s6

Phan nay sé trinh bay mot s6 céc kién thic co s§ vé ma trin quan hé tuong duong
md cua mdt thudc tinh va ma tran quan hé tuong duong md cua tap thudc tinh. Cac
ma tran quan hé nay dudc st dung dé xay dung cic cong cu tinh toan trong phan tiép
theo clia chuong nghién ciu. Chi tiét cac kién thiic co s& nay c6 thé tim hiéu tai cic
cong trinh [74], [76].

Dinh nghia 3.1 (Quan hé tuong tu clia hai déi tugng trén mot thudc tinh). Cho bang
quyét dinh NDT =< U,C,D >, quan hé tuong tu ctia hai ddi tucgng i, j € U theo thudc

tinh a € C dudc xac dinh béi cong thiic sau:
sij=1—la(i) —a(j)| 3.1

RO rang cong thic (3.1) 1a mdt quan hé tuong duong mao do:
(1) Tinh phan xa: s§; = 1 néu i = J;
(2) Tinh ddi tudng: s = 5%
(3) Tinh bac cau: s§ > min(s{;, s%).
DPinh nghia 3.2 (Ma tran quan hé tuong duong md cia mot thude tinh). Cho bang

quyét dinh NDT =< U,C,D >, quan hé tuong ty gitta cic ddi tuong ctia U theo thudc
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tinh a € CUD c6 thé dugc bi€u dién bdi ma trin quan hé md nhu sau:

a a a
sll S12 Dy Sln
a a a
S S vee S
21 22 2
S(a,U) = n (3.2)
a a a
L Su1 Sn2 Shn i

Trong d6, n = |U

, 5%, € [0, 1]V, j € [1,n] 1a quan hé tuong ty gitta ddi tuong i va
ddi tuong j trong U trén thudc tinh a.

DPinh nghia 3.3 (Ma tran quan hé tuong duong md cia mdt tap thudc tinh). Cho bang
quyét dinh NDT =< U,C,D >, ma trin quan hé clia cc d6i tuong trong U trén tip
thudc tinh P C C dudc xac dinh nhu sau:

S(PU)=(S(a,U) (3.3)

acP

Trong do, SZ- = min{s{; : a € P}.

3.2. b6 do hat thong tin mo

Phan nay gidi thiéu phuong phdp mé rong do do hat thong tin trén khdng gian xap
xi rd sang d6 do hat thong tin trén khong gian xip xi md, goi tat 1a do do hat thong
tin md. Trudc tién, khai niém hat thong tin md cua thude tinh dudc dinh nghia trudc,
sau d6 cac do do trén hat thong tin md dugc xdy dung. Cudi cung 12 thuit todn rit
gon thudc tinh theo tiép can do do hat thong tin m& cho bang quyét dinh NDT dudc

dé xuat.
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3.2.1. Hat thong tin mo

Pinh nghia 3.4 (Hat thong tin md). Cho bang quyét dinh NDT =< U,C,D > va tip
thudc tinh P C C, khi d6 hat thong tin mo cua P trén U dudc xac dinh béi:
Ul v
) ’ [i]p ‘
FIGPU)=1-=

(3.4)
Lok

Trong d6 ‘[ p ) |§: SU
Vi du: Xét ma tran quan hé cta thudc tinh a € C trén tap ddi tudng U:
| 1 1 08 02 02 0.2 ]
1 1 08 02 02 0.2
08 081 04 04 04
02 02 04 1 1 1

02 02 04 1 1 1

02 0.2 04 1 1 1
Khi d6, hat thong tin md cua thudce tinh a theo cong thiic (3.4) dudc tinh nhu sau:

FIG(a U)—l—(”l 1 08 02 02 02]+.+[02 02 04 1 1 1])
o o

2 _ 14
- 36— 36

Ménh dé 3.1 (Tinh don diéu cta hat thong tin mo). Cho bdng quyét dinh NDT =<
U,C,D >, néuPCQCCthi FIG(P,U) < FIG(Q,U).

Chiing minh. Dua theo cong thiic (3.3), ta c6, v6i moi i,j € [1,|U]], néu P C Q thi

U] U]
TGl X |uF]
, do do IZTUlz < ’:}U‘z . Dua trén dinh

\UI Ul

Q<s

[l]P

| < £
|U|
.HW| Z|d N
nghia (3.1), ta ¢6: 1 — l:TUlz <1-E T hay FIG(P,U) < FIG(Q,U). Ta c6 diéu

phai ching minh. [
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3.2.2. Dé do hat thong tin mo

Pinh nghia 3.5 (D6 do d6 phu thudc cla hat thong tin md). Cho bang quyét dinh
NDT =< U,C,D > va P C C, khi d6 hat thong tin md ctia D phu thudc vao P trén U

dudgc xac dinh bdi:
FIG(D|P,U) = FIG(DUP,U)— FIG(P,U) (3.5)

Ménh dé 3.2 (Tinh don diéu cta do do do phu thudc cua hat thong tin mo). Cho bdng
quyét dinh NDT =< U,C,D >, néu P C Q C C thi FIG(D|P,U) < FIG(D|Q,U).

Chiing minh. Dua theo cong thiic (3.3), ta ¢6, véi moi i, j € [1,|U]], néu P C Q thi

sinUD < SZ.UD.
U] Ul
, vl vl ¥ [ilgun| X [[pun]
Khi do, ta c6: ¥ |[15.p| < ¥ [[lfp| do do Sl < Ey
i=1 i=1 Ul Ul
[ vl
_ T [l7up T |[0gun|
Dua trén dinh nghia (3.4), ta c6: 1 — ’ZIT <l- Flv hay FIG(PUD,U) <
FIG(QUD,U). Ta c6 diéu phdi chiing minh. O

3.2.3. Xdy dung thudt toan rut gon thudc tinh

Ménh dé 3.2 cho thiy su don diéu cta hat thong tin md. Néu tap thudc tinh P ting
vé s6 lugng thi do phu thudc cia D vao P ciing ting va ngudc lai. Dua trén tinh chét
don diéu ctia hat thong tin md dé xuét, do do dd quan trong ctia thudc tinh va cu tric
tap rit gon 1an ludt dugc dinh nghia nhu sau:

DPinh nghia 3.6 (Do quan trong clia thudc tinh). Cho bang quyét dinh NDT =<

U,C,D > va B C C, d quan trong cua thudc tinh a € C — B dudc xac dinh nhu sau:
Siggw(a) =FIG(D|BU{a},U)—FIG(D|B,U) (3.6)

Pinh nghia 3.7 (CAu triic tap rit gon). Cho bang quyét dinh NDT =< U,C,D > va

B C C, khi d6 B dudc goi la tap rit gon ctia C néu:
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1)FIG(D|B,U) = FIG(D|C,U)
2)Vb € B: FIG(D|B— {b},U) # FIG(D|C,U)

Dua trén cic dinh nghia vé do quan trong ctia thudc tinh va tap rit gon theo hat
thong tin md da dé xuat, thuat toan rit gon thudc tinh theo tiép can tinh toan hat thong
tin mo (Fuzzy Information Granularity - FIG) dugc dé xuat. Thuat toan FIG dudgc st
dung dé€ tim tap rit gon khi bang quyét dinh NDT khong thay ddi. Cac budc chinh ctia
thuét toan FIG gdm c6: budc 1, khéi tao tap rit gon S = 0, buc 3 dén buée 5 thuc
hién cac budc lap tinh toan Sigg| ¢ (a) dua trén dinh nghia 3.6, budc 6 cho biét thudc
tinh s 13 thudc tinh c¢6 dd quan trong 16n nhit, buéc 7 b sung thudc tinh s vio tap
rdt gon S. Qud trinh nay dudc lip lai cho dén khi diéu kién diing thda man theo dinh
nghia 3.7. Buéc 9 ta thu dudc tap rat gon trén U, ki hiéu la Ry. Sau day la ndi dung

chi tiét ctia thuat toan FIG.

