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L.OI CAM DOAN

Toi xin cam doan luan an: “Cac mo hinh tién tién cho rat gon thuoc tinh gia tang
dya trén tap mo tryc cAm va tap tho lan can trong s6” 1a cong trinh nghién citu clia
chinh minh duéi sy huéng dan khoa hoc ciia tap thé huéng dan. Luan an sit dung thong
tin trich dan tr nhiéu nguon tham khao khac nhau va cac thong tin trich dan duge ghi
o nguon goc. Cac két qua nghién citu clia to6i dude cong bd chung véi cac tac gid khac
da dugc sy nhat tri ctia dong tac gid khi dua vao luan an. Céc s6 lieu, két qua duge trinh
bay trong luan 4n la hoan toan trung thic va chua ting duge cong boé trong bat ky mot
cong trinh nao khéic ngoai cac cong trinh cong bo clia téc gia. Luan an dude hoan thanh
trong thoi gian t6i lam nghién ctu sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han

lam Khoa hoc va Cong nghé Viét Nam.
Ha Noi, ngay 10 thang 02 nam 2026
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L.OI CAM ON

Luan an nay dugc hoan thanh nho vao sy nod luc khong ngiing cua tac gia, cung su
hé trg tan tinh tit cac thay co huéng dan, sy déng goép quy bau tit cic chuyeén gia, su
dong vien, khich lé tinh than tit gia dinh, ban be, dong nghiép, sinh vién trong suét
hanh trinh hoc tap va nghién cttu.

Tru6e hét, tac gid xin bay t6 long biét on sau sac doi véi PGS. TS Nguyén Long Giang
va TS Nguyén Ngoc Thity, nhitng nguoi Thay da danh sy quan tam dic biét, chi dan
tan tinh va dong vién tac gid hoan thanh luan an dung tién do va dat duge nhitng muc
tieu dé ra. Sy hd trg chuyén mon, nhitng 16i khuyén quy bau ctia cic Thay da gitp téac
gid hoan thién ban than, nang cao chat lugng nghién ciu, cling ¢6 niém tin hoc thuat
trong suét qua trinh thyc hién dé tai.

Tac gia cling xin bay t6 long biét on dén Ban Lanh dao, cdc Can bo Phong Dao tao
va cac phong chiic nang ciia Hoc vién Khoa hoc va Cong nghé vi da danh st quan tam,
su ho trg nhiét tinh trong sudét qua trinh nghién ctu clia toi.

Cudi cling, tac giad xin gii 10i tri an sau sic t6i gia dinh vA nguoi than, nhitng nguoi
da luon hy sinh vo diéu kién, 1a nguon dong vién manh mé vé tinh than va vat chat,
mang dén moi truong t6t nhat dé tac gid hoan thanh luan an. Sy hy sinh, tinh yéu
thuong va niém tin vo han ctia gia dinh chinh 1& dong Iiic to 16n gitp tac gid vuct qua

moi kh6 khan, thit thach trong suét hanh trinh hoc tap va nghién citu.
Ha Noi, ngay 10 thang 02 nam 2026

Tac gia luan an

Pham Viét Anh
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MG DAU

1. Tinh cap thiét ctia luan an

Trong thoi dai ngay nay, dit lieu 16n da tré thanh mot trong nhitng xu thé cong nghe
noi bat va thu hiat duge duge rat nhiéu sy quan tam. Trude sy bung no6 manh mé vé s6
luong dit lieu, cac cong nghé hién nay da gap phai nhiéu khé khan trong qua trinh luu
trit cling nhu khai ph4 tri thic. Cung v6i d6, chat lugng dit lieu ciing bi suy giam khi
c6 qua nhiéu thong tin nhiéu, lam gidm hiéu qua hoat dong clia cac mo hinh hoc may.
Chinh vi vay, nhiéu giai phap trén thé gidi da duge de xuat, trong d6 rat gon thudc
tinh d& ndi léen nhu mot huéng nghién citu quan trong. Rat gon thudc tinh 1a bai toan
quan trong trong budc tién xit 1y dit lieu véi muc tieu chinh 14 loai bé cac thuoc tinh du
thita, dé gay nham lan dé tang hiéu qua vé mit thoi gian, do chinh xac ciing nhu tinh
don gian trong qua trinh xay dung cdc mo hinh phan 16p hay cdc mo hinh luat két hop
[1, 2, 3]. Trén thé gidi, cac nghién ctiu vé rat gon thuoc tinh hién nay dang trd nen rat
soi dong va tap trung chl yéu vao qué trinh xit Iy trén cac bang quyét dinh.

Nhu mot cong cu hitu hieu, mo hinh tap tho da dat mot co s viing chac trong viéc
hinh thanh cac thuat todn rit gon thuoc tinh trén bang quyét dinh [4]. Bing viec st
dung mdi quan hé khong phan biet duge giita cac d6i tugng trong tap vii tru dé dinh
nghia mot 1t gon, cac thuat toan theo tiép can mo hinh tap tho thuong xit 1y rat tot
tren dit lieu c6 chia thuoc tinh r6i rac, dién hinh 1 cac ki thuat dya trén ma tran phan
biét [5, 6, 7] va cac phuong phap heuristic [8, 9, 10, 11, 12]. Tuy nhién, khi x 1y trén
cac dit lieu chita cac thuoc tinh c6 mién gia tri s6 lién tuc, cadc phuong phap duya trén mo
hinh nay phai trai qua budc rdi rac héa dit lieu. Cu the, v6i moéi mién gia tri ctia thuoc
tinh, cac phuong phap sé gan véi mot gia tri roi rac. Do do, qué trinh nay sé anh hudng
rat 16n tdi viec bao toan thong tin va lam suy gidm hiéu qua ctia rat gon thu duge. T
nhitng khé khan nay, mot s6 mdé rong ctia moé hinh tap tho sau do da duge phat trién
dé xtt Iy truc tiép dit lieu gbc, trong dé cac mo hinh mé rong phoé bién va hieu qua nhat
dugc phat trién theo hai nhanh chinh bao gdm mé hinh tap tho lan cin va mo hinh tap
tho mo.

M5 hinh tap tho lan can la mot trong nhanh nghién cttu quan trong, danh dau buée
phat trién dang ké ctia 1y thuyét tap tho. Mo hinh nay sit dung méi quan hé lan can
thay vi moi quan he khong thé phan biet duge trong mo hinh ¢6 dién. Theo dé, mdi doéi

tuong trong vii tru sé dude dac trung bdi mot hat thong tin lan can chita cac d6i tuong



c6 quan hé lan can véi déi tugng da cho trong ban kinh §. Dyra trén mo hinh nay, rat
nhiéu phuong phéap rit gon thuoc tinh da duge dé xuat va xit 1y trén nhiéu truong hop
khéc nhau ctia bang quyét dinh. Dién hinh 1a mot sé phuong phap rat gon thudc tinh
trén cic bang quyét dinh hén hgp st dung do phu thuoc [13, 14], ti 1¢ 16i quyét dinh lan
can [15], chi s6 phan bi¢t 1an can [16] va entropy két hop [18]. Nhin chung, cac phuong
phap theo huéng tiép can tap tho lan can c6 kha nang xit 1y rat tot trén cic bang quyét
dinh s6 hosic hén hop bdi kha nang mo ta dic trung ciia mot déi tuong 1a day da hon so
v6i Iy thuyét tap tho truyen thong. Tuy nhién, cac phuong phap nay chi tap trung vao
s6 lugng ddi tugng trong mot hat thong tin. Diéu nay c6 nghia 1a tat ci cic doi tuong
trong mot hat thong tin déu duge gan mic do quan trong nhu nhau déi véi mot quyét
dinh nhat dinh. Mac dit trén thuc té, dit lieu luon duge phan bo da dang, nghia la mdi
d6i tuong trong mot ving lan can déng mot vai tro khac nhau.

Dua trén sit két hop gitta 1y thuyét tap tho truyén théng va 1y thuyét tap mo, 1y
thuyét tap tho mo da duge dé xuat bdi Diibois va Prade [34] duge xem 1a nhanh nghien
citu thit hai nham xit 1y cho dit lieu lién tuc. Trong mo hinh nay, mdi déi tugng cho trude
duge bidu dién béi mot hat thong tin md, trong d6 cac ddi tuong con lai tit tap vii try sé
thuoc ve 16p nay dita trén mot do thuoc. Trén co sé ctia mo hinh tap tho mo cac thuat
toan 1t gon thuoc tinh duge phat trién véi nhieu do do khac nhau, dién hinh 1 khoang
cach mo [42, 43], mién duong md [44, 45, 46], thong tin tuong hé md [47], entropy md
48, 49] va hat thong tin mo [50]. Két qua thyc nghiém cho thay cac thuat toan rat gon
thuoc tinh theo phuong phap tap tho mo hiéu qua hon cac thuat toan truyen thong
déi véi cac bang quyét dinh c6 thudc tinh lién tuc va thuoc tinh s6. Tuy nhién, mot sé
nghién cttu da chi ra rang phuong phap rat gon thuoc tinh dya trén tap tho mo kém
hiéu qua hon khi xit Iy cac tap dit lieu nhidu c6 do chinh x4c phan loai thap.

Trong nhitng nam gan day, cac phuong phap rit gon thuoc tinh di mé rong sang
huéng tiép can tap mo triuc cdm, dic biet thong qua viec két hop véi ly thuyét tap tho
dé hinh thanh mo hinh tap tho mo truc cdm. Uu diém ctia mo hinh nay xuét phat tit
chinh dic trung clia tdp md tryc cdm, trong d6 thanh phan ham khong thuoc déng vai
tro quan trong gitip diéu chinh t6t cdc thong tin tit mot sd doéi tugng nhiéu trong dit
ligu vé dang phan 16p [52]. Do d6, mo hinh tap tho md tric cam c¢6 kha nang phan loai
cac déi tuong t6t hon so véi tap md co dién, dac biet 1a trén cac bo dit lieu nhidu hoac
c6 do nhat quan thap. Theo huéng tiép can tit mo hinh tap md tric cadm va tap tho mo

tryc cam, mot s6 cong trinh da mé rong cac do do truyén thoéng nhu mién duong mo



truc cam [53, 54, 55, 56], entropy thong tin md truc cam [57, 58] va khodng cach ma truc
cam [59]. Mot s6 két qua thyc nghiem da ching minh duge hieu qua vugt troi clia céc
thuat toan theo mo hinh tap thdo mo truc cdm so v6i cac thuat toan theo moé hinh tap
thé md. Tuy nhién, mo6 hinh tap tho md tryc cdm van con ton tai mot sé6 han ché ma
dén nay nhiéu nghién ctu chua thé khic phuc triét dé. Thi nhat, viec bo sung thanh
phan do khong thuoc lam cho cac thuat toan theo huéng tiép can nay doi hoéi khong
gian lIuu trit 16n hon va ¢6 do phtic tap tinh toan cao hon so véi cac phuong phap tap
tho mo truyen thong, von chi xét dén thanh phan do thudc. Ro rang, ddi véi cac tap
dit lieu c¢6 s6 chiéu 16n, sé lugng thanh phan do khong thudc sé gia tang dang ké, gay
khoé khan cho qua trinh thyc thi va lam giam hiéu qua tinh toan ctia cac thuat toan.
Thit hai, ciac dbi tuong c6 su phan bé khac biét so v6i phan 16n cac ddi tuong trong tap
vil tru thuong tao ra nhicu phan ti trong cac hat thong tin mo tric cdm c6 do thuoce
nhé va do khong thuoc 1én. Nhitng déi tugng nay cé thé duge sinh ra béi nhidu va lam
suy giam hiéu qua ctia cdc mo hinh phan 16p. Khi d6, mot s6 do do danh gia thuoc tinh
thic hién trén cac gia tri nay c6 thé dan dén sy suy giam vé chéat lugng cilia cac tap rut
gon thu dugc.

Bén canh do6, dit lieu ngay nay luon c6 su gia tang va thay doi theo thai gian khién
cho cac bang quyét dinh c6 kich thuée vo ciing 16n. Dé giadi quyét van dé nay, cac phuong
phap rit gon thuoc tinh theo huéng tiép can gia ting da trd thanh mot huéng nghién
ctu mG rong va day tiém ning. Déi véi truong hop bang quyét dinh c6 sy thay doi ve
tap déi tuong, cac thuat toan gia tang chi tinh toan trén phan thay doi ciia dit lieu chi
khong xit 1y trén toan bo dit lieu. Do d6, thsi gian thie thi duge giam thiéu di rat nhiéu.
Trong truong hop bang quyét dinh cé kich thuée 16n, cac thuat todn gia tang tim rut
gon trén moi thanh phan ctia bing quyét dinh bi chia nhé, sau d6 thyc hién cap nhat
lai ching khi b6 sung céc thanh phan con lai. Dua trén huéng tiép can nay, cac phuong
phap gia tang cling duge ap dung trén nhiéu mo hinh khac nhau. Trén mo hinh tap tho,
mot s6 nghién citu da dé xuat cac phuong phéap rat gon thuoc tinh gia tang st dung ma
tran phan biet [60, 61, 62, 63, 64], mién duong [65, 66, 67, 68], entropy thong tin [69, 70]
va hat thong tin [71, 72, 73, 74, 75].

Déi v6i mo hinh tap tho ma, rat nhiéu nghién ctu ciing duge trién khai dé xtt 1y trén
cac bang quyét dinh dong chita thuoc tinh sb, lien tuc. Trong truong hop bang quyét
dinh bd sung tap ddi tugng, nghién citu [76] da xay dung cong thic tinh do phu thuoc

mo va dé xuat thuat toAn FIAT nham tim kiém mot tap con thuoc tinh xap xi. Cling



trong truong hgp nay, nghién cttu [77] cling dé xuat hai thuat toan gia ting st dung
quan hé phan biét dé tim kiém cac rat gon. Bang viéc md rong sang quan hé tuong
duong mo, cac tac gia trong [78] da da thiét ké thuat todn gia tang TARM nham tim
kiém mot rit gon hiéu qua trén bang quyét dinh c6 sy bd sung them doi tuong. Tiép
theo, Zhang va cac cong su trong [79] da thiét ké mot thuat toan gia ting dya trén do
do entropy thong tin md. Trén co s clia khai niem tap ddi tugng then chot, Ni va cac
cong sy trong [80] da trinh bay hai thuat toan gia tang st dung ham thudoc mo va mién
duong mo. Dé dap tng cac kich ban thuc té ctia bang quyét dinh khi c6 su bo sung
va loai b6 tap doi tuogng, cac tac gia trong [81, 82] da dinh nghia lai rit gon tit do do
khodng cach md va thiét ké cac thuat toan gia tdng. Thong qua mot sd két qua thuc
nghiém, cac nghién citu déu chitng minh duge hiéu suat clia cac thuat toan gia tang 1a
vugt troi so véi cac thuat toan rut gon thuoc tinh trén bang quyét dinh c¢6 dinh. Tuy
nhién, khi 4p dung trén cac bang quyét dinh nhiéu, khong nhat quan, cac thuat toan
nay van con gap nhiéu khé khan khi tap riat gon chua thé cai thien hieu qua vé do chinh
x4c phan 16p. Do d6, day dugce xem 1a mot trong nhiing khoang trong nghién citu quan
trong, tao dong luc cho viéc nghién ctu va phat trién cac thuat toan gia tang dua trén
st mG rong ctia mo hinh tap mao tryc cam.
2. Muc tiéu nghién cttu

Xuat phat tit nhitng han ché con ton tai theo hai hudéng nghién cttu md rong ctia mo
hinh tap tho, cling v6i nhitng rao can trong viéc khai thac vu diém ctia mo hinh tap mo
trye cam khi thiét ké cac thuat toan rat gon thuoc tinh trén cac bang quyét dinh c6 s
chiéu 16n va c6 su thay doi tap doi tuong, luan 4n tap trung vao hai muc tiéu nghién
cltu quan trong sau:
1) Dé zudat mot s6 mo hinh duge md rong tw mo hinh tdap mo truc cam: Trén co sé da
trinh bay, van dé dau tién ctia luan an 13 xay dung mot s6 mo hinh c6 kha nang ké thia
va tan dung loi thé clia mo6 hinh tap mo tryc cdm nham khac phuc nhitng han ché cia
hai nhanh nghién cttu mé rong tit mo hinh tap tho truyen théng. Thém vao do, cic mo
hinh dé xuat c6 kha ning cai thien thoi gian thuc thi va giam thiéu &nh hudng ctia cac
dé6i tuong nhiéu trong dit licu so v6i mo hinh tap tho mdo tryc cam.
2) Thiét ké cdc thudt todn gia tang dua trén cac mo hinh duge dé zuat: T mot s6 tinh
chat quan trong clia cac mo hinh dé xuat, van dé thit hai ctia luan 4n 13 viéc thiét ké cac
thuat toan gia tang dé xi 1y trong céc kich ban thuc té ctia dit lieu khi c¢6 su bo sung

va loai bd tap déi tugng. Cac thuat toan nay khong chi thich tng véi dit lieu thay doi



doi ma con ¢6 kha nang xit 1y t6t dit lieu nhiéu, nhidu chiéu qua d6 nang cao hieu qua
phan 16p va chat lugng rat gon thu duge so véi cac mo hinh phat trién trén hai nhanh
md rong cua mo hinh tap tho.
3. No6i dung nghién cttu

Noi dung ctia nghién cttu tap trung vao cac khai niém nén tang lien quan dén bang
quyét dinh, tap rat gon va cic do do danh gia thuoc tinh. Trén co sé d6, luan an ciing
phan tich wu diém tit cdc mo hinh dude md rong tir 1y thuyét tap tho nhu tap tho lan
can, tap tho mo va tap tho md triic cAm nham xay dyng mot s6 mo hinh méi va phat
trien cac phuong phap rat gon thudc tinh. Cac phuong phap nay dude thiét ké dé ap
dung hiéu qua cho cic bang quyét dinh c¢é dinh cfing nhu bang quyét dinh c6 sy thay
doi ve tap doi tuong.
4. Pham vi nghién ctu

Pham vi nghién cttu ctia luan an bao gom:
1) Nghién cttu cdc mo hinh duge md rong tir cdc nhanh ctia ly thuyét tap tho va cac mo
hinh tién tién c6 su ké thita cac wu diém vuogt troi ciia tap mo truc cam trong viee xit Iy
trén cac tap du liéu nhicu.
2) Trén co s6 cac mo hinh da dé xuat, nghién citu tap trung vao cac thuat toan rat gon
thuoc tinh 4p dung cho bang quyét dinh c6 dinh va bang quyét dinh thay doi tap doéi
tugng, nham tim kiém céc rit gon hiéu qué trong phan 16p, dong thoi giam thiéu thoi
gian thiyc thi cia cidc thuat toan theo tiép can tap mdo tryc cdm va tap tho mo triyc cam
hién cé.
5. Co sé khoa hoc va thuc tién ciia dé tai

Phuong phap nghién ctiu ctia luan an duge trinh bay dya trén sy két hop gitta co s6
Iy thuyét toan hoc va qua trinh danh gia thic nghiem.
1) Ve lyj thuyét: Nghién cttu va chiing minh mot s6 tinh chit quan trong clia cac mo
hinh dé xuét, nghién ctu cac thuat toan Heuristic dé tim kiém rit gon ctia bang quyét
dinh ¢6 dinh, bang quyét dinh c6 sy bo sung va loai bé tap doi tugng dya trén cac do
do trong khong gian ctia mo hinh dé xuat.
2) Ve thuc nghiém: Thit nghiém, so sanh, danh gia cac thuat toan dé xuat vdi cac thuat
toan da cong bo trén cac bo dit lieu tieu chuan duge thu thap tit kho dit lieu UCI' va

OpenML? dé danh gi4 hieu qué clia cac thuat toan dé xuét theo cac muc tieu dit ra.

"https://archive.ics.uci.edu/datasets

*https://openml .org/search?type=datakstatus=active&sort=runs.
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6. Nhitng dong gép méi cua luan an

Luan an tap trung lam r6 nhiing déong gép mdéi theo ba nhém chinh sau day:
1) Déng gép vé mo hinh va co s6 1y thuyét:

- Dé xuat mo hinh tap mo tryc cdm mic «, 8 va trinh bay mot s6 tinh chat then
chot ctia mo hinh, 1am co sé 1y thuyét cho viéc xay dung cac phuong phap rit gon thuoc
tinh trong khong gian tap mad tryc cam.

- Dé xuat mo hinh tap tho lan can mdo tryc cdm cé trong so, cho phép danh gia mic
do anh hudng clia cac thuoc tinh diéu kien dén quyét dinh ciia ting doi tuong, dong
thoi dac trung hoa vai tro chi tiét ciia cac doi tugng trong moi hat thong tin.

2) Déng gop vé phuong phap rat gon thuoc tinh:

- Xay dung do do khoang cach phan hoach mo tric cAm mic «, 3 lam co sé dé dinh
nghia lai mot rat gon mdéi va xay dung do quan trong clia thuoc tinh dé lia chon dugc
cac thuoc tinh c6 ¥ nghia cao. Qua d6, dé xuat mot thuat toan rut gon thuoc tinh trén
bang quyét dinh ¢ dinh.

- Xay dung do do khodng cach gita hai ho lan can md tryc cdm c6 trong so, lam nén
tang cho viéc dinh nghia mo6t rat gon méi va dé quan trong ciia thuoc tinh.

3) Déng gop veé tinh md rong va kha nang ting dung

- Mé rong cong thitc khodng cach phan hoach md trite cdm mic o, S nham tinh toin
nhanh trén cac bang quyét dinh cé su thay doi tap doéi tugng va hudéng t6i viec xay dung
cac thuat toan gia ting tng dung cho cac kich ban thuc té cia dit lieu.

- M6 rong cong thiie tinh khoang cach gitta hai ho lan can md tritc cdm c6 trong so
dé xtt 1§ cho cac truong hop bang quyét dinh c¢é su bo sung va loai bé tap déi tuong
huéng t6i viec dé xuat hai thuat toan gia ting trén bang quyét dinh thay déi tap doi
tugng.

7. Cau tric luan an

Ngoai phan mdé dau va két luan, luan an c6 03 chuong noi dung nghién citu:

Chuong 1. Luan an ban dau gi6i thieu bai toan rut gon thude tinh thong qua mot s6
huéng tiép can chinh va cac khai niém co ban vé bang quyét dinh. Qua d6, luan an sé
trinh bay tong quan vé Iy thuyét tap mo truc cam, tap tho md truc cadm, lam co s cho
viéc hinh thanh mot s6 mo6 hinh mé rong va dé xuat cac thuat toan rat gon thudc tinh.
Cac dong gop chinh ctia luan 4n duge trinh bay chi tiét trong Chuong 2 va Chuong 3.

Chuong 2. Luan an trinh bay vé cac thuat toan rit gon thuoc tinh trén bang quyét

dinh ¢6 dinh va bang quyét dinh c6 sy bo sung va loai bé tap doéi tuong dua trén mo



hinh tap md trie cdm mic o, 3 bao gdm cac buée chinh nhu sau:

1) Xay dyng mo hinh tap mo tryc cdm mic «, § va trinh bay mot s tinh chat quan
trong cua mo hinh.

2) Xay dung do do khoang cach gitta hai phan hoach ms tryc cdAm miic «, f va dinh
nghia mot rat gon hiéu qua lam co sé trong viéc thiét ké mot thuat toan rit gon thuoc
tinh trén bang quyét dinh c¢6 dinh.

3) Phat trién hai cong thiic tinh toan khoang cach lam co s& thiét ké hai thuat toan gia
tang rat gon thuoc tinh trén bang quyét dinh c6 su bo sung va loai bo tap doi tuong.

Dua trén cac phuong phap duge dé xuat, luan an sé trinh bay mot s6 thiyc nghiem
dé ching minh hiéu qua ctia phuong phap dat dudce so v6i cac phuong phap dién hinh
dya trén cac mo hinh tap tho mo, tap tho mo tryc cam.

Chuong 3. Luan an trinh bay vé cac thuat toan rat gon thuoc tinh trén bang quyét
dinh c6 st bo sung va loai bo tap déi tugng theo tiép can moé hinh tap tho lan can mo
trye cdm c6 trong s6 bao gom cac bude chinh nhu sau:

1) Trinh bay khéi quat mot s6 han ché tit cdc phuéng phép rat gon thuoc tinh trong
viéc danh gia vai tro ctia moi thudce tinh len kha ning phan 16p ctia mdi déi tuong va de
xuat mo hinh tap tho lan can md tryc cdm c6 trong so.

2) Xay dung do do khoang cach gitta hai ho lan can mo tryc cam c6 trong s6 va dinh
nghia lai mot rat gon hiéu qua cé tinh tong quéat héa tét hon so véi cac rit gon khac dé
thiét ké mot thuat toan rut gon thuoc tinh bang quyét dinh ¢ dinh.

3) Phat trién hai cong thiic tinh toan khoang cach lam co s& thiét ké hai thuat toan gia
tang rat gon thuoc tinh trén bang quyét dinh c6 su bo sung va loai bo tap doi tuong.

Thong qua cidc phuong phap dé xuat, luan 4n cling trinh bay mot s6 thyc nghiem
dé ching minh wu diém ctia phuong phap trong viec khic phuc cac han ché tit mot sé
phuong phéap dién hinh khac theo tiép can ctia mo hinh tap tho md, tap tho lan can
trong s6 va tap tho mo tryc cAm. Cudi ciing, phan két luan sé trinh bay nhitng két qua

da dat dugc clia luan an, cac kién nghi va huéng phat trién trong tuong lai.



CHUONG 1
TONG QUAN VE BAI TOAN RUT GON THUOC TiNH
TREN BANG QUYET DINH

1.1 Mgé dau

Trudc thoi dai phat trién manh mé ctia dit lieu 16n, céc co sé dit lieu van khong ngiing
gia tang ci vé s6 lugng cac ban ghi va s6 lugng céc thuoc tinh. Diéu nay da mang dén
rat nhiéu khé khin cho viéc trién khai cac thuat toan trong linh vyc khai phé dit lieu.
Van dé nay da dat ra mot thach thic khong hé nhé trong viéc tim céach loai bd di sb6
luong cac thuoc tinh ma van bdo toan duge nhiing thong tin c6 gia tri quan trong cua
dit lieu. Do d6, rat gon thuoc tinh da tré thanh dé tai thu hat sy quan tam ctia nhiéu
nha nghién citu trong khoang thoi gian gan day. Dé c6 cai nhin chi tiét vé rat gon thuoc
tinh, Chuong 1 sé trinh bay mot s6 déng gép chinh nhu sau:

Thit nhét, gidi thieu tong quan vé bai toan riat gon thudc tinh va sé hudng tiép can
dién hinh.

Thit hai, trinh bay tong quan mot s6 moé hinh 4p dung cho bai toan rat gon thuoc
tinh dua trén hai nhanh mé rong tit 1y thuyét tap tho. Qua dé, phan tich nhitng wu diém
va nhuge diém clia méi moé hinh dé rit ra nhitng dong lirc trong nghién citu.

Thit ba, trinh bay cac khai niém co ban vé bang quyét dinh, mo hinh tap tho mo
tryc cam, lam co s dé xuat mot s6 mo hinh mé rong dat hiéu qua cao trong viéc ap
dung cac thuat toan rat gon thuodc tinh.

Két qua nghien citu ciia chuong nay duge cong bo trong cac cong trinh [CT3] thuoc
phan Danh muc cac cong trinh nghién citu ciia luan an.

1.2 Tong quan vé rat gon thudc tinh

Rit gon thuoc tinh 14 mot trong cac huéng nghien ctu then chét dude st dung pho
bién trong nhiéu linh vite khac nhau nhu hoc may [83], thi giac may tinh [84], chan doan
y té& [85]. Vi du, trong linh vyc khai pha di lieu va hoc may, rit gon thudc tinh cho
phép chuyen doéi dit lieu tho thanh cac dic trung ro rang va ¢ ¥ nghia, phan anh dugce
nhitng thong tin c¢ot 16i, qua dé hod trg hiéu qua cho viéc nhan dién cac 16p dit lieu hoic
trich xuat nhitng dic trung gidu thong tin. Thong qua viéc nang cao hiéu nang mo hinh
va cai thién kha nang khai quat hoa, cac phuong phéap rat gon thudce tinh khong chi gop

phan gidm chiéu dit liéu ma con han ché tinh du thita, khic phuc hién tugng qua khép



va nang cao do chinh xac trong cic bai toan phan loai hodc héi quy [86]. Trong chan
doan y té, viec lya chon thuoc tinh gitp loai bd cac gen khong lién quan va du thira
khong tham gia vao biéu hién ciia cac bénh cu thé, diéu nay rat quan trong cho viéc
phat hien khéi u sém va chan doan ung thu [87].

Tai Viet Nam, da c6 nhiéu cong trinh nghién cttu vé cac phuong phap rat gon thuoc
tinh trén bang quyét dinh. Tieu biéu la luan an clia tac gia Nguyén Van Thién [1], trong
d6 luan 4n da dé xuat do phu thudc ms va khoang cach mas dé xay dung cac thuat toan
tim tap rat gon trén cac bang quyét dinh s6. Dé giai quyét cac kich ban thuc té ctia dit
lieu, luan &n ctia tac gia Ho Thi Phuong [2] da dé xuat mot s thuat toan gia tdng nham
tim tap rat gon trén cac bang quyét dinh thay doi. Gan day, luan 4n ciia tac gia Tran
Thanh Dai [3] da dua ra phuong phap rat gon thudc tinh theo hudéng tiép can lai ghép
dua trén khodng cach phan hoach mo triyc cdm. Két qua thiic nghiém cho thay phuong
phap nay xit Iy hiéu qua déi véi cac tap dit lieu nhiéu trong viéc cai thien do chinh xéc

phéan 16p tu tap thuodc tinh thu duge.

1.2.1 Dinh nghia vé bai toan riut gon thudc tinh

Rit gon thudc tinh 13 mot bai toan quan trong dudgc trién khai tai bude tién xtt 1y dit
liéu trong qua trinh khai pha dit lieu. Bén canh cdc nhiém vu co ban clia buée tien xi
Iy dit lieu dugce trinh bay trong Hinh 1.1 nhu lam sach dit lieu, tich hop dit lieu, chuyén
doi dit lieu va rat gon dit lieu thi riat gon thudc tinh c¢6 chitc nang chinh la giam chiéu
dit lieu nhung van bdo toan thong tin so vdi tap dit lieu ban dau, trong khi lam ting
hieu qua ctia cac thuat toan khai thac dit lieu nhu: tang tinh don gidn va dé hiéu cta
luat, tang hiéu nang cua cac thuat todn nho loai bo di cac thudc tinh du thia, tang do

chinh xéc cho cac mo hinh nho loai bo di cac thudce tinh nhiéu.

Bién do6i dir liéu

\ 4

Lam sach dir liéu » Tich hop dir liéu

A

Dit liéu ban dau

Hinh 1.1: Cic budc trong giai doan tién xit 1y dit licu

\ 4

Rut gon dir lidu

Cho t6i nay, cac cong trinh nghién citu vé rit gon thuoc tinh thuong tap trung vao
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nghién cttu cac ky thuat lira chon thuoc tinh. Lira chon thudc tinh 1a qua trinh lya chon
mot tap con gom |B| thuoc tinh tit tap gom |C| thuge tinh véi B C C sao cho khong
gian thudc tinh duge thu gon lai mot cach t6i wu theo mot tieu chuan nhat dinh. Tuy
nhién, viéc tim ra mot tap con thuoc tinh t6t nhat thuong rat kho thie hién va mot sbé
bai toan lién quan t6i van dé nay thudc 16p bai toan NP-kho [2]. Nhin chung, mot thuat
toan Iya chon thudc tinh thuong bao gom bdén budc co ban duge moé ta chi tiét trong

Hinh 1.2.

PAu vao:
Tap thudc tinh

A
Tao 1ap tap con «| Panh gia tap con
L
thudc tinh thudc tinh duoc tao
4

Sai

Diéu kién dimg

Dau ra: Panh gia két qua
Tap rut gon rit gon

Hinh 1.2: Cac bu6c co ban trong lya chon thudc tinh

1) Tao lap tdp con: Day 1a qua trinh tim kiém lien tiép nham tao ra cac tap con thudc
tinh. R6 rang, qua trinh nay 1a rat quan trong va gép phan rat 16n vao viéc thu duge
mot tap con thudc tinh cubi cing. Gia st rang, tap dit lieu ban dau c6 |C| thuoc tinh,
khi dé dua trén tinh chat ctia tap hop, c6 thé thu duge 2lCl tap con thudc tinh. Nhu
vay, sé rat kho khan khi tim duge mot tap con duge xem la tot nhat tit toan bo cac tap
con nay. Ngoai ra, khi |C| 1a mot sb 16n, 16 rang viéc tao ra cac tap con sé 1a bat kha
thi. Do do6, viéc tao 1ap tap con phai thong qua mot s tiéu chi dé lwa chon duge mot
tap con ¥ nghia. Qua trinh tao lap céc tap con cé thé xem nhu mot giai doan tao ra cac

ting tuyén phuc vu cho qué trinh danh gia tiép theo.
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2) Ddnh gid tap con: Tt qua trinh tao lap céc tap con, qua trinh danh gia tap con la
viéc so sanh cac tap con dua theo mot tiéu chuan duge dinh nghia. N6i cdch khac, mdi
tap con sinh ra sé duge so sanh véi tap con tot nhat trude d6. Néu tap con nay toét hon,
n6 sé thay thé tap cii. Qua trinh nay sé duge ding lai khi diéu kien ding xay ra.
3) Kiém tra diéu kién dimg: Didu kien dimg 1 viec két thic qua trinh tim kiém tap con
thuoc tinh t6i wu thong qua mot sé rang budc da duge quy ude. Cac rang budc nay co
thé dua vao s6 luong thuoc tinh thu duge theo quy dinh, s6 bude lap cho qué trinh lua
chon, viéc thém hay loai b6t mot thudc tinh nao dé trong tap con thudc tinh khong lam
cho tap con trd nén tét hon hay tap con tét nhat da dam bao cac tieu chuan danh gia.
4) Kiém chimg két qud: Tap con t6t nhat cubi ciing phai duge kiém chitng thong qua
viéc tién hanh cac phép kiém dinh, so sanh cac két qua khai pha so véi tap thudc tinh
ban dau trén cac tap dit lieu khac nhau.
1.2.2 Cac huéng tiép can trong rit gon thudc tinh

Hién nay, c6 rat nhiéu huéng tiép can trong bai toan rtt gon thuodc tinh. Tuy nhién,
ba cach tiép can thuong duge sit dung la: Loc (Filter), dong goi (Wrapper) va lai ghép
(Hybrid). Céc cach tiép can nay duge biéu dién trong Hinh 1.3 v& déu c6 nhitng muc

tieu rieng trong viéc gidm s6 luong thuoc tinh.

Hwéng tiép can

Y \ 4 Y
Tiép can loc Tiép can dong goi N Tiép can lai ghép
(Filter) (Wrapper) (Hybrid)

Hinh 1.3: Phan loai cac tiép can riat gon thudc tinh

1) Tiép can loc: Hudéng tiép can loc duge xem 1a mot huéng tiép can phd bién va dugc
st dung rong rai trong cac bai toan rut gon thudc tinh. Hién nay, cac phuong phéap theo
huéng tiép can loc thuong st dung mot do do lam co sé dé danh gia ¥ nghia cho mot
tap con thuoc tinh thu duge. Thong qua cac tinh chat ctia do do, phuong phap nay sé
dinh nghia mot rat gon 1a mot tap con cac thudc tinh bao toan lugng thong tin cia di
lidu so véi toan bo tap thudc tinh ban dau. Qua do6, cac thudce tinh c6 ¥ nghia cao nhat

tir do do sé dugce Ira chon 1an Iugt cho téi khi dieu kién ding x4y ra hodc tap con thudc
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tinh thu duge thdéa man cic tinh chat ctia rat gon. Cudi ciing, phuong phap sé sit dung
rat gon thu duge dé danh gia hiéu nang trén cac thuat toan hoc. Cac buée ctia huéng

tiép can loc dugce trinh bay chi tiét trong Hinh 1.4 dudi day.

Khéi tao tap cac thude
tinh 12 mot tap rong

\ 4

DPanh gia y nghia +| Lua chon thugc tinh
cua tung thudc tinh 7| co y nghia cao nhat
A
\ 4
B sung vao
tap thugc tinh

Panh gia trén
thuat toan hoc

l A
Sai Diing Pau ra:

Diéu kién dimg Tép rit gon

Tép thudc tinh

Hinh 1.4: Huéng tiép can loc trong rat gon thudc tinh

2) Tiép can dong goi: Day 1a cach tiép can thuong duge gan véi mot moé hinh cu thé dé
danh gia tap con thudc tinh t6t nhat, do d6 cach tiép can nay co6 chi phi tinh toan rat
16n, ddc biet khi xtt 1y trén cidc bo dit liéu nhiéu chiéu. Bén canh d6, rat gon thu duge
theo cach tiép can déng goi chi phit hop véi mot mo hinh hoc méy cu thé, néu sit dung
tap rat gon d6 sang mo hinh hoc may khac c¢é thé sé khong hieu qua. Do dé, cho tdi,
nay tiép can loc van duge sit dung phd bién hon do muc tiéu danh gia tap thudc tinh
rat gon dude khai quat theo tieu chi bdo toan thong tin so vdéi tap dit lieu goc.

3) Tiép can lai ghép: Dé khai thac nhitng utu diém ctia tiép can loc va tiép can dong goi,
nhiéu nha nghién cttu dé suat ki thuat lai ghép loc-déng goi (Filter-Wrapper) dé chon
loc tap con thudc tinh c¢6 do chinh xac phan 16p cao nhat. Uu diém ctia phuong phap
nay do6 1a thoi gian tim kiém rat gon dat hiéu qué cao nhat trén mot mo hinh phan 16p
cu thé nhanh hon rat nhiéu so véi tiép can lai ghép truyén théng do khong gian céc tap
rat gon tng vién da dugc gidi han tai giai doan loc ctia thuat toan. Cu theé, trong giai

doan loc, mot tap chita cac rit gon ting vién sé duge hinh thanh va dua dén giai doan
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déng goéi v6i mot mo hinh phan 16p da duge dinh nghia truée dé danh gia xem rat gon
ing vién ndo dat do chinh x4c cao nhat. Ro rang, phuong phip nay ciing mang theo
nhitng nhuge diém ctia phuong phap déng goéi truyén théng khi viec danh gia trén mot
mo hinh khong thé dai dién hiéu nang phan 16p cho cac mo hinh khéc. Do dé, tai buse
nay, c6 thé st dung v6i nhieu moé hinh phan 16p khac nhau dé kiém ching vé két qua
rat gon thu dugc.
1.2.3 Bang quyét dinh vA mét s6 mo hinh trong riat gon thudc tinh
Dau tién, bang quyét dinh 13 mot truong hop dic biét ctia hé thong tin quyét dinh va
dugc biéu dién bdi mot cap IS = (U,C' U D), trong d6 U 1a mot tap hitu han khéc réng
cac doi tuong, C' va D 1a cac tap hitu han khac rong cic thuoc tinh théa man CND = (.
Modi thuoc tinh ¢ € C'U D xac dinh mot anh xa ¢ : U — V. 14 mot gia tri ciia thudc tinh
c. Khi d6, cho u € U va ¢ € C'U D, gia tri ciia thuoc tinh ¢ v6i déi tugng u duge ky
hieu 1a ¢ (u). O day, C dugc goi 1a tap cac thuoc tinh didu kien va D 1a tap cac thuoc
tinh quyét dinh. Trong trudng hop D c6 nhiéu thuodc tinh quyét dinh thi bang mot phép
chuyén déi hoan toan c6 thé biéu dién D dusi dang mot thudce tinh quyét dinh [88]. Do
d6, luan an chi xét bang quyét dinh 1S = (U,C U D).