Thuét toan 3.1 Thuat toan rit gon thudc tinh theo tiép cin hat thong tin md FIG
Input: NDT =< U,C,D >
Output: Tap rut gon Ry

1: S« 0;

2. while FIG (D|C,U)— FIG(D|S,U) > 0.5% do
32 forallae (C—S)do

4: compute Sig%w (a)

5:  end for

6: §=max {Siggs (a)}

7. S+ SU{s}

8: end while

9: Ry <+ S
10: return Ry

Do phtc tap cua thuét toan FIG dudc phan tich dua trén cac budce chinh tu 3-5, do
phtc tap cta cac budc nay la: O <|U 2|C||S |), trong trudng hop tdi nhét, phai duyét
hét cac thudc tinh, do phiic tap 1a O (|U |2|C |2), tuong ty nhu thuat toan FD [76]. Do
d6, do phic tap cia thuat todn FIG 12 O <|U|2|C|2).

Tuy nhién, trong thuc té d€ t6i vu kich thudc tap rit gon thu dudc, ta chi ldy tap rit

gon xap xi theo tap thudc tinh gbc. Véi cac bo dit lidu c6 kich thude vira va nhd, thuit
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todn st dung mifc do chénh léch 1a 0.5 gitta hat thong tin md clia tip thudc tinh gbc
vGi tap rat gon thu dude. Ro rang muc do chénh 1€ch cang cao, kich thudce tap rit gon

thu dudc cang nho, thdi gian thuc hién cua thuat toan FIG cang nhanh va ngudc lai.

3.2.4. Vi du s6 minh hoa thuit todn

Pé 1am ro tinh ding dan ctia cdc cong thiic va thuét toan dé xuit. Phan nay sé trinh
bay chi tiét cac budc thuc hién cla thuit todn qua ting cong thic. Cu thé nhu sau:

Pau vao: Bang quyét dinh DT = (U,C,D), B =0.5.

Pau ra: Tap rut gon B.

Budc 1: Khéi tao B = 0, Rp = [1] |y« |y|- Trong d6, [1];y|«v| 1a ma trdn vudng kich
thuée |U| x |U| v6i moi phan t ctia ma tran c6 gid tri 1a 1.

Buéc 2: Tinh d6 phu thudc ctia thudc tinh quyét dinh D vao tap thudc tinh B va tap
thuoc tinh C. Trudc tién ta ap dung cong thic (2.10) ta tinh ma tran quan hé cua ting
thudc tinh trong C nhu sau:
(1 1 08 02 02 02| 1 1 08 08 06 06|

1 1 08 02 02 0.2 1 1 08 08 06 0.6
08 08 1 04 04 04 0.8 0.8 1 I 08 038
R, = s Rp =
02 0.2 04 1 1 1 0.8 0.8 1 I 08 038
02 0.2 04 1 1 1 06 06 0.8 0.8 1 1
02 02 041 1 1 06 06 08 0.8 1 1
I 04 08 1 I 04 I 08 08 1 I 04
041 02 04 04 1 08 1 0.6 0.8 0.8 0.6
08 02 1 0.8 0.8 0.2 08 06 1 0.8 0.8 0.2
1 04081 1 04 1 08 081 1 04
1 04081 1 04 1 08 081 1 04
04 1 02 04 04 1 04 0.6 02 04 04 1



1 02
02 1

0.6 0.6
0 038
0 038
0 038

0.6
0.6
1

0.4
0.4
0.4

0

0.8 0.8 0.8
04 04 04

1

0

1

0

1
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I 02
02 1

0.6 0.6
0 038
0 038
0 03

0.6 0

04 1
04 1
04 1

0
0.6 0.8 0.8 0.8
I 04 04 04

1
1
1

0

1
1
1

Ap dung cong thiic (1.8) va phép toan 7' thit nhit trong bang 1.8 d€ xay dung ma

tran quan hé cua tap thudc tinh C nhu sau:

Rc=R,NRyN...NRy =

Ma tran quan hé ctia thudc tinh quyét dinh D tuong ting 1a: Rp =

1 02
02 1

0.6 0.2
0 02
0 02
0 02

0.6 0
0.2 0.2
1 04
04 1
04 0.8
02 04

0 O
0.2 0.2
04 0.2
0.8 04
1 04
04 1

0
0

1

1
0

0
1

1
0

1
0

0
0

1

Ap dung cong thic (3.5) ta tinh hat thong tin phu thudc cia thudc tinh D tuong

ung v6i tap thudc tinh B va C nhu sau:

FIG(D|C,U)
FIG(D|B,U)

10 __ 26.
36~ 36°
36_0

36

Buéc 3: Vi (FIG(D|C,U)=1-1 =2 _FIG(DB,U)=1-32=0) > 0.5%,

thuc hién cac budc trong vong lap ta co:

Ap dung cong thiic (3.6):

- SIGY,

‘B(a) =FIG(D|BU{a},U)—FIG(D|B,U) =

36

104

3

10.
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- SIGY ,(b) = FIG(D|BU{b} ,U) ~ FIG(D|B.U) = 48 —0 = 148

- SIG] 5 (¢) = FIG(D|BU{c} ,U) ~FIG(DIB,U) = 5t —0 = 3¢

- SIGY,,(d) = FIG(D|BU{d} ,U) — FIG(D|B,U) = 28 —0 = 128

- SIG} 5 (¢) = FIG (D|BU{e} ,.U) — FIG (D|B,U) = 53¢ —0 = 132
SIG] 5 (f) =FIG(D|BU{f}.U)~FIG(D|B,U) = %3¢ —0 =15

Vi ST Gg| z(b)1al6n nhat. Do d6, bd sung thudc tinh b vao tap thudc tinh B ta c6:
B=BU{b} ={b}.
Vi (FIG(D|C,U) = 2 —FIG(D|B,U) = 1£2) > 0.5%. Tiép tuc thyc hién vong

lap ta co:
- SIG] (@) = FIG(D|BU{a} . U) = FIG(D|B,U) = 1 - ;2 = 58 — 158 = 3
- SIG} 5 (c) = FIG(D|BU{c} ,U) ~FIG(DIB,U) = 1 — g — 5 = 32
- SIG] 5 (d) = FIG(D|BU{d} ,U) = FIG(DIB,U) = 1 - 152 — 5 = &
- SIG} 5 (¢) = FIG(D|BU{e} ,U) = FIG(D|B,U) = 1 — 3¢ — 138 = 52
- SIG] 5 (f) = FIG(D|BU{f},U) — FIG(D|B,U) = 1 - 15 — 158 = 3¢

Vi S1 Gg| B (a) 12 16n nhit. Do d6, bd sung thudc tinh a vao tap thudc tinh B ta cé:
B=BU{a} ={b,a}.
Vi (FIG(D|C,U) = 3¢ —FIG(D|B,U) = &) > 0.5%. Tiép tuc thuc hién vong

lap ta co:
- SIGY s (c) = FIG(D|BU{c},U) — FIG(D|B,U) = 1 — 138 — 248 — 4
- SIGY ,(d) = FIG (D|BU{d},U) — FIG(D|B,U) = 1 — 108 — 248 — 04
- SIGY  (¢) = FIG(D|BU{e} ,U) — FIG(D|B,U) = 1 — 1§ - 248 — 08
- SIGY 5 (f) = FIG(D|BU{f},U) — FIG (D|B,U) = 1 — 194 — 248 — 48

Vi SI Gg| z(e)1al6n nhét. Do d6, b3 sung thudc tinh e vao tap thudc tinh B ta co:
B=BU{e} ={a,b,e}.
Vi (FIG(D|C,U) = 3¢ —FIG(D|B,U) = £2) > 0.5%. Tiép tuc thuc hién vong

lap ta co:
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- SIGY,; (¢) = FIG (D|BU{c} ,U) — FIG(D|B,U) = 1 — 3 — %6 = &
FIG(D|BU{d},U) — FIG(D|B,U) = 1—10_256 _ 04

U () —
- SIGG (@) = oo,
- SIG] 5 (f) = FIG(D|BU{f},U) —FIG(D|B,U) = 1 - g = 85 =0

Vi SIG%IB (c) 1a 16n nhat. Do d6, b sung thudc tinh ¢ vao tip thudc tinh B ta co:

B:BU{C}:{b,a,e,c}.
Vi (FIG(D|C,U) = 22— FIG(D|B,U) = 2—6) 0 < 0.5%, két thiic vong 1ap While

ta co tap rit gon B = {b,a, e,c}.