Vi du 1.1 Cho bang quyét dinh IS = (U,C U D), trong d6 U = {uy,us,...us} va
C ={ay,as,...a5} nhu trong Bang 1.1.

Bang 1.1: Mot vi du vé bang quyét dinh

U| o a9 as Qy as D
up | 0.72 1 0.93 | 0.65 | 0.52 | 0.69 | Yes
ug | 0.43 1 0.92 | 0.52 | 0.44 | 0.57 | No
usz | 0.21 ] 0.64 | 0.85 | 0.62 | 0.21 | Yes
ug | 0.9510.82|0.21 | 0.81 | 0.94 | No
us | 0.45 1 0.72 | 0.28 | 0.87 | 0.18 | Yes

Theo cac khéi niém vé bang quyét dinh, rat gon thudc tinh 1a viéc loai bd di cac
thuoc tinh du thira trong C' dé trich loc duge mot tap con thuoc tinh diéu kien A C C
bao toan thong tin ctia bang quyét dinh dya trén mot tieu chuan duge dinh nghia. Ly
thuyét tap tho do Pawlak dé xuat [4] 1a mot cong cu toan hoc hitu ich dé xit Iy thong
tin thiéu hut v& khong chic chin trong phan tich dit lieu. C6t 16i ctia 1y thuyét nay la

xap xi tap déi tuong duya trén quan hé khong phan biét trong bang thong tin. Mot van
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dé quan trong ctia 1y thuyét tap tho 1a rat gon thudc tinh, nham git lai cac thuoc tinh
can thiét va loai bé cac thuoc tinh du thita ma van ddm bio do chinh xic trong phan
loai va dut doan. T nén tang nay, nhiéu phuong phap da dude phat trién dé giai quyét
hieu qua bai toan rat gon thuoc tinh, tieu bicu la cac ki thuat dua trén ma tran phan
biét [5, 6, 7] va cac phuong phéap heuristic [8, 9, 10, 11, 12]. Tuy nhién, m6 hinh tap tho
ban dau chi phut hgp véi dit lieu chia gia tri roi rac hosic dinh danh va con han ché khi
ap dung cho dit lieu lien tuc hoiic s6. Dé khac phuc han ché trén, nhiéu mo hinh da ké
thita nén tang 1y thuyét ctia Pawlak nhung thay thé quan hé khong phan biét bang céac
dang quan hé khac. Tt d6 hinh thanh hai nhanh nghién citu chinh bao gom mo hinh

tap tho lan can va mo hinh tap tho md, nhw minh hoa & Hinh 1.5.

R M0 hinh ta Mo hinh t
«| MO hinh tép N N A'p AT A'p
th 1an A > tho I‘c-lan ) tho lan can

0 lan can can gan nhat trong sd

A\ 4

M6 hinh tap tho > Téap mo 0 L 6 » Mohinhtap
thé mo thé mo dung sai

MO hinh tap

——>» T4p mo truc cam —>» . .
P : thé m¢ tryc cam

Hinh 1.5: Cac nhanh mé rong tit mo hinh tap tho

Nham tranh bude roi rac héa dit lieu va md rong kha nang ap dung cho cac tap di
licu chita thuoc tinh sé ho#c lien tuc, mot sd nghién citu ban dau da dé xuat st dung
quan hé lan can dé thay thé cho quan hé khong phan biét duge trong 1y thuyét tap tho
truyén thong. Cu thé, tap tho lan can (NRS) va tap tho k-lan can gan nhat (KNNRS)
duge Hu va cong sy lan dau gidi thieu vao nam 2008 [13]. Trong nghién cttu nay, cic téc
gid da dinh nghia quan hé lan can thong qua khoang cach gitta hai déi tugng u,v € U
theo mot tap con thuoc tinh dieu kién trén bang quyét dinh. Cu thé, cho mot tap con
thuoc tinh A C C, khoang cach giita hai d6i tugng u va v tuong ting véi tap thude tinh
A, ky hiéu la Ay (u,v), duge xac dinh nhu sau:

Au(u,v)= o la(u)—a(v)] (1.1)

acA
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trong d6, A4 (u, v) duge goi 1a khodng cAch Manhattan néu p = 1, khodng cach Euclidean
néu p = 2 va khoang cach Chebyshev néu p = co.
Gia st rang, 0 14 mot ban kinh 1an can ¢6 gia tri ndm trong khoang [0, 1], mot quan

hé lan can Ri‘ trén Ut tap thude tinh A, duge xac dinh nhu sau [14]:
RYy = {(u,v) €U x U : Ay (u,v) < 8} (1.2)

Khi dé, néu (u,v) € R, ching ta néi ring u va v ¢6 quan hé lan can véi nhau
theo tap thuoc tinh A. Dya trén quan hé nay, véi mot doi tuong u € U, [u]js4 =
{v eU: (u,v) € Ri} dude goi 1a mot hat thong tin lan can ctia ddi tuong u dudc
tao ra bdi quan he RZ va ho ctia céc hat thong tin 1an can U/R‘S = [u]is4 cu € U} duogc
goi 1a mot pht lan can cua tap con thudc tinh A.

Dura trén khai niém vé hat thong tin lan can, xét mot tap déi tugng X C U, céc dinh

nghia vé xap xi tréen N4 (X) va xap xi dudi N4 (X) cia X dugc trinh bay nhu sau

Ni(X)={ueU:W)nX #0} (1.3)

Na(X)={ueU: ) cx} (1.4)

Tit ¢o s6 nay, nhiéu bién thé ciia mo hinh tap tho lan can da duge phét trién dé
nang cao hiéu qua trong viéc rat gon thuoc tinh. Bing viéc stt dung do phu thuoc lan
can, Hu va cong sy [14] da dé xuat mot thuat todn rat gon véi hiéu nang vugt troi so
v6i cac thuat toan tap tho truyen théng. Nam 2018, Wang va cong sy [16] tiép tuc dua
ra mot thuat toan hieu qua dua trén chi s6 phan biét lan can dé xac dinh tap con dic
trung thich hgp. Vai nam sau d6, Wang va cong su [17] gidi thieu do do thong tin lan
can tuong déi, xét dén ca xap xi dudi va xap xi trén dé nhan dieén tap thuoc tinh quan
trong. T géc nhin vé dai s6 va 1y thuyét thong tin, Sun va cong su [19] dé xuat do do
entropy da hat lan can mo va ap dung vao bai toan chon dic trung téi wu. Zhang va
cong su [20] xay dyng do do entropy thong tin hén hgp lan can c6 diéu kien nham xi 1y
dit ligu da dang trong chon dic trung. Yang va cong sy [21] lai tiép can theo huéng hoc
metric khodng cach (distance metric learning), t6i uu héa ciu tric hat thong tin va deé
xuat hai thuat toan trich chon dac trung lién quan.

M6 rong tit mo6 hinh tap tho k-lan can gan nhat, Chen va cac cong sy [22] dé xuét
mot ci tién dya trén viée dinh nghia do bat thuong ctia hat. Xu va Zhu [23] sau d6 deé

xuat mot thuat toan rdt gon thuoc tinh dita trén entropy phan phdi lan can c6 trong
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s6 dé thu duge day di thong tin khong chic chin do phan phéi nhan gay ra. Ngoai ra,
nhiéu bién thé khac ctia moé hinh tap tho lan can ciing da duge phat trién, tiéu biéu nhu
tap tho lan can phu [24], tap tho lan can dia phuong [25], tap tho quyét dinh cuc dai
26], hay tap tho lan can mém [27, 28].

Uu diém ctia mo hinh tap tho lan can 1a kha nang lira chon truc tiép céc thuoc tinh
tlr cac bang quyét dinh s6, loai bo sy can thiét clia qué trinh roi rac héa dit lieu trong
khi van ddm béo hiéu qué phan 16p. Bén canh d6, quan hé lan can chi tap trung vao
cac dbi tugng thude vao lan can ctia mot doéi tuong cho truée. Do d6, mo hinh tap tho
lan can gitp thu hep pham vi tinh toan va tiang kha nang xi Iy cho cac thuat toan rit
gon thudc tinh. Tuy nhién, mé hinh tap tho lan can khong xét t6i anh hudng cta tiung
thuoc tinh cho méi quyét dinh clia cac doéi tugng. No6i cach khac, mo hinh nay gid dinh
rang trong sb6 ctia mdi thuoc tinh diéu kien la nhu nhau. Didu nay c6 thé dan dén viec
mo ta sai vé moéi quan heé giita cidc thuoc tinh diéu kién va thuoc tinh quyét dinh. Do
d6, mot sé thudc tinh ¢6 moéi quan hé chit ché véi quyét dinh cé thé khong dude dai
dien day du dé phan anh tam quan trong thuc su ctia ching. Két qua nay dan dén viec
bd qua nhitng thuoc tinh c6 y nghia trong qua trinh rit gon. Dé gidi quyét van dé nay,
Hu va cac cong sy [29] da dé xuat mo hinh tap tho lan can trong s6 (WNRS) st dung

khodng cach diya trén trong s6 cic thudc tinh:

A% (u,v) = \/Z w2 (a) .(a (u) — a (v))? (1.5)

acA
trong do, w (a) 1a trong s6 ctia thudce tinh a € A, duge xac dinh nhu sau. Cho bang quyét
dinh IS = (U,CUD), U = {uy, us, ..., u,} la tap cac doi tuong, C' = {a1, as, ..., a,} la
tap cac thuoc tinh diéu kién va D la tap thuoc tinh quyét dinh. He s6 phan hoach ctia
cac thuoce tinh 1a mot vector A = (A (a1), A (az), ..., A (an))" duge xéc dinh dya trén

mot bai todn tim nghiem t6i wu \* = argmin||[AX — Y||* tit ham £ (\) = [|[AX = Y|,

trong do ||.|| biéu dién 2-norm ctia mot vector, A la ma tran hé s6 dugce dinh nghia béi
-al(ul) as(uy) --- am(ul)-
A a(ug) as(ug) -+ apm(us) |
ai(un) az(up) - am(un)

va Y = (D(ay),D(ay),...,D(ay))" 1a mot vector quyét dinh. Dé tim nghiem téi wu,
dau tien gid st A\ = Y, khi d6 nhan ca hai vé véi AT dé phuong trinh tré thanh
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ATAN = ATY. Cubi ciing, ching ta thu dugec A = (ATA)"*ATY. Tuy nhién, trong
thuc té, bang quyét dinh c6 thé chita s6 lugng thuoc tinh nhiéu hon so v6i sé lugng doi
tuong. Khi d6, ma tran AT A c6 thé khong khd nghich. Dé giai quyét van dé nay, mot
dai lugng phat hay con goi la mot tham sé diéu chinh dude b6 sung vao ham téi uu.
Khi d6, ham t6i wu trd thanh £(A) = [[Ay — Y||* + [|A]|* v& 1a mot ham 16i ¢6 gia tri
nhé nhéat khi £/(A) = 2AT(AX—Y) = 0. Do d6, (ATA +E) A = A"Y, trong d6 E la
mot ma tran don vi cling chiéu véi ma tran ATA. Tit day, ching ta c6 thé dé dang thu
dugce nghiem t6i wu A = (ATA + E)'ATY.
Dura trén hé s6 phan hoach ciia cac thudc tinh, trong s6 ctia méi thuoc tinh a € C
dugc xac dinh béi cong thic:
(0] ]A\@)]
>_acc 1A ()]

trong do, |C| biéu dién s6 lugng cac thudc tinh diéu kien trong bang quyét dinh va |\(a)]

w(a) (1.6)

la gia tri tuyet doi ctia A(a).
Trong nghién ctu nay, dé thé hien tinh tdng quat, cong thic khoang cach trong sé

duge dinh nghia lai nhu sau:

A (w,0) = o> (@ (). Ja(u) —a(v)]) (1.7)

acA

Qua d6, xét mot bang quyét dinh IS = (U,C U D) va mot tap thuoc tinh A C C,

quan hé lan can trong so, ky hicu 1a Riiw, duge dinh nghia bdi:
R = {(u,v) € U x U : A% (u,v) < 8} (1.8)

Khi do6, véi mot déi tugng u € U, mot hat thong tin lan can ctia u dude tao béi trong
sd cac thuoc tinh duge goi 1a mot hat thong tin lan can trong so6 thuodc tinh, ky hieu 1a

[u]5 va duge xdc dinh nhu sau:
w5 ={vel: (uv) e R} (1.9)

R6 rang, ho clia tat ca cac hat thong tin nay sé tao nén mot pht trén U, ky hiéu 1a
U/R% = {[u)’} : uw € U}. Theo d6, v6i mot tap déi tuong X C U, zdp i dudi va zdp
xi trén cia X dya trén cac hat thong tin 1an can trong s6 theo A duge xac dinh tuong
ting nhu sau:

WN, (X) = {ueU: [ C X} (1.10)
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WNA(X)={ueU:[u5nX#0} (1.11)

Dua trén cac khai niem da duge trinh bay, céc téc gia trong [29] da xay dung ham

phu thuoc lan can nham danh gid do quan trong cia ting thuoc tinh.

W POSA(D)]

7<A7D) = ’U’

(1.12)

trong d6 WPOS,(D) = U W N4 (d;) 1a mién duong quyét dinh véi U/D 1a mot
diEU/D
phan hoach quyét dinh trén U.

Tiép ndi hudng tiép can nay, Xie va céc cong sy [30] da tinh toan trong s6 thudc
tinh thong qua phan cum dit lieu va ly thuyét entropy, tit d6 dé xuat mo hinh tap tho
x4c suat lan can c6 trong s6 va gidi thitu mot s6 tinh chat quan trong. Mdéi day, Thuy
va Wongthanavasu [31] ciing da dé xuat phuong phap gan trong s6 cho cac thugc tinh
dua trén do phan ky mo trong bai toan rat gon thudc tinh. Mic dut cic két qua thuc
nghiém da chi ra ring mo hinh tap tho lan can trong sdé mang lai hiéu qua cao trong
viéc cai thien qua trinh rdt gon, nhung cdc mo hinh nay chi yéu chi tap trung vao sb
luong doi tugng trong mdi hat thong tin. Didu nay c6 thé hiéu la cac ddi tuong trong
hat thong tin déu duge xem nhu ¢6 do quan trong nhu nhau trong viéc ra quyét dinh
ve dbi tugng w. Tuy nhién, dit lieu trong thyc té luon cé st phan bd da dang, nghia la
modi dbi tugng trong hat thong tin sé ¢6 vai tro khac nhau. Vi dy, nhitng déi tuong gan
u ¢6 anh hudng 16n hon so véi cac dbi tugng xa u. Do d6, viec danh gia chinh xac do
quan trong ciia cac doi tugng trong hat thong tin lan can trong s6 1a rat can thiét.

Tu van dé nay, Wang va cong su [32] da dé xuat mo hinh tap tho lan can k-lang
gieng trong s6 (WKNRS). Phuong phép nay danh gia chat lugng va gan trong s6 cho
cac doi tuong lan can gan nhat dua trén do léch chuan. Gan day, Thuy va cac cong siu
[33] da gidi thieu mot mo hinh trong s6 tong quat va chiing minh ring mot s6 md rong
ctia mo hinh tap tho lan can c¢6 thé dude coi 1a mot trudng hgp diic biét ciia mo hinh
nay. C6 thé nhan thiy ring cac phuong phap riat gon thudc tinh theo nhanh mé rong
ctia mo hinh NRS da mang lai nhiing két qua kha quan trong viéc xit Iy cdc bang quyét

dinh s6. Tuy nhién, mot s6 mo hinh van ton tai nhiing han ché sau:

e CAu tric hat thong tin trong cdc mo hinh thuong mang tinh chat don gian, chua
phan dnh day du vai tro cia ting ddi tugng trong hat, dong thoi khong xem xét

dugce sy khong chac chan va do dy von luon ton tai trong dit lieu thic té. Noi cach
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khac, cac mo hinh nay chi yéu tap trung vao s6 lugng doéi tuong trong modi hat

thong tin ma chua danh gid mot cach chi tiét syt phan bo clia chiing bén trong hat.

e Cac mo hinh van chua c6 su tich hgp gitta ca trong sd thuoc tinh va trong s6 déi
tuong, mic du sy két hop nay hita hen sé mang t6i kha nang cai thien dang ké veé

hiéu qua lya chon mot rit gon t6i wu.

e Céac mo hinh thuong stt dung do phu thudc lan can nhu mot tieu chuan dé dinh
nghia mot rit gon. Khi do6, néu bang quyét dinh 1a khong nhat quan thi do do nay
chi xét dén céc ddi tugng nam trong mién duong ciia bang quyét dinh ma bo qua
rat nhiéu déi tugng khac, ké cd nhing dbi tugng nim trong mién bién. Ré rang,
nhitng déi tugng nay duge xem la khong thé phan loai mot cach chic chin va viec
loai bé chiing trong qua trinh tinh toan sé anh huéng dang ké dén chat luong ctlia

cac rut gon.

Nhéanh nghién citu vé mo hinh tap tho mo da duge phat trién song song va han ché
duge mot s6 khé khian ctia mo hinh tap tho lan can trong viec biéu dién dic trung ciia
cac hat thong tin. Dya trén sy két hop gitta 1y thuyét tap tho truyén thong va 1y thuyét
tap mo, 1y thuyét tap tho mo (FRS), duge dé xuat béi Diibois va Prade [34], ciing dugc
xem 1a mot huéng nghien citu méi dé xit 1y dit lieu lien tuc hodic s6. Y tudng clia mo hinh
nay la stt dung quan hé nhi phan mo duge thiét 1ap dya trén mot cong thitc tinh toan
mitc do tuong duong gitta hai doi tuong trong tap vii tru. Khi d6, mdi thuoc tinh diéu
kién a € C sé xac dinh mot quan hé nhi phan mo 75{@} trén U x U véi ﬁ{a} (u,v) € [0,1].
Khi do, ﬁ{a} duge goi 1a quan heé tuong duong mo néu théa man cac tinh chat sau moi
déi tuong u,v € U.

1. Tinh phan xa: ﬁ{a}(u, u) =1,
2. Tinh ddi xtng: ﬁ{a} (u,v) = 75{&} (v, u),
3. Tinh bac cau: ﬁ{a} (u,v) > sup min {ﬁ{a}(u, t), Ryay (t, U)}

Quan hé tuong duong mo sé sinh ra mot phan hoach mo U/ﬁ{a} = {[/J]{a} tu € U}
trén U, trong do m{a} duge goi 1a hat thong tin mo clia doi tuong w. Luu ¥ rang, m{a}
ciing 1a mot tap mo va do thuoc ciia mdi doi tuong v € U duge ky hieu 1a m{a}(v),

chinh la gia tri cua ﬁ{a}(u, v). Qua d6, luc lugng ctia hat thong tin [u] (a}: ky hiéu la

= [l (v).
velU
Co6 the thay rang, cau tric ctia hat thong tin mo duge biéu dién chi tiét hon so véi

—~

|[u]{a}| duoce xac dinh béi ‘m{a}

hat thong tin lan can. Do do, cac dic tinh cia dit lieu duge thé hien day du hon trong
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mo6 hinh FRSs. Tiép theo, luan an sé didm qua mot sé nghién citu duge md rong tit mo
hinh FRSs nham ting dung trong bai toan rit gon thuoc tinh.

Khéi diém trong huéng tiép can nay la mot phuong phap duge dé xuat béi Jensen
va Shen véi ting dung trong phan loai web [35]. Tiép theo, Tsang va cong sy [36] da
stt dung ma tran phan biet dé dinh nghia céc phan ti rit gon trong moi trusng FRS,
sau dé gidi thieu mot thuat todn dé xac dinh tat ca cac phan ti riat gon va mot thuat
toan heuristic dé tim mot phan t rat gon. Ciing dua trén ma tran phan biét, nhiéu
phuong phap rit gon thuoc tinh da dude dé xuat dé xit 1y dit licu lién tuc, chang han
nhu [37, 38, 39, 40]. Tt goc nhin vé 1y thuyét thong tin, Dai va Xu [41] da lya chon
cac thuoc tinh dya trén ty lé thong tin mo. Bén canh do, cac thuat toan rat gon thudc
tinh dua tren FRS ciing duge phat trién véi nhiéu do do khac nhau, vi du nhu khoang
cach mo [42, 43], mién duong md [44, 45, 46], thong tin tuong hé md [47], entropy md
48, 49], va hat thong tin md [50]. Két qua thuc nghiem chi ra ring cic thuat toan rut
gon thudc tinh dya trén FRS mang lai hiéu qua vugt troi so véi cac thuat toan dya trén
tap tho truyén thong trong viéc xit 1y cac bang quyét dinh s6 hosic lién tuc. Tuy nhién,

qua qué trinh khdo sat nhan thiy rang, mo hinh FRS van con mot sé han ché nhu sau:

e Nhiéu déi tugng ndm trong hat thong tin mo véi cac mitc do thuoc rat nhoé co thé
gay ra nhiéu trong qua trinh tinh toan. Diéu nay ciing giéng véi mot s6 két qua
da dugce chi ra trong cac nghién ctu [51, 59] khi cac thuat toan dya trén mo hinh
FRS gap nhiéu kho khan khi xit 1y trén cac tap dit lieu nhiéu khong nhat quan.
Trong nghién citu nay, cac tap dit licu nhiéu duge dac trung béi hieu quéa phan 16p

thap va khong kha thi khi ap dung vao viéc xay dung cadc mo hinh hoc may.

e Cac do do danh gia thuoc tinh dugc xay dung trén mo hinh déu dya trén qua trinh
tinh toan lyc lugng cua cac hat thong tin ms. Do d6, khi xit 1y trén cac tap di
lidu c6 do chinh xac phan 16p ban dau thap thuong thu duge mot rit gon chua toi

uu ve kich thude ciing nhu hiéu qua phan 16p.

e Cac phuong phap theo mo hinh FRS hién chua ap dung viéce thiét lap trong s6 clia
cac thuoc tinh diéu kien. Do dé, qua trinh rit gon c6 thé bd qua cac déi tugng cé
¥ nghia cao. Day c6 thé xem nhu mot han ché ciia mo hinh FRS so v6i mot s6 mé

rong ciia mo hinh tap NRS.

Nhin chung, ca hai huéng md rong ctiia ly thuyét tap tho déu doéi mit véi khong it

kho6 khin. Nhitng han ché nay da duge phan tich chi tiét trong cong trinh [CT3] thuoc
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danh muc nghién ctu ctia luan an va la dong luc thic day tac gid dé xudt nhitng mé
rong méi trén ca hai nhanh nghien citu. Dé giai quyét cac van dé néu trén, mo hinh tap
md trife cdm dude coi 1a mot gidi phap tiém ning, vita gitip mo ta ré rang cau tric hat
thong tin, vita gidam nhiéu cho céc thuat toan khi xit Iy trén cac tap dut lieu ¢6 do chinh
xac phan 16p ban dau thap. Vi vay, mo hinh nay dudc Iita chon nhu mot nén tang then
chdt trong viéc phat trien mot s6 mo hinh mé rong khac, nhim khic phuc céc han ché
con ton tai trong cac nhanh cta ly thuyét tap tho.
1.3 M6 hinh tap thé mo truc cam

Trong phan nay, luan an sé gidi thieu mot sd khai niém co ban vé mo hinh tap tho
md trye cdm. Dong thoi, mot s6 huéng nghién cttu lién quan dén bai toan rit gon thude
tinh dya trén tap tho mo tryuc cdm cling sé dugce trinh bay. Trén co sé do, luan an phan
tich nhitng wu diém va han ché ctia mo hinh nay, lam tién dé cho viéc xay dung va phat
trien cac mo hinh mé rong nham nang cao hieéu qua clia cac thuat toan rat gon thuoc
tinh.
1.3.1 Ly thuyét tap md truc cam

Ly thuyét tap md tryc cam [89] 1 mot sy mé rong tong quat so véi ly thuyét tap mo
nhd kha nang biéu dién chi tiét su mo ho, khong chic chin ctia thong tin. Tren thuc té,
tap md tryuc cam la mot lya chon phtt hgp trong nhitng truong hop ma viéc bidu dién
mitc do khong thuoc tré nén don gidn hon so véi mitc do thuoc. Khai niem nay xuat
phat tu ky vong rang qua trinh ra quyét dinh ctia con ngudi ciing nhu cic hoat dong
dua trén chuyén mon va tri thiic, von thuong khong chinh xac tuyét doéi hodc thiéu do
tin cay cao, c6 thé dugc mo phéng hiéu qua thong qua tap mds cadm. Ly thuyét tap mo
tryc cdm da dude ting dung thanh cong trong nhiéu linh vie, dac biét 1 trong nhan

dang mau va ra quyét dinh.

Dinh nghia 1.1 (Tap md tryc cam [89]). Cho U la tap hitu han khac réng cac doi
tugng, mot tap mo truc cam (IFS) K trén U c6 dang K = {(u, vz (u), ni(w)) Ju € U},
v6i v : U — [0,1] 1a do thuoc va ng : U — [0,1] 1a do khong thuoc ctia d6i tugng u

trong K sao cho 0 < v (u) + 1 (u) < 1, Yu € U.

Dua vao khéi niém trén, c6 thé thiy tap mo truyeén théng dude xem nhu mot
truong hgp dic biét ctia tap mo truc cdm va c6 thé duge bicu dién dudi dang K =
{(u, v (u),1 =y (w)) |Ju € U}. Do do du ciia d6i tugng u trong tap K duge xac dinh

béi 7 (u) = 1 — i (u) — ni(u). Khi 73 (u) = 0, Vu € U tap md tryce cdm c6 thé chuyén
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thanh tap mo truyén théng. Luc luong cia K duge ky hieu la ‘K ‘ va dudce tinh béi cong

thic sau [90]:

‘K) :Zl+w¢ (u;—n;e (u) (1.13)

uclU
Dinh nghia 1.2 (Céc phép toan quan hé tren IFS [89]). Cho K va P la hai tap mo

true cAm trén U. Mot s6 phép toan danh gid mbi quan he ctia K va P duge trinh bay
nhu sau:

1. K C P néu va chi néu v (u) < yp(u) va np(u) > np(u), véi moi u € U,
2.K:Pnéuvéchinéukgpvépgk,

3K 0B = {(u,min (15 (u), 7 (1)), max (g (u), s ()}, vGi moi u € U,

4. KUP = {(u,max (yz (u),vp (v)),min (n; (u),np (w))}, véi moi u € U.

Céc phép toan co ban tong quat trong tap md tryc cam con duge mé rong cho cac
phép hop va giao bang cach st dung mot s6 toan ti Trorm VA Teonorm nhu trinh bay trong

Bang 1.2.

Bang 1.2: Mot s6 phép toan tong quat

Trorm Teonorm

Tn(x,y) = min {z, y} Sm(z,y) = max {z,y}

To(z,y) = zy Splz,y) =x+y—ay

Ti(z,y) =max{z+y—1,0} | Si(z,y)=min{r+y,1}

Teos(@,y) = Seos(T,y) =
max{a;y—\/mm,()} min{x+y—xy+\/2x—x2\/2y—y2,1}

1.3.2 M6 hinh tap thoé mds truc cam

Trong phan nay, luan an bat dau bang viéc dua ra khai niém vé quan hé mo tric
cam lam co s6 hinh thanh mo hinh tap thé mo tryc cam. Khai niém nay duge xem la
mot mé rong ctia quan hé mo trong 1y thuyét tap mo co dién bang viec xét dén do khac
biét gitta hai d6i tugng.
Dinh nghia 1.3 (Quan hé md truc cam [91]). Cho bang quyét dinh IS = (U,C U D),
moi thuoc tinh a € C sé xac dinh mot quan hé nhi phan mo tryc cdm k{a} tréen U x U
nhu sau:

Ria) = {((u,U),'yﬁ{a}(u,U),nk{a}(u,v» : (u,v) € U % U} (1.14)

trong do, vz, (u,v) € [0,1] va i oy (u,v) € [0, 1] tuong tng la do tuong tu va do khac

biet ctia ddi tugng u va v theo R, sao cho 0 < Vi oy (u,v) + T oy (u,v) < 1.
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T Dinh nghia 1.3, mdt quan hé ﬁ{a} duge goi 1a quan hé tuwong duong ma tryc cam
néu théa man cac tinh chat sau véi moi u,v € U
1. Tinh phén xa: %é{a}(u,u) = lvang, (u,u) =0,
2. Tinh doi xvng: 77?{&}(“’ v) = ’yﬁ{a}(v, u) va nk{a}(u, v) = nﬁ{a}(v, u),

Vi, (w,0) Zsupimin (g, (u,t), 75, (L)
3. Tinh bac cau: far teU{ ( {a} {a} >}

R0y (u,v) < i&ﬁ {ma,x (nk{a}(u’ b, 7773{(1}(15, U))}

Maéi thuoc tinh a € C trén bang quyét dinh sé xac dinh mot quan hé tuong duong mo
truc cam k{a}. Khi d6, mot quan hé tuong duong ma trirc cam ﬁ{a} sé sinh ra mot phan
hoach mo truc cam U/ﬁ{a} = {[ﬁ]{a} lu € U} trén tap vi tru U, trong d6 [ﬂ]{a} dugce goi
134 mot hat thong tin mo tryc cAm ctia d6i tugng u theo quan hé tuong duong mao triic cim
ﬁ{a}. R6 rang, moi hat thong tin mao trirc cam [u]{a} 13 mot tap mo trye cdm trén U. Khi
d6, voi méi v € U thi i, (v) = (7[il]{a} (v) s M, (v)) = (77%{&} (u,v) S (u,v)).

Viéc dinh nghia mot quan hé trong khong gian tap mao truc cam phu thudc vao cach
xay dung cac cong thic tinh toan do tuong tu va do khac biét. Trén co s6 do6, nhieu
nghién citu da tap trung vao viéc thiét 1ap cac gia tri nay cu thé trén moi tap thuoc tinh
ctia bang quyét dinh. Cu thé, Tan va cac cong su [55] da ap dung mot phuong phap don

gian bang cach tinh todn do tuong tu ctia hai ddi tuong u,v € U theo a € C' nhu sau:

Vi, (v) = max (min (a(“) — o) + 00 a{w) —a(v) + U") ,0) (1.15)

Oq Oa

trong do, o, 1a do leéch chuan ctia thudce tinh a. Do khac biét dude thiét lap nhu sau:

Ml (V) =1 =Y, (V) (1.16)

Bén canh d6, Jain va céc cong su [56] da xay dung céc cong thiic tinh toan do tuong
tur va do khéc biet dya trén khodng cach Euclidean. Dé xit Iy trén cac bang quyét dinh
hon hop, Tan va cac cong su [57] da dua ra cac cong thic tinh todn do tuong tu gita
hai déi tuong u va v theo thudc tinh a € C trong hai truong hop.

1. Néu a la thudc tinh s6/lien tuc:

ja(u) = a(v)]

maxa — mina

Viiloy (V) =1 — (1.17)

trong d6 max(a) vd min(a) tuong tng l1a gia tri 16n nhat va nho nhat ctia thuoc tinh
a. Vé ban chat, thanh phan mau s6 ctia cong thitc trén 1a qua trinh chuan hoa dit lieu

min-max dé dam bao cac gia tri clia bang quyét dinh luon nam trong khoang [0,1].
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2. Néu a 1a thuoc tinh roi rac:

Vit (V) = (1.18)
0, a(u)#a(v)
Dua trén toan t T,.m-m Lukasiewicz, cac tac gia trong [57] xay dung do khac biét
gitta hai d6i tugng u va v tit lan can chung gan nhat ctia ching thuoc cac 16p khac nhau.
max( min 7k{a}(u, t)+ vk{a}(v, t)—1, O) , D(u) = D(v)

M), (V) = D{6)#D(w) (1.19)

L=, (1,0), D(u) # D(v)
T cdc khai niem duge trinh bay, cac tac gid trong [94, 95] da xay dung tap tho mo

tric cam thong qua cac dinh nghia vé tap xap xi trén va xap xi duéi.

Dinh nghia 1.4 (Tap tho mo tryc cam [94, 95]). Cho bang quyét dinh IS = (U, C U D),
mot quan hé tuong duong mao tryc cam ﬁ{a} dugce xac dinh trén thudc tinh a € C va
mot tap con doi tuong X C U. Khi d6, cac tap xap xi dudi va xap xi trén ctia X theo
7?,{&} duge dinh nghia tuong ing nhu sau:

Ry (X) = {(Uagglf,v (g0 (©), 7% (0)) 5P A <’Y[u]{a}(v),77x(v)>> Lu € U} (1.20)

velU

E{a} (X) =1 |u,supA (Py[m{a}(v),fy;((v)) , inf V (”[ﬁ}{a}(”)’ nX(v)> cueU (1.21)
vel vel

Néu E{a} (X) = E{a} (X) thi cap (E{a} (X) ,E{a} (X)) duge goi 1a mot tap xac
dinh theo nghia mg tryc cam, ngugc lai thi cap (E{a} (X) ,E{a} (X)) duge goi 1a mot
tap tho mo truc cam (IFRS).

1.4 Cac nghién citu lién quan dén rit gon thudc tinh dya trén
tap thé mo truc cam

Trong phan nay, luan &n sé trinh bay khai quat mot sé nghién cttu dién hinh vé cac
phuong phap rat gon thudce tinh dya trén mo hinh IFRS. Cac phuong phap nay xu 1y
trén cac bang quyét dinh ¢6 dinh va bang quyét dinh c6 sy thay doi tap déi tugng.
1.4.1 Rit gon thudc tinh trén bang quyét dinh c6 dinh

Trong bang quyét dinh, cac thuoc tinh diéu kién duge phan thanh ba nhém chinh:
thuodc tinh 16i, thudc tinh rat gon va thudc tinh du thira. Thuoc tinh 16i 1a nhing thudc

tinh thiét yéu, luon xuat hién trong moi tap rat gon. Thuoc tinh rat gon la nhitng thuodc
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tinh c6 mit trong it nhat mot tap rat gon. Thuoc tinh du thita 1a nhing thuoc tinh ma
viéc loai bé ching khong lam anh hudéng dén két qua phan 16p dit lieu. Ngoai ra, cling
c6 the xét dén thuoc tinh khong lien quan, tic nhitng thuoc tinh khong mang lai gié tri
thong tin dang ké trong qué trinh phan tich va ra quyét dinh. Trong céc nghién citu vé
rat gon thudc tinh, mét riat gon thuong duge dinh nghia dya trén mot do do danh gia
kha nang bao toan thong tin so véi toan bo thuoc tinh ban dau. Ngoai ra, cac thuoc tinh
trong rat gon déng gép dang ké vao hiéu qua phan 16p va tang kha niang hoc cho cac
thuat toan trong qué trinh huan luyén. Trén co s6 d6, nhiéu nghién cttu da dinh nghia
rat gon thong qua mot s6 do do trén mo hinh IFRS.
1) Mién duong md truc cim

Ciing giébng nhu ¥ tuéng mé rong tit do do mién duong trong mo hinh c¢6 dién sang
mo6 hinh FRSs, cac nha nghién citu da tap trung vao cac tinh chat clia tap mo triyc cdm
trén khong gian tap tho dé xay dung khéi niem mién duong ms tryc cdm. Xuat phat tit
mo hinh IFRSs, Tan va cic cong sy [55] ban dau phan hoach di lieu thanh mot ho cac
16p quyét dinh U/D = {dy,ds, ..., dy} theo cac nhan quyét dinh khac nhau. Qua do, véi
modi tap con thuoc tinh quyét dinh A C C, cac tac gid da tinh toan lai cdc xap xi dudi

clia moi 16p quyét dinh d; véi 1 <i < k.

R, (d;) = {(u, inf Vv (TMA (v), 7q, (v)) ,igg A (y[u]A(v), Nd; (v))) cu € U} (1.22)

vel

trong do, ), (v) = min v, (v) Va1, (v) = maxng,,, (v).

Tiép theo, cac tac gia da xay dung do do mién duong md tric cdm cta tap thuoc
tinh A tir viec két hop cic xap xi duéi ciia cac 16p quyét dinh.

IFPOS,(D) = | ) Ra(d) (1.23)
d;€U/D

Ro rang, IFPOS, (D) 1a mot tap md tryc cam dugde tao ra bang cach lay hop céc
xap xi dudi clia tat ca cac 16p quyét dinh. Qua d6, né phan anh kha ning phan 16p cia
tap con thugc tinh A, nghia la ITFPOS, (D) cang 16n, kha niang phan 16p cua A cang
manh. Tt d6 do mién duong md triic cdm, cac tac gid trong [55] da dinh nghia mot rut
gon clia bang quyét dinh. Cu thé, mot tap con A C C' dude goi 1a mot rat gon ctia 1.5
néu thoa man:
1. IFPOS, (D) = IFPOSe (D),
2. IFPOS 1 (a) (D) C IFPOS4 (D), Ya € C.

Trong mot s6 nghién cttu khac, Tiwari va cac cong su [53] ap dung ly thuyét mién

duong cho mo6 hinh IFRSs dé dinh nghia mot it gon trén bang quyét dinh. Gan day,
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Redman va cac cong sy [96] hoan thien mot s6 chiing minh ctia Tiwari trong [54] va xay
dung lai cac xap xi trong viéc hinh thanh tap tho dung sai mo tryc cdm. Qua do, cac
tac gid dé xuat mot thuat toan rit gon thuoc tinh dé tim kiém céc rat gon trén bang
quyét dinh. Véi muc tiéu han ché nhiéu trong dit lieu, Jain va cic cong su [56] cau tric
lai mo hinh IFRSs v6i dé xuat mdéi vé 16p quyét dinh mo tryc cdm. Sau do, cac tac gia
da xay duyng ham phu thuoc 1 ti 1é gitta lyc lugng clia mién duong md triyc cadm va sb
luong déi tuong trong bang quyét dinh dé dinh nghia mot rit gon va thiét ké thuat toan
tim kiém cac thudc tinh t6i wu ctia bang quyét dinh.
2) Entropy mo truc cam

Entropy 1a mot khai niém c6 thé biéu dién ban chat cla tri thic va thong tin dudi
nhiéu hinh thitc khac nhau, nhd d6 né dugde ting dung rong rai trong nhiéu linh vie, dic
biét 1a trong vieéc dinh lugng mitc do khong chic chan ciia dit lieu. Dya trén nén tang
ly thuyét do Shannon dé xut, ba loai entropy thuong dugc sit dung bao gom: entropy
thong tin, entropy két hop va entropy cé diéu kién. Trong cac bai toan rit gon thuoc
tinh, entropy déng vai tro 1a mot thude do hieu qua dé danh gia mitc do quan trong clia
cac thuoc tinh thong qua kha niang phan anh sy khong chic chan ma chiing mang lai.
Nham b6 sung mot s6 rang budc chat ché hon so véi entropy truyen théng, Tan va céc
cong sy [57] da xay dung do do entropy diéu kieén tit mo hinh IFRSs thong qua viéc tinh

toan trén cac hat thong tin ctia mot tap thuoc tinh A C C, cu thé nhu sau:

L5 a1 120

Dua trén do do dé xuat, cac tac gid da dinh nghia mot rat gon tuong doi clia bang
quyét dinh lam co sé cho viéc thiét ké mot thuat toan rut gon thuoc tinh theo huéng
tiép can loc. Cu thé, mot tap con thuoc tinh A C C' duge goi 1a mot rit gon ciia 1.S néu
thoa man
1. IE(D|A) = IE (D|C),

2. IE(D|A") #£ IE(D|A), véi moi A" C A.

Co6 thé thay rang, mot rat gon tuong déi 1a mot tap con thuoc tinh téi thicu bao
toan gia tri entropy nguyén thiy ctia bang quyét dinh. Tit do do entropy md trire cam,
cac tac gid sau d6 da chitng minh tinh chat don dieu ctia do do véi kich thuée tap thude
tinh va dinh nghia do quan trong ctia thudc tinh dé lua chon cac thuoc tinh ¢ ¥ nghia.

Cu the, v6i mot tap con thudce tinh A C C va mot thude tinh a € C, do quan trong ciia
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a theo A duge dinh nghia bdi
Sig(a,A) = IE (D|A) — IE (D|AU{a}) (1.25)

Bén canh cong trinh [57], Revanasiddappa va cong su [58] da ap dung do do entropy
md trige cam dé rit gon thudc tinh cho bai todn phan 16p vin ban. Tiép theo, Rahimi va
cac cong sut [97] da két hogp cac khai niem vé entropy va tap md tryc cdm dé hinh thanh
mot do do entropy hiéu qua trong viéc lya chon va xép hang cac nha cung cap theo cac
thuoc tinh. Gan day, Liu va cac cong sy [98] da chi ra nhuge diém trong nghien citu [57]
khi chi xét dén tam quan trong cia titng thuoc tinh déi véi quyét dinh mot cach rieng
16. Tt quan diém nay, cac tac gia da xay dung do do entropy uu thé dya trén quan hé
uu thé mo trire cdm va thiét ké mot thuat toan rit gon thuoc tinh. Nhin chung, v6i kha
nang danh gia sy khong chac chan ctia thong tin, entropy duge xem 13 mot do do quan
trong va dudce tng dung hiéu qua trong viéc Iya chon cac thudc tinh tdi uu trén bang
quyét dinh.

3) Khodng cach mo truc cam

Do do khoang cach 1a do do quan trong duge sit dung dé do luong su khéac biét gitta
hai d6i tugng. Trong cong trinh [91], nhém nghién cttu da xay dung khoang cach mo
truc cam dé do luong lugng thong tin clia mot phan hoach md truc cdm khong thuoc
vao phan 16p.

1

D (U/Ra, U/Roaup) = M

> () = i), N [l ) (1.26)

uel

Dua trén cong thiic nay, cac tac gia da ching minh tinh phan don diéu cia do do so
véi kich thude cia tap thuoc tinh va dinh nghia mot rat gon mdéi véi cac tiéu chi sau
1. D (U/Ra,U/Raup) =D (U/Re, U/Reun),
2. VA C A, D(U/Ry,U/Ryp) > D (U/Ra,U/Ruip).

Khéac v6i entropy mdo truc cam, tinh chat phan don dieu duge thé hien gitta do do
khoang cach mo truc cam va kich thuée ctia tap thudc tinh. Khi dé, do quan trong cia

thuoc tinh ciing duge xay dung dé lya chon nhitng thuoc tinh cé ¥ nghia vao rit gon.
Sig(a, D) =D (U/Ravay, U/Rasiayon) — D (U/Ra, U/Raup) (1.27)

Cudi cling, cac tac gia da xay dung thuat toan heuristic dé tim rat gon trén bang
quyét dinh. Bén canh nhitng thuat toan dugc trinh bay, luan an tong hgp mot s6 phuong

phap rit gon thudc tinh theo cac cach tiép can va do do khac nhau trong Bang 1.3.
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Bang 1.3: Mot s6 phuong phéap rat gon thudc tinh trén mé hinh tap thé ms tric cam

TT | Do do Kiéu dit lieu | Tieu chuan danh gia Tai lieu

1 | Mién duong | Hén hop Luc lugng rat gon, thoi gian [53, 54, 55,

mo tryc cadm | (mixed) x1t 1y, do chinh xac phan 16p 56, 99, 100,
101, 102]

2 Entropy mo | S6 Luc lugng rat gon, thoi gian [57, 58, 97, 98]
tryc cam (numeric) xu 1y, do chinh xac phan 16p

3 | Khoang Hoén hgp Luc lugng rat gon, thai gian [59, 91]
cach mao (mixed) xu 1y, do chinh xac phan 16p
truc cdm

4 Hat tri thitc | Hén hop Luc lugng rat gon, thoi gian [103]
mo trye cdm | (mixed) xt 1y, do chinh xac phan 16p

Bay gio, luan an sé trinh bay mot s6 uu diém ctia mo hinh tap tho mo truc cam.

Nhitng ttu diém nay 1a co sé viing chiic trong viéc phat trién cac mo hinh md rong nham

khac phuc nhitng han ché con gap phai trén cac nhanh cia Iy thuyét tap tho.

So v6i cadc mo hinh NRS va FRS, mo hinh IFRS c6 cau tric hat tuong doi chi tiét,
phan anh r6 nét sy mo ho va do dif von ton tai trong dit lieu thie té. Qua do viec
ap dung cac do do danh gia thuoc tinh trén cac hat thong tin nay sé mang lai hiéu

quéa cao hon.

Su bo sung ctia thanh phan ham khong thuoc trong hat thong tin md truc cam
gitp diéu chinh hiéu qué cic thong tin bi 4&nh hudng bédi ciac doi tugng dude sinh
ra tit nhidu. Nho vay, cac do do danh gia thuoc tinh, chit yéu thong qua qua trinh
tinh toan litc lugng, sé han ché t6i da sy déng gép thong tin tit nhitng déi tugng

nay. Do dé, rat gon thu dude sé cai thien dang ké vé hieu qua phan 16p.

Mot s6 két qua thyc nghiém tit cadc nghién cttu da trinh bay cho thay tap rit gon
thu duge bang cac phuong phap tiép can theo mo hinh IFRSs thuong dat do chinh
xac phan 16p cao hon so v6i tap rut gon tir cac thuat toan dyra trén cadc mo hinh

tap tho mé rong, dic biét trong cic bo dit licu c6 nhiéu va khong nhat quan.
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Tuy nhién, qua qué trinh khao sat, luan an ciing thiy rang mo hinh IFRSs van con

mot s6 nhitng han ché nhu sau:

e Chinh sit b sung cia thanh phan do khong thuoc trong moé hinh ciing khién cho
cac thuat toan téon kém vé khong gian Iuu trit va c6 thoi gian xi Iy chua toi uu,

dac biet 1a khi ap dung trén cac bo dit liéu c6 sb chiéu lén.

e Nhiéu ddi tugng nam trong hat thong tin md tric cam véi cac mitc do thude rat
nhé va mic do khong thudce 16n cé thé gay ra nhidéu va du thita trong qua trinh
tinh toan. Khi d6, thong tin ctia cac doéi tuong nay van déng gép vao cac do do

danh gia thudc tinh ma chua bi loai bé hoan toan.

Dé hé thong lai nhitng noi dung da trinh bay, Bang 1.4 trinh bay téng hop mot sb
uu diém va nhuge diém chinh ctia cdc mo hinh khi ap dung trong cac thuat toan rut
gon thuoc tinh.

Nhu vay, dong Iiic nghién cttu ctia luan an khong chi ding lai ¢ viéc ké thira va khai
thac vu diém tit cac mo hinh IFS va IFRS dé phét trién nhitng mo6 hinh méi nham nang
cao hiéu qua so véi cdc mo hinh thuoc hai nhanh cta Iy thuyét tap tho, ma con huéng
tdi viec khic phuc nhitng han ché ctia chinh cac mo hinh IFS va IFRS vé thai gian thic
thi ciing nhu khong gian luu trit phat sinh tit vieéc bo sung thanh phan doé khong thudc.

Mot trong nhitng van dé can duge quan tam d6 1a s6 luong doi tugng trong dit lieu
thuong xuyen thay doi, gay ra nhiéu thach thic khong chi cho céc thuat toan rat gon
thuoc tinh theo tiép can IFRS ma con ddi véi cac phuong phap diya trén cac mo hinh
khac. Trude nhitng thach thitc nay, cac phuong phap rut gon thuoc tinh theo huéng tiép
can gia ting da tré thanh mot huéng nghién citu md rong va duge quan tam rat 16n.
1.4.2 Rt gon thudc tinh trén bang quyét dinh thay déi

Dit lieu trong cac kich ban thyc té thuong cé si thay déi va duge cap nhat lien tuc
theo thoi gian. Mot vi du dién hinh 1a bai toan chan doan bénh trong y hoc, noi bac
sT can danh gia cac trieu chiing lam sang dua trén hang loat chi s6 xét nghiem. Khi
do6, s6 lugng bénh nhan lién tuc gia tang khién cho viéc xay dung cac mo hinh phan
16p nham hdé trg qua trinh chan doan tré nén ngay cang phic tap. Dé xay dung dugc
cac mo hinh phan 16p hieu qua, mot yéu cau dat ra 1a phai gidi quyét bai toan rat gon
thuoc tinh trén cac bang quyét dinh c6 kich thude 16n va c6 su thay doi lien tuc vé tap
d6i tuong. RO rang, day dude xem 13 hai thach thiic 16n déi véi cac thuat toan rat gon

truyen thong. Trong truong hop bang quyét dinh c¢6 kich thude 16n, cac thuat toan nay
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Bang 1.4: Mot s6 vu diém va nhude diém chinh clia cdc mé hinh

TT | Mo hinh

Uu diém

Nhugc diém

1 Tap tho lan

can

Mot s6 md rong clia mo
hinh da xét t6i anh hudng cta
ting thudc tinh doi véi quyét
dinh ctia cac déi tuong. Thoi
gian xtt Iy tuong doi hieu qua
va dude ap dung tot trén cac

bo dit liéu c6 so chieu 16n.

Cau trac cdc hat thong
tin con don gian, chua phan
anh ro vai tro ctia tung doi
tugng trong hat. Cac do do
thuong chi xét s6 luong doi
tugng trong hat, chua xem
xét day dua cac ddi tugng
khac.

2 Tap tho mo

Thoi gian tinh toan hiéu
qua. Cac hat thong tin duge
diac trung béi do gia tri do

thuoc ctia mdi déi tuong

Chua xem xét vai tro cua
cac thuoc tinh diéu kien. Hieu
qua x1t 1y con han ché déi véi
cac tap dit lieu dat c6 hiéu
qua thap trén cdc mo hinh

phan 16p.

3 Tap tho mo

truc cam

Cau trac hat thong tin
tuong do6i chi tiét. C6 kha
nang cai thién hiéu qua phan

16p trén cac tap dit lieu nhiéu.

Thoi gian tinh toan cao,
chua loai bd hoan toan anh
huéng ctia cac ddi tuong

nhiéu.

thuong gip han ché nghiém trong vé khong gian luu trit va thoi gian xtt ly. Con déi véi
bang quyét dinh c6 su thay doi vé tap déi tuong, cac thuat toan nay phai tai tinh toan
tap riat gon trén mdi giai doan thay doi ciia bang quyét dinh. Do dé, thoi gian thuc thi
clia cac thuat toan la rat 16n va khong thé dap ting nhitng yéu cau thuc té.

Dé khic phuc nhitng han ché trén, cac phuong phap rat gon thudce tinh theo huéng
tiép can gia ting da ducc dé xuat va nghieén citu. Véi diic diém chi xtt Iy tren phan dit
lieu thay déi thay vi toan bo tap dit lieu, cac thuat toan gia tang gitp rit ngin dang ké
thoi gian thyc thi so v6i cac thuat toan theo huéng tiép can truyen thong. Trong tinh
hudng bang quyét dinh c6 kich thude 16n, dit lieu duge chia nhé thanh nhiéu phan, rit

gon khi dé dugc tim kiém riéng biét trén ting phan trudc khi tong hop dé thu duge
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mot rit gon cudi ciing. Huéng tiép can nay da dugc trién khai trén nhiéu moé hinh khac
nhau vd mang lai két qua an tugng, dic biét 1a trong viéc to6i uu thoi gian xit 1.

Mot sé phuong phap gia tang rit gon thuoc tinh ciing da duge phét trién trén mo
hinh tap tho mo thay thé cho mo6 hinh tap tho truyén théng dé xi 1y trén cac bang
quyét dinh chiia thudc tinh c6 gia tri s6, lien tuc. Theo d6, cac phuong phap nay thuong
tap trung vao viéc thiét lap cdc do do nham xit 1§ nhanh trén cidc bang quyét dinh c6
st thay ddi tap doi tuong. Trong truong hop bd sung tap doi tuong, Liu va cac cong su
[76] da phan tich mot s6 khéi niém co ban ctia xap xi dudi v mién duong mo dé phat
trién mot s6 co ché gia tang. Tiép theo, Yang va cac cong su [77] xay dung co ché cap
nhat quan hé phan biét nham dé xuat hai thuat toan IV-FS-FRS-1 va IV-FS-FRS-2 tim
tap rit gon trong truong hgp bo sung tap déi tugng. Dua trén viée quan sat sy thay
doi ctia quan he tuong duong mo khi mot hodc nhiéu déi tugng duge b6 sung vao bang
quyét dinh, Yang va céc cong sy [78] da trinh bay mot géc nhin sau sic ve rat gon thuoc
tinh thong qua viéc thém va loai bé cac thudc tinh vao rit gon duge xac dinh trong giai
doan trude. T viée biéu dién céc hat thong tin dya trén do phu thong tin, Zhang va cac
cong su [79] dé xuat thuat toan gia ting AIFWAR tim tap rat gon st dung entropy c6
diéu kien md rong. Duya trén khai niem tap doi tugng chinh, Ni va cdc cong sy [80] xay
dung hai thuat todn gia ting tim tap rat gon dya trén tap doi tugng chinh trong truong
hop bang quyét dinh bd sung tap doéi tuong: thuat toan DIAR stt dung ham thuoc mo
va thuat toan PIAR st dung mién duong mo.

Dé giai quyét mot cach toan dién cac trudng hop bang quyét dinh c6 su bd sung va
loai bé tap ddi tugng, Giang va cac cong sy [81] da phat trién hai cong thiic gia ting,
gitip tinh todn nhanh choéng khoang cach phan hoach md cho nhitng truong hgp nay.
Theo d6, cac tac gid da thiét ké hai thuat toan gia tang va ching minh tinh hiéu qua
clia chiing so véi cac phuong phap truyén thong stt dung mo hinh tap tho. Gan day, Xia
trong [82] da ap dung co ché tang toc két hop véi do do khoéng céach tri thiec, ti d6 de
xuat cac thuat toan gia tang cho mo hinh tap tho md. Nho vao viec boé qua buée tinh
toan cac quan hé tuong duong mao va sit dung mot do do don gian, cac thuat toan nay
da ching minh duge hieu qua vugt troi vé thoi gian thyc thi. Vé 1y thuyét, cac thuat
toan gia ting tim rat gon theo tiép can tap tho mo néu trén c6 thoi gian thyc hién ngan
hon dang ké so véi cac thuat toan khong gia tang, dong thoi cé kha nang thuc thi hieu
qua trén cac bang dit lieu c¢6 kich thude 16n. Tuy nhién, gidng nhu cac phuong phap xt

Iy trén bang quyét dinh c¢6 dinh, cac thuat toan gia ting dia trén mo hinh tap tho va
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tap tho mdo giap kho khan trong viée xit 1y cidc bang quyét dinh c6 hiéu qua phan 16p
ban dau thap. Cu thé, cac rat gon tim duge van chua tdi wu vé kich thude va chua cai
thien dang ké hieu qua phan 16p. Vi vay, viéc phat trién cac thuat toan gia tang theo
mo6 hinh tap tho mo tryc cadm da mdé ra mot huéng di day tiém nang, hita hen sé mang
lai nhitng cai tién r6 rét trong hiéu qua xit 1y.

Gan day, Anh va cac cong su [91] d& md rong do do khoang cach phan hoach mo
trén khong gian tap mo tric cdm va xay dung mot thuat toan gia ting nham tim kiém
mot rat gon xap xi hieu qua tren bang quyét dinh cé su bo sung tap doi tuong. Thong
qua mot s6 két qua thic nghiém, cic tac gid da ching minh duge khi nang vuot troi
clia thuat toan dé xuat trén cac tap dit lieu c6 do chinh xac phan 16p ban dau thap. Co
thé thay rang, cac thuat toan gia ting trén mo hinh tap tho ms truc cadm hién nay van
con it duge nghien citu va chua duge khai thac mot cach day du, mac du cac két qua
budc dau cho thay tiém nang va hiéu qua tng dung 1a rat hita hen. Do d6, viéc phat
trien cac thuat toan trén cac bang quyét dinh c6 dinh va bang quyét dinh thay doi dua
trén mo hinh tap tho mo tric cAm c6 thé xem la huéng nghién citu quan trong va can
dugce khai thac.

1.5 Cac phuong phap danh gia hiéu qua thuat toan

Hién nay, cac thuat toan rat gon thuoc tinh thuong duge danh gia dua trén ba tiéu
chi chinh: kich thuéc ctia tap riat gon thu duge, do chinh xac phan 16p ctua tap rat gon
va thoi gian thire thi cia thuat toan. Tap rat gon c6 kich thuée cang nhé thi cang gitp
giam chi phi tinh toan va nang cao hiéu qua trong qua trinh xay dung cac mo hinh phan
16p. Do chinh xac phan 16p cang cao cang ching t6 tinh hiéu qua ctia phuong phap rut
gon thuoc tinh cling nhu wu diém ctia mo6 hinh phan 16p dude 4p dung. Bén canh do,
thoi gian thuc thi cang ngan thé hien kha nang tng dung thuc té ctia thuat toan, dac
biet ddi véi cac tap dit lieu co kich thude 16n. Do d6, muc tieu chung ciia cac thuat toan
rat gon thuoc tinh la dat duge sy can bang toi wu giita ca ba tieu chi néu tren.

Theo nghién cttu ctia Yuan va cac cong su [92], cdc mo hinh phén 16p thusng duge sit
dung dé danh gia hieu qua ctia cac phuong phéap rat gon thuoc tinh bao gdm mo hinh
k lang giéng gan nhat (KNN), mo hinh cay quyét dinh vd mo hinh may vecto ho tro
(SVM). Dé dam bao tinh khach quan va cong bang trong qué trinh danh gia, ky thuat
kiém dinh chéo k-fold thuong duge ap dung. K§ thuat nay chia tap dit lieu mot cach
ngau nhién thanh k& phan xap xi bang nhau; trong d6, mot phan duge st dung lam tap

kiém thit va k — 1 phan con lai ding dé huan luyén mo hinh. Qua trinh nay duge lap
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lai k 1an véi cac tap kiém thit khac nhau, v két qua phan 16p cudi cling dude xac dinh
dua trén trung binh cic lan danh gia.

Cac bo dit lieu phuc vu cho qua trinh danh gia thuat toan chii yéu duge thu thap ti
cac kho dit lieu uy tin nhu OpenML va UCI. Day la nhiing kho di liéu phong pht, bao
phti nhiéu linh viic khac nhau v dude st dung rong rai trong cac nghién ctiu vé khai
pha dit liéu, tri tué nhan tao va xit Iy anh.

Trong nghién citu nay, luan an sit dung mo hinh KNN dé danh gia do chinh xac phan
16p clia cac tap rat gon, két hgp véi ki thuat kiém dinh chéo 10-fold. Dong thai, cac bo
dit lieu dugc tai tit OpenML va UCI ciing dude st dung dé thuc hién qua trinh danh gia
hiéu qua ctia cac thuat toan rat gon thuoc tinh duge dé xuat.

1.6 Dinh huéng nghién cttu cia luan an

Dua trén cac van dé da phan tich, dic biét 13 mot s6 han ché con ton tai trén ca hai
huéng mé rong ctia Iy thuyét tap tho, c6 thé thiy ring cac thuat toan dya trén mo hinh
tap tho mdo tryc cadm da gidi quyét duge mot sé han ché tit hai huéng nghién citu nay.
Xuat phat tit sy bo sung ctia thanh phan do khong thudc, mo hinh nay gitp diéu chinh
tinh sai léch ctia thong tin dugc tao ra tit cac d6i tugng nhiéu dé cai thien hiéu qua tren
cac do do danh gia thuoc tinh. Tuy nhién, mo hinh nay van ton tai mot so6 han ché, dién
hinh nhu chua thé loai bé hoan toan anh hudng ciia cac déi tugng nhiéu, khién cac do
do van phai thuc hién trén nhiing gid tri duge hinh thanh tit ching. Hé qua 1a cac rat
gon thu duge doi khi van chua t6i wu ca vé kich thuée 1an kha nang phan 16p. Bén canh
dé, viec bo sung thanh phan do khong thuoc ciing lam gia tang chi phi tinh toan, dan
dén han ché vé thoi gian thyc thi ciia cac thuat toan. Bén canh dé, dé dap tng cho céc
kich ban thuec té ctia dit lieu khi c6 su bo sung va loai bé tap déi tugng, céc thuat toan
gia tang dua trén mo hinh tap tho mo va tap tho lan can mic dit da duge trién khai
rong rai, tuy nhién trén mo hinh IFRS thi huéng tiép can nay con méi va chua duge
biét t6i, mac dit hieu qua mang lai 1a rat tiém nang doi véi cac 16p dit lieu nhiéu. T
nhitng khé khin dudge trinh bay, dinh huéng nghién citu cia luan 4n bao gom:

1) Ké thita nhitng ttu diém ctia mo hinh tap ma tryc cam (IFS) dé phét trién cac mo
hinh méi, nham han ché nhiing kh6 khan tit cdc md rong theo FRS va NRS. Ngoai ra,
cac mo hinh dé xuat ciing chiing minh duge kha nang cai thién ca nhitng han ché ctia
chinh m6 hinh IFS ciing nhu IFRS.

2) Dua trén cdc mo hinh duge xay dung, nghién citu va phét trién mot s6 thuat toan

rat gon thuoc tinh nham xit 1y trén cac bang quyét dinh c¢6 dinh va bang quyét dinh co
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st thay doi tap déi tugng.
1.7 Két luan Chuong 1

Trong Chuong 1, luan an da trinh bay khai quat vé bai toan rat gon thuoc tinh, véi
muc tiéu gitt lai cac thuoc tinh then chdét va loai bé nhiing thuoc tinh du thita nhung
van dam bao do chinh xéc trong phan loai va du doan. Thém vao d6, Chuong 1 cing
dua ra mot s6 huéng tiép can chinh ctia rat gon thudc tinh va trinh bay mot so khai
niém co ban lien quan t6i bang quyét dinh. Tt mot s6 hudng tiép can cho bai toan, mot
s6 nghién cttu lién quan t6i cac nhanh mé rong ti Iy thuyét tap tho ciing duge trinh bay
thong qua nhitng kh6 khan va han ché con ton tai. Trén co s6 d6, 1y thuyét IFS va mo
hinh IFRS dudc xem xét nhu mot sut lta chon nén tang dé phat trién mot s6 moé hinh
tien tién, gop phan khic phuc nhiing han ché ciia cac thuat toan rut gon thuoc tinh.

Véi cac dong luc nghién citu duge trinh bay, Chuong 2 tap trung dé xuat mo hinh
tap mo triec cdm mic o, 3 va xay dung cac thuat toan rit gon thudc tinh nham khic
phuc cac han ché ctia nhanh mo hinh FRS. Cu thé, bang cach md rong khai niem 14t
cit a, 8 tit 1y thuyét tap md, mo hinh dé xuat cho phép giam thiéu anh hudng clia céc
d6i tuong c6 do thuoc nhé va do khong thuoc 16n trong cac hat thong tin mo tric cam.
Nhitng déi tugng nay thuong cé nguon goc tit nhidu va la nguyén nhan lam suy giadm
hiéu qua phan 16p trong cidc mo hinh trude day. Viéc loai bo hoac lam giam anh hudng
cia chiing khong chi gitp cai thién chat lugng rat gon ma con thu hep khong gian tinh
toan, tir d6 giam thaoi gian thyc thi clia cac thuat toan. Dya trén mo hinh tap mao tric
cam miic «a, 3, luan an tiép tuc thiét ké cac thuat toan rat gon thuoc tinh cho ca bang
quyét dinh ¢6 dinh va bang quyét dinh thay ddi, huéng t6i cac kich ban dit lieu thuc
té. Cac thuat toan dé xuat duge danh gia thong qua qua trinh thiyc nghiém so sanh véi
nhiéu phuong phap theo cac huéng tiép can khac nhau, nham chiing minh cac rat gon

thu duge dat hieu qua vugt troi tren cac bo dit lieu tieu chuan.
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CHUONG 2
DE XUAT MOT SO THUAT TOAN RUT GON THUOC TiNH
DUA TREN TAP MO TRUC CAM MUC «, 3

2.1 Mé dau

Chuong 1 da trinh bay mot s6 uu diém ctia mo hinh tap tho md tryc cAm khi tGng
dung vao bai toan rat gon thuodc tinh trén cac bang quyét dinh nhiéu hosic ko nhat quéan,
qua d6 thu duge nhitng két qua an tugng so véi cac phuong phap dya trén mo hinh tap
tho va tap tho ms. C6 thé néi ring hiéu qua ctia mo hinh nay xuat phat tit st bo sung
ciia thanh phan do khong thudc, gitp diéu chinh thong tin tit cac ddi tuong nhiéu trong
dit lieu, von duge xem 1a yéu t6 chinh lam gidm hiéu qua trén cdc mo hinh phan 16p.
Tuy nhién, co ché nay chua thic sy loai bé hoan toan tac dong clia cac doi tugng nhiéu
dén mot s6 do do danh gia thuoc tinh. Cu thé, nhitng doi tuong c6 do thude nhd va do
khong thuoc 16n van dong gép thong tin cac do do danh gia thudc tinh, dan dén viec
cac tap rat gon thu dude chua thiie sy t6i wu ca vé kich thude 1an hiéu qua phan 16p.
Bén canh d6, viec bd sung thanh phan do khong thudc trong cac mo hinh tap tho mo
truc cam lam gia ting dang ké khong gian luu trit cing nhu chi phi tinh toan, diic biet
ddi véi cac tap dit lieu c6 kich thude 16n hoac c¢6 sy thay doi theo thoi gian. Didu nay
khién cho cac thuat toan rat gon thuodc tinh gip rat nhiéu khé khan khi thuyc thi trén
cac bo dit lieu c6 kich thuée 16n va c6 su thay doi lien tuc. Ro rang, nhitng han ché nay
tiép tuc dat ra nhitng thach thiic méi cho nhanh mé rong thit hai ctia Iy thuyét tap tho.
Dé khéac phuc nhitng han ché dugc trinh bay, noi dung ctia luan an trong Chuong 2 sé
trinh bay cac déong gép chinh nhu sau:

Thit nhat, luan 4n dé xuat mo hinh tap md tryc cdm miic «, 8 va phan tich mot s6
tinh chat quan trong ctia mo hinh nay. Trén co sé d6, luan an xay dung do do khoang
cach gitta hai phan hoach m¢ tric cAm mic o, 3 nham dinh nghia lai mot rat gon mdi,
dong thoi dé xuat thuat toan rat gon thuoc tinh cho bang quyét dinh ¢6 dinh theo huéng
tiép can loc.

Thit hai, luan 4n phat trién hai cong thiic gia tang dya trén do do khoang cach phan
hoach md truc cAm miic o, f dé ap dung cho cac truong hgp bang quyét dinh thay déi.
Qua do6, luan an dé xuat hai thuat toan rit gon thuoc tinh theo tiép can gia tang nham
x1t 1§ trong céc truong hgp bang quyét dinh cé su b sung va loai bé tap ddi tugng.

Thit ba, luan an chiing minh hiéu qua cac thuat toan dé xuat duya trén viéc so sanh
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v6i mot s6 thuat toan theo mo hinh tap tho md, tap tho ms triuc cam.

Két qua nghién cttu ctia chuong nay duge cong bo trong cac cong trinh [CT1], [CT2],
[CT4] va [CT5] thuoc phan Danh muc cac cong trinh nghién cttu ctia luan 4n.
2.2 Mo hinh tap md truc cam mic «, 3

Trong phan nay, luan an sé gidi thicu mot mo hinh mdéi duge mé rong tit 1y thuyét
tap mo tryc cdm dude goi 1a mo hinh tap md triec cdm mic «, 5. Qua d6, mot s6 tinh
chat ctia mo hinh ciing dude trinh bay lam co s§ dé xuat cac thuat toan rat gon thudce
tinh.
2.2.1 Khai niém vé tap md truc cam mic o, 3

Luan an bat dau bang viéc trinh bay mot khai niem quan trong dude mdé rong ti
khai niém tap lat cat o trong ly thuyét tap mo, duge goi 1a tap 1at cat «, 3. Theo do,
tap lat cat a, 8 dugce xac dinh bang cach gift lai cic d6i tuong trong mot tap mo triyc
cam cho truée ¢6 do thuoc khong nho hon a va va do khong thude khong 16n hon 5.
Dua trén v tudng nay, luan an ap dung khai niém tap lat cat o, 8 trén cic hat thong
tin m& tryc cam, von ciing dude xem 1 mot tap mo truc cam dé hinh thanh mot cau

trac hat thong tin méi c6 kha ning tong quét hoa t6t hon.

Dinh nghia 2.1 [93] Xét bang quyét dinh IS = (U,C' U D) véi ﬁ{a} la mot quan he
tuong duong mo triic cAm duge hinh thanh bdéi thuoce tinh diéu kien a € C va u € U 1a
mot doi tugng trong tap v tru. Khi do, [i] (a) 14 mot hat thong tin mo tryuc cdm cta
d6i tuong u theo thuoc tinh a. V6i a va B 1a hai s6 thyc nam trong khoang [0, 1] thoa

man o + 3 < 1, tap lat cit «, 8 cla [ii]{a} 12 mot tap ro duge dinh nghia nhu sau:

Wi = {v e Uy, (0) > aAng,, (v) <8} (2.1)

Theo Dinh nghia 2.1, ¢6 thé nhan thay ring tap lat cit «, 3 cho phép loai bd nhiing
d6i tugng c6 do thuoc thap va do khong thudc cao trong cac hat thong tin mo truyc cam.
Day la cac déi tuong dude sinh ra bdéi nhidu, c¢6 phan bé khac biét so vdéi phan 16n cac
do6i tuong trong tap vil tru va gay anh hudng 16n dén hieu qua phan 16p. Do d6, viéc loai
bé cac ddi tugng nay gitp cac do do danh gia thuoc tinh khong bi chi phéi bdi nhitng
thong tin sai lech, tit d6 gop phan lia chon duge cic thuodc tinh thie st ¢6 ¥ nghia.

Tiép theo, mot tap md tric cdm mic «, 8, ky hieu 1a [u]?(g dura trén méi phan ti

clia tap lat cat «, 8 véi do tuong tu va do khac biet ciia mdi doi tuong duge xac dinh
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nhu sau:

avﬁ
aled 7[’“‘] a (U),T][u] a (U) ’v E [u] a
135(0) = (apg () U, M (1)) v €

; g (V) = a (2.2)
tal tad ) (07 ].),U ¢ [u]{(ﬁ

Néu thuoc tinh a 1a kiéu thuoc tinh mang gia tri s6 lien tuc, gia tri do tuong tu clia
déi tugng v trong hat thong tin md tryc cdm ctia déi tuong u duge xac dinh theo Cong
thic 1.17. D6i v6i viec tinh toan do khac biét, luan an sit dung cong thitc duge dua ra

trong cong trinh [91].
_ 1— 77[11]{,1} (U)
1+ U(a) X n[ﬁ}{a} (U>

M), (V) (2.3)

trong do, v(a) > 0. Néu v(a) = 0 thi toan bo cac hat thong tin mo tric cdm sé duge
biéu dién nhu mot tap md truyen théng. Trong truong hop con lai, do khéac biet va do
tuong tu sé ti lé nghich v6i nhau va théa man cac tinh chat ciia tap mo tryc cam. Gia

tri v(a) duge xac dinh bdi cong thiic sau day:

1, o(a) =0
v(@) = { |U/Riy NU/Rp| (24)

)U/ﬁD‘ X o(a)

trong d6, o(a) 1a do lech chuan duge xac dinh trén mién gia tri thuoc tinh a.

Néu thuoc tinh @ mang gié tri rdi rac hodc c6 dang ky tu thi do tuong tu ctia hai déi
tugng u va v duge xac dinh theo Cong thic 1.18. Ro rang, [u]?aﬁ (v) duge hinh thanh
tlr viec diéu chinh cac s6 mo tryc cdm trong [ii] (- Céc s0 mo dude diéu chinh sé c6 do
tuong tu nhé hon hoic bang a hodc do khac biét 16n hon hodc bang 3. Theo d6, néu
mot ddi tugng bi loai bé thi do tuong tur va do khéc biet sé duge biéu dién trong [u]C{Laﬁ
dué6i dang mot phan tit 1a (0,1). Trong nghién cttu nay, [u]({lai duge goi la mot hat thong
tin mo tryc cdm mic a, 8 ctia déi tugng u va ciing duge xem nhu mot tap ma trie cadm
mic «, 8 (o, B-IFS). Ro rang, «, S-IFS giup loai bé thong tin tit cac dbi tugng khong
nam trong tap lat cat a, 3 va ngan cac doi tuong nay dong gop thong tin vao cac do do
danh gia thuoc tinh. Hinh 2.1 trinh bay tong thé vé qua trinh xay dung cac hat thong
tin mo tryc cam mic «, 3.

Tt cac khai niém vé hat thong tin mo triic cAm mitc a, 3, néu xét trén toan bo cac
dé6i tuong trong tap vii tru, mot ho {[u]'ff} uelU } sé tao ra mot phan hoach mo truce
cam trén U. Dé tranh nham 1an, ho nay sé dugc ky hiéu 1a U/ R?ﬁ va duge goi la mot

phan hoach ma trirec cdm mtc «, (.
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. - R Ap dung tap lat R .
Dinh nghia quan hé¢ Xay dung céc hat % i Xay dung cac hat
tuong duong mo thong tin mo G, ) etn cac ha thong tin mo truc
truc cam truc cam thong tin mo

cam muc a, B

truc cam

Hinh 2.1: Qué trinh xay dyng cac hat thong tin md tryc cdm mic «, 8

Gié stt ring, ¢6 hai phan hoach md tryc cdm mic a, 8 1a U/RS” va U/RS’ duge
tao ra bdi cac quan hé tuong duong md tric cam tit hai tap con thudc tinh diéu kien
A,B C C. Khi d6, ching ta néi ring U/R%” min hon U/R%", k¢ hieu la U/R%’ <
U/R%”, néu véi moi déi tuong u € U, [i]%” C [ii]%”.

Trong phan sau, luan an sé trinh bay mot s6 tinh chat thiét yéu ctia hat thong tin

va phan hoach mo tryc cam mic a;, (.

Vi du 2.1 Cho a = 0.75 va f = 0.15, quan hé tuong duong mas ﬁ{a} clia moi thuodc
tinh a € C' dugce xac dinh theo Cong thic 1.17.
Xét thuoc tinh a;, chiing ta dé dang tinh dugce do léch chuan o(a;) = 0.287, cac phan

hoach md trén thuoc tinh a; va thuodc tinh quyét dinh.

[ 1.00 0.00 1.00 0.00 1.00 [ 1.00 0.71 049 0.77 0.73 |
0.00 1.00 0.00 1.00 0.00 0.71 1.00 0.78 0.48 0.98
U/Rp=| 1.00 0.00 1.00 0.00 1.00 |,U/Ray = | 0.49 0.78 1.00 0.26 0.76
0.00 1.00 0.00 1.00 0.00 0.77 0.48 0.26 1.00 0.50
| 1.00 0.00 1.00 0.00 1.00 | 0.73 0.98 0.76 0.50 1.00

Theo Cong thitc 2.4, v(a;) = 2.661. Xét d6i tugng uy, ching ta tinh duge do khac

biét clia cac dbi tugng trong hat thong tin md tric cadm [ii1]{a,} theo Cong thiic 2.3:

1-0.71 1—0.49
i = = 0.10, ny, = =0.22,
Mindea,y (U2) = T3 661 % 071 Minkary (%3) = 7757661 x 0.49
1—0.77 1-0.73
Minlgayy (1) = T 5661 077 = 008 Minleayy (4) = T 5 661 073 =~ 009

Do d6, hat thong tin md tric cdm ctia déi tuong u; trén thuoc tinh a; 1a:

] {(1.00,0.00) (0.71,0.10) (0.49,0.22) (0.77,0.08) (0.73,0.09)}
u = .
1{a1} Uy ) s ) U3 ) Uy ) Us

Tap lat cit a, 8 cla [111]{@1} 13 [ul]?f} = {uq, ug, ug, us }. Khi d6, ching ta thu duge

hat thong tin md tryc cdm mic alpha, beta ciia ddi tugng u, trén thuoc tinh a;:

ﬂl -
[ ]{a1} Uy ) U ) U3 ) Uy ) us

R {(1.00,0.00) (0.71,0.10) (0.00,1.00) (0.77,0.08) (0.73,0.09)}
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Thuyc hién tuong ty, chung ta ciing thu duge cac hat thong tin mo tryuc cam mrtc

alpha, beta con lai trén thuoc tinh a;.

. {(0.71,0.10) (1.00,0.00) (0.78,0.07) (0.00,1.00 (0.98,0.01) }

[UQ]{al} Uy ) Us ) Us ) Uy

[ﬂ3]o‘ﬁ _ {(0.00, 1.00) (0.78,0.07) (1.00,0.00) (0.00, 1.00 (0. 76 0 08) }
{a1} Uy ) s ) s ) s

[ﬁ4]aﬂ _ {(0.77, 0.08) ’ (0.00, 1.00) ’ (0.00, 1.00) ’ (1.00, 0.00 (0. OO 1 00) }
{ar} Uy Us U3 Uy

[ﬂs]aﬂ _ {(0.73, 0.09)’ (0.98, 0.01)’ (0.76, 0.08)’ (0.00, 1.00)’ (1. 00 0 00) }
{a1} Uy (%) us Uy Us

Tuong ty, ching ta ciing thu duge cac phan hoach ma tryc cdm miic alpha, beta trén

cic thuoc tinh con lai.

2.2.2 Cac tinh chit ctia hat théng tin md truc cAm miic alpha, beta
Ménh dé 2.1 Cho bang quyét dinh 1S = (U,C U D)

1.Néu AC BCC thi [u]y” C [u]$’ CU,

2. VA C C, [i]%” C [i],,

3.WA, B C C, [0, =[5 N[y’

Chitng minh. Céc tinh chat 1 va 2 c¢6 thé dé dang ching minh. D&i véi tinh chét 3,
chiing ta xem xét hai truong hop sau day:

Trudng hop dau tien, véi v € [u]%, thi Vil 4 (V) > @ VA g, (v) < B. Dieu
nay dan t6i min {VMQA,B (v) > Vige,? (v)} > « vA max {n[ﬁ}i’ﬁ (v) > Mgy (U)} < B. Do do¢,
ve [u%’ Nu)%? (1). Tuong tu, ching ta cing dé dang chiing minh duge v € [u]%, véi
truomg hop v € [u]%” N ]’ (2).