3.3. Xay dung thuét toan cip nhat tap rit gon khi bé sung tip dbi
tuong

Phan nay trinh bay vé phuong phap xy dung thuit todn cip nhat tap rit gon khi
bang quyét dinh NDT b sung tap d6i tugng. Cac budc chinh gom cé: 1) xay dung
cong thifc tinh toan gia ting khi bd sung mot dbi tuong, 2) xay dung cong thiic tinh
to4n gia ting khi b6 sung tap ddi tuong, 3) xay dung thuét toan cip nhat tip rit gon
khi bd sung tap d6i tuong FIGAMO. Trudc tién 12 phan xay dung cong thiic tinh toan

gia ting khi b6 sung mot ddi tuong cho bang quyét dinh NDT.

3.3.1. Cong thiic gia ting khi bo sung thém mét doi tuong

Phan nay, luin 4n md rong do do hat thong tin, ting dung tinh todn gia ting khi bs
sung thém mot d6i tuong
Ménh dé 3.3 (Hat thong tin md gia ting khi b sung mot dbi tuong). Cho bdng quyét
dinh NDT =< U,C,D > va tdp thuéc tinh P C C, u la doi tuong cdan dugc bo sung

vao NDT. Khi do hat thong tin mo cua P trén U U{u} dugc xdc dinh nhu sau:

U|
FIG(PRUU{u})=1- Lt (IU2 UPFIG(P,U)+2Y ’[i]z{a”} +1
i=1

U U{u}f?

(3.7)

Trong do: i ]{ “} 1a I6p tuwong duong cua {u} trén tdp thudc tinh P.
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Chuing minh. Duya theo cong thic (3.4), ta co:

VLA u u u
p mgu{} _| |+Z‘ {}+|[ |+’ {}
14
Cong thiic (3.1) c6 tinh chét dbi xiing, do dé: Z ‘[ ]{”} ’[ 19 ‘ va ‘[u];{f} =1.
Khi do:
| |+2 z ‘ fu | 4 U>— |U\2FIG(PU)+2 z ][]{”}
—1- U|> —|UPFIG (P,U) +2 ‘ I
e ( P WPFIG () +2 X [+

Ta c6 diéu phai ching minh. 0

Mot cach khdi quat, phuong phap tinh todn gia ting khi b sung mot ddi tudng c6

thé€ dudc minh hoa nhu trong Hinh 3.1

Ma trdn quan hé

Hat théng tin clia ddi twgng can bé xung

Hat théng tin cha cac d6i tugng da cé

Hinh 3.1: Minh hoa phuong phdp gia ting khi bé sung mot déi tuong

3.3.2. Cong thiic gia ting khi bd sung thém mét tdp doi tuong

Dua trén cong thiic gia ting khi b sung mot d6i tuong vao bang quyét dinh NDT,
cong thidc gia ting dudc md rong cho trudng hdp bd sung nhiéu dbi tuong. Trén co s6

do, do do d6 phu thudc cia thudc tinh dudc dé xuat.
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Ménh dé 3.4 (Hat thong tin md gia ting khi bd sung tap dbi tuong). Cho bdng quyét
dinh NDT =< U,C,D > va tdp thuéc tinh P C Q C C, A, = {uy,uy, ...u;} la tdp doi
twong cdn duoc bo sung vao NDT. Khi do hat thong tin mo cua P trén U U A, duoc

xdc dinh nhw sau:

. ) A
FIG(PUUA,) =1———— [ |UP ~ [UPFIG(PU) +2Z’ +3 |
(3.8)
Chuing minh. Dua theo cong thic (3.4), ta cé'
Bl A A
iy iired |+Z\[ "+ZH !+Z( p
L U A u\
Cong thife (3.1) c6 tinh chit d5i xitng, do do: ¥ ‘[i]ﬁ L i} ’
| Y
|05 ]+2 z \ ) \m%"
Khi d6: FIG(P,UU{u})=1— =l
IUUAul
|Aul
PP FIG(PU>+22 \HA“ + 3 [l
=1- |UUA 2
2 Au
—1- ko (U U] FIG(PU)+22 ] )
Ta c6 diéu phai chiing minh. U

Ménh dé 3.5 (Hat théng tin md phu thudc gia ting khi bd sung tap ddi tuong). Cho
bdng quyét dinh NDT =< U,C,D > va tdp thuoc tinh P C Q CC, A, = {uy,up, ...u; }
la tdp doi tuong cdn dwoc bo sung vao NDT. Khi do hat thong tin mo ciia D phu thudc

vao P trén U UA,, duoc xdc dinh nhu sau:

[ WwPFIGDIPY) -2 ( - i)
FIG(D|P,UUA,) = UUAP +|AZ|(‘HZA)UP‘ ‘[i]fo”)

(3.9)

Chitng minh. Dua theo dinh nghia 3.5 vi ménh dé 3.4, ta c6
FIG(D|P,UUA,) = FIG(D|P.UUA,) — FIG (P,U UA,)
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A
- (U —|UPFIG(DUP. U)+2Z ‘HDUP + X HDUPD

:

|Aul

H

|U|2FIG(DUP,U) - |U|2F1G(P U)

B |UU1A |2 ‘U| ‘Au‘ Ay Ay |Au‘ 12u
“ 2 Z HDUP .Zl [{lpLp| —2 ): [i]p"| — ): [i]p
P -
1 2 |A” 2A
YR UIPFIG(D|RU) - (‘ DUP‘ - ’ ) (‘[Z]DUP‘ ‘[Z]Pu )
Ta c6 diéu phai chiing minh. O

3.3.3. Dé xudt thudt todn gia ting khi b6 sung tip doi tuong

Truée khi dé xuit thuat toan, do do do quan trong cta thudc tinh dugc md rong
thong qua ménh dé sau day:
Ménh deé 3.6 (Do quan trong ctia thudc tinh gia ting b sung tap d6i tuong). Cho bdng
quyét dinh NDT =< U,C,D > va B C C, dé quan trong ciia thudc tinh a € C — B véi

B trén U UA,, duoc xdc dinh nhu sau:

UISighs (a) +2 2' Mi]g@*‘ B )H%Buw} )
Sigl(a) = —— | + (|15 13 )
UUA| 144l 1A 1A
+i§1 (( [’]DMUB‘ = lplsuta) ) ( B HBU{a} ))

(3.10)

Chitng minh. Dua theo dinh nghia 3.5 vi ménh dé 3.4, ta c6
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FIG(D|BU{a} ,UUA,)—FIG(D|B, UUA 2)

)

UPFIG(D|BU{a},U) 2 z (\[ T3ty — |5

1
o +|% (’[ ]DUBU{a} ‘[”]gﬂ{a} >
[ wPFGIBY) - (\Hm\ li5])
lUUA,? |Ay|
+ 1 (|5 | )

|U|2FIG(D|BU {a},U)—|U*FIG(D|B,U)

| % (|30 [0 1] |13
Ay
+i§1( [i]g@B - [i]LA)LbBu{a} Au ‘HBU{G} )
, Ul ‘[i]ﬁ‘bg‘ - ’[i]zA{JBu{a} )

U Sig) 5 (a)+2 ¥
B |UU1Au|2 ™ " A <‘[i 5| - )[i]@@{a} )

+i)::1 (( [i]zA)LQB - [i]glfJBU{a} ) ( ’_ HBU{a} ))
Ta c6 diéu phai chiing minh. N

Dua trén ménh dé 3.6. Thuat toan FIGAMO cip nhit tip rit gon khi bd sung tap
dbi tuong dudc dé xuét, sau day 1a cac bude chinh ctia thut toan FIGAMO. Budc 2,
khdi tao S = Ry, v6i Ry 1a tap riit gon thu dugc trén bang quyét dinh NDT véi U dbi
tugng ban dau. Budc 3, dua theo ménh dé 3.5, cac bién F; va F, luu cic gia tri tuong
ting ctia FIG (D|S,U UA,) va FIG(D|C,U UA,). Budc 4, néu do chénh léch cta F;
va F,. nhd hon 0.5% thi tra lai S, nghia la tp rut gon khong thay doi. Ngudc lai, thuc
hién cdc budc trong vong lip tif bude 8 dén 12 dé cap nhat lai tap rit gon S. Vong lip
cdc budc tir 15 dén 17 nham loai bd céc thudc tinh du thita néu cé. Budc 20 tra lai tap
rit gon dugc cip nhit clia bang quyét dinh NDT khi bS sung A, d6i tuong.

Sau day 13 phan danh gid do phiic tap ctia thuat toan FIFAMO. Buéc 2 c6 dd phic
tap xép xi 12 O (|Au|2 |C|) . Dua trén ménh dé 3.6, o phiic tap cdc budc tit 6 dén 12 1a
0 (\AM\Q\C—SF). Cic bude tir 13 dén 18 c6 do phic tap xAp xi 12 O (\Au\z \S|). Do
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Thuét toan 3.2 Thuat todn rit gon thudc tinh gia ting bd sung tap ddi tuong theo tiép
can hat thong tin mo FIGAMO
Input: NDT =< U,C,D >, Ry, A,
Output: Tap rut gon Rya,
1: S+ Ry;
F,=FIG(D|S,UUA,),F. = FIG(D|C,UUA,);
if |F. — F;| < 0.5% then
return S;

end if

while |F, — F;| > 0.5% do
foralla € (C—S) do

compute SiggE{A“ (a)

end for
s = max {Sigg%A” (a)}
S+ SU{s}

: end while

: foralla € Sdo

Fy =FIG(D|S—{a} ,UUA,);

if |F, — Fy| < 0.5% then
S+ S—{a}

end if

: end for

: RUUAM — S

: return Ry,

N S AN R

H
e

[N I N e e e e e e

d6, do phiic tap ciia thudt toan FIGAMO 1 max {0 (|Au|2|C . S|2) .0 (|Au|2 |C|> }
tuong duong véi thuat toan FDMAO [76].

Tuy nhién, ciing gidng nhu thuit toan FIG, thuit todn FIGAMO c6 thdi gian thuc
hién trong thuc té nhanh hon thuat toan FDMAO do kich thudc tp rit gon dudc gidi
han theo dd 1éch ctia hat 12 0.5% so véi tap thudc tinh gbc.

Vi du 3.3. Theo vi du 3.2 ta thu dugc tap rit gon ctia bang quyét dinh 1.7 1a
Ry = {b,a,e,c}. Tiép theo, chiing ta sé cap nhat lai tap rit gon khi bd sung dbi tugng

mdéi u; = {0'6’0'4’0'860'2’0'6’0'4, 5} theo cdc budc ctia thudt todn 3.2 nhu sau:

Budc 1: S < Ry = {b,a,e,c};

Budc 2: Ap dung cong thiic gia ting (3.9) ta cé:
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- F,=FIG(D|S,UUA,) = 28 + 45.
- F,=FIG(D|C,UUA,) = 2 +48.

Vi Fy = F,, két thic thuit toén ta thu dugc tap rit gon Ry ., = {b,a,e,c}.

3.4. Xay dung thuit toan cip nhat tap rit gon khi loai bo tap doi

tugng

Phan nay trinh bay vé phuong phap xy dung thuit todn cip nhat tap rit gon khi
bang quyét dinh NDT loai bo tip ddi tuong. Cac budc chinh gom cé: 1) xiy dung
cong thiic tinh todn gia ting khi loai bd mot dbi tudng, 2) xay dung cong thic tinh
toan gia ting khi loai bd tap ddi tuong, 3) xdy dung thuit todn cAp nhat tip rit gon
khi loai bo tap d6i tugng FIGDMO. Trudc tién 1a phan xay dung cdng thiic tinh toan

gia ting khi loai bé mdt dbi tuong cho bang quyét dinh NDT.

3.4.1. Céng thiic gia ting khi loai bé mét doi twong

Ménh dé 3.7 (Hat thong tin md gia ting khi loai bd mot dbi tugng). Cho bdng quyét
dinh NDT =< U,C,D > va tdp thuoc tinh P C C, u la déi tugng can duogc loai bé
khéi bing quyét dinh NDT. Khi d6 hat théng tin mo ciia P trén U — {u} duoc xdc dinh

nhu sau:
1 2 2 U] {u}
FIG(PU —{u})=1——— | [UP = |UPFIG(P,U) -2} \mp -
U —{u}| il
(3.11)
Chuing minh. Dua theo cong thtc (3.4), ta c6
U= % U=l oy M g Kl
. b iyt 1 [ R R A
FI PU— -] = 1K= = i= i=
(BU—{u}) U—w)P U—wP
. o e a Bt UL DR W U (e
Cong thic (3.1) c6 tinh chat doi xing, dodé: Y. ([i]p” | = X [ilp

1= 1=

Khi do:
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U] |U—{u}|

[U—{u}|
FIG(P.U | lip[-2 X 1 1 UP-PFIGRY)-2 T ]
U g = _1_ P
( ) {u}) |U—{M}|2 |U_{u}|2
[U—{u}|
U—{u}? <| "= U] (PU) El it
Ta c6 diéu phai chiing minh. -

Mot cach khai quat, phuong phép tinh todn gia ting khi loai bd mot dbi tuong c6

th€ dudc minh hoa nhu trong Hinh 3.2

Ma trén quan hé

Hat théngtin cla d6i twong d3 co

Hat théngtin cha cac déi twgng
can loai bé

Hinh 3.2: Minh hoa phuong phdp gia ting khi loai bé mot doi tugng

3.4.2. Cong thiic gia ting khi loai b6 mét tap doi tuong

Dua trén cdng thiic gia ting khi loai bé mot ddi tugng khéi bang quyét dinh NDT,
cong thic gia ting dudc md rong cho trudng hop loai bd nhiéu dbi tuong. Trén co sé
do, do do do phu thuodc cia thudc tinh sé& dudc dé xuét.

Ménh dé 3.8 (Hat thong tin mo gia ting khi loai bo tap dbi tuong). Cho bdng quyét
dinh NDT =< U,C,D > va tdp thujc tinh P C Q C C, A, = {uy,uz, ...u; } la tap doi

tuwong can duoc loai bé khéi NDT. Khi do hat thong tin mo cia P trén U — A, dugc
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xdc dinh nhw sau:

1 U=A)
FIG(PU-A)=1-——— U= |UPFIGP,U)-2 Y [ i
|U—Au| i=1 i=1
(3.12)
g
Chiing minh. Dya theo cong thic (3.4), ta cé FIG(P,U —A,) =1— W =
U] |U—Aul Ay |Aul
P e 1
: U-Af?
. L s X, 1h: UZAy A ) A
Cong thuc (3.1) c6 tinh chat doi xing, do do: Y. |[i]p*| = X [lilp 7|
i=1 i=1
|U—Ay| |Ay|
| Pl2 x|l x|
Khi d6: FIG (P,U —A,) =1 — = =)
U—Ad|
AL[ ‘AM‘
UP-WwPFIGERY) -2 z - 3 [l
=1= Uaf
5 U=Bul o Ay
—1— (P - wprG e -2 ] - X ] ).
=
Ta c6 diéu phai chiing minh. O

Meénh dé 3.9 (Hat théng tin mS phu thudc gia ting khi loai bd tap dbi tugng). Cho
bdng quyét dinh NDT =< U,C,D > va tdp thuoc tinh P C Q C C, A, = {uy,up, ...u; }
la tdp doi tuong cdn duoc loai bé khéi NDT. Khi do hat thong tin mo ciia D phu thudc
vao P trén U — A, duoc xdc dinh nhu sau:

\U|*FIG (D|P,U)

1 |U_Au
FIG(D|PU-A)=—— | 12 Z (‘HDUP

2
]U—Au\ |A”|
+y (

Chitng minh. Dua theo dinh nghia 3.5 v ménh dé 3.4, ta c6

D (3.13)
[]