Tie (1) va (2), [ = I3 O 3. Do do, [i1%2, = [l i3 0

Ro rang, [i]%' = [ii] ;. Do d6, tinh chét 2 ciia Menh dé 2.1 chi ra ring [i] , 1a mot

*" mang day di céc tinh chat cta [i] ,. Hat

truong hop dic biet cta [ii]%”, nghia la [ii]%
thong tin [4]% *# quge dic trung bdi cac dbi tuong thda man cac didu kien nim trong tap
lat cat a, 8. Dbi v6i cac déi tuong con lai sé khong c6 st déng gép nhicu vao cac do do
nén c6 thé bi loai bé. Day la nhitng déi tugng duge diic trung béi do tuong tu nhoé va
do khac biet 16n. Ve mit triic cdm, nhitng déi tuong nay duge hinh thanh bdi nhiéu do
dit lieu va chiing c6 sy phan bd khéc biét so véi phan 16n cac doéi tuong khac trong tap
vil tru. Do d6, néu cac do do phai thuc hién trén cac ddi tuong nay thi viec danh gia

thuoc tinh sé bi anh hudng va gap nhiéu khé khin dé thu duge mot rit gon hiéu qua.
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Vi du 2.2 Dya tren Ménh dé 2.1, véi moi u € U, chiing ta ¢6 [iile” = Naeclii] (] Khi

d6, cac hat thong tin ctia phan hoach md triic cAm mtc alpha, beta theo C' bao gom:

. a8 (1.00,0.00) (0.71,0.10) (0.00,1.00) (0.00,1.00) (0.00,1.00)
[iia] :{ }

Uy ’ Us ’ Us ’ Uy ’ Us
] = {(0.71,0.10)’ (100,0.00) (0.00,1.00) (0.00,1.00) (0.00, 1.00)}
Uy Us Us Uy Us
[ﬁg]g’ﬁ _ {(0.00, 1.00)’ (0.00, 1.00)’ (1.00, 0.00)’ (0.00, 1.00)’ (0.00, 1.00)}
Uy Us Uz Uy us
[7:64]2’5 _ {(0.00, 1.00)’ (0.00, 1.00)’ (0.00, 1.00)’ (1.00, 0.00)’ (0.00, 1.00)}
Uy Us Us Uy us
[125]%76 _ {(0.00, 1.00)7 (0.00, 1.00)7 (0.00, 1.00)’ (0.00, 1.00)’ (1.00, 0.00)}
Uy Us Us Uy us

Ménh dé 2.2 Cho bang quyét dinh I.S = (U,C U D) va mot tap con thuoc tinh diéu

kien A C C, néu oy < ap va 31 > B, thi [ ]a2 P - [uﬁhﬁl-

Chitng minh. Dé thay rang véi moi u € U, a1 < ap va 1 > [, ching ta luon c6
()%™ C [u]%"". Khi d6, ching ta xem xét ba truong hop sau day:

Xét truong hop v € [U]T’BQ, khi d6 v € [u]il’ﬁl. Ching ta dé dang thu dugc
7["]0‘1’51 (U) = ’7[~]0‘2,52 (U) = V[ﬁ]A ( ) Va 77[ ]"‘1 b1 (U> = n[u]o‘2 B2 (U> = mﬂ]A <U>

Xét truong hop v € U\ [u)%™, khi d6 v ¢ [u]%""" va v ¢ [u]5>7. Diéu nay dan dén
Vet (V) = Yyranbo (V) =0 VAN a8 (V) =1 0080 (V) = 1.

[i] [i] 4 (il [i] 4

Xét truong hop v € [u]57\ [u]5™, khi do6 [i]%7 (v) = (0,1) va [@]%™ (v) =
[i] 4 (v) = (v, ()5, (0)) Vi Yy, () >0 va ), (v) < L.

Tt ba truong hop trén, 7 ..as.6. (V) < a1 (V) VA 0 ansy (V) > 1 ars (V), VO

[ii] A [U]A [U]A [4i] A

moi v € U. Do d6, [@]%>™ C [i]%"", v6i moi u € U. Menh dé da duge chiing minh. [

Meénh dé 2.3 Cho bang quyét dinh 1.5 = (U,C U D) va [@]%”, [@]%”, [@]%” 1a cac hat
thong tin md tric cdm mic alpha, beta ctia doi tuong u € U dude tao bdi cac tap con
thuoc tinh diéu kien A, B, E C C. Khi d6, ching ta c6 mot s6 tinh chat sau:

1. Neu [i];” C i W thi [[i)3”] - ) i3] > |l
2. |l > |l

_) AuE

a,p

+ i

_) AuB ‘ EuA EuB

Chitng minh. 1. Tt [i)%” C [@]%” v6i moi v € U, ching ta luon 6 Vs (v) > Vg (v)

V& Mpggo (V) < Mpggge (v)- Diew nay dan 61 ypes (0) = Yapge, (v) 2 Yaggr (0) = ags, (v)
VA 0.5 (v) — Mess, (v) > Mgy (v) — Mags?, (v). Do d6, chiing ta dé dang thu dugc:

Z Miy? ( Z 'VMBUE v) 2 Z Vg (V) — Z T30 (v)

velU vel velU velU
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Z”w]zﬁ Z M5 )ZZ%‘;‘B Z” 1558

velU velU velU velU

T két qua nay, tinh chat 1 clia ménh dé duge chiing minh.

2. Tu tinh chat 1, ching ta co:

B B B 3 Nel a,B a,B
) 1% ‘_‘ AUB > ‘[ ]ZUE ‘[ ]quuB va | [ii] ’ ‘ Ulpoaus| = ‘[u _‘ EUB
Do d6, tinh chat 2 ctia ménh dé dugdc ChfI'Dg minh. O

2.3 Deé xuat thuat toan rit gon thudc tinh dua trén tap md truc
cam miic «, 3

Trong phan truéc, luan 4n da gidi thiéu mo hinh tap mo tryc cdm mic alpha, beta
cting mot s6 tinh chat then chét. Trén co sé hinh thanh mo hinh nay, phan tiép theo sé
tap trung trinh bay cac thuat toan rat gon thudc tinh va tng dung ching vao mot s
truong hop thuc té clia bang quyét dinh.
2.3.1 Deé xuat thuat toan rit gon thudc tinh trén bang quyét dinh cb
dinh

Dau tién, cho bang quyét dinh .S = (U, C' U D), hai hat thong tin md tryc cdm mutic
alpha, beta 1a )57 va [ii]%” duge tao ra béi cac tap con thuoc tinh A, B C ', khoang
cach gita [ii] Aﬁ va [ii]%” ky higu la D ([ ] [u]aBﬁ ), duge xac dinh theo cong thiic:

iy O 5| — |l il
U

D ([i)5°, [a)5") = (2.5)

Do do khoang cach trong Cong thiic 2.5 do luong sit khac biét vé mit thong tin gitta
hai hat thong tin mo triic cAm miic alpha, beta. V6i tinh don gidn, né cé tiém nang gidm
dang ké thoi gian tinh toan cho cic phuong phap riat gon thudc tinh.

Ménh dé 2.4 Cho bang quyét dinh I.S = (U,C U D) v6i A, B C C va hai hat thong tin
mo tric cAim mic alpha, beta 1a [i@)%°, [i@]%°. Khi d6, ching ta c6 mot s6 tinh chit sau:
LD ([i)57 [i5") >0, D ([a5”, [i]5”) = 0 néu va chi néu [ii]y
2D ([ a)5”) =D ([l [63°);

3. D ()3, [i)g”) + D ([)%” [i)5") > D ([i]5” lily”).

7= [i)y"

Chitng minh. D& dang chiing minh dugc tinh chat 1 va 2 ctia ménh dé. Dé chitng minh
tinh chat 3, v6i hai s thuc bat ky x va y, ta c6 max {z,y} = x+y—min {z, y}. Khi do, v6i
moi doi tugng u, v € U, ching ta thu dugc 5;a.s (v) = Vg (v) e (v) Vs, (v)
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va s (V) = Ngas (V) + ges (0) = Ngas (V). Diéu nay dan téi
pys [ii] y (i) [i)%5 5

ZM%B (0) =D Yagr () + 3 g (0) = D Varge, (V)

vel vel vel vel
ZU[U]AQB ) - Z n[u]iﬂ (U) + Z n[“]%ﬁ Z n[“ AUB
velU vel velU velU

Do do, ‘[Q]AﬁB

= [liy”

+ |t (1.

Ngoai ra, dita trén tinh chat 2 ctia Ménh dé 2.3, ching ta cling c6:

_‘ AUB

Jal5?| = [1al5ls | + [1615°] = |@l50a] = [[5°| - [li50s
Jl5?| = [lal5ls| + [115°| - [1@150a] = |5°| - |5
Khi o, |[l?| + [[i)5"| - 2 || + |as?| + 57| - 2 || = |fs?] +
)5°| - 2 |l @)
Tie (1) va (2), (|[)555] — [(@55]) + (| l@52s| - [[61506] ) = (|ss] - |ss])-
Do d6, tinh chat 3 ctia ménh dé da dudce chiing minh. O

Twu do do khoang cach duge xay dung trén hai hat thong tin mo tryc cdm mic
alpha, beta, nghién cttu tiép tuc mé rong do do khodng cach trén hai phan hoach mo
truc cam miic alpha, beta nhu sau

il ulily’| -

[l 0 [y

Uf®

D(U/RY” U/RE) = ‘

uelU

(2.6)

Ul -
: , Ul ,
mot co sd quan trong dé xay dung chién luge tim kiém cac thuoc tinh then chét. Tuy

1
. D6 do nay dugc xem nhu

Rat dé dé thay ring, 0 < D (U/RY", U/RE) <

nhién, nhu da biét, mot rat gon can bdo toan thong tin va duy tri tinh nhat quin cia
bang quyét dinh. N6i cach khac, ¥ nghia ctia mot tap thuoc tinh phai thé hien duge mic
do thong tin ma no tao ra so véi 16p quyét dinh. Do d6, dé dap tng yéu cau nay, do do
khodng céach tiép tuc duge md rong nham dac trung hoa lugng thong tin ciia mot phan

hoach mo trifc cAm mic alpha, beta theo thuoe tinh quyét dinh.

Ménh dé 2.5 Cho bang quyét dinh IS = (U, C U D), khoang céch gitta hai phan hoach
mao truc cam miic alpha, beta duge tao béi C' va C'U D trén U duge xac dinh theo cong

thic:
,l'/z, a»ﬁ

(U/Rg'ﬁvU/RCUD) = Z <‘[ &

uelU

- |t (i)

U?

) e
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Ching minh. Duya trén Cong thiic 2.6:

D (U/REU/RE D) = > (e 2

cnD

_‘ Oéﬁm[ ]aﬁ

)

=y of
= (Jle” o (" )| - flane” 0 (e 0 5’|
- Uf°
Mit khac, chang ta luon ¢6 [i] g PN ]DB C ["]a”B ["]a’ﬂU <[]a6 N Haﬁ> = Haﬁ
va [i)% C [u])5” = [i ]aﬁﬂ([ 07 N i) 'B) = [@)%° N [@)%°. Do d6, ching ta thu duge
Cong thic 2.7. ]

Vé ban chat, Cong thitc 2.7 biéu dién mot phép bién doi dac biet tit Cong thiic 2.6
nham nang cao téc do tinh toan cho cac thuat toan rit gon thuoc tinh. Ngoai ra, cong
thitc nay dugce hicu nhu mot do do nham do ludng lugng thong tin trung binh clia mot
ddi tugng u khong nam trong [i]5 *f tren tap thuoc tinh C. Qua d6, mot sé tinh chat

quan trong tit do do nay dugc rit ra nhu sau.

Ménh dé 2.6 Cho IS = (U,C U D) la mot bang quyét dinh. Néu ag < ap va 81 > 3
thi D (U/RE™ U/REH) = D (U/RE” U/REE ).

Chitng minh. Vi D la thuoc tinh quyét dinh, do d6 [i]5 ™ = [@]5>™ = [i],. Xét

u,v € U, ching ta co:

[’Y[ﬁ]alﬁl (U) - n[ﬁ}alﬂl (U)] - [7[71]%)17/31 (U) — M (U)]

e [tz | = 3 L s
[ 5 (v)=(0,1)
‘[u]gz B2 ‘[ ]CMQ B2 N [ ]a2 B2 _ Z [V[u]gzyﬁz (U) - nmacmﬁz (U)] - [7[&]%2732 (U) = M), (v)]
2
[ 5272 (v)=(0,1)
T oy < g VA 61 > 627 [ ]04252 C [ ]a161 Khi dO ‘[ ]65151 [ ]oqﬁl ﬂ[ ]oc1ﬂ1 >
g™ | = )™ n g™ | = D (U/Re ™ U/REE ) = D (U/RE™ U/REE). O

Meénh dé 2.6 chiing minh rang gia tri ciia khoang cdch mo tryc cAm gita hai phan
hoach phu thudc vao cac miic gia tri cua alpha va beta. Khi gia tri alpha 16n va beta
nho, khoang cach phan hoach md triic cam mtc alpha, beta theo Cong thiic 2.7 sé cang
nhé va nguge lai. Khi do, D (U/RE, U/RE.p) = D (U/RE”, U/RES,).

Ménh dé 2.7 Cho bang quyét dinh IS = (U,C U D) v& hai tap con thudc tinh diéu
kien A, B C C. Néu A € B thi D (U/RS”, U/RS,) = D (U/RE”, U/RES,).

Chitng minh. Tit A C B v6i moi u, v € U, ching ta luon c6 [ii] 5" C [i]%”. Khi d6, theo

tinh chat 1 ctia Menh dé 2.3, [[ii]%” ‘[ |57 —‘ [i])%7 N [ ’8’ Diéu

_‘ aﬁm[ ]ocﬁ
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nay dan téi D (U/RS, U/RSS,) = D (U/RE U/RE,). 0

Menh deé 2.7 cung cap tinh chat phan don diéu ciia kich thuéce tap thuoc tinh diéu
kién v6i khoang cach phan hoach mo tryc cadm. Trén co s6 nay, mot rat gon dya trén
khodng cach phan hoach ms trite cdm miic o, 3 dude dinh nghia thong qua mot s6 diéu

kién nhat dinh.

Dinh nghia 2.2 Cho bang quyét dinh 1.S = (U, C' U D), khi d6 mot tap con thugc tinh
dieu kien A C C dudc goi 1a mot rit gon ctia C' néu:

LD (U/RS?, U/RGS,) =D (U/RES, UIRES ),

2.VA' C A, D (U/RY U/RY ) =D (U/RG, UIRSS,).

Tit Dinh nghia 2.2, néu D (U/R% . U/R5 mup) = D (U/RG”, U/RGS,), véi moi
a € A thi a dugec xem la mot thudc tinh du thira trong A. Nhing thudc tinh nhu vay
thuong déng gép rat it vao viéc cai thien do chinh xac clia cdc mo hinh phan 16p va
c6 thé gay nhidu trong qué trinh huan luyen. Nguge lai, a duge xem la mot thuoce tinh
quan trong. Mot cach dé hiéu, khong ton tai mot tap con thudc tinh A’ C A thoéa man
D (U/?éa’,ﬁ, U/kj’,%D) > D (U/Ro"ﬁ U/RAUD> Diéu nay dic trung cho tinh tdi wu ve
kich thudc ctia rat gon. T dinh nghia vé rat gon, luan an tiép tuc dua ra mot do do

nham danh gia tinh quan trong ctia méi thuoc tinh trong bang quyét dinh.

Dinh nghia 2.3 Cho bang quyét dinh IS = (U,C U D), mot tap con thuoc tinh dieu
kien A C C va mot thudce tinh a € C\ A, do quan trong ctia a theo tap thudc tinh A, ky

hiéu 1a Sigp (a, A) duge xéc dinh theo cong thic sau:

Sigp (a, A) = D (U/RG" U/RGp) = D (U/RGS 10y VIR yon) (2.8)

Tu tinh chat phan don diéu ctia do do khoéng cach, Sigp (a, A) > 0. Rat dé thay
rang do quan trong ctia mot thuoc tinh bat ky theo mot tap con cac thuoc tinh diéu
kién cho trude duge xac dinh bang viec danh gia su thay déi mitc do chic chin khi thuoc
tinh dé duge bo sung vao. Mot cach triuc cam, do do nay ciing dic trung su dong gop
clia thuoc tinh a dén chat luong phan 16p ciia tap con thuoc tinh. Do d6, do quan trong
c6 thé xem nhu mot tieu chuan dé tim kiém cac thudc tinh quan trong.

T cac khai niem duge trinh bay, Thuat toan 2.1 duge xay dung véi quy trinh xit Iy
dugce trinh bay trong Hinh 2.2 nham trich xuat mot tap con thuoc tinh téi wu trén bang
quyét dinh sé duge trinh bay véi ¥ tudng bit dau tit mot tap rong va bo sung lan luot

cac thuoc tinh véi do quan trong cao nhat vao sau méi vong lap. Qua trinh nay sé lien
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Thuat toan 2.1 Rit gon thudc tinh dya trén khoang cach phan hoach mao tryc cam

(ARPD)
Dau vao: Bang quyét dinh 1S = (U,C' U D) va cac miic «, 3.

Pau ra: Mot rit gon A
1: tinh toan U/Rp.
2: for a € C' do

3: if a 1a thuoc tinh s6 then

4: tinh toan U /R?a?:

5: else

6: U/RGy = U/Rya)

7 end if

8: end for

0: tinh todn U/Re:” = (1) U/R{)

10: A= {ag} théa man D (U/Ry:0). U/RE ) = min D (U/REYU/RES )

11: while D (U/RS" U/RES,) =D (U/RE? U/RES)) do
12:  tinh toan Sig (a,.A), v6i moi a € C\A

13:  lya chon ag théa man Sigp (ap, A) = aglca@ {Sigp (a, A)}
14: A— AU {ap}

15: end while

16: return A

tuc dién ra cho t6i khi diéu kién diung xay ra.

Dé danh gid do phiic tap ctia Thuat toan ARPD, gia st rang |C/|, |U| tuong tng la
s6 luong thuoc tinh didu kien va s6 luong déi tuong trén bang quyét dinh. Rat dé dé
thay réng thoi gian thyc thi clia thuat toan sé duge xit 1y trong giai doan tinh toan cac
phan hoach md tryc cdm miic «, 8 clia méi thuoce tinh va giai doan loc tim kiém thuoc
tinh c6 ¥ nghia cao nhét.

Trong giai doan dau tién, thuat toan ban dau xac dinh phan hoach mo trirc cadm trén
thuoc tinh quyét dinh bao gom |U| hat thong tin mo tryc cam. Tai bude nay, do phitc
tap cua thuat toan la O (|U\2> Tiép theo, thuat toan duyét trén toan bo cac thuodc tinh
trong tap C' va thuc hién tinh toan cac phan hoach ma tric cam tuong ting. Do do, do
phtic tap tinh toan tit dong 2 dén dong 8 1a O (]C! \U\2). Tai dong 9, thuat toan tinh

phéan hoach m¢ truc cdm miic «, f cia tap thude tinh C, v6i do phtc tap 1la O (|C).
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Giai doan loc ctia thuat toan duge thyc hién tir dong 11 dén dong 15. Cu theé, tai
dong 12, thuat toan tinh do quan trong cua cac thuoc tinh con lai v6i do phiic tap la
O (|C\ \U]2). Sau do, tai dong 13 va dong 14, thuat toan lya chon thudc tinh c6 do
quan trong 16n nhat dé bo sung vao tap rit gon. Do phiic tap cia thuat toan trong
hai buée nay 1la O (|C|). Nhu vay, do phiic tap ctia thuat toan trong vong lap while la

@) (|C\2]U|2>. Do d6, thsi gian thue thi tong the ctia Thuat toan ARPD duge xac dinh

laO(|C\2|U|2>.
[ B4t dau ]

Y

Tinh toan U /R véimoi a € C

Y

Tinh toan U /R af ﬂ U/R{a}

Y
Lwa chon A = {a(} théa man

D (U/RG0y U/R, }UD) = min D (v/R

U/RS; }UD)

D (U/RY U/RSS ) =D (U/Re /R,

Tinh toan Sig (a,.A), véi moia € C\ A

Lwa chon aq thda man

Sigp (a9, A) = max {Sigp (a, A)}
acC\A

Rut gon A

v
[ Két thuc ]

Hinh 2.2: Luu doé xit 1y clia thuat toan ARPD

A
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Vi du 2.3 Dé tim rit gon ciia Bang 1.1 dya trén thuat toan ARPD, dau tién ching ta
khéi tao tap rat gon A = (), tinh D (U/R U/RCUD> va D (U/R{a}, U/R{a}UD> Vi
moi a € C' tu Cong thic 2.7

L 1
D (U/RE U/RES,) = 55 % (0.80 + 0.80 + 0.00 + 0.00 +0.00) = 0.06

Thuyc hién tuwong ty, chung ta cling thu dugc:

D(U/REEUIRES, ) =028, D (U/RESU/REY, ) = 044,

a,B _ > a,B _
D(U/RE, UIREE, p) =022, D (U/RES, U/RES, ) = 0.36,
D(U/RE, UIREE, p) =014 Vi D (U/RE, U/REYE, ) = 0.141a nho nhét nén
bé sung thuoc tinh as vao rat gon, lic nay A = {as}. Nhan thay D (U/Rjﬁ, U/RAUD) >
(U /R U/ RCU D) nén thuat toan tiép tuc chuyén sang giai doan loc tim kiém cac

thuodc tinh con lai.

D (U/RE 1y U/ R ayop ) = 013 = Sigp (a1, A) = 0.14 — 0.13 = 0.01,
D (U/RE 0y UIRE tayup) = 014 = Sigp (a2, A) = 0.14 — 0.14 = 0.00,
D (U/RE ey UIRS tanyup) = 0-07 = Sigp (a3, A) = 0.14 — 0.07 = 0.07,

D (U/R iy U/R ayop ) = 0.14 = Sigp (as, A) = 0.14 — 0.14 = 0.00.

Vi Sigp (a3, A) 16n nhat nén bo sung tiép thudc tinh az vao rit gon, khi d6 A = AU
{Clg} = {as, az}. Thuat toan tiép tuc loc cac thuoc tinh con lai do D <U/Rf“46, U/RAUD) >

D (U/RE U/RE ).

D (U/RE 0y U/ R aryop ) = 0.06 = Sigp (a1, A) = 0.07 — 0.06 = 0.01,

D (U/RE 0y UIRE tanyup) = 0.07 = Sigp (a2, A) = 0.07 — 0.07 = 0.00,
D (U/RE 0y UIR tayup) = 0.07 = Sigp (as, A) = 0.07 — 0.07 = 0.00.

Vi Sigp (ay, A) c¢6 gia tri 16n nhat nen b6 sung thuoc tinh a; vho rat gon, khi
d6 A = AU {a1} = {as,as,a;}. Lac nay thuat toan két thic do dicu kien ding
D (U/ﬁ(jﬁ,U/ﬁi’gD) =D (U/ﬁg’ﬁ,U/ﬁg’5D> xdy ra. Do d6, rat gon cudi cling cia
bang thu duge tit Thuat toan 2.1 1a A = {as, as, a1 }.

2.3.2 Dé xuat thuat toan riat gon thudc tinh trén bang quyét dinh
thay déi khi bé sung tap dbi tuong

Nhu da dé cap, cidc thuat toan dya trén tiép can tap md tryc cdm thuong doi hoéi
thoi gian thuc thi rat 16n, dic biet khi bang quyét dinh c6 sut thay déi do bd sung hoac
loai bé tap déi tugng. Dé khic phuc han ché nay, luan an dé xuat mot sé thuat toan gia
tang, khai thac khoang cich gitta hai phan hoach md triyc cAm mic «, 8 nham tim kiém

rat gon xap xi trén cac bang quyét dinh dong véi chi phi tinh toan duge giam thiéu.
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Truée hét, mot cong thite tinh toan gia tang dua trén Ménh dé 2.5 dude xay dung, cho
phép it ngan qua trinh xac dinh khodng cich gitta hai phan hoach khi c6 mot tap déi

tuong mdi duge bd sung vao bang quyét dinh.

Meénh dé 2.8 Cho bang quyét dinh IS = (U,C U D) vé6i U = {uy, us, . .., u,}, cAc quan
hé tuong duong md truc cdm Ko, Rp va mot tap déi tuong méi duse bd sung vao bang
AU = {U,11,Upny2, - ., Upyo}, trong d6 z > 1. Khi d6, khodng cach phan hoach mg truc
cam gitta Ut /R’ va U /RES, tren UT = UUAU, ky higu 1a D (U+/R or U+/RCUD)
duge xac dinh nhu sau:
n*D (U/RE”, U/RE )
(n+2)°
z (‘[Unﬂ]acﬁ‘ - ‘[Unﬂ]aoﬁ N [

+QZ (n+z)2

i=1

D(UH/RE U RS, = (2.9)

15

)

trong do6, ¥, = 0 va v6i moi ¢ > 2,

z—1
Vs :Z (V[ﬁnﬂ']‘é’ﬁ (Un+j+1) - Py[ﬁnﬂ]ng (un+j+1) - n[ﬁnﬂ](é’ﬁ (un+j+1) + n[ﬂnﬂ}ng (un+j+1)>'
j=1

Chitng minh. Dat U5 = v, g0 (uj) — Viiig 2 (uj) — M), (uj) + M) ( ;). Vico z

CUD

d6i tuong duce bd sung vao U™ tit U, Cong thitc 2.7 tré thanh:

oo ) - 52 (Lt

P (n+ 2)2

S ]mzﬁ\ — flide? O id5?]) + £ (Jliosdie”| = [finsd” 0 i)
- (n+2)°

2 5 ey + 2D (VR UIRED) + L ([liede”] = [linede” 0 i)
_i=lj=1
; (n+ 2)°

’D <U/7égﬁ> U/,}ég”gD) +2 Z (‘[un-H] ﬁ‘ - ‘[unﬂ]gﬁ N [un-&-z ”BD - i 'Z ﬁn-ﬁ-%’m-&-j

= i=1j=1
- (n+2)°

Mat khac, dya trén quan hé tuong duong mao tryc cam, Vi, j chfmg ta luon c6: 9, ; = 9,;

va v;; = 0. Do do, Zzﬁ”“ ntj = QXZ:Zﬁnﬂ nj+l = 2219 Tu day, ching ta

=1 j=1 =1 j=1
thu duge Cong thiic 2.9. ]

Cong thic gia ting 2.9 bao gom hai thanh phan chinh. Thanh phan dau tién tinh

toan khoang cach gitta hai phan hoach md tric cAm miic o, 8 khi chua bo sung tap doi
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tuong mdi. Trén thyc té, thanh phan nay da dude xac dinh trong giai doan dau tién
khi bang quyét dinh chua c6 sy bién dong. Do d6, cong thiic trong Ménh dé 2.8 chi tap
trung tinh toan & thanh phan thi hai. Day 13 thanh phan chita cac hat thong tin mo
triic cAm mic «a, 8 duge hinh thanh khi bang quyét dinh cap nhat thém tap doéi tuong
mdéi. Nhu vay, trong truong hop bang quyét dinh c6 su bé sung mot tap déi tuong méi,

Cong thiic 2.9 sé duge thay thé cho Cong thitc 2.7 dé gidm thicu thoi gian tinh toan.

Meénh dé 2.9 Cho bang quyét dinh IS = (U,C U D) véi U = {uy,us, ..., u,}, gid st
rang, A C C la mot rat gon dua trén khoadng ciach phan hoach ms tryc cdm mic «, 8
tren tap doi tugng U va AU = {uy i1, Uny2, - - -, Unis}, trong d6 2z > 1 14 mot tap doi
tugng bo sung vao U, khi d6 chiing ta cé:

1. Néu tat ca cac doi tugng trong AU c6 gia tri thuoc tinh quyét dinh giéng nhau thi:

n?D (U/RE’ UIRES )
(n+ z)

(Jfiacler”| = Jlinsade” 0 i3

+22 (n—i—z)2

D (U /RS U RE,) = (2.10)

2. Néu [y 4457 C [ty v6ii=1,2,..., 2 thi:

<U+/RA357U+/RAUD> :'D(U+/R U+/RCUD>

Chiing minh. Choi=1,2,...,zva j=1,2,...,2 — 1, chung ta xét:
1. Vi tat cd cac doi tuong trong tap AU c6 gia tri thudc tinh quyét dinh gidng nhau

neén Y o (Uptj1) =1 va M1 1%° (tnyj11) = 0. Do do, chiing ta c6 thé d& dang thu

ntilo

dlIOC ’}/[ n+z}aﬁ (un+j+l) = 7[@n+i]g,5 (Un+j+1) va n[un+z g,é?D (un+j+1) = n[ﬁnJri]?j’B (un+j+1)-

Két hop véi Ménh deé 2.8, tinh chat dau tién da dugc ching minh.

2. Vi ['[Ln_,_i]aAﬁ g [un—l—z]pﬁv nén ‘[un-l—z]ZgD

= ‘[unﬂ]iﬁ‘ va ‘[un-&-z]CﬁD = ‘[Unﬂ]gﬂ’

Them vao do, ching ta c6 Vi 14152, (Untjt1) = Vi 14%° (Untjt1) Va Mt %5, (Untjr1) =
M, o8 (tn4j41). T tinh chat 1 duge ching minh va A 1a mot rat gon ctia C' dya trén
n 1 A

khodng cach phan hoach md triyc cadm, chiing ta thu duge tinh chat 2 ctia ménh dé. [

Ménh dé 2.9 chi ra hai truong hop dac biét ciia tap déi tuong dude bo sung vao bang
quyét dinh. Trong hai truong hgp nay, Cong thitc 2.9 duge rat ngan va xit I nhanh hon.
Qua do6, luan an dé xuat Thuat toan 2.2 v6i hieu nang xi I nhanh hon dé tim kiém
mot rat gon xap xi trén bang quyét dinh khi c6 sut bo sung tap déi tuong duge xay dung

vGi ba giai doan chinh dugc trinh bay trong bang ma gia dudi day.
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Thuat toan 2.2 Rit gon thudc tinh gia tang khi bo sung tap doi tugng dua trén khoang

cach phan hoach mg truc cdm mic «, f (IARPD-AO)

Dau vao: Bang quyét dinh IS = (U,CUD) v6i U = {uj,us,...,u,}, rit gon
A C C, cac phan hoach U/R : U/Rgﬁ va tap dbi tugng bo sung AU =

{Ung1, Ungas oo Ungz )
Dau ra: Rit gon xap xi A" tréen UT = U U AU
// kiém tra tap doi tuong bo sung
LAY« A 7+ AU

2: fori=1to z do

30 if [ie]%” C litng)s” then
4 7 Z\{upii}

5: end if

6: end for

7. if Z = then

8: return A"

9: end if

100 AU + Z, z + |AU|

11: cap nhat U /R’ UT/RE’ va U*/?é?ﬁ v6i moi a € C\ A

// loc tim kiém mit gon xdp i

12: tinh toan D (U+/7éj’f, U+/ijuD) and D <U+/7éo"ﬁ U+/7ég’5D> tit Cong thic 2.9.
13: while D (U /RS, Ut /R ,) = D (UT/RE UF /RS, do

14: tinh toan Sig (a, A"), véi moi a € C\ A"

15: Iya chon ag théa méan: Sigp (ag, A7) = aé%%% {Sig (a, A")}

16: A"+ AT U{ao}

17: end while

// logi b6 cdc thuoc tinh du thia

18: for a € A" do

19: tinh toan D <U+/7€A+\{a}, U+/7éf‘4’f\{a}uD>
200 if D(UY/REL 10y U /RED (o) = D (UT/RGEUT/REE ) then
21: AT — A\ {ao}
22:  end if
23: end for

24: return A"
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Trong giai doan dau tién, thuat toan tién hanh kiém tra céc ddi tugng bd sung. Néu
cac dbi tugng nay khong anh hudng dén két qua rit gon theo tinh chat 2 ciia Ménh dé
2.9, chiing sé bi loai bo dé gidm thiéu khong gian tinh toan khi cap nhat cac phan hoach
mao tryc cam miuc «, B. Giai doan thi hai ctia thuat toan sé duyét qua cac thudc tinh
con lai trong bang quyét dinh, nhitng thuoc tinh nay khong ndm trong rat gon ciia giai
doan truée. Thuoc tinh c6 do quan trong cao nhat sé duge bo sung vao rit gon t6i khi
théa man dieu kién ditng cia thuat toan. Cudi ciing, § giai doan thit ba, thuat toan loai
bé cac thudc tinh du thita trong rat gon thu duge tir giai doan thit hai. Day la nhiing
thuoc tinh khong béo toan tinh t6i wu theo dinh nghia ctia rat gon da duge trinh bay.

Dé chitng minh hiéu qua trong viéc gidm thiéu thoi gian thuc thi ctia thuat toan, gia
st rang, |.,4+| la s6 lugng thude tinh clia tap rit gon thu duge tit thuat toan, |AU| biéu
dién s6 lugng céc doi tugng duge bo sung vao bang quyét dinh va |U"| bicu dién tong
s6 d6i tugng trén bang quyét dinh mdi. 0 dong dau tién, tap rdt gon cta thuat toin
duge khdi tao bang chinh tap rat gon thu duge tit giai doan trude. Trong truong hop
don gian, toan bo qua trinh xt 1y clia thuat toan sé két thic 6 dong 9. Trong do6, thuat
toan sé duyét trén cac thudc tinh ctia riat gon dé xac dinh |AU| hat thong tin ma truc
cAm mic a, f gom ’U*" d6i tugng trong mdi hat. Day 1a cac hat thong tin duge tao ra
bdi tap doi tuong bo sung. Do dé, do phiic tap clia thuat toan trong trudng hop nay la
0] (‘Aﬂ !U*‘ ]AU|). Trong truong hop con lai, do phic tap dong 11 ctia thuat toan la
O (|A*| |[U*||AU|) va trén cong thic gia tang tai dong 12 1a O (|U*||AU|). Do phic
tap ctia vong lap while trong thuat toan ciing duge tinh tuong tu nhu vong lap while
trong ARPD 1a O ((|C| — |A*])* |U*||AU|). Tit dong 18 ti dong 22, do phitc tap ciia
vong lap for 1a O (|.A+|
cimg cfia IARPD-AO la max {O (|A*||U*||AU]), 0 ((IC] - |A*])* |U*]1AU])}. Do
do, thoi gian tinh toan cia IARPD-AO dugce cai thién ro rét khi so sanh véi thuat toan

ARPD.

U*||AUJ). Tt hai truong hop duge phan tich, do phic tap cudi

Trong trudng hop dit lieu bo sung cé cac gia tri thuoc tinh quyét dinh giéng nhau,
cong thitc gia ting duge thay thé bang Cong thitc 2.10 tit tinh chat dau tién ctia Ménh
de 2.9.

2.3.3 Deé xuat thuat toan rut gon thudc tinh trén bang quyét dinh
thay doi khi loai bé tap dbi tudng

Trong phan trudc, nghién citu da giéi thieu mot thuat toan gia ting dé xit 1y truong

hop bang quyét dinh bo sung mot tap doéi tuong. Dé giai quyét kich ban bang quyét



o2

dinh c6 su loai bé déi tugng, nghien ciu tiép tuc phat trién mot cong thitc gia tang méi
gitp tinh toan nhanh chong khoang cach phan hoach md tryc cam. Duya trén do, mot
thuat toan gia tang rat gon thuoc tinh cling duge thiét ké nham tim kiém tap rat gon

xap xi trong trudng hop nay.

Ménh dé 2.10 Cho bang quyét dinh I.S = (U,CUD) v6i U = {uy, uy, . . ., uy, }, cAc quan

hé tuong duong md truc cdm Re, Rp va mot tap déi tuong AU = {Un, Up—1, - Upsy1}

dugc loai bé khéi bang, trong d6 z > 1. Khi do, khoang cach phan hoach ma triyc

cam mitc alpha, beta gitta U™ /RE” va U~ /RE, tren U~ = U \ AU, ky hieu la
D (U /RE", U™ /RELp), duge xéc dinh nh sau:

n?D <U/R U/RCUD>
(n—2)’
- <)[ﬁn_i+1]gﬂ‘ B )[u"—”l]gﬂ A w”_i“]gﬂ‘ B &)

_QZ .

=1

D (U /RE" U~ /REp) =

(2.11)

(n—2)
trong do, & = 0 va v6i moi ¢ > 2 thi
z

gi:Z(V[ﬁn_iﬂ]gﬁ(un—jﬂ)_'V[un_iﬂ}ggD(un—j-&-l) Mty 112, a6 — J+1)+T/[un 1] 5<un J+1)>

j=i

Chitng minh. Dat: & ; = Vi) (uj) = Vg () — Mg )2? (u;) F Mages, (u;). ViU loai

@
CuD

bé di z d6i tugng, Cong thiic 2.7 trd thanh:

D (U~ /RE" .U~ /REp)

n*D (U/RE” U/RE ) — Zl (([an_m]‘g’ﬂ ‘ — ( (T

1=

) Zzgzn —J+1

=1 j=

(n—2)°

B (U/RE U/RE) =23 ([lin-snle”] — lin-ssr )il

(n—z)"

)+ 2 2 vt

i=1j=

Theo tlnh chat ctia quan hé tu’dng duong mad truc cam Sij = &avady =0, Vi, g,

Do do, ZZgn itln—jrl = QZZ&‘ itln—jtl = 22& T day, c6 thé dé dang

i=1 j=1 =1 j=i
thu duge Cong thiic 2.11 va ménh dé duge ching minh. O
Ménh dé 2.11 Cho bang quyét dinh IS = (U,C U D) v6i U = {u1,us,...,u,}, gid
st rang A C C la mot rat gon dua trén khoang cach phan hoach md triyc cam mic
alpha, beta tréen U va mot tap doi tugng AU = {uy, Up_1, . . ., Un_+1} duge loai b khoi

bang, trong d6 z > 1 va U~ = U\AU la mot tap doi tugng loai bo, khi do:
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1. Néu tat ca cac déi tuong trong AU c6 gia tri thuoc tinh quyét dinh gidng nhau thi:

n?D (U/RE U/RE )

(n—2)°

D (U /RE" U~ /RE,) = (2.12)

Tyy—it1] 5‘ - )[U.nﬂ'ﬂ]g’ﬂ N [iinfiJrl]?)”B

oy {l _— )

2. D (U~ /RY" U~ /RGS,) =D (U= /RSP U~ /R

Chaing minh. Tinh chat 1 trong trong Ménh dé 2.11 ¢6 thé dé dang chiing minh tuong

tu nhu tinh chat 1 ctia Ménh dé 2.9. Déi véi tinh chat 2, vi A C C, nén v6i moi

u € U, ta co ’ ’B‘ — ‘ AUD > ‘ ’ﬁ) — ‘ CUD Mat khac, A 1a mot rat gon cta
CnénZQ[]"B_‘ AUD>:Z<‘H’B’_‘ CuD)KhldO [ii] "8_‘ AUD:
ue uelU

‘[u]gﬁ‘ — ’[ %0 | véi moi u € U. Do do, tinh chét 2 cia ménh dé duge chiing minh. [

Menh dé trén trinh bay vé mot s6 truong hop dic biét clia bang quyét dinh khi loai
bé mot tap déi tuong. Tat nhien, viec kiem ching xem cac déi tuong duge loai bd hay
b6 sung vao bang la rat quan trong. Diéu nay sé gitip cho cac thuat toan gia tang xtt 1y
nhanh va dat dugce hiéu qua cao. Mat khac, tinh chat 2 cia ménh dé nay cung cap co
s§ dé dé xuat mot diéu kién dimg cho thuat toan gia ting va dam bdo tinh téi wu cla
kich thuéc rit gon mdi trén bang quyét dinh.

Trén co s6 dude trinh bay, luan an sé xay dung Thuat toan 2.3 nham tim kiém mot
rat gon xap xi khi bang quyét dinh loai bé cac ddi tuong. Thuat toan nady duge thuc
hién thong qua hai giai doan chinh. Trong giai doan dau tién, thuat toan sé cap nhat
cac phan hoach md truc cam mitc «, 5 ctia tap thudc tinh C' cing v6i cac thuoc tinh
diéu kién trong bang quyét dinh méi. Tiép theo, trong giai doan sau, thuat toan sé xem
xét tap rat gon da thu dugce tur giai doan trude va loai bé tung thudc tinh khong thoa
méan tinh chat cia mot rat gon.