Ay
P

30| -
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FIG(D|P,U—A,) = FIG(DUP,U —A,) —FIG(P,U —A,)

U—A,| A
A, Ay
—1- o (U WUPFIG(DUPU)—2 P [Z]DUP‘_ZI [z]DUPD
=
vl
—| 1= s | [UF = [UIPFIG(PU) -2 P [pt| = X |l
= A' i=1
UPFIG(DUPU) - |UPFIG (P,U)
1
=T U—Bul | o Al A U=l Ay
|U—A,| \+<2 igl []DMUP + Z []DUP‘ & l]P” _ig [l]Pu
\UI*FIG (D|P,U)
|U—Ay| N
L +2 Z (’HDMUP’ ‘[l]P)
|U—Au
‘Au
(\ )
Ta c6 diéu phai chUng minh. O

3.4.3. Dé xudt thudt todn gia ting khi loai bé tip doi tuong

True khi dé xuit thuat toan, do do do quan trong cia thudc tinh dugc md rong
thong qua ménh dé sau day:
Ménh dé 3.10 (D6 quan trong clia thudc tinh gia ting khi loai bé mot tap dbi tuong).
Cho bdng quyét dinh NDT =< U,C,D > va B C C, dj quan trong ciia thudc tinh
a € C—BvoiBtrén U — A, duoc xdc dinh nhu sau:

2 -
U[Sig 5 (a)
U—Ay

sigh ™ (a) :;2 +2 El ((‘[’]f)‘bg‘ ‘[i]gﬁgu{a} ) (‘[ i _‘ Upia) ))
|U — Au| Al
+i§1 (( HlA)ltJB‘ [i]gMUBU{a} )“"( 5" st ))
(3.14)

Chitng minh. Dua theo dinh nghia 3.5 v ménh dé 3.4, ta c6
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FIG(D|BU{a},U—A,)—FIG(D|B,U —A,)
\U|*FIG (D|BU{a},U)
U A, A,
~ju—a 2 |,'§1 (‘[Z]DUBU{a} _‘[l]BU{a}
Ay
A,
- El (‘ [ pUB0a) )
|U Au
U|*FIG(D|B,U) —2 r (‘[i]gbg‘_‘[i]gu
I .
- % (|1l -3 )

\U|*FIG(D|BU{a},U)—|U|*FIG(D|B,U)

)

- ‘[”]gb{a}

)

= |2 (0] - ] 5] 80 )
Ay
+‘z (\mm\ 5+ 98] 300

2
UPSig  (a)

= | 2 (0] - ] + (] - [0 )
Ay \
+ Z ((’HDUB‘ ‘[]DUBU{a} ) <‘ 5" ‘[Z]BU{G} ))
Ta c6 diéu phéi ChlIIlg minh. 0

Dua trén ménh dé 3.10. Thuit toan FIGDMO cép nhat tip rit gon khi loai bd tap
dbi tuong dudc dé xuét, sau day 1a cac buée chinh ctia thuat toan FIGAMO. Budc 2,
khéi tao S = Ry, v6i Ry 1a tap riit gon thu dugc trén bang quyét dinh NDT véi U dbi
tugng ban dau. Bude 3, dua theo ménh dé 3.9, cac bién F; va F, luu cic gia tri tuong
ting ctia FIG(D|S,U —A,) va FIG (D|C,U — A,). Budc 4, néu do chénh 1éch ctia F;
va F. nhd hon 0.5% thi tra lai S, nghia la tap rut gon khong thay doi. Ngudc lai, thuc
hién c4c budc trong vong lip tif bude 8 dén 12 dé cap nhat lai tip rit gon S. Vong lip
cdc budc tir 15 dén 17 nham loai bd céc thudc tinh du thita néu cé. Budc 20 tra lai tap
rdt gon dudc cip nhit cia bang quyét dinh NDT khi bd sung A, thudc tinh.

Sau day 13 phan danh gid do phiic tap ctia thuit toan FIFAMO. Buéc 2 c6 dd phic
tap xép xi 12 O (|AM|2 |C|) . Dua trén ménh dé 3.6, o phiic tap cdc budc tit 6 dén 12 Ia
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Thuét toan 3.3 Thuat todn rit gon thudc tinh gia ting khi loai bd tap dbi tuong theo
tiép can hat thong tin md FIGAMO
Input: NDT =< U,C,D >, Ry, A,
Output: Tap rut gon Ry _x,
1: S+ Ry;

2: F,=FIG(D|S,U—A,),F.=FIG(D|C,U—A,);
3. if |F. — F;| <0.5% then
4:  return S;
5: end if
6: while |F, — F;| > 0.5% do
7. forallae (C—S)do
8: compute Sigg&A” (a)
9: end for
10: s = max {Sigg_SA” (a)}
11: S+ Su{s}
12: end while
13: foralla € S do
4.  Fy=FIG(D|S—{a},U—-A,);
15:  if |F. — Fy| < 0.5% then
16: S+ S—{a}
17:  end if
18: end for
19: Ry_a, < S
20: return Ry,

0 <|Au|2|C— S|2>. Cic budc tit 13 dén 18 ¢6 do phitc tap xAp xi 1a O (|A,,,|2 |S|). Do
d6, do phc tap ciia thuat toan FIGDMO 1a max {0 (|Au|2|C . S|2) .0 (|Au|2 |C|) }
tuong duong véi thuat toan FDMDO [76].

Tuy nhién, ciing gidng nhu thuit toan FIG, thuit toan FIGDMO c6 thdi gian thuc
hién trong thuc té nhanh hon thuét toan FDMDO do kich thudc tap rit gon dugc gidi

han theo do6 1éch ctia hat 12 0.5% so vdi tap thudc tinh goc.
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3.5. Thuc nghiém va danh gia cac thuat toan

DE ching minh cdc thuat todn rit gon thudc tinh gia ting FIGAMO va FIGDMO
hiéu qua vé thdi gian rit gon thudc tinh, phan ndy trinh bay két qua thuc nghiém cia
cac thuat todn FIG va FIGAMO. Tién hanh so sanh vdi c4c thuat toan dudc xay dung
theo tiép can FD. Noi dung nay chi thuc nghiém cac thuat toAnFIGAMO dé danh gia
hiéu niing cta tiép can tinh todn gia ting dé xuat. Hon nifa qud viéc tinh toan gia ting
khi bd sung tap dbi tuong thudng ducc sit dung dé cai tién thdi gian thuc hién clia cac

thuat todn rit gon theo tiép can filter truyén thong.

3.5.1. Kich ban va moi truong thuc nghiém

Dé danh gia tinh hiéu qua vé thdi gian rit gon thudc tinh cla cac thuit toan dé
xuat, so sanh do chinh xdc phan 16p va kich thuéc cla tip rit gon thu dudgc tir cac
thuat toan. Kich ban thuc nghiém cta cac thut toan dé xuit dudc thuc hién nhu sau

- Thi nhét, danh gia thuat toan FIG. V& co ban do phiic tap ctia cac cong thic tinh
toan gia ting cla hai tiép can FIG va FD la nhu nhau. Tuy nhién thuit toan rit gon
thudc tinh theo tiép can FIG dudc thiét ké véi diéu kién diing 13 0.5% vé do 1éch hat
thong tin. Qua do, ta c6 thé xdc minh tinh ding dan trong phan danh gia do phtc tap
cua thuat toan FIG

- Thi hai, danh gi4 thuat toan FIGAMO. Phan danh gid nay ciing nham xac minh
tinh hiéu qua vé thdi gian ctia thuit toan dé xuat so véi thuat toan FDMAO. Qua dé
c6 thé xdc minh diéu kién ditng ctia thuat todn dé xuat 4nh hudng thé nao t6i thoi gian
rdt gon thudc tinh gia ting khi bé sung tap dbi tugng.

Céc tap dit liéu thuc nghiém dudc tai vé tit kho dit liéu chuin ctia UCI (UC-Irvine
Machine Learning Repository) [93]. Chi tiét cic bo dif liéu c6 thé tim thiy tai Bang
3.1, trong d6 |U| 1a s6 ddi tugng, |C| 1a s6 cac thude tinh diéu kién, va |D| 1a s6 phan
16p ctia tap dit liéu. Céc thudc tinh diéu kién ctia céac tap dif liéu ndy déu c6 mién gia

tri s6 lién tuc. Trude khi thuc hién riit gon thudc tinh vé6i cac thuat todn, dif liéu dugc
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Bang 3.1: Bdng mo td dit liéu gia tdang

STT Tap di liéu Mo ta Ul ICI DI
1 Heart Statlog (Heart) 270 13 2
2 CMSC Climate Model Simulation Crashes 540 18 2
Data Set
3 PDS Parkinsons Data Set 196 22 2
4 BCWD Breast Cancer Wisconsin (Diagnostic) 569 30 2
5 IS Ionosphere 351 34 2
6 SHDC SPECTF Heart Data Set 267 44 2

chuén héa vé doan [0, 1].

Tap rit gon thu dudc tir cic thuat toan dugc ki€ém thi trén hai md hinh phan 16p dit
liéu s6 12 SVM va k-NN véi (k = |D|). Phuong phdp danh gid chéo 10-folde két hop
v6i cdc do do (accuarcy, precision, recall) dé ddnh gid do chinh xé4c trung binh md
hinh phan 16p xdy dung trén tap di li€u rut gon. Ngon ngtt 1ap trinh Python dugc st
dung dé€ cai dit cic thuit toan trén nén tdng Windows 10 va phan ciing véi bo xit ly

i5, 8GB RAM.

3.5.2. Danh gid thudt toan FIG

Phan nay st dung thuit toan FD [76] d€ so sanh v6i thuit todn dé xuét FIG. Day
la thuat toan dudc xay dung dua trén do do khoang cach md, rut gon thudc tinh cho
bang quyét dinh tinh. Trudc tién 1a phan so sanh vé thdi gian thuc hién cla cic thuat

toan.

3.5.2.1. Thoi gian thuc hién

Hinh 3.3 so sanh thdi gian thuc hién ctia cic thuit todn. Chiing ta c6 thé thiy thoi
gian rit gon thudc tinh cta thuit todn dé xuit FIG tot hon thuit toan FD trén moi
bd dit liéu thit nghiém. Piéu d6 cang khang dinh, diéu kién diing dudc thiét ké trong
thuat todn dé xuat 4nh hudng tot tSi thdi gian thuc hién ctia thuat toan FIG. Trong qua

trinh thuc nghiém tic gia nhan thay, cang ting do léch clia diéu kién ding, thuat toan



86
thuc hién cang nhanh va ngudc lai. Khi do léch bang khong, thai gian thuc hién cta
thuat toan FIG xAp xi thdi gian thuc hién ctia thuat toan FD.

12} |BeFIGHIIFD |

10

Thoi gian (second)
o)

4 [ |

21 94303 0.9223 i

0L 72|88 B
Heart CMSC PDS BCWD IS SHDC

Hinh 3.3: So sdnh thoi gian thuc hién giita cdc thudt todn rut gon thudc tinh

3.5.2.2. Kich thudc tdp rut gon

60| |feRawlEFIGIIF |
4

= | “ o
:D 40 + 2 |
\E 3_4._

& 30) s 7 ]

7
77
77
77
77
77
77
77
7

7
77 77

77 77

77 77

77 77

77 77

77 77

77 77 7
77 77 77
77 77 77
77 77 77
77 77 77
77 77 77
77 77 77
77 77 77
77 77 77
77 77 77

Heart CMSC PDS BCWD SHDC

Kich thudc t
\®]
S
T

p—
S
T

Hinh 3.4: So sdnh kich thudc tdp riit gon giiia cdc thudt todn riit gon thudc tinh

Hinh 3.4 so sanh kich thudc tap rut gon thu dudc cua cac thuat toan. Chung ta c6

thé thiy kich thu6c tip rit gon ctia thudt toan dé xuét FIG tot hon thuit toan FD trén
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moi bo dit liéu thit nghiém. Piéu dé cang khang dinh, diéu kién ding dudgc thiét ké
trong thuit todn dé xuit anh hudng tt t6i kha ning gidm thudc tinh clia thuat toan
FIG. Trong qua trinh thuc nghiém tic gia ciing nhan thiy, cang ting do léch cta diéu
kién ding, kich thudc tip rit gon cang nhd va ngudc lai. Khi do 1éch bang khong,
kich thudc tap rit gon thu dugc ti thuat toan FIG khong chénh léch déng ké véi tap
rit gon clia thut toan FD. Nhu vay ta c¢6 thé thAy mdi quan hé tuyén tinh gitia thdi
gian thuc hién va kich thudc tap rit gon ctia thuét toan dé xuét 12 tuyén tinh. Thoi gian

thuc hi€n cang nhanh, tdp rut gon thu dudc cang nho va ngudc lai.

3.5.2.3. Do chinh xdc phdn lop

Hinh 3.5 so sanh d6 chinh xac phan 16p cua cac tap thudc tinh rut gon, su dung
md hinh SVM. Két qua cho thiy, trén céc tap dit lidu c6 s luong mau nhd (duési 500
mau), do chinh xdc phan I6p clia tap rit gon khong khac biét dang ké so vdi tap thudc
tinh gbc. Diéu nay cho thiy thuat todn rit gon hoat dong hiéu qua trong viéc duy tri
kh4 ning phan loai khi dif liéu han ché.

Tuy nhién, d6i véi cac tap dit liéu 16n hon (trén 500 mau) nhu CMSC va BCWD,
tap thudc tinh rit gon thu dugc tif thuat toan FIG (dudc dé xuit trong luan 4n) thé
hién uu thé vudt troi so véi thuat toan FD (mdt thuit todn dbi sanh). Diéu nay cho
thiy thuat toan FIG c6 kh4 ning x{ 1y t6t hon véi dit liéu phic tap, mang lai két qua
phan loai chinh xéc hon khi s6 lugng mau 16n.

Tuong tu nhu két qua trén mo6 hinh SVM, Hinh 3.6 thé hién xu huéng tuong tu trén
mo hinh phan 16p k-NN. Cu thé, d6i vé6i hai bo dit lieu CMSC va BCWD, tip thudc
tinh rit gon do thuat toan FIG tao ra c6 do chinh xac phan loai vudt trdi so v6i thuat
toan FD. Piéu ndy cling cb thém bing chiing vé kha ning ctia thuit toan FIG trong
viéc xii ly cac tap dii liéu c¢6 s6 miu cao.

Ngudc lai, trén cc bd dit liéu con lai, su khac biét vé do chinh x4c gitta tAp rit gon
tif thuat toan FIG va thuat toan FD 13 khong dang ké. Diéu nay c6 thé do dic diém cia

cac bo dit liéu nay it phiic tap hon, khién su khéc biét gitta hai thuit todn trd nén mo
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Hinh 3.5: So sdnh do chinh xdc phdn ldp cua cdc tdp riit gon trén mo hinh SVM

nhat hon. Tuy nhién, két qua trén CMSC va BCWD van chitng minh dugc tiém ning

ctia FIG trong cdc tinh hudng doi héi kha ning rit gon thudc tinh trén céc bd dit lidu

¢6 sO6 mau 16n.
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Hinh 3.6: So sdnh dé chinh xdc phdn ldp cua cdc tdp riit gon trén mo hinh KNN

Két qua thuc nghiém cho thay thuat toan FIG, dugc dé xuat trong nghién ctiu nay,

mang lai nhiéu vu diém vuot troi trong qud trinh rit gon thudc tinh. Khong chi s3 hitu

thdi gian rut gon hiéu qua va tao ra cac tap thudc tinh rut gon c6 kich thuéc nhéd hon
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trén toan bo cac tap dit liéu thit nghiém, FIG con dat dugc dd chinh xac phan 16p cao
hon trén mot s6 bd dit liu 16n.