Dé phan tich do phiic tap ctia thuat toan IARPD-RO, gia sit rang, |AU| bi¢u dién
s6 luong cac ddi tugng duge loai bé tit bang quyét dinh va |U " biéu dién téng s6 doi
tuong trén bang quyét dinh mdi. Do phiic tap trong dong 2 ctia thuat toin dé xuat la
O (|A~||U"]|AU|) va qua trinh tinh toan gia tang tai dong 3 1a O (|U~||AU|). Tuong
tu nhu giai doan loai bo cac thudc tinh du thita trong Thuat toan 2.2, do phic tap trong
vong lap for cia IARPD-RO 1a O (|A*| |U*’ \AU\). Nhu vay, do phtc tap trén toan bo
thuat toan JARPD-RO 1a O (‘A_‘ ‘U‘} |AU]). V6i do phtic tap nay, thuat toan gia tang



Thuat toan 2.3 Rut gon thuoc tinh gia tang khi loai bé tap déi tugng dya trén khodng

cach phan hoach mg truc cdm mic «, f (IARPD-RO)

Dau vao: Bang quyét dinh IS = (U,CUD) v6i U = {uj,ug,...,u,}, rit gon
A C C, cac phan hoach U/kj’ﬁ, U/Rgﬂ va tap do6i tuong loai bé AU =

{Uni1, Unga, - Unz )

Dau ra: Rit gon xap xi A~ trén U~ = U U AU

// khdi tao va cap nhat

A+~ A

2: cap nhat U~ /R%”, U= /R’ and U™ /R{ }» vOi moi a € C\ A

3: tinh toan D (U~ /R%?, U~ /RY’ ) vaD (U~ /RE® U~ /R, boi Cong thite 2.11.
// loai bo thuoc tinh du thia

4: for a € A” do

5: tinh toan D (U /RA vap U~ /RA \{G}UD) theo Cong thic 2.9.

6:  if D(U/RE 10y U /RE o) = D (U7 /REE U RS ) then
7 A — A7\ {ao}

8: end if

9: end for

10: return A~

IARPD-RO cho théay thsi gian thuc thi duge giam thiéu dang ké khi so sanh véi thuat
toan ARPD.
2.4 Thw nghiém va danh gia cac thuat toan de xuat

Trong phan nay, mot s6 thie nghiém sé duge trinh bay nham chitng minh hiéu qua
clla cac thuat toan duge dé xuat. Qua trinh danh gia duge thuc hién bang cach so sanh
két qua clia cic thuat todn dia trén mot sé tiéu chi, bao gom kich thuée rat gon thu
duge, do chinh xac phan 16p va thoi gian thyc thi. Toan bo cac thuc nghiém duge thuc
hién trén mot may tinh véi bo xit 1y Intel Xeon CPU E3-1545M v5 2,90 GHz (8 CPUs),
16 GB bo nhd, sit dung ngon ngit 1ap trinh Python.
2.4.1 Hiéu nang cua thuat toan IARPD-AO

Qué trinh thuc nghiem duge thuc hién trén mot s6 bo dit lieu tieu chuan duge thu
thap tu hai kho dit lieu uy tin 14 UCI va OpenML nhu trong Bang 2.1. Dau tién, cac
bo dit lieu nay duge chia thanh hai phan xap xi nhau, ky hieu 1a U,,; va Uj,.. Trong
do, tap dit lieu U,,; duge st dung cho céc thuat toan ARPD, F-FDAR [81], ARIFPD
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[91], IFPR [55], NIFS [82] va FMIFRFS [56] dé tim mot rit gon trén bang quyét dinh
c6 dinh. Trong d6, cac thuat toan theo hudéng tiép can tap tho mo bao gom NIFS va
F-FDAR, cac thuat toan ARIFPD, IFPR va FMIFRFS la cac thuat toan theo huéng

tiép can tap tho mo tryc cam.

Bang 2.1: Céc tap dit lieu thit nghiem cho IARPD-AO v& mot sb thuat toan

TT | Tap dit lieu | S6 d6i tuong | |Usri| | |Uine| | S6 thuoc tinh | S6 16p | Nguon dit lieu
1 | Tonosphere 351 175 176 34 2 UCI
2 | Leaf 340 | 170 170 15 30 UCI
3 | Movement 360 | 180 180 90 15 UCI
4 | Urban 675 | 337 338 147 9 OpenML
5 | Hill-valley 1212 | 606 606 100 2 UCI
6 | Mfeat 2000 | 1000 | 1000 76 10 OpenML
7 | Wall 5456 | 2728 | 2728 24 4 OpenML
8 | Waveform?2 5000 | 2500 | 2500 40 3 UCI

Tiép theo, tap Ujp,. sé duge chia thanh ndm phan bang nhau, ky hiéu lan lugt tu U,
dén Us. Nhitng phan nay sau dé sé duge bo sung ting bude vao U,,; dé danh gia tap
rat gon thu duge tit cac thuat toan gia tang. Cac ky hieu |U,.| va |Uspn| tuong tng la
s6 Iugng cac ddi tuong trong tap U, va Uipe.

D6i v6i Thuat toan 2.1, cac gia tri a va 8 duge xem nhu céc tham s6 va duge duyet
trong khoang tit 0 t6i 1 v6i bude nhay 1a 0.05 dé xay dung céc phan hoach md truc cam
mitc o, B. Su thay doi ctia cac tham s6 nay dan dén viec hinh thanh cac hat thong tin
md tric cdm khac nhau, tit d6 anh hudng tryce tiép dén hiéu qua ctia thuat toan. Anh
hudng nay duge thé hien trong Hinh 2.3, qua d6 cho thay su tac dong ctia cac tham sb
dén hiéu qua phan 16p thong qua cac rat gon thu duge. Cac gia tri «, 8 sau dé dudge
luu trit nhu cac bién nham xay dung cac hat thong tin méi trong céc budc gia tang tiép
theo, bao gom viéc bo sung hay loai bo tap doi tuong. Can luu ¥ ring, véi mdi gia tri
a, khodng duyét ctia 8 sé phai théoa man diéu kien o + 3 < 1. Qua d6, mot rat gon toi
uu sé duge lira chon va 4p dung lam dau vao cho cac thuat toan gia tang.

Duya trén Hinh 2.3, v6i moi miic o va 3, thuat toan sé tim duge mot rat gon khac
nhau. Néu gia tri a 16n va 8 nhoé, s6 lugng ddi tugng trong cac hat thong tin mo truc
cam sé bi loai bé cang nhiéu. Diéu nay lam gidm cac gia tri khodng cach ctia méi thudce
tinh va khién thuat todn hoi tu nhanh hon. Do dé, kich thudc rit gon co thé sé cang

nhé va anh hudng téi chat lugng ciia mo hinh phan 16p. R6 rang, sé rat khé dé Iya chon
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Hinh 2.3: D6 chinh x4c phan 16p ciia ARPD khi duyét cac gia tri tham s trén Ugy

mot bo tham s6 phit hgp cho tat ca cidc bo dit lieu. Tuy nhién, v6i nhitng bo dit lieu
chita cac d6i tuong c6 sy phan bd khac biét so véi phan 16n cac doi tugng trong tap vil
tru, viec lira chon mot gia tri a 16n va 8 nhé sé gitp loai bd toét nhitng déi tugng nay.
Vé mat triyc cAm, nhitng doi tugng nay duge tao ra bdi nhiéu va lam gidm do chinh xac
phan 16p trén cadc mo hinh hoc may.

Két qua ciia cac thuat toan khi xit 1 trén bang quyét dinh c¢6 dinh duge biéu dién
trong Bang 2.2 va 2.3. Bang 2.2 mo ta kich thudc céc rat gon va thoi gian thuyce thi cta
cac thuat todn. Trong do, cot time biéu dién thoi gian thuyc thi va cot | Al 1a kich thude
rit gon thu duge tit cac thuat toan. C6 thé thiy ring, cac thuat toan theo huéng tiép
can tap tho md c6 thai gian x1t Iy nhanh hon so véi céc thuat toan theo huéng tiép can
tap tho mo tric cAm. Thuat toan NIFS c6 thoi gian thie thi nhanh nhat trén tam bo
dit lieu. Nguyén nhan chinh 1a viec NIFS khong can tinh toan cdc ma tran quan hé va
stt dung mot do do don gian dé tim kiém céc thuoc tinh quan trong. Néu chi xét trong
khong gian tap md triyc cam, khong ngac nhién khi thuat toin dé xuat c6 thoi gian thuc

thi tot nhat. Thoi gian x1t Iy trung binh ciia thuat toan dé xuat 14 13.590 giay, trong khi
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Bang 2.2: Kich thudc rut gon, thoi gian x Iy cia ARPD va cac thuat toan trén Uy,

ARPD FMIFRFS ARIFPD IFPR NIFS F-FDAR
Time | |Al | Time | |A|| Time | |A]| Time | |A| Time | |A| Time | |A|
Ionosphere | 0.0192 5 | 0.1257 4 | 0.0846 14 | 0.0902 91 0.0033 91 0.0348 14

Tap dit lieu

Leaf 0.0186 9 10.1242 10 | 0.0171 90.0174 12 | 0.0028 10 | 0.0049 8
Movement | 0.1123 9] 1.1194 21 | 0.4815 20 | 0.3383 19 | 0.0162 54 | 0.0908 21
Urban 3.4501 48 | 9.1160 47 | 4.2266 | 35 | 30.652 43 | 1.2784 74 |1 0.6702 38
Hill-valley | 1.2533 2| 1.3471 3117.322 5 | 1.3789 41 0.0521 4] 3.4982 24
Mfeat 23.382 22 | 36.674 23 | 56.114 30 | 30.890 29 | 6.8312 56 | 6.3366 35
Wall 8.0352 31 15.774 4| 38.941 81 5.2763 2 11.0913 8 | 5.5972 14

Waveform?2 | 72.449 24 157.093 | 15| 119.17 24 | 78.322 38 | 1.6991 26 | 14.378 28
Trung binh | 13.590 | 15.3 | 15.172 | 15.9 | 29.545 | 16.3 | 18.371 | 19.5 | 1.3718 | 30.1 | 3.8263 | 22.8

véi ARIFPD, FMIFRFS va IFPR lan lugt 1a 29.545 giay, 15.172 giay va 18.371 giay. Do
do, trong khong gian tap tho md truc cam, thuat toan da ching minh duge kha nang
giadm thiéu thai gian xit 1y hieu qua.

Tit két qua Bang 2.2, c6 thé thay rang cac riat gon thu duge tit ARPD va FMIFRFS
c6 kich thude nhé nhat trén hau hét cac bo dit lieu. Phan 16n, cac thuat toan theo huéng
tiép can tap mo triic cAm thu dugde cac rit gon co6 kich thude nhé hon so véi cac thuat
toan theo huéng tiép can tap tho mo, dic biét trén cac bo dit lieu c6 do phan 16p ban
dau thap nhu Hill-valley, Mfeat, Urban va Movement. Kich thudc trung binh clia cac
rat gon tir thuat toin dé xuat 1a nhé nhat. Diéu nay nhan manh rang thuat toan deé
xuat c6 hiéu qua cao trong viéc rit gon thuoc tinh, dic biet khi xit Iy cho cac dit lieu
nhiéu chiéu.

Dé danh gia hieu qua vé do chinh x4c clia cac rit gon thu duge, mdi bo dit lieu duge
chia thanh mudi phan c6 kich thuéc xap xi nhau. Mot phan ngau nhién sé duge chon
dé kiém ching va cac phan con lai duge sit dung dé huan luyén. Qua trinh nay sé dudc
lap lai muoi lan dé thu duge mot két qua phan 16p cudi ciing duge biéu dién dudi dang
x4 o, trong dé x 1a gia tri trung binh sau mudi lan thuc thi va o 1a do léch chuan. Két
qua Bang 2.3 cho thay, c6 7 trong 8 truong hop do chinh xac phan 16p tit tap rat gon clia
thuat toan dé xuat cao hon so véi cac thuat toan khac. Diéu nay chitng té phuong phéap
dugde dé xuat c¢6 kha nang chon loc hi¢u qua cic thudce tinh quan trong. Dac biét, dbi véi
nhitng bo dit lieu chita nhiéu nhiéu nhu Hill-valley, Wall va Waveform2, cac thuat toan
dua trén tap tho mo tryc cam t6 ra uwu thé hon so véi cac phuong phap duya trén tap

tho md. Tuy nhién, khi xét riéng trong khong gian tap md tryc cam, thuat toan ARPD
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Bang 2.3: So sanh do chinh xac phan 16p cia ARPD véi mot sé thuat toan tren Uy

Tap dit lieu | Tap goc ARPD | FMIFRFS | ARIFPD IFPR NIFS | F-FDAR

0.766 £ | 0.841 + 0.840 £ 0.789 £ | 0.817 £ | 0822+ | 0.812 £

Tonosphere
0.092 0.097 0.112 0.121 0.068 0.089 0.113
0.718 &+ | 0.741 + 0.724 &+ | 0.741 + | 0.741 &+ | 0.741 = | 0.735 =
Leaf
0.101 0.096 0.118 0.096 0.106 0.124 0.121
0.867 + | 0.883 + 0.883 + 0.856 &+ | 0.856 + | 0.867 + | 0.867 +
Movement
0.090 0.091 0.084 0.097 0.114 0.112 0.097
0.801 &+ | 0.828 + 0.813 + 0.810 &£ | 0.778 £ | 0.804 + | 0.810 %+
Urban

0.065 0.054 0.051 0.059 0.052 0.048 0.066

0.510 £ | 0.544 + 0.525 £ | 0.500 &= | 0.517 &= | 0.490 £ | 0.497 £
Hill-valley

0.037 0.040 0.055 0.052 0.046 0.049 0.040
] 0.925 & | 0.949 + 0.945 + 0.947 &= | 0.939 &= | 0.910 = | 0.942 +
Mfeat
0.018 0.016 0.019 0.017 0.020 0.019 0.013
0.638 = | 0.750 + 0.746 + 0.682 & | 0.724 &+ | 0.684 = | 0.650 +
Wall
0.094 0.045 0.064 0.070 0.067 0.089 0.076
0.782 = | 0.800 =+ 0.817 + 0.800 &= | 0.762 &+ | 0.783 = | 0.787 +
Waveform?2
0.020 0.022 0.013 0.022 0.020 0.022 0.017
0.751 £ | 0.792 + 0.787 £ 0.766 = | 0.767 = | 0.763 = | 0.763 £+
Trung binh
0.065 0.058 0.065 0.067 0.062 0.069 0.068

van thé hien kha nang cai thien do chinh xac phan 16p mot cach vuot troi, mic du rat
gon thu duge ¢6 kich thuée nhéd hon, nhu duge minh hoa trong Bang 2.2.

Tiép theo, thuat toan ITARPD-AO sé& dudc so sanh véi mot sd thuat toan gia tang
dya trén cach tiép can tap tho mo (IF-FDAR-AO [81], AIFSA-FKD [82]) va tap md truc
cam (ARIFPD-AO [91]). Trong d6, IF-FDAR-~AO la mot thuat toan loc sit dung khodng
cach phan hoach md véi dau vao 1a tap rit gon thu duge tit thuat toan F-FDAR. Thuat
toan AIFSA-FKD la thuat toan loc stt dung khodng céch tri thic md véi dau vao 1a tap
rat gon thu dugde tit thuat toan NIFS. Cudi ciing, ARIFPD-AO la thuat toan duya trén
khodng cach phan hoach md trite cdm sit dung rit gon tit ARIFPD lam dau vio.

Nhu da trinh bay, qué trinh xit 1y ctia cac thuat toan gia tang sé dién ra trong nam
giai doan bo sung tap doi tugng. T céc két qua clia Bang 2.4, c6 thé thay thay cac
thuat toan gia tang c6 thoi gian xit Iy nhanh hon rat nhiéu so véi cac thuat toan thuc

thi trén bang quyét dinh c¢6 dinh, mic dit s6 lugng doi tuong lén hon. Tuong tir nhu
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khi so sanh véi cac thuat toan trong Bang 2.2, thoi gian thuc thi ciia cac thuat toan gia
tang dua trén cach tiép can tap tho mo vAn cho thay kha ning vuot troi. Cu theé, thuat
toan AIFSA-FKD c6 thoi gian thyc thi nhanh nhat trong bon thuat toan do qué trinh
trich xuét cac thuoc tinh quan trong sit dung do do khodng céach tri thic md bé qua
bude tinh toan cac ma tran quan hé. Thém vao d6, thuat toan nay cling st dung mot
co ché tang toc thong qua viéc loai bé cac hat thong tin du thia.

Khi so sanh véi cac thuat toan theo hudng tiép can mo trite cdm, thuat toan dé xuat
cho thay thoi gian thite thi nhanh hon trén phan 16n cic budc gia tang. Diéu nay nhan
manh tam anh hudng ctia tap lat cit «, 3 trong viéc loai bé cac déi tugng nhiéu trong
cac hat thong tin mo triyc cam gitp thu hep khong gian tim kiém. Do d6, thuat toan
TARPD-AO dam bao kha niang xtt Iy tot trén cac bo dit lieu nhidu va nhiéu chiéu.

Theo két qua trong Bang 2.4, kich thudc rut gon tit cac thuat toan dya trén mo hinh
tap ma tryc cdm la nho hon so véi cac thuat toan dya trén mo hinh tap tho ms trong
hau hét cac bo dit lieu. Thuat toan dé xuat thu duge kich thuée tap rit gon trung binh
nho nhat trong s6 bén thuat toan dude so sanh. Dac biét, ddi véi cac bo dit licu dat hieu
qua phan 16p ban dau thap nhu Movement, Hill-valley va Wall, s6 luong thuoc tinh thu
duge tit IARPD-AO 1a rat nhoé. Két qua nay cho thay IARPD-AO c¢6 kha nang loai bo
hiéu qué cac thudc tinh du thia trong dit liéu nhiéu vugt troi hon so véi cde thuat toan
con lai. Bén canh d6, trong mot s6 bude gia tang, tap rat gon clia thuat toan khong co
st thay doi. Diéu nay 1a do céc ddi tugng méi duge bo sung khong lam bién doi dic
trung ctia dit lieu. Do do6, tap rat gon van bao toan day du thong tin clia toan bo di
licu, dong thoi duy tri kich thuée va tinh én dinh.

Dé ddm bao tinh hi¢u qua, luan 4n sé danh gia va so sanh do chinh xac phan 16p gitta
cac rut gon thu dugce ciia ITARPD-AO vé6i cac rat gon thu duge tir cac thuat toan khac.
Cac két qua tir Bang 2.5 cho thay trong phan 16n cac budc gia tang, cac thuat toan dia
trén mo hinh tap mo truc cam dat do chinh xéc phan 16p cao hon so vé6i cac thuat toan
theo huéng tiép can tap tho mo. Diéu nay khang dinh vai tro quan trong ctia thanh
phan do khong thudc trong viéc diéu chinh thong tin tit cac dbi tugng, gitp cac do do
lira chon hiéu qua céc thuoc tinh can thiét va nang cao kha nang phan 16p. Két qua nay
da dan t6i st canh tranh ro rét gitta thuat toan dé xuat va thuat toan ARIFPD-AO.
Trong toan bo cac truong hop, thuat toin dé xuat dat do chinh xac phan 16p cao nhat
4 31 truong hgp, trong khi ARIFPD-AO chi dat két qua tuong ting & 13 truong hop.

Phuong phép kiém dinh t-tests phu thuoc duge tién hanh véi mic tin cay 1a 0.95 dé
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Bang 2.4: Thoi gian x1 1y, kich thude riat gon cia IARPD-AO va cac thuat toan gia tiang

Tap dit lieu | Tap di lieu | IARPD-AO | ARIFPD-AO | IF-FDAR-AO | AIFSA-FKD
b6 sung Time | |AT| | Time | |AT| | Time | |AT| | Time | |AT|
|U1| =210 | 0.004 5 0.018 14 0.006 19 0.002 | 13
|Us| =245 | 0.010 6 0.025 15 0.001 20 0.001 | 14
Tonosphere | |[Us| =280 | 0.006 | 6 |0.038| 16 |0.001| 21 |0.001| 15
Uy =315 | 0.007| 6 0.036 16 0.001 21 0.001 | 16
|Us| = 351 0.007 6 0.037 16 0.001 21 0.001 | 16
|Ui| =204 | 0.007| 10 | 0.007 | 10 0.017| 10 | 0.001 | 11
|Us| =238 | 0.012| 11 | 0.008 10 0.002 10 |0.001 | 11
Leaf |Us| =272 | 0.012| 11 | 0.009 10 0.001 11 0.001 | 12
|Uy =306 | 0.013| 11 | 0.011 11 0.001 11 0.001 | 12
|Us| =340 | 0.017 | 12 | 0.012 11 0.002 12 0.001 | 13
|Ui| =216 | 0.018 | 10 | 0.032 20 0.032 29 0.001 | 54
|Us| =252 | 0.012 | 10 | 0.042 19 0.004 30 0.002 | 54
Movement | |Us] =288 | 0.054 | 11 | 0.066 20 0.004 31 0.002 | 54
Uyl =324 | 0.029| 11 | 0.061 19 0.001 31 0.002 | 54
|Us| =360 | 0.019| 11 | 0.070 18 | 0.001 31 0.002 | 54
|Uy| =404 | 0.950 | 48 | 0.612 | 35 0.204 | 56 0.003 | 74
|Us| =471 | 1.020 | 48 | 0.832| 35 0.039 | 59 0.004 | 74
Urban |Us| =538 | 1.247 | 48 | 1.779 | 34 0.035 | 60 0.004 | 74
|Uy| = 605 1.928 | 48 | 2.062 33 0.164 64 0.005 | 74
|Us| =675 | 2.752 | 48 | 2.805 | 33 | 0.001 64 0.005 | 74
|Uy| =727 | 0.012 2 0.062 4 0.001 24 0.002 6
|Us| =848 | 0.018 | 2 0.065 4 0.001 24 0.003 6
Hill-valley | |Us| =969 | 0.023 | 2 0.084 4 0.001 24 0.003 7
|Uy| = 1090 | 0.029 2 0.106 4 0.001 24 0.004 8
|Us| = 1212 | 0.037 2 0.134 4 0.001 24 0.005 8
|U1| = 1200 | 4.216 | 23 | 8.454 32 1.639 54 0.070 | 57
|Us| = 1400 | 5.047 | 24 | 9.573 32 0.313 59 0.097 | 58
Mfeat |Us| = 1600 | 6.989 | 26 | 12.54 | 32 0.159 | 60 | 0.100 | 59
|Uy| = 1800 | 0.816 | 26 | 15.78 | 32 | 0.001 60 0.106 | 60
|Us| = 2000 | 8.148 | 27 | 17.52 32 0.184 61 0.127 | 61
|U1| = 3273 | 0.581 3 11.58 11 0.522 17 1 0.007 | 8
|Us| = 3818 | 0.669 3 13.60 12 0.153 18 0.010 8
Weall |Us| = 4363 | 7.047 3 16.08 12 0.001 18 0.010 8
|Uy| = 4908 | 9.520 3 21.05 13 0.001 18 0.034 9
|Us| = 5456 | 12.13 | 3 23.96 13 | 0.001 18 0.015 9
|Up| = 3000 | 22.98 | 24 | 24.05 | 24 0.691 33 0.119 | 27
|Us| = 3500 | 2544 | 24 | 31.35 | 23 | 0.001 33 0.124 | 28
Waveform?2 | |Us| =4000 | 28.41 | 24 | 3796 | 23 |0.001 33 0.120 | 29
|Uy| = 4500 | 30.29 | 24 | 47.35| 23 | 0.001 33 0.133 | 30
|Us| = 5000 | 40.53 | 24 | 58.74 | 23 | 0.001 33 0.134 | 31

danh gia su khac bigt gitta TARPD-AO, ARIFPD-AO, [F-FDAR-AO va AIFSA-FKD.
Két qua cho thay céc gia tri p-value (two-tailed) lan lugt 14 2.815E-05, 4.060E-08 va
1.039E-9. Nhitng két qua nay la co sé vitng chac dé khing dinh ring thuat toan dé xuat

c6 hiéu nang vugt troi hon hén céc thuat toan so sanh véi ¥ nghia théng ké 16 rét.
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Bang 2.5: So sinh do chinh x4c phan 16p ciia IARPD-AO v6i mot s6 thuat toan gia tang

Tap dit ligu | Tap dit lieu goc IARPD-AO ARIFPD-AO IF-FDAR-AO AIFSA-FKD
0.776 £ 0.102 | 0.848 + 0.085 0.810 £ 0.115 0.800 £ 0.108 0.810 £+ 0.104
0.792 £ 0.098 0.824 £ 0.068 | 0.830 £ 0.119 0.821 £ 0.100 0.825 £ 0.106
Ionosphere 0.807 £ 0.070 0.854 £ 0.049 | 0.861 + 0.092 0.832 £ 0.078 0.821 £ 0.085
0.832 £ 0.059 0.873 £ 0.051 | 0.874 £+ 0.080 0.848 £ 0.058 0.848 £ 0.079
0.838 £ 0.064 | 0.886 + 0.046 0.872 £ 0.071 0.852 £ 0.055 0.849 £ 0.082
0.683 £ 0.109 | 0.692 + 0.074 | 0.692 £+ 0.074 0.692 £ 0.074 0.663 £ 0.095
0.643 £ 0.114 | 0.677 £+ 0.095 0.643 £+ 0.082 0.643 £+ 0.082 0.623 £ 0.095
Leaf 0.608 £ 0.118 | 0.622 £+ 0.106 0.611 £+ 0.088 0.622 £+ 0.106 0.597 £ 0.100
0.588 £ 0.074 | 0.588 £ 0.069 | 0.588 + 0.054 | 0.588 £ 0.069 0.572 £ 0.073
0.606 £ 0.063 | 0.612 £ 0.055 0.582 £ 0.061 0.612 £ 0.055 0.606 £ 0.051
0.851 £ 0.105 | 0.856 + 0.082 0.838 £+ 0.106 0.847 £ 0.102 | 0.856 £+ 0.100
0.770 £ 0.101 | 0.790 £ 0.090 0.778 £ 0.099 0.762 £+ 0.104 0.770 £ 0.105
Movement 0.767 = 0.102 0.743 £ 0.095 | 0.767 £ 0.108 0.750 £ 0.100 0.756 £ 0.104
0.739 £ 0.110 | 0.723 £ 0.098 0.721 £ 0.122 | 0.723 + 0.104 0.720 £ 0.102
0.758 £ 0.117 | 0.742 £+ 0.105 0.722 £ 0.131 0.736 £ 0.110 0.733 £ 0.111
0.782 £+ 0.060 | 0.807 £ 0.067 0.777 £ 0.070 0.757 £ 0.061 0.777 £ 0.059
0.771 £ 0.054 | 0.783 £ 0.036 0.771 £ 0.047 0.762 £ 0.043 0.758 £ 0.052
Urban 0.794 £ 0.035 | 0.805 £ 0.039 0.792 £ 0.033 0.782 £+ 0.029 0.788 £+ 0.030
0.810 £ 0.048 | 0.812 £ 0.037 0.807 £ 0.033 0.795 £ 0.032 0.797 £ 0.034
0.800 £ 0.036 0.796 £ 0.039 0.785 £ 0.047 0.784 £ 0.032 | 0.798 + 0.034
0.512 £ 0.075 | 0.546 £+ 0.065 0.499 £ 0.055 0.481 £ 0.048 0.493 £ 0.067
0.512 £ 0.042 | 0.526 £+ 0.025 0.470 £ 0.051 0.470 £+ 0.044 0.468 £ 0.048
Hill-valley 0.525 £ 0.026 | 0.547 £+ 0.034 0.514 £+ 0.071 0.491 £+ 0.041 0.497 £ 0.041
0.511 £ 0.034 | 0.530 £ 0.024 0.486 £ 0.041 0.494 £ 0.025 0.498 £ 0.030
0.531 £ 0.032 0.517 £ 0.053 | 0.529 + 0.049 0.503 £ 0.038 0.521 £ 0.042
0.910 £ 0.019 | 0.937 £+ 0.014 0.933 £ 0.022 0.930 £ 0.016 0.898 £+ 0.014
0.906 £ 0.019 | 0.940 £ 0.014 0.937 £ 0.020 0.921 £ 0.025 0.909 £ 0.013
Mfeat 0.889 £ 0.022 | 0.922 £ 0.018 | 0.922 + 0.019 0.898 £ 0.026 0.894 £ 0.015
0.898 £+ 0.021 | 0.926 £+ 0.017 | 0.926 £+ 0.018 0.906 £+ 0.024 0.902 £+ 0.014
0.807 £ 0.014 | 0.829 £ 0.019 0.823 £ 0.010 0.814 £+ 0.018 0.803 £ 0.011
0.690 £ 0.048 | 0.788 + 0.057 0.717 £ 0.036 0.676 £ 0.027 0.716 £ 0.050
0.729 £ 0.083 | 0.802 £+ 0.031 0.757 £ 0.077 0.725 £+ 0.063 0.742 £ 0.077
Wall 0.755 £ 0.064 | 0.810 £+ 0.041 0.776 £ 0.067 0.747 £ 0.065 0.755 £ 0.063
0.766 £ 0.071 | 0.829 £ 0.049 0.794 £ 0.075 0.770 £ 0.068 0.772 £ 0.068
0.773 £ 0.059 | 0.830 £ 0.030 0.802 £ 0.070 0.770 £ 0.066 0.777 £ 0.063
0.785 £ 0.018 | 0.799 £+ 0.019 | 0.799 £ 0.019 0.783 £ 0.019 0.786 £+ 0.028
0.783 £ 0.023 | 0.811 £+ 0.017 | 0.811 £ 0.017 0.784 £ 0.015 0.797 £ 0.018
Waveform?2 0.795 £ 0.020 | 0.811 £ 0.020 0.808 £ 0.019 0.795 £ 0.025 0.805 £ 0.022
0.798 £ 0.016 0.819 £ 0.014 | 0.821 £ 0.016 0.805 £ 0.020 0.804 £ 0.021
0.801 £ 0.015 0.813 £ 0.021 | 0.816 £ 0.015 0.798 £ 0.022 0.809 £ 0.020

2.4.2 Hiéu nang cua thuat toan TARPD-RO

Trong phan nay, mot s6 thyc nghiém sé duge thuyc hién nham chitng minh hiéu qué
clia thuat toan gia ting IARPD-RO trong viéc tim kiém mot rat gon xap xi trén bang
quyét dinh c6 sy loai bé tap doi tugng. Cac thyc nghiem duge tién hanh trén nhitng bo
dit lieu chuan, duge mo ta trong Bang 2.6. Khéc vé6i truong hop ap dung cac thuat toan
gia tang khi bo sung tap déi tuong, ¢ day tap con U, bao gom mot niia dit lieu goc

va duge chia thanh nam phan gan bing nhau, ky hiéu tit U; dén Us. Cac phan nay lan
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lugt duge loai bé khoéi U dé ap dung cho cac thuat toan gia tang.

gon trén cac tap dit lieu gdec. Riéng v6i thuat toan ARPD, cac gia tri tham s6 a va 8
duge duyét trong khoang tit 0 dén 1 v6i bude nhay 0.05 nhim xac dinh rat gon t6i uu.

Qua trinh duyét tham sd duge minh hoa trong Hinh 2.4 cho thay anh hudng r6 rét clia

Bang 2.6: Cac tap dit lieu thit nghiem cho IARPD-RO va mét sé thuat toan

TT | Tap dit lieu S6 dbi tugng | |Ugee| | S6 thuoc tinh | S6 16p | Nguon dit lieu
1 Robot-failures 164 84 90 5 OpenML
2 Ionosphere 351 176 34 2 UCI
3 Movement 360 180 90 15 UCI
4 Pizza 1043 523 35 2 OpenML
5 PD 756 381 754 2 UCI
6 Seismic-bumps 2584 | 1294 18 2 UCI
7 Waveform1 5000 | 2500 21 3 UCI
8 Wall 5456 2728 24 4 OpenML

cac tham so den ket qua cta thuat toan.

KorIndoy

Ionosphere

0.87

0.86

Wall

KovINOOY

PD

0.60

KorINdOY

0.40

0.65

0.60

KorIN0OY

0.55

0.50

‘Waveform1

Dau tién, cac thuat toan ARPD, ARIFPD, IFPR, NIFS va F-FDAR sé tim kiém rit

Movement

0.92

0.90

Hinh 2.4: Do chinh x4c phan 16p cia ARPD khi duyét cac gia tri tham s6 trén U
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Dura trén két qua trong Bang 2.7, thai gian thuce thi clia cac thuat toan theo tiép can
tap tho mo dat hieu qua cao hon so véi cac thuat toan theo tiép can tap md truc cam.
Su chénh lénh nay cang duge thé hien ré khi xit 1y trén cac tap dit lieu lon.

Tuong tu nhu két qua trong Bang 2.2, v6i uu diém khi stt dung mot do do don gian
va co ché tang toc, thuat toan NIFS c6 thoi gian thite thi nhanh nhat so véi cac thuat
toan khac. Tuy nhién, néu chi xét trén khong gian tap tho mo tryc cadm, thuat toan dé
xuat c¢6 tdc do xit Iy nhanh hon ba thuat toan con lai. Cu thé, thoi gian thuc thi trung
binh ctia ARPD trén cac bo dit licu 1a 40.995 giay, trong khi dbi v6i cac thuat toan
FMIFRFS, ARIFPD va IFPR thoi gian thic thi 1an lugt 1a 52.252 giay, 57.514 giay va
63.478 giay.

Béng 2.7 trinh bay kich thude rat gon thu duge cia mdi phuong phap. Nhin chung,
cac thuat toan déu cho thay kha ning chon loc mot tap con thuoc tinh c6 kich thuée
nhé hon dang ké so vé6i tap dit lieu ban dau, dac biét trén cac bo dit lieu nhu Pizza,
PD va Ionosphere. Xét trén toan bo cac trudng hop, thuat toan ARPD dat két qué noi
bat nhat trong bén truong hop, véi s6 lugng thuoc tinh dude trich xuat it hon so véi
cac phuong phap con lai. Dang cha ¥, kich thude rat gon trung binh ciia ARPD la 14.0,
thap hon so véi cac thuat toan FMIFRFS, ARIFPD, IFPR, NIFS va FDAR, lan lugt
la 16.4, 19.0, 17.8, 18.8 va 18.9. Do d6, c6 thé nhan thay ring ARPD c6 kha nang tim
kiém céc rit gon toi uu trén cac 16p dit lieu da dang va c6 tinh 6n dinh trong qua trinh

X1t 1y.

Bang 2.7: Kich thudc rat gon, thoi gian xit Iy cia ARPD va cac thuat toan trén U.

ARPD FMIFRFS ARIFPD IFPR NIFS F-FDAR
Time | |A] Time | |A| | Time | |A| | Time | |A] Time | | A Time | | A
Robot-failures | 0.1280 | 15 | 0.7683 | 22 | 0.1392 | 16 | 1.6414 | 17 | 0.0151 | 19 0.0711 | 19

Tap dit lieu

Ionosphere 0.1619 | 12 |0.2356 | 9 |0.1523 | 15 |0.8762| 8 | 0.0084 14 0.0584 | 14
Movement 0.4845 | 15 | 55189 | 18 | 0.8367 | 23 | 2.0156 | 23 | 0.1163 | 15 0.2482 | 20
Pizza 3.3650 7 19.6722 | 19 |5.9454 | 14 |5.0071 | 13 1.2779 | 22 | 1.0891 | 15
PD 21854 | 41 | 211.70 | 38 | 267.13 | 49 | 251.56 | 47 | 6.4523 | 46 79.811 | 47

Seismic-bumps | 4.1578 3 114741 9 | 45112 3 |1.6542| 2 |0.1371| 5 1.8836 | 6

Waveform1 68.391 | 15 | 76.427| 9 |72.667 | 16 |107.64| 19 | 2.9914 | 16 19.477 | 15

Wall 32.730 | 4 10222 | 7 |108.73 | 16 | 13743 | 13 |2.8172| 13 23.320 | 15
Trung binh 40.995 | 14.0 | 52.252 | 16.4 | 57.514 | 19.0 | 63.478 | 17.8 | 1.7270 | 18.8 | 15.745 | 18.9

Tiép theo, do chinh x4c phan 16p clia cac tap rat gon thu duge tit cdc thuat toan

thuc hién trén bang quyét dinh ¢6 dinh duge trinh bay trong Bang 2.8. C6 thé nhan
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Bang 2.8: So sinh do chinh x4c phan 16p ciia ARPD v6i mot s6 thuat toan tren U

Tap dit lieu Tap gboc ARPD | FMIFRFS | ARIFPD IFPR NIFS | F-FDAR
0.535 + | 0.658 + 0.622 + | 0.658 + | 0.609 + | 0.583 + | 0.597 +
Robot-failures
0.099 0.113 0.106 0.113 0.121 0.133 0.097
0.838 £ | 0.880 + 0.903 £ | 0.858 + | 0.906 + | 0.849 + | 0.860 +
Tonosphere
0.064 0.074 0.053 0.055 0.055 0.060 0.049
0.758 £ | 0.761 + 0.769 + | 0.756 + | 0.764 + | 0.733 + | 0.747 +
Movement
0.117 0.130 0.119 0.114 0.115 0.116 0.126
0.863 + | 0.869 + 0.869 + | 0.865 + | 0.867 = | 0.866 & | 0.866 +
Pizza
0.022 0.027 0.020 0.024 0.020 0.023 0.022
0.792 + | 0.798 + 0.796 £ | 0.774 &+ | 0.780 £+ | 0.742 + | 0.784 +
PD
0.061 0.036 0.046 0.047 0.044 0.070 0.057
0.908 £ | 0.925 + 0.914 £ | 0.925 4+ | 0.932 + | 0.913 &+ | 0.909 +
Seismic-bumps
0.043 0.028 0.032 0.028 0.007 0.046 0.036
0.821 + | 0.823 + 0.812 £ | 0.816 &= | 0.806 + | 0.817 &+ | 0.814 +
Waveform1
0.021 0.022 0.010 0.022 0.023 0.019 0.016
0.773 £ | 0.831 + 0.816 £ | 0.784 4+ | 0.782 £ | 0.773 &+ | 0.779 +
Wall
0.059 0.040 0.038 0.062 0.065 0.064 0.074
0.786 + | 0.818 + 0.813 £ | 0.805 4+ | 0.806 + | 0.785 & | 0.795 +
Trung binh
0.061 0.059 0.053 0.058 0.056 0.066 0.060

thay ring hau hét cac thuat toan déu cai thien dang ké hieu qua phan 16p trén phan 16n
cac tap dit lieu. Tuy nhién, déi véi cac tap dit lieu c6 do chinh xac phan 16p ban dau
thap nhu Robot-failures, Movement, PD va Wall, cac thuat toan dua trén tiép can tap
thé mo cho thay hiéu qua kém hon. Diéu nay phan anh nhitng thach thic ctia mo hinh
tap tho mad trong viéc loai bd cac thudc tinh chia thong tin nhiéu.

Trong s6 sau thuat toan duge so sanh, ARPD dat do chinh x4c phan 16p trung binh
cao nhat, mic du tap rat gon thu duge la nhé nhat. Cu thé, do chinh xac phan 16p
trung binh ctia ARPD tang 4,2% so véi khi stt dung toan bo tap thuoc tinh ban dau.
Néu chi xét trong khong gian tap tho md truc cam, ARPD dat hiéu qua phan 16p cao
nhat trong nam truong hgp. Diéu nay cho thay tinh hiéu qua ctia thuat toan dugce deé
xuat so véi cac phuong phap cing huéng tiép can, dic biet 1a trong viéc xit 1y cac tap
dit lieu c6 nhiéu va do chinh xac phan 16p ban dau thap. Cudi ctiing, mot s6 phan tich

lien quan dén céc thuat toan gia ting trén bang quyét dinh c6 sy loai bé tap doéi tuong
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sé dugc trinh bay thong qua viéc danh gié cac tieu chi hiéu nang tit két qua ciia ba thuat
toan TARPD-DO, IF-FDAR-DO [81] va AIFSD-FKD [82]. Trong d6, IF-FDAR-DO va
AIFSD-FKD la cac thuat toan gia tang dua trén khoang cach phan hoach md va khoang
cach tri thitc mo. Cac thuat toan nay st dung tap rit gon dau vao duge sinh ra tit cac
phuong phap ARPD, IF-FDAR va NIFS tuong ting dé thic hien cac buée tinh toan gia
tang. Bén canh d6, nham chitng minh tinh hiéu qua ctia phuong phap dé xuat trong
khong gian tap tho md trire cdm, mot thuat toan gia tang rat gon thudc tinh dya trén
khoang cach phan hoach md tric cam ciing duge cai dat dua trén nghién ctu [91]. Thuat
toan nay duge dat tén la ARIFPD-DO.

Qué trinh x1 Iy cua cdc thuat toan gia tang loai bé duge dién ra trong nam giai
doan. Céac két qua ve thoi gian thie thi v kich thude clia cac rit gon xap xi duge trinh
bay trong Bang 2.9. Két qua cho thay, cdc thuat toan gia tang dat dugc téc do xit 1y
nhanh hon dang ké so véi cac thuat toén thuc hien trén bang quyét dinh ¢b dinh. O méi
budc gia tang, cac thuat toan dua trén tap the mo luon thé hien wu thé ro rét veé toc
do so v6i cac thuat toan theo cach tiép can tap md truc cam. Dic biet, AIFSD-FKD la
thuat toan c6 thoi gian thiyc thi ngan nhat trong hau hét cac bude, nho co ché bo qua
viéc tinh toan cac ma tran quan hé va st dung mot do do don gidn dé trich chon thuoc
tinh.

Khi xem xét cac thuat toan trong khong gian tap mo tric cam, két qua quan sat
ciing hoan toan nhat quan véi cdc phan tich trude d6. Trong phan 16n céc budce gia tang,
IARPD-DO cho thsi gian thyc thi nhanh hon ARIFPD-DO, nhe dac tinh cta tap lat
cat a, B giup thu hep khong gian tinh toan bang céch loai bé mot sd déi tugng trong
cac hat thong tin mo triyc cAm. Dang chi ¥ hon, 6 mot s6 bude gia tang, thuat toan dé
xuat con dat thoi gian x1t Iy ngdn nhat. Nguyén nhan xuat phat tir viéc né tao ra mot
rat gon xap xi ¢6 kich thuéc nhé nhat, kéo theo sé6 vong lip trong qua trinh chon loc
thuoc tinh ciing gidm dén miic t6i thiéu.

T cac két qua trinh bay trong Bang 2.9, c¢6 thé nhan thay thuat toan dé xuat thu
dudce cac rit gon c6 kich thude nho nhat trong phan 16n cac bude loai bé tap doéi tuong
so v6i cac thuat toan con lai. Chi c¢6 ba trudng hop rit gon ciia thuat toan dé xuat co
kich thuée 16n hon so véi cac thuat toan khac. Trong ba muoi bay truong hop con lai,
thuat toan dé xuat déu thu dugce cac riat gon nhé hon, dic biét trong cac truong hop dit
liéu c6 hieu qua phan 16p ban dau thap.

Cubi cling, nghién cttu tién hanh danh gia hiéu qui phan 16p nham lam rd mitc do
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Bang 2.9: Thoi gian chay, kich thude rat gon cia IARPD-RO va cac thuat todn gia ting

Tap di lieu Tap dit lieu | IJARPD-RO | ARIFPD-DO | IF-FDAR-DO | AIFSD-FKD

loai b time | |[AT| | time | |[AT| | time | |AT| | time | |A7|
|U| = 148 0.007 | 14 0.009 | 15 0.007 18 | 0.004 | 18
Uy =132 | 0.006 | 13 | 0.009| 14 | 0.005| 17 |o0.003| 17
Robot-failures | |Us| = 116 0.005 | 12 0.008 | 13 0.005 17 0.003 | 16
|U,| = 100 0.005 | 11 0.007 | 12 0.004 17 0.002 | 15
|Us| = 84 0.001 | 11 0.006 | 11 0.004 16 0.002 | 14
|U| = 316 0.019 | 11 0.031 | 14 0.011 14 0.005 | 14
|Us| =281 | 0.002 | 11 0.025 13 0.011 14 0.002 | 12
Tonosphere |Us| = 246 0.002 | 11 0.007 | 13 0.012 13 0.001 | 12
|U,y| = 211 0.002 | 11 0.007 | 13 0.009 13 0.001 | 12
|Us| = 176 0.016 | 10 0.006 | 13 0.009 13 0.001 | 12
|Uy| = 324 0.031 | 14 0.068 | 22 | 0.021 20 0.006 | 14
|Us| = 288 0.031 | 13 0.042 | 21 | 0.019 19 0.005 | 13
Movement |Us| = 252 0.032 | 13 0.066 | 20 | 0.019 18 0.005 | 12
|U,| = 216 0.026 | 12 0.052 | 19 0.018 17 0.003 | 10
Us| =180 0.022 | 11 0.048 | 18 0.013 16 0.003 9

|U1| = 939 0.002 7 0.811 | 13 | 0.001 15 0.003 | 22

|Us| =835 | 0.001 7 0.004 | 13 | 0.001 15 0.002 | 22

Pizza |Us| =731 | 0.001 7 0.002 | 13 | 0.001 15 0.002 | 22

7

7

|Us| = 627 | 0.001 0.001 | 13 | 0.001 15 | 0.001 | 22
|Us| =523 | 0.001 0.001 | 13 | 0.001 15 | 0.001 | 22
|Uy| = 681 3.678 | 40 5.524 | 48 1.761 | 46 | 0.017 | 46
|Us| = 606 3.514 | 39 5.288 | 47 1.644 | 46 | 0.014 | 46
PD |Us| = 531 3.355 | 38 5.012 | 46 1.525 | 45 | 0.011 | 46
|Uy| = 456 3.154 | 37 | 4952 | 45 1.482 | 44 | 0.001 | 46
|Us| = 381 3.110 | 36 4.683 | 44 1.306 | 44 | 0.001 | 46
|Ui| =2326 | 0.166 | 2 0.172 2 0.001 6 0.011 4

|Us| = 2068 | 0.061 1 0.068 1 0.001 6 0.007 | 3

Seismic-bumps | |Us| = 1810 | 0.001 1 0.001 1 0.001 6 0.002 2
1 1 6 2

1 1 6 2

|U,| = 1552 | 0.001 0.001 0.001 0.001
|Us| = 1294 | 0.001 0.001 0.001 0.001
|Ui| = 4500 | 21.45| 14 24.84 | 15 7318 | 14 | 0.026 | 16
|Us| = 4000 | 16.49 | 13 2237 | 14 6.479 14 | 0.024 | 16
Waveform1 |Us| = 3500 | 15.87 | 12 18.69 | 13 4.731 12 | 0.074 | 14
|Us| = 3000 | 13.51 | 11 16.73 | 12 3914 | 11 | 0.058 | 13
|Us| = 2500 | 11.31 | 10 1355 | 11 3.199 | 10 | 0.041 | 12
|U| = 4911 | 1.450 3 29.01 | 15 6.852 14 1 0.135| 13

|Us| = 4366 | 1.012 2 26.35 | 14 5.991 13 0.124 | 13

Wall |Us| = 3821 | 0.010 2 2221 13 5.103 12 0.120 | 13
2

2

|Uy| = 3276 | 0.028 19.52 | 12 4.345 11 0.133 | 12

Us| = 2731 | 0.015 16.23 | 11 3.551 10 0.135 | 11

t61 uu dat dugc tit cac rat gon. Trong Bang 2.10, ¢6 13 trong tdng s6 40 truong hop rit
gon tit thuat toan dé xuat c6 hiéu qua phan 16p kém hon so véi cac thuat toan khéc.
Tuy nhién, § cac trudng hop con lai, thuat toan dé xuat ching minh hiéu qua noéi bat
trong viéc nang cao do chinh xac phan 16p. Dic biéet, doi véi cac tap dit lieu khong nhat

quan va c6 do chinh xac phan 16p ban dau thap nhu Robot-Failures, Movement va Wall,



do chinh x&c phan 16p trén cac bude loai bé ctia IARPD-DO cao hon dang ké so véi céc
thuat toan so sanh, méc du kich thude tap rat gon thu duge nhé hon. Nhu da phan tich
§ phan trén, co ché diéu chinh nhiéu thong qua tap lat cat a, 8 déng vai tro quan trong

trong viéc nang cao hiéu qua cta cac do do danh gia thuoc tinh. Nho do, cac thudc tinh
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diéu kien duge trich xuat bsi IARPD-DO thé hién kha niang phan 16p vugt troi.

Bang 2.10: So sanh do chinh xéc phan 16p cuia IARPD-RO véi céc thuat toan gia tang

Tap dit ligu | Tap dit lieu goe IARPD-AO ARIFPD-AO | IF-FDAR-AO AIFSA-FKD
0.573 £ 0.102 | 0.669 £+ 0.092 | 0.669 £ 0.092 0.635 £ 0.129 0.560 £+ 0.084
0.575 £ 0.107 | 0.659 £+ 0.117 | 0.636 £ 0.120 0.605 £ 0.068 0.583 £ 0.126
Robot 0.588 £+ 0.104 | 0.639 £+ 0.103 | 0.639 £ 0.103 0.605 £ 0.092 0.570 £ 0.073
-failures 0.660 £+ 0.102 | 0.680 £+ 0.117 | 0.680 £ 0.117 | 0.670 £ 0.078 0.630 £ 0.127
0.629 £+ 0.105 0.640 £+ 0.099 0.653 £ 0.088 | 0.665 £+ 0.110 0.642 £+ 0.144
0.830 £ 0.057 | 0.877 £ 0.066 0.871 £ 0.059 0.852 £ 0.048 0.842 £ 0.080
0.808 £ 0.070 0.861 £ 0.091 | 0.872 £ 0.075 0.851 £ 0.065 0.843 £ 0.093
Ionosphere 0.794 £ 0.095 | 0.863 + 0.112 0.859 £ 0.115 0.846 & 0.085 0.838 £ 0.081
0.777 £ 0.109 0.834 £ 0.137 | 0.844 £ 0.106 0.839 £ 0.098 0.810 £ 0.107
0.773 £0.097 | 0.801 £ 0.123 0.801 £ 0.102 | 0.819 £ 0.089 0.794 £ 0.098
0.739 £ 0.110 | 0.764 + 0.117 | 0.733 &£ 0.107 | 0.727 £ 0.119 0.717 £ 0.096
0.767 £ 0.102 | 0.795 £+ 0.119 0.757 £ 0.097 | 0.747 £ 0.113 0.771 £ 0.101
Movement 0.770 £ 0.101 | 0.814 + 0.095 0.758 £ 0.092 0.755 £ 0.111 0.774 £ 0.092
0.851 £ 0.105 0.838 £ 0.088 0.837 £ 0.098 | 0.847 £ 0.088 0.838 £ 0.063
0.867 £ 0.090 | 0.883 + 0.072 0.872 £ 0.086 0.861 £ 0.094 0.861 £ 0.071
0.865 £ 0.032 | 0.873 £ 0.022 0.864 £ 0.028 0.864 £ 0.030 0.864 £ 0.031
0.872 £ 0.033 | 0.872 £+ 0.026 0.870 £+ 0.032 0.870 £+ 0.034 0.870 £ 0.033
Pizza 0.866 £ 0.026 | 0.866 + 0.029 0.863 £+ 0.027 | 0.866 £+ 0.026 0.863 £ 0.027
0.857 £ 0.022 | 0.874 £+ 0.025 0.852 £ 0.024 | 0.853 £ 0.025 0.853 £ 0.022
0.851 £ 0.024 | 0.864 + 0.021 0.849 £ 0.026 0.853 £+ 0.024 0.851 £ 0.024
0.802 £ 0.068 | 0.803 + 0.051 0.792 £ 0.047 | 0.789 £ 0.047 | 0.777 £ 0.056
0.802 £ 0.069 | 0.824 + 0.064 0.805 £ 0.062 0.789 £+ 0.072 0.802 £ 0.068
PD 0.801 £ 0.061 0.787 £+ 0.081 0.795 £+ 0.082 0.791 £ 0.070 | 0.801 £ 0.061
0.816 &+ 0.074 0.812 £ 0.079 0.803 £ 0.099 | 0.823 £ 0.088 0.816 £ 0.074
0.785 £+ 0.079 0.788 £ 0.075 | 0.793 £ 0.070 0.811 £ 0.060 0.785 £ 0.079
0.907 £ 0.042 | 0.930 £+ 0.002 0.903 £ 0.081 0.905 £ 0.046 0.912 £ 0.032
0.900 £ 0.052 | 0.926 £ 0.002 | 0.926 + 0.002 0.899 £ 0.050 0.902 £ 0.060
Seismic 0.889 £+ 0.022 | 0.920 £+ 0.002 | 0.920 £ 0.003 0.883 £ 0.046 0.919 £ 0.006
-bumps 0.878 £ 0.060 | 0.918 £ 0.003 | 0.918 + 0.003 0.891 £ 0.035 0.910 £ 0.007
0.871 £ 0.049 | 0.906 £+ 0.002 | 0.906 £+ 0.002 0.864 £ 0.061 0.893 £ 0.010
0.818 £+ 0.022 0.820 £ 0.018 | 0.826 £ 0.024 | 0.819 +£ 0.022 0.820 £ 0.015
0.820 £ 0.021 0.808 £ 0.029 | 0.813 + 0.024 | 0.808 £ 0.029 0.809 £ 0.013
Waveform1 0.817 £ 0.021 0.815 £ 0.017 | 0.816 £ 0.017 | 0.815 £ 0.017 | 0.815 £ 0.022
0.817 £+ 0.024 0.807 £ 0.013 0.802 £ 0.021 0.810 £ 0.023 | 0.814 + 0.016
0.812 £+ 0.020 0.804 £ 0.017 | 0.790 £ 0.027 | 0.794 £ 0.019 | 0.808 £ 0.019
0.765 &£ 0.070 | 0.850 & 0.030 0.782 £ 0.078 0.782 £ 0.070 0.765 £ 0.063
0.755 £ 0.065 | 0.774 £+ 0.034 0.769 £ 0.068 0.776 £+ 0.068 0.746 £ 0.065
Wall 0.728 £ 0.082 | 0.764 £+ 0.036 0.744 £ 0.070 0.750 £ 0.076 0.724 £ 0.066
0.693 £+ 0.044 | 0.766 £ 0.054 0.712 £ 0.044 | 0.715 £ 0.050 0.693 £ 0.042
0.633 £ 0.096 | 0.733 £ 0.069 0.670 £ 0.075 0.654 £ 0.078 0.644 £ 0.090

Dura trén do chinh xac phan 16p ctia cac phuong phap trong Bang 2.10, phuong phap

kiém dinh t-tests phu thuoc ciing duge tién hanh véi mitc tin cay 1a 0.95 dé danh gia
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su khac bigt gita TARPD-DO, ARIFPD-DO, IF-FDAR-DO va AIFSD-FKD. Cac gia
tri tuong tng p-values (two-tailed) duge xac dinh tuong tng la 0.0009, 3.896E-05 va
4.812E-06 ddi v6i bo phan 16p KNN. Nhitng két qua nay cung cap co sé vitng chic dé
khéng dinh ring thuat toan dé xudt vuot troi so véi cac thuat toan dude so sanh véi ¥
nghia thong ke.

2.5 Két luan Chuong 2

T sy mé rong cua khai niem 1at cit o trong 1y thuyét tap ma, tap lat cit «, 8 ban
dau dugc xay dung v6i muc tiéu loai boé nhitng ddi tuong c6 do khac biét cao va do
tuong tir thap trong cac hat thong tin mo tryc cdm. Nhitng d6i tuong nay duge sinh ra
béi nhiéu va la nguyén nhan chinh lam suy giam hiéu qua ctia cdc mo hinh phan 16p.
T viéc loai bé cac ddi tuong nhiéu, cac hat thong tin mo triic cAm mic «, 8 duge hinh
thanh va dude xem nhu mot truong hgp tong quat ciia cac hat thong tin md triuc cdm
truyen théng. Diyra trén cac hat thong tin nay, mot phan hoach md tryc cdm mic «, 8
duoc thiét lap, dong vai tro nén tang dé xay dung mot do do khoang cach phan hoach
méi. V6i dic trung clia mot do do khoang cach tuyet doi, do do dé xuat c6 kha ning
xét dén toan bo cac dbi tugng trong tap vil tru. Nho dé, viéc Ia chon cic thuoc tinh
quan trong tit do do da mang lai hieu qua dang ké. Trén co sé nay, nghién citu da dinh
nghia lai mot rat gon t6i vu clia bang quyét dinh va thiét ké mot thuat toan rat gon
thuoc tinh trén bang quyét dinh ¢6 dinh (ARPD). Ro rang, nho ¢6 co ché loai bo anh
hudng ctia cac dbi tugng nhiéu, cac hat thong tin mo tryc cdm mic o, 3 ¢6 ¥ nghia rat
cao trong viec biéu dién thong tin. Do d6, cac hat thong tin nay giit vai tro then chét
trong viéc quyét dinh hiéu qua ctia thuat toan. N6i cach khac, hieu qua dat dude cia
thuat toan xuat phat truc tiép tit nhitng wu diém ctia mo hinh. Mot s6 két qua thuc
nghiém cho thay thuat toan dat hiéu nang vuot troi so v6i cac thuat toin dya trén mo
hinh tap tho mao, dac biét trén cac bo dit lieu ma cac moé hinh phan 16p thuong cho hiéu
qud thap. Bén canh do, déi véi cac bo dit lieu c6 s6 chicu 16n, thuat todn dé xuat con
cho thay kha nang cai thien dang ké thoi gian thuc thi so véi cac thuat toan dua trén
tap tho mo trirc cam.

Tit cac phan tich trén c6 thé nhan thay rang mo hinh dé xuat c¢6 kha ning ap dung
hiéu qua trén cac tap dit lieu c6 s6 chicu 16n, dic biét 1a cac tap dit lieu chiu &nh hudng
manh bdi nhiéu va chita cic doi tugng c6 sy phan bd khac biét so v6i phan 16n cac doi
tuong trong tap vu tru.

Ngoai ra, nhim dap tng cic tinh hudng thuc té ctia dit lieu, hai cong thiic tinh
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khoang cach gitta cadc phan hoach mao truc cam 6 mitc «, § da duge xay dung, dong vai
tro nén tang cho viéc dé xuat cac thuat toan gia ting nhim xi 1y cidc bang quyét dinh c6
st bo sung hoiic loai bé tap doi tuong. Két qua thuc nghiém ciing cho thay céc phuong
phép nay dat hiéu qua trén phan 16n cac bo dit lieu nhiéu, thé hién & kha ning cai thien
do chinh xéc phan 16p cling nhu giam thiéu dang ké thoi gian thuc thi trén cac bo dit
lieu c6 s6 chiéu 16n so véi cac thuat toan gia tang tiép can dya trén mo hinh tap tho mo
truc cam.

Tit nhitng két qua nay, mot s6 wu diém noi bat ciia mo hinh dé xuat da duge lam ré.
Uu diém dau tién dén tir kha nang ké thita cac tinh chat quan trong ctia tap md truc
cadm thong qua viéc bo sung thanh phan ham khong thuoc gitp diéu chinh thong tin tit
cac dbi tuong nhiéu trong dit lieu. Uu diém thit hai dén tit co ché loai bé hoan toan anh
hudéng ctia cac d6i tugng nhiéu thong qua tap lat cat a, 3. Do d6, khong gian tinh toan
dugde rat gon va thoi gian xit 1y duge cai thién t6t hon. Tuy nhién, trong thyc té, mdi
thuoc tinh diéu kién thuong cé nhitng anh huéng khac nhau t6i quyét dinh ctia moéi doi
tuong. M6 hinh tap md truc cdm miec «, 8 da bd qua van dé nay khi chi xem xét vai tro
clia cac thuodc tinh nay nhu nhau khi thiét 1ap cac hat thong tin mo triyc cam. Do do,
trong mot s6 trudng hgp cic thuat toan khong chon dude cac thude tinh thite sy quan
trong. Dé gidi quyét van dé nay va mot sd han ché cia nhanh mé rong tit mo hinh tap
tho lan can, Chuong 3 ctia luan 4n sé trinh bay vé mot mo hinh méi c6 nhitng wu diém
noi troi hon so véi mo hinh tap md tryc cdm mic «, 3. M6 hinh nay c6 kha nang phan
anh dung mtc do lien quan gitta tiing thuoc tinh diéu kién véi thuoc tinh quyét dinh va
danh gia chi tiét vai tro ctia mdi doi tugng trong mot hat thong tin. Nho do, cac thuat
toan it gon thudc tinh trién khai trén moé hinh nay dude k¥ vong sé mang t6i nhiing

két qua an tugng hon.
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CHUONG 3
DE XUAT MOT SO THUAT TOAN RUT GON THUOC TiNH
DUA TREN TAP THO LAN CAN MO TRUC CAM CO
TRONG SO

3.1 M4 dau

Nhu da trinh bay trong Chuong 2, mot s6 mo hinh theo ca hai nhanh mé rong cta ly
thuyét tap tho van ton tai mot s6 han ché nhat dinh. Thi nhat, mot s6 mo hinh thuong
bd qua viéc phan dnh mitc do lién quan cla ting thuoc tinh diéu kién v6i thudce tinh
quyét dinh. He qua 1 trong qua trinh rat gon, cic thuoc tinh c¢6 ¥ nghia thyc sy doi
v6i quyét dinh c6 thé khong duge wu tien lya chon, lam suy giam chat lugng tap rut
gon va hiéu qua phan 16p. Thit hai, mot s6 mé rong tir Iy thuyét tap tho lan can c6 cau
trac hat con don gian va chua biéu dién chi tiét vai tro ctia cac déi tuong trong mot
hat thong tin. Cac phuong phap hién c6 chii yéu tap trung vao viéc phan anh sy tuong
dong vdi doi tuong dang xem xét, dong thoi bé qua sut khong chic chan va do dy von
ton tai trong dit licu thire té. Thit ba, mot s6 mo hinh tap tho lan can mdé rong hién nay
chua tich hop dong thoi hai co ché gan trong s6 thuoc tinh va trong sé ddi tugng, mic
du su két hop nay duge ky vong sé mang lai nhitng hiéu suat cai tién dang ké trong qua
trinh rat gon. N6i cach khéc, viec thiéu mot co ché tich hop thong nhat khién mo hinh
kho khai thac hét thong tin ctia dit liéu, lam han ché kha nang nang cao hiéu suat rit
gon. Xuat phat tit nhiing han ché néu trén, noi dung ctia luan an trong Chuong 3 sé tap
trung vao cac dong gép chinh nhu sau:

Thit nhat, luan 4n dé xuat mo hinh tap tho lan can md tric cam c6 trong so, trong
d6 méi doéi tuong duge dac trung khong chi béi do thuoc ma con béi do khong thuoe va
do do duy. Trén co sé nay, luan an xay dung khoang cach gitta hai ho lan can mao triyc
cadm c6 trong sd6 nhim dinh nghia lai mot kiéu rat gon méi lam nén tang trong viec de
xuat mot thuat toan rat gon thuoc tinh trén bang quyét dinh c¢6 dinh theo tiép can loc.

Thit hai, luan an phat trién hai cong thiic gia ting dya trén do do khodng cach ho
lan can md truc cam cé trong s6 dé ap dung cho cac truong hgp bang quyét dinh c6 su
thay doi tap déi tuong, dong thoi dé xuat hai thuat toan gia tang rit gon thuoc tinh
tren bang quyét dinh thay ddi.

Thit ba, luan an chiing minh hiéu qua ciia cac thuat toan dé xuat dya trén viéc so
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sanh v6i mot s6 thuat toan theo mo hinh tap tho md va tap tho lan can trong so.

Két qua nghien cttu ciia chuong nay duge cong bd trong cac cong trinh [CT6] va
[CT7] thuoc phan Danh muc cic cong trinh nghién citu ctia luan an.

3.2 M5 hinh tap thé lan can md truc cam cé trong so

Nham kh#c phuc han ché ciia cac mo hinh hién c6 trong viéc phan anh dang mic
do lien quan gitta ting thudc tinh dieu kién va thuoc tinh quyét dinh, luan an dé xuat
mot mo hinh méi két hop tap tho lan can c6 trong s6 véi tap tho ma truc cdm. Sy két
hop nay tan dung wu diém ciia cd hai khung 1y thuyét, hita hen nang cao hiéu qua cac
thuat toan rat gon thudc tinh.

C6 thé thay rang, cac mo hinh duge trinh bay chi tap trung vao sb6 luong cac doéi
tugng ndm trong mot hat thong tin. Diéu nay c6 thé duge hiéu ring, cac dbi tugng trong
hat thong tin déu chi c6 mot do quan trong nhu nhau trong viéc ra quyét dinh ve déi
tuong u. Tuy nhién, dit liéu luon c6 sy phan bd da dang trong thyc té, nghia 1a moi doi
tuong trong mot hat thong tin sé dong mot vai tro khac nhau. Vi du nhitng doi tuong
gan u c6 vai tro 16n hon so véi cac doi tuong nam xa u. Do d6, viec dua ra mot danh
gia chinh xac vé do quan trong clia cac doi tuong trong hat thong tin lan can trong sb
la rat can thiét. Dé giai quyét van dé nay, luan 4n sé dé xuat mot mo hinh méi dua tren
tap md triye cam dé danh gia cho cac déi tugng trong mot 1an can, nghia la mdi mot doi
tuong sé duge bicu dién béi mot do thuoc va do khong thudc ciia né trong hat thong
tin lan can trong so.

3.2.1 Khai niém vé tap tho lan can m& truc cam cé trong sb

Duya trén nhitng vu diém tir tap tho lan can trong s6 dudc trinh bay, trong phan nay,
luan 4n sé trinh bay vé mot mo hinh méi duge goi 1a mo hinh tap tho lan can mo truc
cam c6 trong s6. Qua do6, mot s6 khai niém co ban ctia mo hinh ciing sé dudgc gisi thieu
dé lam ndi bat nhitng wu diém ma mo hinh mang lai.

Dau tien, cho bang quyét dinh IS = (U,C' U D) va mot tap con thuge tinh A C C.
Gia st rang, [u]iiw = {uy,uy,...,ux} v6i k < |U| la mot hat thong tin lan can trong s6
ciia doi tugng u theo A. Khi do, cac ddi tugng trong [u]i{w déu duge xem 1a c6 mic do
quan trong nhu nhau khi dua ra quyét dinh cho déi tuong u. Tuy nhién, vai tro clia cac
d6i tugng nay 1a hoan toan khac nhau trong viéc danh gia u. Do d6, viec xét t6i mitc do
quan trong ctia mdi déi tuong trong mot hat thong tin 1a rat can thiét. Dé giai quyét van
dé nay, nghién cttu huéng t6i viec gan trong s6 cho méi ddi tugng trong mot hat thong

tin dua trén hai thanh phan theo dic trung clia mot tap mo truc cam. Cu thé, trong s6
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5 X+ 34 o,w AT < re10,w
ctia moi doi tuong u; € [u]}” duge ky hieu la [i]" (v;) = (’y[u]iw (u;) e (uz)>, trong
do, Vg (u;) va Mg’ (u;) tuong tng 1la do thuoc va do khong thuoc ctia doi tuong wu;

trong hat thong tin [u]%”, duge xac dinh nhu sau:
= Vg (u;)) = 1— A% (u,u;), v6i A4 (u,u;) 1a khodng cach trong s6 gitta u v u; theo

Cong thitc 1.7, trong truong hop p = oo,

- V[u}i"w (ul) . o 1 Z ‘

1+ we x ’}/[u]i‘,u (Ul> |U| el ’[u]gw

trung binh dya trén cic hat thong tin 1an can trong s6 ctia C' va [u]p 1a 16p tuong duong

- e (i) = 1a ti le phan 1dp

ciia ddi tuong u trén D.

Hinh 3.1: Hat thong tin lan can md tryc cdm c6 trong s6

R6 rang, néu w° cang 16n thi bang quyét dinh duge xem 1a c¢6 tinh nhat quan cang
cao va tam anh hudéng ctia do khong thuoc sé gidam. Ngugc lai, néu bang quyét dinh co
do nhat quan thap thi do khong thudc sé ¢6 tam anh hudng 16n hon dé diéu chinh céc

thong tin trén déi tugng nhidu. Déi vé6i cac d6i tugng khong nam trong hat thong tin

lan can trong s6 thi [ii]iw (u;) = (0,1). Két hgp toan bo cac danh gid nay, ching ta thu
duge mot hat thong tin méi [ii]’}* = {[u]i;w (u1), ..., @)% (u|U|)}, duge goi 1a hat thong

tin lan can mo truc cam cé trong sé va duge biéu dién trong Hinh 3.1.

Hinh 3.2 trinh bay tong quan vé qua trinh xay dung céc hat thong tin lan can ms
tric cAm c6 trong so.

R4t d& dé thay ring 0 < Vi’ (u;) + Mg’ (u;) <1, v6i moi u; € U nen [i)% 6 dac
trung nhu mot tap ma trire cadm va duge goi la hat thong tin 1an can ma trize cam ¢6 trong

s6. Khi d6, néu xét tren toan bo céc déi tuong trong U, mot ho F5* = {[ﬂ]i‘” ‘u € U}

sé duge cau thanh va duge goi 1a ho 1an can md tryc cdm c6 trong sé clia thuoc tinh A.
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Xéc dinh . - " Xay dung cac
ac dinh trong so . - . ay dung cac hat Berven 8ims T
N PO g’ Dinh nghia quan hé A & o A hat thong tin lan
cua moi thugc tinh 1An cAn trone sé thong tin lan can L

dieu kién dn trong trong sb can mo tryc

cdm co trong soO

Hinh 3.2: Qua trinh xay dung cac hat thong tin 1an can md triyc cdm cé trong sd

Tiép theo, luan an sé trinh bay mot sd tinh chat then chét ctia hat thong tin lan can

mdo tryc cdm cé trong so.

Ménh dé 3.1 Cho béng quyét dinh IS = (U,C' U D) va hai tap con thuoc tinh A, B C

C. Néu p = oo, thi [ii]’, = [i]% N [ii] %, v6i moi u € U.

T Ménh dé 3.1, ¢6 thé thay viec sit dung khoang cach trong sé6 Chebyshev cé thé
lam tang vai tro 4nh hudng clia cac trong s6 thuoc tinh diéu kién trong viéc thiét lap
cac hat thong tin lan can. Bén canh d6, ménh dé nay con chi ra ring [il]i;w = Nac A[u]i’:}.
Day dugc xem la mot tinh chat quan trong dé xay dung mot chién luge cho viec thiét

ké mot thuat toan rat gon thuoc tinh trén bang quyét dinh ¢ dinh.

Vi du 3.1 Dé xéc dinh céc hat thong tin 1an can mo tryc cdm c6 trong s6 clia tap thuoc
tinh C' trong Bang 1.1 v6i ngudng ban kinh § = 0.5, chiing ta thuc hién cac buéc sau:

Tinh toan trong sb ctia cac thuoc tinh diéu kién theo Cong thiic 1.6 va khoang cach
trong s6 gitta cac doi tugng trong C.

w(ay) =0.13, w(az) = 0.97, w(a3z) = 1.73, w (ay) = 1.42, w (a5) = 0.74.

AY (uy, us) = max{0.13x0.29,0.97x0.01,1.73x0.13,1.42x 0.08,0.74 x 0.12} = 0.22.

Tuong tu, ching ta ciing thu dude khoang cach trong sd v6i cac cip dbi tuong con
lai trong bang.

A (ug,uz) = 0.36, AG (ug,uyg) = 0.76, AZ (uy, us) = 0.64,

AZ (ug,uz) = 0.57, A (ug, ug) = 0.54, AZ (ug,us) = 0.61,

AL (ug,ug) = 1.11, AZ (ug, us) = 0.99, AZ (uy, us) = 0.56.

X4c dinh cac hat thong tin lan can trong s6 trén tap thuoc tinh C:

[wa]™ = {un, uz, us}, [ua)e™ = {ur, us},

[us™ = {un, ug}, [ua)™ = {ua}, [us)e™ = {us}.

Tinh toan ti 1é phan 16p trung binh: w°® = % X <§ + % +1+1+ 1) = 0.83.

Thuc hién tinh toan trong s6 ciia cic ddi tuong trong hat thong tin 1an can mo triec

cam c6 trong so.
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1-0.78
*y[u]osw(ug)—l—036—064:>n[ ]OSw<U3) 1+ 0.83 x 0.64 = 0.24.

T day, ching ta thu duge cac hat thong tin lan can md tric cdm c6 trong sb clia

tap thuoc tinh C' nhu sau:

(1.00, 0. 00 (0.78,0.13) (0.64,0.24) (0.00, 1.00 (0.00, 1.00) }

Y Y

U2 u3 Uy

{ (0. 78 0 13 (1.00,0.00) (0.00,1.00) (0.00, 1.00 (0. OO 1 0

0)
) )
U2 us Uy

0)

(0. 64 0 24 (0.00,1.00) (1.00,0.00) (0.00, 1.00 (0. OO 1 0

'
'

- 05w
.. 05w
.- 05w
- 05w

(0. OO 1 OO (0.00,1.00) (0.00,1.00) (1.00, 0.00 (0. OO 1 00)

Y

U3 ’ U3 Uq
g0 {(0.00,1.00) (0.00,1.00) (0.00,1.00) (0.00,1.00) (L. 00 000 }
51C - Uy ) Us ) Uz ) Uy ) Uus

Meénh dé 3.2 Cho bang quyét dinh IS = (U,C U D), tap con thudc tinh diéu kien

A C C va hai ban kinh lan can 6, va 8. Néu & < 6, thi [@)%* C [@)%*.

Chatng minh. Tu Cong thiic 1.7 véi p = oo va §; < o, néu majc{w(a) |a(u) —a(v)|} < 0y
ac
thi max{w(a) Ja(u) — a(v)|} < 8y, v6i moi u,v € U. Do d6, [u)’* C [u]?* va dé dang
acA

dan dén [@)° C [i]) 2. O

Duya tréen Ménh dé 3.4, khong kho dé thay rang khi gia tri ban kinh lan can cang
nho, s6 luong dbi tugng trong cac hat thong tin 1an can trong s6 khong duge xét téi sé
cang it. Qua do, viec thay doi cac gia tri ban kinh lan can khac nhau sé thu dudc céc
hat thong tin lan can trong s6 md tryc cdm khac nhau. Noéi cach khéc, chiing ta hoan
toan c6 thé thu hep khong gian ctia mdi hat thong tin lan can nho viec bé qua cac déi
tuong c6 su phan bé khac biet. Vé mat tryc cAm, cac déi tuong nay dugde tao ra bdi
nhiéu va anh hudng rat 16n t6i két qua trén cadc mo hinh phan 16p.

T cac khai niem vé hat thong tin lan can trong s6 md tryc cam, mo hinh tap
tho 1an can md tryc cdm c¢6 trong s6 (IFWNRS) duge dinh nghia dya trén cac xap xi
trén va xap xi duéi clia mot tap con déi tugng cho trude. Cu theé, xét bang quyét dinh
IS = (U,C U D), mot tap con thuoc tinh A € C va mot tap con X C U. Cac xap xi
duéi va xap xi trén ctia X duya trén hat thong tin 1an can mo tric cdm c6 trong so theo
A, ky hieu lan lugt 1a W, (X) va IW, (X), dude xac dinh tuong ting nhu sau

i n x|

IWaA(X)=_ueU: (3.1)

il
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va
il 0 x|
. 57w
‘[U]A
trong d6, & va S 1a cac tham s6 théoa man 0 < f < & < 1.

Khi d6, mién bién ctia X theo Fi’w, ky hieu 1a IWBN,4 (X), duge dinh nghia nhu

IWA(X)={ueU: >3 (3.2)

sau:

IWBN, (X) =IW4(X) — IW4 (X) (3.3)

Mién duong va mién bién lan can trong s6 md tritc cadm clia quyét dinh D duge xac

dinh bdi.

IWPOS, (D)= | ) IW,(X) (3.4)
XeU/D
IWBN, (D) = IW, (D) — IW, (D) (3.5)

trong d6, TWa (D) = | ) TWa(X)va IWa (D)= | IWa(X).
XeU/D XeU/D
Cubi cting, ham phu thuodc lan can md trie cdm c6 trong s6 ciia quyét dinh D theo

tap con thuoc tinh A duge xac dinh nhu sau:

IIWPOS, (D)

(3.6)

Tit Cong thiic 3.6, c6 thé néi rang IS 1a nhat quan néu 4 (C, D) = 1 va khong nhat
quan néu 5 (C, D) # 1.
3.2.2 Mot sb tinh chat cia IFWNRS

Trong phan nay, luan an sé trinh bay mot s6 tinh chat quan trong ciia IFWNRS dé

lam 16 nhing wu diém trong viéc ting dung vio cac thuat toan rat gon thuoc tinh.

Ménh dé 3.3 Cho bang quyét dinh IS = (U,C U D) va tap thuoc tinh A C C, mot s6
tinh chat cia IFWNRs dudc trinh bay nhu sau:

1. Néu =0 thi TW, (D) = U va IWBN,4 (D) = U — IWPOS, (D);

2. IWBN4 (D)NIWPOS4 (D) = 0;

3. IWBN, (D)UIWPOSA (D) =1W,4 (D).

Chitng minh. 1. Tt Cong thite 3.2 va f = 0 v6i moi v € X, ching ta c6 v € TWy (X).

Nhu vay, X C W, (X) véi moi X € U/D. Do ds, |) X € [J TWa(X) =
XeU/D XeU/D
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IW4 (D). Ben canh d6, | ) X = U nen U C TW4 (D). Vi U chita toan bo cac déi
XeU/D
tuong nen TW, (D) C U. Do d6, TW,4 (D) = U.

T Cong thiic 3.2, ching ta c6 IWBN4 (D) = U—IW,4 (D). Thém vao do, IW,4 (D) =

| IWa(X)=IWPOS4 (D). Do d6, IWBN4 (D) =U — IWPOS4 (D).
XeUu/D
2. Tt Cong thiic 3.5, ching ta thu duge IW BNy (D) = IW4 (D)—IW4 (D) = IW4 (D)—

IWPOS,4 (D). Do d6, IWBN 4 (D) N IWPOS, (D) = .
3) Vi IWBN, (D) = IW4 (D) — IW4 (D) = TW4 (D) — IWPOS, (D) nén suy ra
IWBN4 (D) UIWPOS4 (D) = TWy (D). Méenh d& da duge chitng minh. 0

Meénh dé 3.4 Cho bang quyét dinh IS = (U,CUD), ACC va X € U/D. Néup = 2,
G=1va =0, thi IWa(X)=WNa(X) va TW;s (X) = WNa (X).

i} 0 x|

Chiing minh. Tt Cong thic3.1vad =1,tacé IW4(X) = u e U : >1

il
. Do d6, ching ta thu duge [4];” C X va
Wy (X)={ueU: i)}’ C X} =WNy(X).

Diéu nay dn dén ‘[u]j“ nx ( > ([d]i“’

i n x|

i

{ueU: [} N X #0} = WN, (X). Ménh dé da duge ching minh, O

Chiing minh tuong tu véi 3 = 0, ta c6 IW4 (X) = ueU: >0 % =

Meénh dé 3.4 chi ra rang, WNRS 1a mot truong hop dac biet cia IFWNRS. N6i cach
khac, IFWNRS c6 tinh chat tong quat hon so véi WNRs va ¢6 hiéu qua hon trong viec
xay dung cac phuong phap rat gon thudc tinh khi xit 1y trén cac kich ban dw liéu khac

nhau.