Nhiing vu diém nay nhin manh tinh hiéu qua cia viéc sit dung do do hat thong tin
trén khong gian xip xi md trong qud trinh lua chon thudc tinh. Kha ning nay gitip
FIG x4c dinh va loai bd cac thudc tinh khong lién quan hodc du thita, dong thoi giit
lai nhitng thudc tinh quan trong nhit d€ dim bao do chinh x4c ctia md hinh phan loai.
Két qua nay cling c6 thém gia tri ciia phuong phép tiép can dua trén khong gian x4p

xi m@ trong bai toan rit gon thudce tinh.

3.5.3. Ddanh gid thudt toan FIGAMO

Phan nay st dung thuit toan FDMAO [76] d€ so sdnh vdi thuat toan dé xuit FIG-
AMO. Day la thuat toan gia tang dudc xay dung dua trén do do khoang cach mg, rut
gon thudc tinh cho bang quyét dinh khi bd sung tap d6i tuong.

Luan an chi thuc nghiém thuat toan FIGAMO ma khong thuc nghiém thuat toan
FIGDMO d¢€ danh gid thoi gian riit gon thudc tinh. Ly do, vé mit 1y thuyét hai thuat
toan déu c6 do phiic tap 1a nhu nhau khi cling s6 luong ddi tugng bd sung hay loai
bd, do phan dit liéu trudc d6 da dudgc tinh todn. Tuy nhién, phuong phdp tinh todn gia
tang c6 thé dng dung rit gon thudc tinh cho bang quyét dinh tinh nham cai thién thoi
gian rit gon thudc tinh cho bang quyét dinh. Day ciing 1a hudng nghién ciu tiép theo

trong tuong lai cia luan an.

3.5.3.1. Thoi gian thuc hién

Hinh 3.7 so sanh thdi gian thuc hién ctia cac thuit toan. Chiing ta c6 thé thiy thoi
gian rit gon thudc tinh ctia thuat toan dé xuit FIGAMO t6t hon thuat toan FDMAO
trén moi bo dit liéu thit nghiém. Piéu d6 cang khang dinh, diéu kién ding dugc thiét ké
trong thuat toan dé xuat anh hudng tét tdi thdi gian thuc hién clia thuat toan FIGAMO.

Trong qud trinh thi nghiém vdi cac ngudng khdc nhau tac gia nhan thay, cang ting

do 1éch ctia diéu kién ditng, thuat toan thuc hién cang nhanh va nguoc lai. Khi do 1éch
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Hinh 3.7: So sdnh thoi gian thuc hién giita cdc thudt todn khi bo sung tdp doi tuong

bang khong, thdi gian thuc hién cta thuat toan FIGAMO x4p xi thoi gian thuc hién
ctia thuat toan FDMAO. D¢ can bang do chinh xéac ciing nhu thsi gian tinh todn tap
rit gon clia thuét todn dé xuit, tac gia lua chon gid tri do 1éch 12 0.5% cin ci trén kich
thude (sb6 mau) nhd nhit va kich thudc 16n nhit cla cic tap dit liéu dudc thuc nghiém.

Mitic d6 chénh léch vé thoi gian thuc hién gilta cac muic tinh todn gia ting khac
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nhau clia hai thuat todn 12 rat thip trén hau hét cic bd dit liéu. Tuy nhién, quan sat bd
dit liéu CSMC va BCWD cho thiy thdi gian thuc hién cta thuit toin FDMAO ting
dot ngot & tai miic bd sung 50% bd dit liéu. Trong khi d6 thuat toan dé xui khong bi
4nh hudng nhiéu. Nguyén nhén la do ngudng 0.5% dudc 4p dung cho toan bd miic

tinh toan gia ting ctia thut toan dé xuat.

3.5.3.2. Kich thudc tdp rut gon

Tiép theo 12 phan danh gia vé kich thu6c va dd chinh x4c phan 16p trén hai md hinh
phéan 16p SVM va k-NN, tap rit gon dung d€ danh gid 1a tip rit gon cudi clng (tai
mtic bd sung 50%) ctia qua trinh tinh todn gia ting tip rit gon. Hinh 3.8 so sdnh kich
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Hinh 3.8: So sdnh kich thudc tdp rit gon giita cdc thudt todn khi bo sung tdp doi
twong

thudc tap rit gon thu dudc clia cdc thuit toan. Chung ta c6 thé thiy kich thudc tap rit
gon cla thuat toan dé xuit FIGAMO t6t hon thuat toan FDMAO trén moi bo dif liéu
tht nghiém. Piéu d6 cho thay tinh bao toan vé kha ning nén dit liéu ctia thuit toan
FIG trén thuat toan FIGAMO.

Dua trén biéu dd, ca thuat toan FIGAMO va FDMAO déu giam dang ké kich thudc

tap thudc tinh so véi tap gdc ("Raw") trén moi bd dif lidu, cho thiy hiéu qua trong
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viéc loai bo thudc tinh du thtra. Tuy nhién, FIGAMO thuong tao ra tap rut gon nho
hon FDMAO, dac biét ro rét trén BCWD va SHDC, trong khi trén CMSC kich thuée
tap rit gon tuong duong. Vi duy, trén Heart, FIGAMO (6) va FDMAO (7) gan bing
nhau, nhung déu nhé hon Raw (13). Su khac biét 16n hon trén BCWD, v6i FIGAMO
(3) nhé hon nhiéu so véi FDMAO (8) va Raw (30). Tuong tu, trén SHDC, FIGAMO
(3) nho hon dang ké so v6i FDMAO (8) va Raw (44). Nhin chung, FIGAMO c6 xu
huéng riit gon thudc tinh hiéu qua hon trong viée giam s luong thudc tinh, dic biét

trén cac tap du liéu 16n.

3.5.3.3. Do chinh xdc phdn lop

Hinh 3.9 12 biéu dd so sanh do chinh x4c phan 16p clia cac thut toan rit gon thudc

tinh (FIGAMO va FDMAO) so véi viéc st dung toan bo thudc tinh gbc (Raw) trén

md hinh phan 16p SVM.
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Hinh 3.9: So sdnh dé chinh xdc phdn [0p cuia cdc thudt todn trén mé hinh SVM khi
bo sung tdp doi tuong

Quan sét biéu do cho théy, trén nhiéu tap du liéu nhu Heart, CMSC, BCWD va IS,
do chinh x4c phan 16p khi st dung tap thudc tinh riit gon bdi FIGAMO rét gan hoic

tham chi bﬁng v6i do chinh xac clia tap thudc tinh gbc. Thuat todn FIGAMO thudng
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dat do chinh x4c cao hon hoac tuong duong so véi FDMAO trén cac bd du li€u nay.

Tuy nhién, trén bo dit liéu PDS, do chinh xdc cta c4 hai thuit toan rit gon déu
giam dang ké so véi tap gbc, mic du FIGAMO van t6t hon FDMAO mot chit. Ngudc
lai, trén b6 dir liéu SHDC, thuat toan FDMAO lai cho d6 chinh xac cao hon so véi ca
FIGAMO va tap thudc tinh gdc.

Nhin chung, két qua trén mo6 hinh SVM cho thiy thuét toan FIGAMO c6 khé niing
duy tri do chinh xdc phan 16p hiéu qué sau khi rit gon thudc tinh trén da s cic tap
du liéu, va thuong vudt troi hon so v6i FDMAO.

Hinh 3.10 so sanh dd chinh xac phan 16p cua céac thuat toan rat gon thudc tinh
(FIGAMO va FDMAO) so vdi tap thudc tinh gbc (Raw) trén mo hinh k-NN.
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Hinh 3.10: So sdnh do chinh xdc phdn [0p cua cdc thudt todn trén moé hinh KNN khi
bo sung tdp doi tuong

Trén cac bo dit lieu Heart, CMSC, va PDS, ca FIGAMO va FDMAO déu cho do
chinh xac phan 16p thip hon so véi tap thudc tinh gbc. Tuy nhién, trén bd dit liéu
BCWD, FIGAMO dat do chinh xdc gan tuong duong v6i Raw. Pang chi vy, trén IS
va SHDC, ca FIGAMO va FDMAO déu cho dd chinh x4c cao hon dang ké so véi tap
thuoc tinh gbc.

So sanh FIGAMO va FDMAO, ta thiy rang FIGAMO thudng cho do chinh xéc
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cao hon FDMAGO trén hau hét cac bo dit liéu, ngoai trir IS, noi FDMAO vudt troi hon.
Nhin chung, két qua trén md hinh k-NN cho thay hiéu qua ctia viéc rit gon thudc
tinh phu thudc nhiéu vao tiing bod dit lidu cu thé. Trong mot sd trudng hop, viéc rit
gon c6 thé 1am gidm do6 chinh xac, nhung trong nhiing trudng hop khac, né cé thé cai
thién dang k€ do chinh xc phan 16p. FIGAMO c6 vé 12 mot lua chon t6t hon FDMAO

trén da s cac bd dit licu.

3.6. Két luan Chuong 3

Chuong 3 clia luan 4n tip trung vao viéc phat trién mot phuong phép riit gon thudc
tinh gia ting hiéu qué, st dung tiép cén tinh todn hat trén khong gian xAp xi mo.
Phuong phap nay dudc thiét ké dé xt 1y cac bo dit liéu 16n mdt cach hidu qua, dic biét
khi dit liéu lién tuc dudc cap nhat hodc thay doi.

Diém ndi bat clia phuong phdp 1a viéc md rong do do hat thong tin trén khong gian
xap xi md. Bing cach tan dung khai niém hat thong tin, cong thiic tinh todn dudc don
gian hoéa, gidp gidm thi€u dang k€ thdi gian can thiét d€ tinh toan gia ting va cip nhat
tap rit gon. Diéu nay dic biét quan trong khi xt 1y di liéu 16n, noi ma thdi gian tinh
toan tré thanh mot yéu td then chét.

Két qua thuc nghiém cho thiy thuit toan dé xuat khong chi c6 thdi gian tinh todn
hiéu qua hon so véi cac phuong phéap khac, ma con tao ra cac tap thudc tinh rit gon
c6 kich thuéc nho hon trén moi bd dit liéu thir nghiém. Quan trong hon, thuit toan
con cho thiy su cai thién vé dd chinh x4c phan 16p trén mot s bo dit lidu 6 s6 luong
mau 16n.

Mic du thuét toan dé xuét hifa hen trong viéc rit gon thudc tinh cho di liéu 16n,
nghién ciu ciing chi ra ring can phai khao sit va diéu chinh gia tri ngudng diéu chinh
vé dd léch trude khi ap dung. Viéc nay nham dam béo su cin bang gitta thdi gian tinh
todn gia ting tip rit gon va do chinh x4c phan 16p clia tap rit gon cudi cung. Su can

bang nay 1a rit quan trong dé€ dat dugc hiéu qua tdt nhét trong cic dng dung thuc té.
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KET LUAN

A. Nhirng két qua chinh cta ludn an

Luén 4n tham gia vao ludng nghién cifu vé vén dé tién xt 1y dit liéu, ting dung cho
cac linh vuc khai thac di liéu va hoc mday v6i cac 16p bai toan chon loc thudc tinh
cho bang quyét dinh mién gi4 tri s6. Tru6ce tién luan 4n tap trung khao sit cdc khoang
trong nghién ciiu cia cac phuong phdp hién c6 va dua ra mot sd cac dong gép chinh
nhu sau:

Thi nhét, ludn dn dé xuat phuong phdp chon loc thudc tinh cho bdng quyét dinh
theo tiép cdn md rong tdp tho mo dé chinh xdc thay doi trén khong gian xdp xi mo.

Diém cbt 16i ctia phuong phdp nam & viéc xdy dung mot do do dé€ danh gid miic
d6 quan trong cua tiing thudc tinh. B do nay dua trén dd phu thudc, dugc dinh nghia
theo cach tiép can VPOFRS, cho phép xdc dinh chinh x4c miic d6 anh hudng ctia mbi
thudc tinh dén qua trinh phan loai dit liéu. Piéu nay gidp chon ra nhiing thudc tinh
quan trong nhat, dong thdi loai bé nhitng thudc tinh it lién quan hoic giy nhiéu.

Pé kiém tra hiéu qua ctia phuong phap dé xuit, luin 4n da tién hanh cac thit nghiém
trén nhiéu tap dit liéu khac nhau. Két qua cho thiy ring thuit toan rit gon thudc tinh
mdi khong chi cai thién dang k€ thdi gian tinh todn ma con tao ra céc tip rit gon co
dd chinh x4c cao hon va kich thudc nhé hon so v6i cdc thuat todn truyén théng. Piéu
nay cho thiy phuong phdp méi khong chi nhanh hon ma con hiéu qua hon trong viéc
don gian héa mo hinh va cai thién khé ning tong quat héa cia mo hinh.

Ngoai viéc 4p dung cho bai toan riit gon thudc tinh, lun an ciing chi ra rang mo
hinh tap tho VPOFRS c6 tiém ning ting dung rdng rii trong cac bai toan phan tich
dit lidu khic. Véi kha ning xt ly dif liéu m& va khong chic chin, VPOFRS c¢6 thé tré
thanh mot cong cu manh mé trong nhiéu linh vuc khic nhau, tif nhan dang mau dén

du bdo va ra quyét dinh, mé ra nhiéu huéng nghién cifu va ing dung trong tuong lai.
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Thit hai, ludn 4n dé xult phuong phdp tinh todn gia ting tdp rit gon si dung
phuong phdp tinh todn hat thong tin trén khong gian xdp xi mo.

Diém noi bat clia phuong phép 1a viéc md rong do do hat thong tin trén khong gian
xap xi md. Bang cach tian dung khai niém hat thong tin, cong thic tinh toan dudc don
gian héa, gidp giam thi€u dang ké thai gian can thiét d€ tinh toan gia ting va cip nhat
tap rit gon. Diéu nay dic biét quan trong khi xt 1y dit liéu 16n, noi ma thoi gian tinh
toan trd thanh mot yéu td then chét.

Mic du thuat toan dé xuat hia hen trong viéc rit gon thudc tinh cho dif liéu 16n,
nghién citu ciing chi ra ring can phai khao st va diéu chinh gia tri ngudng diéu chinh
vé do léch trude khi a4p dung. Viéc nay nham ddm bao su can bing giita thdi gian tinh
toan gia tdng tip rit gon va do chinh xac phan I6p cla tap rit gon cudi ciing. Su can
bing nay 1a rit quan trong d€ dat dugc hiéu qua tdt nhit trong cic dng dung thuc té.

B. Hudng phat trién tiép theo ctia ludn 4n

Cac két qua nghién citu hién tai ctia luan 4n dudc xay dung dua trén khong gian x4p
xi md, noi cic bang quyét dinh s6 dudc st dung 1am dit liéu dau vao. Tuy nhién, mot
han ché ctia cach tiép can nay 1a trong thuc té, nhiéu bai toan phan tich di liéu lién
quan dén cic bang quyét dinh phiic tap hon, khong chi chia cic thudc tinh s6 (lién
tuc) ma con bao gém céac thudc tinh phan loai xen ké. Su hién dién cta ca hai loai
thudc tinh nay trong cing mot bang quyét dinh tao ra nhiing thach thic riéng trong
qua trinh rat gon thudc tinh.

Do d6, mot hudng phat trién tiém ning cho céac két qua nghién ctiu ctia luan 4n 12
md rong sang khong gian lan can. Viéc md rong nay s€ cho phép ap dung cac phuong
phdp rit gon thudc tinh da phat trién cho cac bang quyét dinh hon hop, bao gom ca
thudc tinh s6 va thudc tinh phan loai.

Bing cach md rong sang khong gian 1an cén, luin 4n c6 thé gidi quyét dugc mot
pham vi 16n hon céc bai todn thuc té. Piéu nay sé lam ting tinh Gng dung va gia tri
thuc tién ctia cdc két qua nghién ciu, vi dif liéu trong thé gi6i thuc thudng khong

thuan nhét va chifa nhiéu loai thudc tinh khac nhau. Viéc phat trién cac phuong phap
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rit gon thudc tinh hiéu qua cho di liéu hon hdp sé 1a mot dong gdp quan trong cho

linh vuc khai pha du liéu.
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