Meénh dé 3.5 Cho bang quyét dinh I.S = (U, C U D) va hai tap thuoc tinh A, B C C.
Néu A C B, thi

1. Vu e U, [§]% C [a]%;

2. Néu S =0thi VX C U, IWg (X) C ITW, (X);

3. Néud =1thi VX C U, IW, (X) C IWg (X);

4. IWPOS, (D) C IWPOSg (D) va 4 (A, D) < % (B, D)

Chitng minh. 1. Tt A C B va Cong thic 1.7 v6i p = oo, chung ta thu duge ma}{w(a) .
ac

L o,w o,w - 10,w .. 10,w 4e

Ja(w) — av)[} < max{w(a) - la(u) — a(w)[}. Do o, [ul}’ € [’ = [} € [il’¥, voi

moiu e U.



2. Tit f = 0, véi u € TWy (X) bat ky thi > 0, nghia la ‘[u}; mX} > 0.

Mt khac, theo tinh chat 1, vi A C B neén [i)% C [i]%”. Do do,
u e TWy (X). Nhu vay, TWg (X) C TW, (X).

[u]/;“mx‘ > 0 va

il N x|
3. Tuda=1,v6iue€ IW,(X)bat ky thi T > 1, nghia la [4]5 C X. Mat khac,
v
/ 5 ) ‘[u]‘;“ N X‘
theo tinh chat 1, vi A C B nen [i]3” C [i]%”. Do dé, [i]3” € X va ‘ - = 1.
[
Nhu vay, u € IWg (X) va IWa (X) C IWg (X).
4. Dya trén két qua thu duge tu tinh chat 3, ching ta luon c6: IWPOS, (D) =
U 1wa(x)c | IWg(X)=IWPOSg (D). Do ds, § (A, D) < (B,D). O

x€U/D xeU/D

3.3 Dé xuat thuat toan rit gon thudc tinh dya trén IFWNRS
Phan nay dinh nghia mot s6 kiéu rit gon theo tiép can IFWNRS, dong thoi phan

tich hieu qua ctia ching dé lam co s thiét ké cac thuat toan rat gon thuoc tinh tren

bang quyét dinh cd dinh.

3.3.1 Deé xuat thuat toan rut gon thudc tinh trén bang quyét dinh cb

dinh

Dinh nghia 3.1 Cho bang quyét dinh I.S = (U,C U D), mot tap con thugc tinh A C C'

duge goi 1d mot ¥-rit gon ctia C' néu va chi néu A théa man

1.4 (A, D) =%(C,D);

2.Va e A, 4(A\{a},D) <5 (A,D).

Dé thay ring mot ¥-rat gon trong Dinh nghia 3.1 14 tap con thuoc tinh téi thicu bao
toan yéu to6 nhat quan ciia tat ca cac thuoc tinh trong bang quyét dinh. Néi cach khac,
rit gon nay chi chita cdc déi tugng trong mién duong ciia bang quyét dinh va bé qua
cac do6i tugng khac. Tuy nhién, trong cac truong hop bang quyét dinh khong nhat quan,
s6 luong cac déi tuong nam ngoai mién duong sé nhiéu hon. Cac ddi tuong duge xem
la khong thé phan loai mot cach chic chan va viec b qua ching trong qué trinh tinh
toan sé c6 anh huéng khong nho t6i chat lugng ctia riat gon thu duge. Do d6, luan an sé
dinh nghia mot rat gon khéac dé xi 1y tat ca cac déi tugng trong vii tru. Trude hét, do
do khoang cach gitta hai hat thong tin 1an can trong s6 mo triic cAm sé dugce trinh bay

dya trén dinh nghia duéi day.
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Dinh nghia 3.2 Cho bang quyét dinh IS = (U, C' U D), hai hat thong tin 1an can trong

s6 mo trie cam [@)%° va [i]%° duge tao bdi cac tap con thuoe tinh A, B C C. Khi do,

khoéng cach gitta [ii]” va [ii]% dugc ky hieu béi D ([ 1% [U}%ﬂ va duge xac dinh nhu
sau:
.. l%e U] — [ o
DUW&W@O=‘A B|W‘A : (37)

T do do khodng cach dude xay dung trén hai hat thong tin lan can trong s6 mo
tryc cam, luan an tiép tuc mé rong do do khodng cach trén hai ho lan can trong s6 mo
truc cam nhu sau:

.18, .1,
- [U]Aw n [U]Bw

U?

(|t vy

) (3.8)

B(F F) =Y

uel

R6 rang, cau tric ciia mot hat thong tin 1an can mo tryc cdm c6 trong sé tuong tu
nhu ciu tric ctia hat thong tin mo tryc cdm & miic alpha, beta. Vi vay, do do khodng
cach gitta hai ho lan can md triic cAm cé trong so ciing thita hudng cic dic tinh cta
khodng cach phan hoach mdo tric cdm mic alpha, beta. Trén co s6 d6, mot s6 tinh chat
ciia do do sé& dugc trinh bay, lam nén tang cho viéc xay dyng thuat toan rat gon thuoc

tinh trén bang quyét dinh c¢6 dinh.

Ménh dé 3.6 Cho bang quyét dinh IS = (U,C'U D), khi d6 khoang cach giita hai ho

lan can mo tryc cdm trong s6 ]-"g” va ]-"CU p dudc xac dinh nhu sau:

D (7 i) =3 (7] ‘gfwm[u}éw) (39)

uelU
Meénh dé 3.6 biéu dién mot do do nhim do luong luong thong tin trung binh ciia mot
d6i tuong v khong nam trong [il]%w trén tap thuoc tinh C.
Ménh dé 3.7 Cho bang quyét dinh I.S = (U,C U D) va mot tap con thuoc tinh diéu
kien A C C, néu 6; < 6, thi D (Fy=, Fipg ) < D (Fre, Fizs).

Chiing minh. V6i moi u,v € U, ching ta co:
1 +7[ 5w (V) — Mg \V (v)

i3] = i n | = > ;
vE[u]p
5] - 50 s = 3 1+%ww@2 g (V)

velulp

Tir Menh dé 3.2 va 6, < 4y, ching ta c6 [i]% C [ii]%* v6i moi u € U. Didu nay suy

il N i) <

ra 5w (V) = Npsiw (V) 2 600 (V) — 10600 (V), nghia 1a ‘[ 10
[i] 4 [i] 4 (] 4 [i] 4
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-102,w 102w o2, 1,w ) ) ,
)% || il b (Fie, Fip) <D (F¥ Fiep).
Meénh dé da duge chiing minh. O

Ménh dé 3.8 Cho bang quyét dinh 1S = (U,C'U D) v6i hai tap con thudc tinh A, B C
C.Néu A C B thi D (Fy*, Fysp) = D (F*. Foicp)-

Chiing minh. Xét trudng hop v € [u],, khi do: Vg (v) — min {V[ﬁ]i“ (v) > Vil (v)} =
g (v) = min {30 () Agae ()} = 0 va ngse (0) = max {nge (0) Mo (v)} =
Mg (v) = max {1 (0) e (0)} = 0.

Trong truong hop v ¢ [u] 5, khi do: Vi (v) —min {V[ﬂli’w (v) > Vil (U)} = Vg (v),
g (0)=min (g (0), Yapne (0)} = Vg (), Mg (0) —max {gpse (0) 750 (0) ) =
Mg () = 1 v s (v) = max {ngee (0) gae (0)} = nge (v) = 1.

Vi AC B, nén Vi (v) > Vg (v) va Mg (v) < Mgt (v), v6i moi u,v € U. Diéu

nay suy ra \[d]i;” — |[i]%7 N [i)y| > ‘[ii]%’“’ — [l N [
Do do, D (Fy* ]—“AUD) > D (Fy*, Fpip). Menh dé da duge chitng minh, 0

Dinh nghia 3.3 Cho bang quyét dinh .S = (U,C' U D), mot tap con thugc tinh A C C'
duge goi la mot D-rit gon ctia C' néu théa man
LD (Fy Fiop) =D (F& Foep):

2.D (]—' ]-'AuD> > D (-7:,4 ]:A\{a}uD)

\{a}’
RG rang, D-rit gon xét t6i tt ca cac dbi tuong trong bang quyét dinh va ¢6 tinh

tong quat t6t hon so véi A-rit gon.

Dinh nghia 3.4 Cho bang quyét dinh .S = (U,C U D), mot tap con thugc tinh A C C
va mot thude tinh @ C C\ A, do quan trong cia a theo A dya trén khodng cach ho lan

can md tric cdm c6 trong s6, k¥ hieu 1a Sigp (a, A) dugce xac dinh nhu sau

Sigr (a, A) = D (Fi¥ay Faliaon) — P (F3%, Filp) (3.10)

Dua trén cac khai niém duge trinh bay, luan an tiép tuc xay dung Thuat toan 3.1
qua nham tim kiém mot rat gon trén bang quyét dinh.

Rat dé thay rang do phic tap ciia thuat toan ARIFW khi tinh toan céc trong s6
clia timg thuoc tinh diéu kién tai Bude 114 O (|C||U]). Tai Bude 2, thuat toan can tinh
toan céac gia tri khoang cach ctia toan bo déi tuong trong U theo tap thuoc tinh C' dé
xac dinh ho lan can mo triyc cdm c6 trong s6 ctia C'. Do d6, do phiic tap tai bude nay

la O (|C’| \U]2>. Day cung la do phtc tap duge thuc hién trong vong lap for tur Bude 3
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Thuat toan 3.1 Rut gon thuoc tinh dya tréen IFWNRS (ARIFW)
Dau vao: Bang quyét dinh IS = (U, C' U D) va ban kinh lan can 6.

Pau ra: Mot rit gon BB
1: tinh trong s6 cia mdi thuoc tinh theo Cong thic 1.6
2: tinh toan D (J—“g’“’, féﬁD)
3: for a € C' do

4: tinh cac ho lan can mo tric cAm cé trong s6 ]—"f:‘;
. PR p

5: tinh toan D (]-"{a“;, f{ﬁuD)

6: end for

7. B = {ag} thoa man D (Fpoy, oy ) = min D (F, Fip)
s: while D (73, Fiiop) > D (F&, Fosp) do

9:  tinh toan Sigr (a,B), v6i moi a € C\B

10: lya chon ag thdéa man Sigr (ag, B) = argg@ {Sigr (a,B)}

11: B+ BU{ao}

12: end while

13: return B

dén 6. Tai buée 7, thuat toan Iita chon thugc tinh c6 gia tri khodng cach ho lan can mo
truc cadm c6 trong so6 nhé nhat dé bo sung vao tap rat gon. Do phiic tap trong Bude nay
la O (|C)).

Trong vong lap while, véi mdi lan thuoc tinh duge bo sung khong théa man tinh chét
ctia mot rit gon, cac thudce tinh con lai sé duge xét tiép dé lya chon thudc tinh do quan
trong 16n nhat. Khi d6, do phic tap tit Bude 8 dén 12 1a O (|C’|2|U|2). Do dé6, do phiic
tap cla toan bo thuat toan la O (]C\2IU]2>.

Vi du 3.2 Dé tim it gon ciia Bang 1.1 dua trén thuat toan ARIFW, dau tién ching ta

khéi tao tap rat gon B = @, tinh D <fg‘5’w, .ngg) va D (F?ﬁ’w, ]:?('15}6’17), v6i moi a € C

tit Cong thic 3.9
. 1
D(Fo™ Fols) = 57 % (082 +0.82 +0.00 + 0.00 +0.00) = 0.07

Thuyce hién tuwong ti, ching ta thu duge:

~ D,w 0.5,w . ~ 0.5,w D,w . ~ 0.5,w D,w o

D (I—fal} ,f{al}UD) — 0.46, D (F{m ,F§a2}UD) — 043, D (f{%} ,ffa3}UD) —0.19,
D(F0y Foosp) = 033, D(FL, Fl2w ,) = 0.27. C6 thé nhan thiy ring

{aa} 7~ {aa}uUD {as} >’

D <]-"{0£’;J,f?£’}wUD> nhé nhat nén bd sung thudc tinh as vao tap rit gon B, khi dé
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B = {a3}. Do D <]: FBUD> > D (]—“ ]-"CUD) thuat toan tiép tuc loc tim kiém céc
thudc tinh con lai.
D (Fg’j{al}, oo, }UD) 0.19 = Sigp (a1, B)
D (Fpany Foianyun) = 0-19 = Sigr (a2, B) = 0.19 — 0.19 = 0.00,
D (Foay Folranop) = 014 = Sigp (as, B) = 0.19 — 0.14 = 0.05,
D (s Fiiasyup) = 0-12 = Sigp (as, B) = 0.19 — 0.12 = 0.07.

Vi Sigr (as, B) 16n nhat nén bo sung thuge tinh as vao rat gon, khi d6 B = BU{as} =

= 0.19 — 0.19 = 0.00,

U{az}’

{as,as}. Do D (]: "TBUD) > D (]—" ]-"CUD) thuat toan tiép tuc loc tim kiém céac
thudc tinh con lai.

D (Fpany Focharyop) = 012 = Sigr (a1, B) = 0.12 — 0.12 = 0.00,

D (Fpany Focianyun) = 012 = Sigr (a2, B) = 0.12 — 0.12 = 0.00,

D (Fplan Foianun) = 007 = Sigr (as, B) = 0.12 = 0.07 = 0.05

Vi Sigr (a4, B) 16n nhat nén bo sung thuge tinh ay vao riat gon, khi dé B = BU{a,} =
{as, as,as}. Lic nay D (]: fBuD) =D <f fCuD) nén thuat toan két thuc. Rut
gon cudi cung clia Bang 1.1 duge xac dinh bdi Thuat toan ARIFW 1a B = {as, as, a4}

3.3.2 Dé xuat thuat toan rat gon thudc tinh trén bang quyét dinh
thay d6i khi bé sung tap dbi tuong

Dau tién, c¢6 thé thay ring, khi mot tap déi tuong méi dude bo sung vao bang quyét
dinh, cac hat thong tin lan can trong s6 sé c6 su thay doi. Do d6, viec dua ra mot chién
luge cap nhap gia tri clia cac hat thong tin 1an can trong s6 mo tryc cam 1a mot van dé
quan trong. Dé giai quyét van dé nay, luan an ban dau sé trinh bay vé mot qua trinh
cap nhat trong s6 khi bang quyét dinh c¢6 su bo sung mot tap doéi tuong méi.

Cho bang quyét dinh IS = (U,C U D) v6i U = (uq, ug, . . ., u,). Gid stt rang mot tap
déi tuong méi AU = (Up g1, Uny2, - - -, Uny-) dude bo sung vao U, khi d6, qua trinh cap
nhat trong s ctia mot thuoce tinh a € C véi cac ddi tugng u; € UT = U U AU trén mot
hat thong tin lan can trong s6 bat ky [ul] {’a} dugc trinh bay nhu sau

w ntul <i,j<n

wh = (3.11)

w?  néu nguge lai

trong do, w 1a trong s6 goc dude tao bdi tap doéi tuong ban dau va W™ 1 trong s6 mdéi
duge ap dung trén tap déi tuong AU. Dé xéac dinh w®, ching ta c6 thé dya trén cong
thitc cap nhat ma tran nghich ddo duge trinh bay trong [104] nhdm tinh toan vector hée

s6 phan hoach ciia cac thuoc tinh trén bang quyét dinh méi. Tuy nhién, ching ta ciing
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c6 thé sit dung ham “np.linalg.solve” trong thu vien numpy dé tinh toan gia tri nay mot
cach nhanh chéng trén tap doi tugng AU.

Duya trén qué trinh cap nhat trong s6, tiép theo dé xac dinh cac hat thong tin lan
can md tryc cam c6 trong so, luan an dua ra mot co ché cap nhat hat dya trén cong

thiic sau day.

6,2 (u;)  if1<4i,j<n

a

. wT . . .
[Ui]?a} (u;) = [ui]é’wA (u;) ifu; € [ul]‘;;A (n+1<i<n+2)V(n+1<j<n+2)

(0,1) trudng hop con lai
(3.12)

R6 rang, khi cac hat thong tin 1an can trong sé6 mo tryc cAm dugde hinh thanh, ching
ta ciing thu dugc mot ho lan can trong s6 md triic cdm mdi trén thuoce tinh a, ky hiéu
1a .Ff:f. Hinh 3.3 biéu dién co ché cap nhat cac hat thong tin lan can trong sé md truc

cam clia ]—"?(’1“; dya tren tréen Cong thite 3.12.

n n—+ =z

n-+z

Hinh 3.3: Qua trinh cap nhat trong s trén ho lan can ms triec cdm cé trong sd

Ménh dé 3.9 Cho bang quyét dinh IS = (U,C U D) v6i U = (u1, us, ..., u,) va tap doi
tuong méi AU = (Upi1, Unt2, - - -, Unys), trong d6 z > 1. Khi d6, khoéng cach gitta hai
ho lan can mo truc cdm cé trong s6 ]—"g“ﬁ VAL ]—"gfj}; trén tap doi tuong UT = U U AU,
ky hieu 1a D (]—'g’er, ]-"g{‘j;) duoce tinh nhu sau:
. n?D (F, Feip)
D ]_—5,w+7 S,wT _ v 3.13
< c CUD) (TL + 2)2 ( )
z . Swt
25" (|lin il ~6;)
+

. + . +
— s de" OV )35

=1

(n+2)”



83

trong do, #; = 0 va véi moi ¢ > 2,
z—1

st (Un+j+1)>‘
Jéop

673 - Zl (7[un+l]5 wt (un+j+1) V[un+z]5 wt (un+j+1) - n[un+i]g’w+ (un+j+1) + n[ﬁnﬂ
‘7:

Meénh dé 3.10 Cho bang quyét dinh IS = (U,C U D) v6i U = (uy, uy, ..., u,), ACC
134 mot rat gon dya trén khodng cach giita hai ho 1an can mo triic cAm c6 trong s6 duge
xac dinh tréen U v AU = (Upy1, Uns2, - -, Unyz), trong d6 z > 1 14 tap doi tugng bo
sung vao U, khi d6 ching ta co:

1. Néu tat ca cac déi tuong trong AU c6 gia tri thudc tinh quyét dinh gidng nhau thi:

D (Fo, Foip) +2 z (|l )

(n+ z)2
(3.14)

. + +
— s de" OV s 135

D (Fe Fetn) =

2. N&U [ii+s] 5" C [iinsd] " v6ii =1,2,..., 2 thi:
Sywt Syt Sywt Sywt
D(F3 Fyon) =D (F8 Foen)

Meénh dé 3.10 chi ra hai trudng hgp dic biét cia tap déi tuong dude bo sung vao
bang quyét dinh. R6 rang, trong hai truong hop nay, Cong thitc 3.13 duge riat ngan va
xit Iy nhanh hon. Tt day, Thuat toan gia tang 3.2 duge dé xuat dé tim kiém mot rit
gon xap xi trén bang quyét dinh c6 sy bo sung tap déi tuong sé duge dé xuat. Thuat
toan bao gom boén thanh phan chinh duge trinh bay trong bang ma gid sau:

Tiép theo, dé ching minh hiéu qua trong viéc giam thiéu thoi gian thuc thi ciia thuat

toan, gia su |B+ 1a s6 lugng thuoc tinh clia tap rat gon thu duge tir thuat toan, |AU|
bicu dién s6 lugng céc doi tugng duge bo sung vao bang quyét dinh va |[U*| biéu dién
tong s6 d6i tuong trén bang quyét dinh méi. Tit dong 1 dén dong 2, do phiic tap clia
thuat toan khi xac dinh cac ho lan can md tryc cdm c6 trong s6 mdi trén moi thuoc tinh
diéu kien 1a O (‘Bﬂ |U +’ |AU D Tuong tu nhu Thuat toan 2.2, trong trusng hop don
gidn, toan bo qua trinh xit 1y clia thuat toan sé két thic ¢ dong 7, dan t6i do phiic tap
ctia thuat toan trong truong hgp nay la O (‘Bﬂ ‘Uﬂ |AU|).

Déi véi truong hop con lai, do phtic tap trén cong thic gia tang tai dong 9 1a
O (‘U+| |AU|). Do phic tap cia vong lap while trong thuat todn cing duge tinh tuong
tu nhu vong lap while trong IARIF-AO 1a O <(|C’| - }B+|)2 U] |AU|>. Tt dong 15 t6i
dong 18, do phitc tap ctia vong lap for 1a O (|B*||U*||AU]). Nhu vay, do phiic tap
cudi cing cita TARIF-AO la max {O (|B*| |U*]|AU), 0 ((|C| - [B*])” [U*||AU])}.
Do do6, thoi gian tinh toan ctia IARIF-AO dugc giam thiéu dang ké so v6i thuat toan
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Thuat toan 3.2 Rit gon thudc tinh gia tang khi bo sung tap doi tugng dua trén khoang
cach ho lan can mo tryc cdm c6 trong s6 (IARIF-AO)
Dau vao: Bang quyét dinh IS = (U,C U D) v6i U = {uy,us, ..., u,}, rit gon B C C,

.7:5’“, ]_—g,w va tap doi tuong bo sung AU = {Un i1, Unia, - - Uniz )
Dau ra: Rit gon xap xi B tren U = U U AU
// khdi tao va cap nhat
1. B+ B
2: cap nhat w tit Cong thiic 3.11 va ]-"{5(’;;+ tren Ut v6i mdi a € C\B* tit Cong thiic
3.12.
// kiém tra tip doi tuong bo sung
3 2+ AU
4: for i =1to z do
5 if [i ] C [ungl,, then Z < 2\ {u, .}
6: end for
7. if Z = () then return B
8: set AU «+ Z, z < |AU|
// tim kiém rit gon
9: tinh toan D (Fgf+,fg’f:D) (.7:6 ]-"CUD) theo Cong thric 3.13.
10: while D (F37, Fip) > D (Fo Forsp) do
11: tinh toan Sigp (a,B ), v6i moi a € C\BT theo Cong thric 3.10.

w+

12: Iya chon thugc tinh ag thoa man: Sige (ao, BY) = aerrée\%(+ {Sigr (a,B%)}
13: Bt <« Bt U{ag}

14: end while

// logi b6 cdc thuoc tinh du thia

15: for a € B' do

16: tinh toan D (]—"W\{a}, fg’f{{@up) theo Cong thic 3.9.

1 i D(FE g Favaun) = D (Fo Failp) then BY « BH\ {a}

18: end for

19: return B

ARIFW. Trong truong hop dit lieu duge bo sung cé cac gia tri thuoc tinh quyét dinh
giong nhau, cong thitc gia ting dudc thay thé biang Cong thiic 3.14 tur tinh chat dau

tien ctia Ménh dé 3.10.



85

3.3.3 Dé xuat thuat toan rat gon thudc tinh trén bang quyét dinh
thay d6i khi loai bé tap dbi tudng

Trude hét, c6 thé thay ring khi mot tap déi tugng bi loai bé khoéi bang quyét dinh,
cac hat thong tin lan can trong s6 sé c6 sy bién dong. Diéu nay sé dan dén sy thay
doi tren cac hat thong tin lan can trong sé mo truc cam. Do do6, viéc xay dung mot co
ché cap nhat cac hat thong tin nay tré thanh mot yéu t6 quan trong. Tuy nhién, trong
nghién cttu nay, qua trinh cap nhat trong s6 va co ché cap nhat cac hat thong tin lan
can trong sé6 md truc cam doéi véi cac dbi tugng khong bi thay ddi sé dude gitt nguyen,
bat ké bang quyét dinh cé su bd sung hay loai bé tap déi tuong. Do dé, nghién citu nay
thiét 1ap w™ = w vdi w™ 1a trong s6 ciia cac thuoc tinh diéu kién duge thiét 1ap khi bang
quyét dinh c6 st loai bo tap déi tuong.

Tu day, xét bang quyét dinh IS = (U,C U D) v6i U = {uy, us, ..., u,} va mot tap
d6i tuong AU = {up, Up_1, .- ., Un_»41} duge loai bo khoi bang, trong d6 z > 1. Khi do,
v6i mot thuoce tinh a € C, [uz]‘;;"}f v6i 1 < i < n— 2z bicu dién mot hat thong tin lan can
mdéi clia thuoc tinh a trén bang quyét dinh c6 sy loai bd tap déi tugng. DI nhién, hat
thong tin nay dugc dic trung bdi cac gia tri do thuoc va do khong thuoc cia n — 2 dbi
tuong con lai trong bang. Qua d6, néu xét trén toan bo cac déi tuong, ching ta sé thu

duge mot ho 1an can trong s mo tryc cdm méi tren U~ = U\AU, ky hieu 1a ]-"f;;_.

Meénh dé 3.11 Cho bang quyét dinh IS = (U,C U D) v6i U = {uy, us, . .., u,} vd mot
tap doi tuong AU = {tup, Up_1, .., U,_.+1} dude loai bé khoi bang, trong d6 z > 1.
Khi d6, khodng cach gitta hai ho lan can trong s6 mo tryc cam trén tap doi tuong

U~ = U\AU, ky hieu la D (F2*, Fp ), duge xdc dinh nhr sau:

D (7. 7))

(n—2)°

D(FS Foip) = (3.15)

<’[un—i+1]gw‘ - ‘[ﬁn—iﬂ]ééw N i)

(n—2)"

2

()

~¢)

z

1

trong do, (; = 0 va v6i moi ¢ > 2 thi
z

Gi =Z<V[ﬁn_i+1]gw(un—j+1) _V[un_m}éﬁ,g(“”—j“) - n[ﬂn_i+1]y(un—j+1) +n[ﬂn_i+1]gtjD(un_j+1)>

j=i
Ménh dé 3.12 Cho bang quyét dinh IS = (U, C U D) v6i U = {uy, ug, ..., u,}, ACC
13 mot rat gon dya vao khoang cich gitta hai ho 1an can trong s6 mo triyc cdm trén U va

mot tap doéi tuong AU = {Un, Up_1, ..., Un_.11} duge loai bé khoéi bang, trong dé z > 1
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va U~ = U\AU la mot tap doéi tugng con lai, khi do:

1. Néu tat ca cac déi tuong trong AU c6 gia tri thuoc tinh quyét dinh gidng nhau thi:

D(Fe Feip) =

)

(3.16)

02D (F, Fo2,) —22 (][an_iﬂ]‘g“( — |li-s5a)8 OV -]

(n—2)’

(-7: FAUD) =D (fg’w_7f281_)>

Tinh chat 2 ctia Ménh dé 3.12 cung cap co sé dé dé xuat mot dicu kien dimg cho

thuat toan gia tang va dam bao tinh t6i wu ciia kich thude rat gon méi trén bang quyét

dinh sau khi loai bd tap con ddi tugng. Diya trén cac khai niem dudgc trinh bay, Thuat

toan gia ting 3.3 sé dugc thiét ké nham tim kiém mot rat gon xap xi khi bang quyét

dinh loai bé cac déi tugng. Thuat todn nay bao gom hai bude chinh va duge trinh bay

theo bang ma gia dudi day.

Thuat toan 3.3 Rt gon thuoc tinh gia tang khi loai bo tap doi tuong duya trén khoang

cach ho lan can mo tryc cadm c6 trong s6 (IARIF-DO)

Dau vao: Bang quyét dinh IS = (U,C U D) v6i U = {uy,us, ..., u,}, rit gon B C C,

]:B va FC , tap ddi tugng bi loai bd AU = {up, Un_1, .-, Up_211}

Dau ra: Mot rit gon red” on U~ = U\AU

1:

2:

3:

khéi tao B~ + B
cap nhat Fo
tinh toan D <]~' - fCUD> theo Cong thic 3.15.

D (F Fp) < D(FS Fp)

: fora € B~ do
O,w ™ ~ .
tinh toan D (FB \{a}’ fB_\{a}UD> theo Cong thiic 3.9.
5w ~ 67(‘)_ s
if D () Fovon) = D (o Fo¥lp) then B~ « B\ {a}
. end for
. return B~

‘U ’| biéu dién tong so6 ddi tuong trén bang quyét dinh con lai. Do phic tap trong

dong 2 ctia thuat toan dé xuat 1a O ({B“ ‘U_| |AU|) va qua trinh tinh toan gia tang

tai dong 3 la O (|U_‘ |AU|). Twong tu nhu qué trinh loai bé cac thudce tinh du thia

trong tap rat gon cua Thuat toan 3.2, do phiic tap trong vong lap for ciia IARIF-DO
10 (|57 - |A01).
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Nhu vay, do phrtc tap trén toan bo thuat toan IARIF-DO 1a O (|B_‘ !U‘} |AU]). Véi
do phtic tap nay, thoi gian thyc thi ctia thuat toan gia ting dé xuat IARIF-DO giadm
thiéu dang ké so véi ARIFW.

3.4 Thi nghiém va danh gia cac thuat toan dé xuat
3.4.1 Hiéu nang cua thuat toan IARIF-AQO

Dé danh gia hieu qua ctia thuat toan duge dé xudt, trude tien cac tap dit lieu trong
Béng 3.1 dugc chia thanh hai phan xap xi nhau, ky hieu 1a U,,; va Us,e. Cu thé, U,
sé dugc st dung cho cac thuat toan rat gon thuodc tinh trén bang quyét dinh c6 dinh,
bao gom céac thuat toan: NIFS [82], WNRS [29], W-MGMN [86], FMIFRFS [56], ARPD
va ARIFW. Trong d6, NIFS la thuat toan dua trén tap tho mo, WNRS va W-MGMN
la cac thuat toan dya trén tap tho lan can, trong khi FMIFRFS va ARPD la céc thuat
toan dya trén tap tho mo truc cadm. Tiép theo, tap Us,e sé dude chia nhé thanh nam
phan xap xi bing nhau. Méi phan sau dé sé duge bo sung lan lugt vao U,,; dé danh gia

hiéu qua cia cac thuat toan gia tang.

Bang 3.1: Céc tap dit lieu thit nghiem cho IARIF-AQO v& mot s6 thuat toan

TT | Tap dit lieu S6 d6i tuong | |Uuri| | |Uine| | SO thudce tinh | S6 16p Nguon
1 Leaf 340 170 170 15 30 UCI
2 Tonosphere 351 175 176 34 2 UcCI
3 Vehicle 846 423 423 18 4 | OpenML
4 Vowel 990 495 495 12 11 | OpenML
5 German 1000 500 500 20 2 UcCl
6 LSVT 126 63 63 310 2 | OpenML
7 Leukemia 72 36 36 7129 2 UCI
8 Mfeat 2000 | 1000 | 1000 76 10 | OpenML
9 PD 756 378 378 754 2 UcClI
10 | Segmentation 2310 | 1155 1155 19 7 | OpenML
11 | Wall 5456 | 2728 | 2728 24 4 | OpenML
12 | Waveform?2 5000 | 2500 | 2500 40 3 | OpenML

Nhu da mo ta, véi mdi tap dit lieu, cac thuat toan sé tién hanh duyéet gia tri tham
s6 tit 0 dén 1 dé tim ra tap con thuoc tinh mang lai do chinh xac phan 16p cao nhét.
Dai v6i thuat todn duge dé xuat, tham s6 § dude stt dung dé xay dung cac hat thong tin
lan can mo tryc cdm c6 trong so6. Cac gid tri khac nhau ctia § ¢6 thé dan dén viéc hinh
thanh cac hat thong tin khac nhau va c6 tac dong dén hieu qua ciia thuat toan. Hinh 3.4
cho thay tham s6 § &nh huéng dang ké dén hieu qua phan 16p khi sit dung KNN. Trong
mot s6 tap dit lieu, viec diéu chinh tham s6 nay dan dén xu huéng ting hodc gidm ro

rét vé do chinh x4c phan 16p nhu trén cac tap dit lieu LSVT, German, Ionosphere, PD
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va Wall. Tuy nhién, & mot s6 tap khac nhu Leaf, Vehicle, Vowel va Segmentation, khi
gia tri 6 dat dén mot ngudng nhat dinh, tadc dong ctia n6 dén do chinh xac phan 16p co

SU suy giam.

Bang 3.2: Kich thuéc riat gon va tham s clia cac thuat toan véi KNN trén U,y

o NIFS WNRS W-MGMN FMIFRFS ARPD ARIFW
Tap di licu K1 |B[ |delta | |B|| delta| |B| | epsilon | |B|| alpha | |B| | delia | |B]
Leaf 0.002 10 | 0.15 9| 0.05 9 0.75 10 0.4 9 0.3 7
Tonosphere 0.001 9 0.1 6 0.1 9 1.0 4 0.75 51 0.05 4
Vehicle 0.001 13 0.1 14 0.0 10 0.7 17 0.7 8| 0.15 10
Vowel 0.002 6 0.1 9| 0.05 8 0.35 8 0.5 7 0.3 7
German 0.002 6| 0.05 12 0.0 9 0.55 12| 0.05 6 07| 10
LSVT 0.001 6 0.6 10 0.3 18 0.05 18 0.8 7] 0.85 6
Leukemia 0.001 2| 0.05 2 0.1 10 0.85 3 0.4 71 0.55 3
Mfeat 0.003 56 | 0.35 27| 0.05 21 0.5 23 0.6 22| 0.55 13
PD 0.001 25| 0.65 21 0.1 6 0.7 31 0.5 41 0.9 9
Segmentation | 0.001 14 | 0.05 91 0.05 13 0.9 10 0.8 6 0.6 6
Wall 0.006 81 0.05 14 0.2 15 1.0 4 0.9 3| 0.05 3
Waveform2 0.003 26 | 0.05 8] 0.05 31 0.45 15 0.2 24| 0.35 13
Trung binh 16.08 11.75 13.25 12.92 12.08 7.58

Bang 3.2 trinh bay kich thudc cic rit gon va cac tham sé tuong ting clia ting thuat
toan. R6 rang, cac phuong phap da giam so6 lugng thudc tinh so véi dit lieu goc mot cach
hiéu qua. Tuy nhién, can luu ¥ rang ddi véi cac tap dit lieu c6 do chinh xac phan 16p ban
dau thap nhu Leaf, Ionosphere, Vehicle, Vowel, German, LSVT, Wall va Waveform2, cac
thuat toan NIFS, WNRS va W-MGMN doi khi cho két qua kém hiéu qua hon. Nguge lai,
cac thuat toan FMIFRFS, ARPD va ARIFW thuong trich xuat dugc cac rut gon nhd
hon so véi cac thuat toan khac. Khi xem xét tat cd cac truong hop, ARPD va ARIFW
ciing thuong xuyén thu duge cac tap rit gon nhoé nhat trén hau hét cac tap dit lieu. Cu
thé, ARPD dat dugc tap rit gon nhé nhat § 4 tap dit lieu, trong khi ARIFW dat dugc
6 6 tap dit lieu. Ngoai ra, kich thude rat gon trung binh thu duge béi ARIFW ciing 1a
nhé nhat. Do dé, c6 thé khang dinh ring thuat toan duge dé xuat c6 hieu qua cao trong
viéc rit gon thuoc tinh, dic biet 1a ddi véi cac tap dit lieu ¢ s6 chiéu 16n.

Bang 3.3 trinh bay thai gian tinh toan cta cac thuat toan rat gon thudc tinh khi ap
dung trén tap dit lieu U,,;. Khong ngac nhién khi cac thuat toan dya trén tap tho lan
can c6 trong so va tap tho mo c6 thai gian chay nhanh hon so véi cac thuat toan duya
trén tap tho mo tryc cdm. Nguyén nhan la do thuat toAn WNRS thuc hién cac phép
tinh trén tap rd, von c6 quy trinh xit Iy nhanh va don gidn. Mic dit thuat toan NIFS
dua trén phuong phap tap tho mo, nhung né khong yéu cau tinh toin ma tran quan

hé va st dung mot do do don gian dé lya chon cac thudc tinh quan trong. Ngugc lai,
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Hinh 3.4: D0 chinh xéc phan 16p va kich thu6e rat gon khi duyét § véi bo phan 16p KNN

WNRS phai trai qua qua trinh tinh trong s6 cho cac thuoc tinh, nén NIFS thé hién t6c
do xit Iy t6t nhat trong s6 cac thuat toan.

Déang cha y, mac du W-MGMN thuyc hién trén tap ro, nhung lai ¢6 thoi gian thuc
thi cham nhat trong tat ca cac thuat toan. Nguyén nhan 1a do thuat toan nay khong chi
tinh toan trong s6 cho ting thudc tinh, ma con st dung thuat toan DBSCAN dé nhém
cac hat tri thitc c6 cing ngudng trong s6 thanh mot hat duy nhat. Bén canh d6, thuat
toan nay con sit dung mot do do phiic tap dé danh gia ¥ nghia ctia thudc tinh. Khi xét
rieng cac thuat toan trén khung tap tho ms tric cdm, thuat toan duge dé xuat dat toc

do thyc thi nhanh nhéat. Cu thé, thoi gian xit 1y trung binh ctia thuat toan la 28.168
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Bang 3.3: Thai gian thyc thi cia ARIFW va cac thuat toan trén Ugy

TT | Tap dit lieu NIFS | WNRS | W-MGMN | FMIFRFS | ARPD | ARIFW
1 | Leaf 0.0028 | 0.0534 1.4969 0.1242 | 0.0186 0.0152
2 | Ionosphere 0.0033 | 0.1806 3.4146 0.1257 | 0.0192 0.0186
3 | Vehicle 0.0074 | 0.2942 14.757 0.7542 | 0.3798 0.3759
4 | Vowel 0.0051 | 0.2253 22.159 1.2874 | 0.2784 0.2519
5 | German 0.0048 | 0.6966 21.973 0.6743 | 0.5128 0.5236
6 | LSVT 0.0743 | 0.3816 2.7744 1.9096 | 0.7639 0.7483
7 | Leukemia 13.433 | 6.6504 38.491 231.83 | 229.15 209.56
8 | Mfeat 6.8312 | 33.086 60.789 36.674 | 23.382 17.947
9 | PD 2.9826 | 61.321 307.52 103.65 | 108.68 28.183
10 | Segmentation | 1.0652 | 4.0692 214.63 10.687 | 5.7058 4.6415
11 | Wall 1.0913 | 29.779 598.78 15.774 | 8.0352 7.8904
12 | Waveform2 1.6991 | 56.158 626.06 57.093 | 72.449 43.865

Trung binh 2.2667 | 16.075 109.40 38.382 | 37.448 26.168

giay, trong khi FMIFRFS mat 38.382 giay va ARPD mat 37.448 giay. Do do, thuat toan
dé xuat thé hien hiéu qua xit Iy manh mé trong viéc giam thiéu thoi gian thuc thi, dic
biét trong khong gian tap thé mas tryc cam.

Két qua so sanh do chinh x4c phan 16p clia cic thuat toan rit gon thuoc tinh trén
bang quyét dinh ¢6 dinh duge trinh bay trong Bang 3.4. Trong 12 trudng hop, tap rut
gon cila thuat toan dé xuat dat hieu qua phan 16p vuct troi so véi dit lieu gde. Hon nita,
do chinh x4c phan 16p trung binh ctia thuat toan dé xuat khi stt dung KNN 13 82.18%,
cao hon 1o rét so véi gia tri clia dit lieu goc 1a 74.54%. Trén cac tap dit lieu c6 do chinh
xéc phan 16p ban dau thap va sb lugng déi tugng 16n, chang han nhu German, Wall va
Waveform2, cac thuat toan dira trén tap tho mas tric cam luon thu duge cac rit gon cé
hiéu qua phan 16p vugt troi so véi cac phuong phap dya trén tap théo mo va tap tho lan
can c6 trong s6. Diéu nay lam noéi bat 1gi thé ctia tap tho md truc cam, trong do viec
két hop ham khong thuoc gitp mé hinh giam thiéu anh huéng clia cac déi tuong nhiéu
trong tap dit liéu.

Tu Bang 3.4, ty lée Thang/Hoa/Thua gitta thuat toan dé xuat ARIFW va céc thuat
toan khac lan lugt 1a: 10/0/2, 8/1/3. 11/0/1, 9/1/2 va 10/0/2. C6 thé thay 16 rang trén
hau hét cac tap dit lieu, cic tap rat gon duge tao ra bdi thuat toan ARIFW mang lai
két qua phan 16p t6t hon so véi cac thuat toan khac, mic du s6 luong thuoc tinh duge
chon bdi ARIFW it hon. Hon nita, thuat toan dé xuat da dat do chinh xac phan 16p cao
nhat trong 8 trén 12 truong hop, diéu nay ching minh rang thuat toan dé xuat da lya
chon hiéu qua cac thuoc tinh quan trong phit hop véi nhiéu tap dit lieu khac nhau.

Tiép theo, luan an tién hanh so sanh hiéu suat ctia thuat toan IARIF-AO véi cac
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thuat toan AIFSA-FKD [82], W-MGMA [86] va IARPD-AO. Trong d6, AIFSA-FKD la
thuat toan gia tang dya trén tap tho mo st dung do do khoang cich tri thic mo véi dau
vao la tap rat gon tir thuat toan NIFS. Thuat toan gia tang W-MGMA dya trén tap tho
lan can c6 trong so, sit dung do do entropy, véi dau vao 1a tap riat gon duge xac dinh tit
thuat toan W-MGMN. Trong khi do, thuat toan IJARPD-AO duya trén tap thdo mao truc
cam, st dung do do khodng cach phan hoach 1ay rit gon tit thuat toan ARPD lam dau
vao va thuat toan dé xuat IARIF-AO st dung tap rat gon tit thuat toan IARFW lam
dau vao. Céc thuat toan nay sé xi 1y trén tap dit lieu khi bo sung lan lugt cac tap doi

tuong tit U; dén Us vao Uyy.;.

Bang 3.4: So sanh do chinh xac phan 16p cia ARIFW véi cac thuat toan trén Ugy;.

Tap dit licu Tap gbe NIFS WNRS| W-MGMN | FMIFRFS ARPD ARIFW
Leaf 7176 £10.12 | 74.12 £ 12.39 7588+ 8.5 | 79.41 + 9.58 | 72.35+ 11.78 | 74.12+0.56 | 73.53+ 9.58
Tonosphere 76574922 | 82194894 | 80.59+£846 | 82814521 | 84.02+11.23 | 84.05+9.73 | 84.97 + 9.94
Vehicle 67.85+423 | 67404582 | 67.60+£4.61| 71.87+7.05 68.08+4 | 67.84+5.51 | 74.46 + 6.91
Vowel 48.81412.36 | 61.53£11.32 | 65.44 £ 5.71 | 59.14 £842 | 50.43£13.99 | 52.43£15.45 | 59.57 £ 9.55
German 73204421 | 7200£6.13 | 72.80+£4.02| 7480+412| 7520+3.12 | 73.60£32| 75.40 + 4.9
LSVT 74.30 £ 14.9 | 79.29 + 11.67 | 90.48 & 10.81 | 79.05+12.77 | 86.90 +9.95 | 83.81 £ 10.49 | 90.48 + 7.82
Leukemia 86.67 + 13.54 | 91.67 +12.91 96.67+10 | 90.00+22.91 | 97.50 + 7.5 | 96.67+10 | 97.50 + 7.5
Mfeat 9250+ 1.8 | 91.00£1.9| 92004286 | 93.30+£1.62 | 9450£1.91 | 94.90+£1.64 | 95.30 & 1.73
PD 79114842 | 75414597 | 86.54 £ 7.38 | 79.114+842| 8388489 | 83.88+£6.98 | 83.36+5.47
Segmentation 93774245 | 92824237 | 93.00+£3.08| 93.51+211| 93.69+2.37 | 93.43+2.11 | 93.78 + 2.33
Wall 63.78+9.39 | 68.37 +£8.91 6459 +829 | 71.30+7.82 | 74.63+6.44 | 75.00+4.47 | 76.80 + 5.15
Waveform?2 78204202 | 78.28+221 72964263 | 7940+1.92 | 81.72 £ 1.3 | 79.96+£219 | 81.04+28
Trung binh TAS4£T772 | T7T84£755|  79.88+£6.36| 79.48+7.66| 80.24+6.87 | 80.39+6.78 | 82.18 + 6.14
Win/Draw /Loss 12/0/0 10/0/2 8/1/3 11/0/1 9/1/2 10/0/2 best

Béang 3.5 trinh bay thoi gian thuc thi cta thuat toan TARIF-AO so véi cac thuat
toan AIFSA-FKD, W-MGMA va IARPD-AQ. C6 thé thay ring cac thuat toan gia tang
cho két qua vuot troi hon so véi cac thuat toan tuong ing clia chiing khi xit 1y trén bang
quyét dinh c¢6 dinh, mic dut phai thyc hién tinh toan trén cac tap dit lieu c6 sd luong
déi tuong 16n hon.

Tuong ty nhu két qua so sanh trong Bang 3.3, cac thuat toan AIFSA-FKD c6 thoi
gian thyc thi nhanh hon so véi cac thuat toan dua trén phuong phap tap thdé mao tryc
cdm. Khi xem xét cac thuat toan dya trén tap tho md truc cdm, c6 thé thay thuat toan
dé xuat c6 thoi gian xit 1§ nhanh hon trong hau hét cac buée gia tang. Diéu nay 1a do
diic diém ctia quan hé lan can cé trong s6, gitp thu hep khong gian tinh toan bang cach
chi tap trung vao cac doi tuong nam trong mot ban kinh nhat dinh. Thém vao d6, thuat

toan nay ciing chon loc duge it thuoc tinh hon. Do d6, thuat todn két thic sém va dé
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dang thu duge mot rat gon t6i wu.

Bang 3.5: So sanh thoi gian thuc thi cia IARIF-AO v6i cac thuat toan gia ting

Tap dit lisu b sung Tap dit lis Tap dit licu bd sung
U, U Us U, U, | b diien U, U, Us U, Us

Thuat toan | Tap di ligu

AIFSA-FKD 0.0008 0.0006 0.0009 0.0007 0.0015 0.0019 0.0026 0.0037 0.0086 0.0001
W-MGMA 0.0252 0.0189 0.0211 0.0756 0.0210 _ 9.3544 9.5742 12772 10.423 16.558
IARPD-AQ | Leaf 0.0068 0.0121 0.0122 0.0125 0.0165 | “eukemia 0.3872 0.0022 2.3345 1.8313 1.9353
IARIF-AO 0.0072 0.0065 0.0058 0.0075 0.0061 0.3456 0.0016 0.3834 0.5223 0.5457
AIFSA-FKD 0.0019 0.0010 0.0012 0.0014 0.0008 0.0704 0.0068 0.0997 0.1059 0.1272
W-MGMA 0.0560 0.0821 0.2074 0.2627 0.3234 53126 5.8170 6.5846 7.1969 9.2799
IARPD-AQ | fomosphere | o 6000 00102 0.0061 0.0066 0.0071 | Meat 42163 5.0467 6.9885 0.8157 8.1484
IARIF-AO 0.0025 0.0028 0.0031 0.0033 0.0034 0.6138 2.2373 4.3382 0.8016 5.7476
AIFSA-FKD 0.0013 0.0018 0.0013 0.0014 0.0022 0.4048 0.0095 0.0107 0.3561 0.0197
W-MGMA , 0.1276 0.1788 0.2452 0.5774 0.8665 9.0822 10.201 14.163 23.494 63.348
IARPD-AQ | Vehicle 0.0825 0.0635 0.0654 0.0681 0.0692 | ' 2.6713 3.1246 2.7535 2.9667 3.0134
IARIF-AO 0.0454 0.0663 0.0486 0.0499 0.0539 0.0599 0.0615 1.2382 0.0644 3.8178
AIFSA-FKD 0.0015 0.0036 0.0017 0.0010 0.0021 0.0167 0.0040 0.0057 0.0066 0.0075
W-MCMA 0.0827 0.1150 0.1482 0.1892 0.4946 1 0.8096 1.2081 1.4557 1.8673 5.9377
IARPD-AQ | VOWel 0.0884 0.0898 0.0913 0.0039 0.1127 | Se8Wentation | o gor o748 03001 0.3263 0.3504
IARIF-AO 0.0685 0.0693 0.0714 0.0728 0.0819 0.7522  0.2335 0.2557 0.2785 0.2993
AIFSA-FKD 0.0020 0.0014 0.0015 0.0017 0.0018 0.0069 0.0097 0.0103 0.0344 0.0152
W-MGMA 0.2318 0.3126 0.7743 0.4638 05761 | 6.8664 9.4415 12.396 15.715 10.285
[ARPD-AQ | German 0.0801 0.0908 0.0926 0.0945 0.0973 | vl 0.5813 0.6694 1.7047 1.9520 2.1213
IARIF-AO 0.0714 0.1023 0.0725 0.0744 0.0769 0.5748 0.6592 0.9121 1.1385 1.3192
AIFSA-FKD 0.0016 0.0024 0.0081 0.0001 0.0143 0.1189 0.1242 0.1207 0.1328 0.1344
W-MGMA 0.0937 01210 0.1523 05508 0.2355 | 5.6647 7.7862 10.142 12.881 15.870
IARPD-AO | LSVT 0.0207 0.0031 0.0316 0.0328 0.0353 | “WAvelorm2 | o ges 95 441 28407 30.286 40.532
IARIF-AO 0.0492 0.0283 0.0298 0.0037 0.0315 3.8428 5.1245 8.6328 11.096 13.991

D6 chinh xac phan 16p va kich thudc rit gon thu duge tit cac thuat toan duge bicu
dién trong Bang 3.6, cac thuat toan dya trén mo hinh tap tho mo tryuc cam thuong
trich chon dugce cac rat gon nho hon so véi cac thuat toan dira trén tap tho lan can cé
trong s6 hodc tap tho mo trong phan 16n cac budce gia tang. Dang chu y, véi cac tap dit
lieu c6 do chinh x4c phan 16p ban dau thap nhu Leaf, Ionosphere, Vehicle, Vowel, Wall
va, Waveform?2, s6 lugng thuoc tinh duge tra vé béi IARPD-AO va IARIF-AO nhé hon
dang ké, gitp ching c6 tinh canh tranh cao vé kich thudc rat gon. Tt Bang 3.6, trong
tong s6 60 truong hop, cac riat gon thu duge tit IARPD-AO va IARIF-AO c6 kich thude
nhé nhat trong 20 va 43 truong hgp. Diéu nay cang nhan manh hiéu qua ctia phuong
phap dé xuat trong viéc loai bd cac thuoc tinh du thita khéi bang quyét dinh trong céc
budc gia tang, dic biet trong cac truong hop bang quyét dinh chia cac thude tinh lam
suy giam hiéu suat phan 16p. Tuong tu nhu két qua ciia Thuat toan 2.2, tai mot sd bude
gia tang, rit gon thu dugc khong c6 su thay déi. Nguyen nhan 1a do kich thuée clia dit
lieu duge bo sung la khong dang ké, khong lam bién ddi cac dac trung ctia dit lieu ban
dau ciing nhu khong lam thay doi sy phan bd va s luong doi tugng trong cac hat thong
tin lan can trong s6. Do d6, tap rit gon van bao toan day du thong tin ctia dit lieu, duy

tri kich thudc 6n dinh va dam bao hieu qua phan 16p trén tap dit lieu méi.
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Bang 3.6: Kich thudc rut gon, do chinh xac phan 16p ctia IARIF-AO va cac thuat toan gia tang

o . AIFSA-FKD W-MGMA IARPD-AO [IARIF-AO

TT Tap bo sung  Tap goc BT Accuracy | |BT| Accuracy | |BY| Accuracy | |BY] Accuracy
|U,| = 204 68.31+10.89 | 11 66.31+9.46 | 10 80.9£7.77 | 10 69.214+7.41 | 10 76.9546.23

|Us| = 238 64.33+£11.37 | 11 62.28+9.47 10 76.09+7.86 | 11 67.68+9.5 | 11 76.94+8.85

1 |Us| =272 60.75+11.77 | 12 | 59.66+£10.03 | 10 70.254+5.6 | 11 62.224+10.6 | 11 72.04+6.08
|U,| = 306 58.78+7.39 | 12 57.19£7.3 | 13 60.13£6.76 | 11 58.82+6.86 | 12 70.25+5.03

|Us| = 340 60.59+6.34 | 13 60.59+5.13 | 15 60.59+6.34 | 12 61.1845.55 | 12 70.59+4.92

|Uy| =210 77.62+10.22 | 13 | 80.95£10.43 9 83.81£10.03 | 5 | 84.76+8.46 | 4 84.76+8.73

|Us| = 245 79.22+9.77 | 14 82.47+10.6 9 85.38+8.16 6 82.40+6.81 4 84.43+6.12

2 |Us| =280 80.71£7 | 15 82.144+8.45 | 10 86.07+6.86 | 6 85.36+4.91 | 4 87.14£7
|U,y| =315 83.24+5.88 | 16 84.85+£7.86 | 11 86.76£8.77 | 6 87.33+5.1| 4 88.27+5.45

|Us| = 351 83.76+6.39 | 16 84.90+8.18 | 12 87.1945.11 6 88.60+4.61 | 4 89.72+4.66

|U1| = 507 67.27+5.5 | 13 67.08+4.43 | 10 71.20+5.79 | 11 66.09£4.9 | 10 71.59+3.5

|Us| = 591 68.52+5.62 | 14 69.03+3.43 | 10 69.71+£5.91 | 11 68.35+4.85 | 11 70.94+3.78

3 |Us| =675 67.72+5.57 | 14 66.97+£4.75 | 10 68.87£5.04 | 11 67.26+4.29 | 11 69.64+3.35
|Uy| =759 69.03+2.86 | 14 67.72+£3.29 | 11 73.26+£4.57 | 11 68.11+3.02 | 11 69.174+2.93

|Us| = 846 70.45+1.85 | 15 69.2843.46 | 13 74.71£2.52 | 11 68.80+3.76 | 11 70.34£3

|Uy| = 594 35.86+14.33 | 6 63.96+7.8 8 53.88+£7.92 | 10 | 35.69£15.36 7 52.23+10.88

|Us| = 693 45.81+14.38 | 11 | 43.944+14.86 8 58.78+12.42 | 10 | 45.37£14.21 7 58.37+14.04

4 |Us| =792 38.12+£6.99 | 11 37.37+8.17 8 53.294+6.91 | 10 37.6246.64 7 53.80+8.92
|U,| = 891 40.62+11.9 | 11 | 39.73£12.38 8 53.88+8.44 | 10 | 39.94£11.57 | 7 56.35+9.93

|Us| =990 51.52+12.38 | 11 | 49.29£11.67 | 10 68.38+4.65 | 11 52.02+11.3 | 8 63.33+11.06

|Uy| = 600 71.174+4.89 7 72.00£6.13 9 74.00£3.27 | 6 | 74.33£5.69 | 10 73.50+5.84

|Uy| = 700 72.57+4.46 7 71.71+4.81 9 72.14+4.34 | 6 71.00£3.78 | 11 72.14+3.9

5 |Us| =800 71.1244.27 7 71.25+4.64 | 10 71.62+2.91 6 69.624+3.4 | 11 71.124+4.16
|U,| =900 72.67%3.15 7 70.56£3.27 | 10 72.89+2.12 | 6 69.56+2.18 | 11 71.784+4.19

|Us| = 1000 73.004£2.79 7 70.50£7.47 | 10 71.30£4.73 6 71.00£5.1 | 11 73.10+4.18

|Uy| =175 76.07£16.23 | 10 | 81.25+10.36 | 18 82.32+10.67 | 8 86.614+9.08 | 8 88.04£6.92

|Us| = 87 80.69+13.21 | 14 | 79.17£10.28 | 18 84.86+11.05 8 86.114+9.92 9 90.69+7.3

6 |Us| =99 82.56+11.1 | 23 82.89+9.98 | 18 82.78+10.14 | 9 92.00+9.8 | 10 91.00+8.31
|U,y| =111 83.71£12.11 | 23 | 84.55£11.54 | 20 82.80+9.56 | 10 87.27+9.27 | 10 | 90.00+10.33

|Us| = 126 83.97+14.31 | 36 | 81.60£11.47 | 20 81.86+£8.78 | 11 85.64+7.29 | 11 89.68+4.99

|Uy| = 43 84.50+13.68 | 3 87.00+14 | 19 92.50+11.46 | 8 95.00+10 | 4 97.50+£7.5

|Us| = 50 90.00+13.42 4 92.00+£13.27 | 26 92.00+9.8 8 96.00+8 4 96.00£8

7 |Us| =57 85.67+10.44 | 5 | 94.67+8.19 | 36 89.67+11.3 | 13 93.00£8.62 | 5 94.67+8.19
|U,| = 64 80.95+12.78 7 89.29+7.08 | 41 90.71£9.9 | 16 93.81+7.62 | 6 96.67+6.67

|Us| = 72 84.46+13.51 7 86.07+£12.8 | 55 88.93+£7.9 | 19 | 88.75£10.66 | 7 | 92.86+11.52

|Uy| = 1200 91.00+1.93 | 57 89.83+£1.38 | 21 92.17£1.67 | 23 93.67+1.35 | 13 94.08+1.84

|Us| = 1400 90.64+1.87 | 58 90.86+1.27 | 21 92.57+1.36 | 24 94.00£1.36 | 16 94.07+£1.69

8 |Us| = 1600 88.88+2.22 | 59 89.38+1.53 | 21 90.81+1.58 | 26 92.194+1.77 | 21 92.69+2.22
|U,| = 1800 89.78+2.11 | 60 90.17+1.45 | 21 91.61+1.48 | 26 92.56+1.71 | 21 93.22+2.29

|Us| = 2000 80.70+1.36 | 61 80.30+1.05 | 22 82.60+2.11 | 27 82.90+1.92 | 25 82.95+1.27

|Uy| = 453 81.94+7.02 | 29 79.30+7.99 6 79.50+8.88 | 41 83.94+7.36 9 82.60£6.51

|Us| = 528 80.114+6.08 | 29 76.51£6.11 7 79.72£7.2 | 43 78.96+6.49 | 9 82.39+5.07

9 |Us| =603 80.28+7.41 | 29 76.47+6.42 | 10 75.62+3.57 | 43 80.10+8.41 | 10 81.43+4.82
|U,y| =678 79.64+6.1 | 32 76.83£6.4 | 19 78.16+4.88 | 43 79.20£5.4 | 10 78.89+3.34

|Us| = 756 79.2246.07 | 32 71.93£9.22 | 75 81.07+6.41 | 43 77.2445.26 | 12 81.77£2.06

|Uy| = 1386 94.88+2.3 | 15 94.454+2.27 | 13 94.74£2.63 | 11 94.664+2.04 | 10 95.60+£2.62

|Uy| = 1617 94.56+2.28 | 15 94.504+2.21 | 13 94.93+2.09 | 11 95.064+2.26 | 10 95.86+£1.83

10 |Us| = 1848 94.914+£2.11 | 15 94.86+£2.04 | 13 95.2442.21 | 11 95.18+£2.1 | 10 95.73+£2.03
|Uy| = 2079 95.056+1.49 | 15 95.294+1.56 | 13 95.824+1.36 | 11 95.53+1.84 | 10 95.96+1.26

|Us| = 2310 95.284+1.52 | 15 94.94+1.3 | 15 96.32+1.06 | 11 95.15+1.88 | 10 96.28+1.2

|Uy| = 3273 69.02+4.76 8 71.56£4.99 | 15 75.50£3.75 | 3 78.77£5.74 | 3 81.06£4.79

|Uy| = 3818  72.90+8.31 8 74.18+7.67 | 15 77.35+£6.44 | 3 80.20+3.14 | 3 80.78+4.56

11 |Us| =4363  75.50£6.37 8 75.53£6.31 | 15 80.34+5.33 | 3 | 81.05+4.12 | 3 80.34+4.71
|Uy| = 4908  76.59+7.05 9 77.16£6.81 | 15 81.95+5.56 | 3 82.87+4.89 | 3 83.01£4.25

|Us| = 5456  77.26+5.91 9 77.7£6.35 | 15 82.244+4.9 3 83.03+3.04 3 83.32+4.56

|Uy| =3000 78.53+1.84 27 78.57£2.79 | 31 78.90£2.22 | 24 79.90£1.91 | 15 80.00+£1.8

|Us| = 3500  78.29+2.26 28 79.66+1.83 | 31 78.83£1.83 | 24 | 81.11+1.71 | 15 80.91 £ 2.42

12 |Us| =4000 79.52+2.01 29 80.48+2.15 | 31 80.20+2.58 | 24 81.124+1.96 | 15 81.50£2.02
|U,y| = 4500  79.80+1.63 30 80.38+2.08 | 31 79.78+1.95 | 24 | 81.89£1.35| 15 81.4042.08

|Us| = 5000  80.08+1.46 31 80.90+2.03 | 31 80.24+1.45 | 24 81.34+£2.1 | 15 82.32+1.83
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Dé danh gia toan dién hon hiéu qua ctia céc rit gon thu duge, luan an tiép tuc phan
tich hiéu qua phan 16p dya trén cac rit gon nay. Cé thé thay trong phan lén cac bude
gia tang, cic rat gon xap xi trd vé tir cac thuat toan thuong c6 do chinh xac cao hon
hodc tuong duong so véi dit lieu géc. Tuy nhién, & cac bude gia tang ma tap dit lieu
c6 su thay doi dang ké vé do chinh xac phan 16p, thuat toan AIFSA-FKD thuong gip
khé khan. Vi dy, v6i cac tap dit lieu nhu Leaf, Vowel, LSVT va PD, do chinh xéc phan
16p ctia cac rat gon tit AIFSA-FKD trong mot sé budce gia ting thuong thap hon so véi
ban dau, trong khi cac rat gon tit cac thuat toan khéac van tiép tuc cai thién hiéu qua.
Nguyén nhan 1a do cac thuat toan W-MGMA, ARPD-AO va IARIF-AO c¢6 co ché cap
nhat hat thong tin khi mot tap ddi tuong mdéi duge them vao.

R6 rang, cac thuat toan dya trén phuong phap tap tho mo tryc cadm thuong cho két
qua vugt troi so véi cac thuat toan khac trén cac tap du liéu ¢6 do chinh xac phan loai
ban dau thap va sé lugng doéi tuong l6n, ching han nhu Wall v Waveform2. Vé miit
tryc cam, cac tap dit lieu nay thuong chia cidc déi tugng c6 phan bd khac biét so véi
phan 16n céc ddi tuong con lai, di¢u nay lam gidm hiéu qué ctia mo6 hinh phan 16p. Khi
st dung ngudng ban kinh 16n, cac hat thong tin hang x6m c6 trong s6 ctia thuat toan
W-MGMA c6 thé bao gdm cac ddi tugng nay va coi chiing 1a quan trong. Ngudc lai, cac
déi tugng nay sé duge xem 13 c6 vai tro rat nhé béi thuat toan IARIF-AO va bi loai bd
hoan toan thong qua tap lat cit «, 8 ctia thuat toan IARPD-AQ. Thém vao d6, miic do
khong thuoc trong céc thuat toan dya trén tap tho mo tryc cdm cé thé lam gidm dang
ké &nh huéng ctlia cac dbi tugng nhiéu trong dit lieu. Do dé, trong cac trudng hop nay,
ro rang cac rat gon thu duge tir cac thuat toan dya trén phuong phap tap thé mao triyc
cam mang lai hiéu suat toét hon cac thuat toan khac.

Theo Bang 3.6, thuat toan IARIF-AO vuct troi hon cac thuat toan con lai bang cach
dat dugc do chinh x4c cao nhat trong 44 trén tong s6 60 trudng hop gia tang, trong khi
AIFSA-FKD, W-MGMA va IARPD-AO lan lugt dat cao nhat trong 2, 11 va 8 trudng
hop. Nhitng két qua nay cho thay phuong phap IARIF-AO c6 do chinh xac phan 16p
vuot troi dang ké so véi tat ca cac phuong phap dude so sanh. Phuong phap kiém dinh
t-test phu thuoc cling duge thire hién véi miic tin cay 0.95 dé danh gia sy khac biét gitta
thuat toan dé xuat véi cac thuat toan AIFSA-FKD, W-MGMA va IARPD-AQ. Céc gia
tri p-values (two-tailed) tuong ting 1a 1.243E-10, 1.714E-05 va 1.547E-06 d6i v6i bo phan
16p KNN. Nhitng két qua nay chi ra ring phuong phap dé xuat dat duge do chinh xac

phan loai cao hon dang ké so véi tat ca cac phuong phap so sanh.
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3.4.2 Hiéu nang cua thuat toan IARIF-DO
Trong phan nay, luan an sé tién hanh mot s6 thuc nghiem dé danh gia hieu qua cta
thuat toan gia tang trén cac bang quyét dinh c6 st loai bé tap ddi tuong. Qua trinh thic

nghiém duge thuc hién trén cac bo dit lieu tieu chuan chuan duge mo ta trong Bang 3.7.

Bang 3.7: Cac tap dit lieu thit nghiém cho IARIF-DO va mot sb thuat toan

TT | Tap dit lieu S6 d6i tugng | |Ugee| | S6 thudc tinh | S6 16p Ngudn
1 | Leaf 340 170 15 30 UcCI
2 | Ionosphere 351 176 34 2 UCI
3 | Vehicle 846 423 18 4 | OpenML
4 | Vowel 990 495 12 11 | OpenML
5 | German 1000 500 20 2 UCI
6 | LSVT 126 63 310 2 | OpenML
7 | Leukemia 72 36 7129 2 UCI
8 | Mfeat 2000 | 1000 76 10 | OpenML
9 | PD 756 378 754 2 UCI
10 | Segmentation 2310 | 1155 19 7 | OpenML
11 | Wall 5456 | 2728 24 4 | OpenML
12 | Waveform2 5000 | 2500 40 3 | OpenML

Dau tién, luan an tién hanh so sanh cac thuat toan NIFS [82], WNRS [29], W-MGMN
[86], FMIFRFS [56], ARPD va ARIFW thong qua viéc trich xuat mot rat gon t6i uu
tren cac bo dit lieu géc. Cu thé, rit gon thu duge ciia mdi thuat toan la mot tap con
cac thuoc tinh c6 kich thude nhé nhat va dat do chinh xac phan 16p cao nhat, dude xac
dinh thong qua qué trinh diéu chinh cac tham s6 ctia moéi thuat toan trong khodng tit 0
dén 1 véi bude nhay 1a 0.05. Dbi v6i thuat toan dé xuat, qua trinh duyét tham so6 duce
thé hién trong Hinh 3.5. R6 rang, viéc diéu chinh gia tri ctia tham s6 ¢ trong moé hinh
c6 tac dong rat 16n t6i két qua rat gon thu duge. Khi dé, cac gia tri khac nhau ciia 6 ¢6
thé lam cho do chinh xac phan 16p cling nhu kich thuée 1t gon c6 xu huéng ting hodc
giam. Diéu nay phan anh 16 nét sy thay doi ciia cac hat thong tin lan can md triyc cdm
c6 trong s6 trong mo hinh.

Bang 3.8 trinh bay kich thudc cac rat gon thu duge va cac tham s tuong tng cla
ting thuat toan. Ro rang, cac phuong phap déu cho thay kha nang trich loc mot tap con
thuoc tinh c6 kich thude nhé hon rat nhiéu so véi dit lieu gbe. Tuy nhién, trén phan l6n
cac tap dit lieu c6 do chinh xac phan 16p thap nhu Ionosphere, Vehicle, Vowel, German,
LSVT, Wall va Waveform2, cac thuat toan NIFS, WNRS va W-MGMN van thu dugce
cac rit gon c6 kich thuée rat 16n. Trong khi d6, cac thuat toan theo tiép can mo hinh

tap tho mo tryc cAm thuong trich xuat duge cac rat gon nhé hon. Khi xem xét tat ca
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Hinh 3.5: D0 chinh xéc phan 16p va kich thu6e rat gon khi duyét § véi bo phan 16p KNN

cac truong hop, hai thuat toan ARPD va ARIFW thuong thu duge cac tap rat gon ¢o
kich thuéc nhé nhat. Cu thé, ARPD thu dugc tap rat gon nhé nhat ¢ 2 tap dit lieu va
ARIFW thu duge tap rit gon nhé nhat 6 7 tap dit lieu. Day ciing 1a hai phuong phap
c6 kich thudc rit gon trung binh thap nhat trong cac thuat toan. Tuy nhién, kich thudc
rit gon trung binh thu duge béi ARIFW 1a nhé hon so v6i ARPD. Diéu nay chi ra hiéu
qué ctia thuat toan dé xuét c6 kha nang xtt 1y 6n dinh trén cac tap di lieu c6 kich thude
16n hon.

Bang 3.9 trinh bay thai gian thuc thi clia cac thuat toan rat gon thudc tinh trén

bang quyét dinh c¢6 dinh. Tuong ti nhu két qua trong Bang 3.5, cac thuat toan NIFS
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Bang 3.8: Kich thudce rit gon va tham s6 clia cac thuat toan véi KNN trén U

o NIFS WNRS W-MGMN FMIFRFS ARPD ARIFW
Tap dit licu k| |red| | delta | |red| | delta | |red| | epsilon | |red| | alpha | |red| | delta | |red|
Leaf 0.001 12 | 0.05 91 0.95 11 0.7 13| 0.55 13| 0.85 11
Tonosphere 0.001 14 | 0.05 6 0.1 13 0.9 91 0.55 12 | 0.45 4
Vehicle 0.001 14 0.1 13 0.2 15 0.65 12 0.1 14 | 0.15 11
Vowel 0.008 10 | 0.05 71 0.55 11 0.4 0.9 6 0.3 7
German 0.005 10 0.1 19| 0.15 14 0.05 15 0.9 81 0.75 7
LSVT 0.002 9 0.8 22| 045 34 0.65 35| 0.75 6| 0.75 8
Leukemia 0.001 4 0.9 5 0.5 19 0.7 0.6 51 045 3
Mfeat 0.002 54| 0.45 59 | 0.05 21 0.55 35| 045 33| 0.75 15
PD 0.003 46 | 0.45 18 | 0.15 30 0.3 38| 0.35 41 0.5 8
Segmentation | 0.004 10 | 0.05 91 0.85 18 0.95 91 0.85 7 0.3 6
Wall 0.005 13 0.1 20 0.2 15 0.05 7 0.9 41 0.05 3
Waveform?2 0.002 27 | 0.05 9| 045 15 0.5 17 0.2 25| 0.35 13
Trung binh 18.58 16.33 18.00 17.17 14.50 8.00

va WNRS c6 thai gian thuc thi tét hon so véi cac thuat toan dya trén tap tho mo truc

cam. Trong khi, W-MGMN c6 thoi gian thic thi 16n nhat do phai trai qua qua trinh

nhém cac hat tri thitc c6 cting ngudng trong s6 va stt dung mot do do phic tap dé danh

gia thuoc tinh. R6 rang, khi bang quyét dinh c6 nhiéu déi tugng, thuat toan dé xuat

cang thé hien dugc kha nang xi 1y vugt troi so véi cac thuat toan theo huéng tiép can

tap mo trire cdm. Cu the, thoi gian x1t 1y trung binh clia thuat toan la 56.450 giay, trong
khi FMIFRFS mat 97.748 giay va ARPD mat 92.472 giay. Do d6, c6 thé néi ring thuat

toan dé xuat da ching minh duge kha ning giam thiéu thoi gian so véi cac thuat toan

theo huéng tiép can tap tho mo tryc cdm, dic biet khi bing quyét dinh c6 s6 luong doi

tugng 1on.

Bang 3.9: Thai gian thyc thi cia ARIFW v6i mot sé thuat toan khéc trén U.

TT | Tap di lieu NIFS | WNRS | W-MGMN | FMIFRFS | ARPD | ARIFW
1 Leaf 0.0079 | 0.2311 5.5813 0.6643 | 0.0756 0.0430
2 Tonosphere 0.0084 | 0.7941 8.1018 0.2356 | 0.1619 0.0507
3 Vehicle 0.0248 | 1.6584 35.647 3.0443 | 1.7041 1.5401
4 Vowel 0.0186 | 1.3825 56.821 4.7608 | 0.7494 0.9378
5 German 0.0204 | 2.3336 59.884 3.2374 | 2.8125 2.3473
6 LSVT 0.2605 | 2.7798 19.387 1.6951 | 1.1382 1.4905
7 Leukemia 28.880 | 37.931 92.566 380.93 | 472.54 372.56
8 Mfeat 16.722 | 95.189 185.40 136.63 | 112.73 59.473
9 PD 6.4523 | 211.73 714.05 211.70 | 218.54 47.528
10 | Segmentation | 1.9302 | 18.528 617.08 28.053 | 8.2013 7.3485
11 | Wall 2.8172 | 63.196 1328.4 102.22 | 32.730 27.505
12 | Waveform2 3.7391 | 236.16 1421.8 299.80 | 258.29 156.58
Trung binh 5.0776 | 55.993 378.73 97.748 | 92.472 56.450

Két qua so sanh do chinh x4c phan 16p ciia cidc thuat toan khi xi 1y trén tap dit lieu
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U dugc trinh bay trong Bang 3.10. Dé dang nhan thay rang thuat toan ARIFW dugc
dé xuat da chon loc hiéu qui mot tap con thuoc tinh quan trong trén tat ca cic tap
dit lieu. Cu thé, trong toan bo 12 trudng hop, tap rit gon ciia thuat toan luon dat hieu
suat phan 16p vugt troi so véi dit lieu gde. Hon nita, do chinh x4c phan loai trung binh
clia thuat toan dé xuat khi stt dung bo phan loai KNN 1a 82.33%, cao hon 1o rét so véi
gia tri ctia dit lieu goc 1a 76.69%. Luan an tiép tuc so sanh hiéu suat phan 16p gitta cac
thuat toan. Trén cac tap dit lieu c6 do chinh xac phan 16p ban dau thap va sb6 luong
déi tuong 16n, chang han nhu German, Wall va Waveform2, cac thuat toan dira trén tap
tho md tryc cam luon thu duge cac rat gon cé hieu qua phan 16p vugt troi so véi céc
phuong phéap dua trén tap tho md va tap tho lan can c6 trong sé. Diéu nay lam noi bat
lgi thé ctia tap tho mo tric cdm, trong dé viec két hgp ham khong thuoc giip mo hinh

giam thiéu 4nh hudng clia cac dbi tugng nhiu trong tap dit lieu.

Bang 3.10: So sanh do chinh xéac phan 16p cia ARIFW véi cac thuat toan khac trén U

Tap dit licu Tap gbe NIFS WNRS | W-MGMN FMIFRFS ARPD ARIFW
Leaf 60.59 £ 6.34 | 59.41+£555 | 69124301 | 67.94 4464 | 6147533 | 6147676 | 69.41 & 4.78
Tonosphere 83.76 +6.39 | 84.89+6.02 | 88.90+689| 86.04+534| 90.33+527| 88324761 |90.62 + 6.08
Vehicle 7045+ 1.85 | 69.39+£3.04 | 69.86+£202| 70574£275| 70104291 | 70224283 71.29 & 3.19
Vowel 51.52+12.38 | 53.03+£11.65 | 64.85 + 5.8 | 52.02+11.3| 53542694 | 52124694 | 64.85 + 5.8
German 73.00£2.79 | 69.40+£443 | 69.60+£3.9| 69104288 | 73504294 | 71504277 | 74.70 + 2.97
LSVT 83.97+14.31 | 80.06+9.07 | 89.68+6.39 | 86.47+507| 86.90+£9.95| 90.58+7.5 | 91.15 + 9.39
Leukemia 84.46+13.51 | 90.36+6.35 | 98.57 + 10 | 91.43+9.48 | 98.57 + 4.29 | 98.57 + 4.29 | 98.57 + 4.29
Mfeat 80.70 +1.36 | 81.50+1.99 | 80.15+1.52| 82.15+1.64| 81.65+199 |83.15+ 1.69 | 82.60 + 1.84
PD 79.22£6.07 | 74.18+£7.02 | 84.25 £ 5.89 | 78444434 | 79.63+458 | 79764361 | 82.5243.98
Segmentation 9528 +1.52 | 95414+15| O571+1.88| 9519+132| 95.63+167| 95.71+1.53|96.32 + 1.44
Wall 77264591 | 77.27+6.36| 7841+535| 75814588 | 81.56+3.78 | 83.14+4.01 | 83.32 + 4.56
Waveform?2 80.08+1.46 | 8044+1.51 | 78.38+1.69|83.24 + 1.18| 8286+ 1.44 | 81.82+154 | 8258+1.06
Trung binh 76.60+6.16 | 76284537 | 80.62+£4.53 | T79.06+£7.87| 78204465 | 79.70+4.26 | 82.33 + 4.12
Win/Draw /Loss 12/0/0 12/0/0 9/2/1 11/0/1 10/1/1 10/1/1 best

Tu Bang 3.10, ty le Thang/Hoa/Thua (Win/Draw/Loss) gitta thuat toan dé xuat
ARIFW va cdc thuat toan khac lan lugt 1a: 12/0/0, 9/2/1, 11/0/1, 10/1/1 va 10/1/1.
Co6 thé thay ring trén hau hét cac tap di lieu, cac tap rat gon dudce tao ra bdi thuat
toan ARIFW mang lai két qua phan loai tot hon so vdi cac thuat toan khac, mac du s6
luong thuoc tinh duge chon bdi ARIFW it hon. Hon nita, phuong phap dé xuat ciing
dat do chinh xac phan 16p cao nhat trong 9 trén 12 truong hgp, diéu nay ching minh
rang thuat toan dé xuat c6 kha nang Iya chon hiéu qua cac thudc tinh quan trong va co
kha nang xit 1y trén cac tap dit liéu véi dac trung da dang.

Cubi cting, luan an trinh bay mot s6 so sanh vé hiéu qua xit Iy ctia thuat toan IARIF-
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DO véi cac thuat toan gia tang AIFSD-FKD [82], W-MGMD [86] va IARPD-RO. Trong
d6, AIFSD-FKD la thuat toan gia tang dya trén tap tho mo sit dung do do khoang
cach tri thitc mo véi dau vao la tap rat gon tit thuat toan NIFS. Thuat toan gia ting
W-MGMD dya trén tap tho lan can c6 trong so, sit dung do do entropy, véi dau vao la
tap rat gon tiur thuat toan W-MGMN. Trong khi d6, thuat toan IARPD-RO duya trén
tap tho mo tryc cam, sit dung do do khodng cach phan hoach 1ay rat gon tit thuat toan
ARPD lam dau vao va thuat toan dé xuat IARIF-DO stt dung tap rit gon tit thuat toan
TARFW lam dau vao. Cac thuat toan sé xit 1y trén tap dit lieu bang cach loai bo lan

luot cac tap doéi tuong tit U; dén Us tu U.

Bang 3.11: So sanh thai gian thyc thi cia TARIF-DO véi cac thuat toan gia ting

~ . o Tap dit liéu loai bo L Tap dit lieu loai bd
Thuat toan Dit lieu i3 0, 7, 7, 78 Dt lieu 7, 0 7 7, i
ATFSD-FKD 0.0014 0.0012 0.0011 0.0009 0.0019 0.0003 0.0003 0.0002 0.0001 0.0001
W-MCGMD 0.0936 0.0727 0.0542 0.0410 0.0261 A 0.0137 0.0090 0.0084 0.0078 0.0066
IARPD-RO | eat 0.0199 0.0019 0.0018 0.0017 0.0015 | Leukemia 0.0016 0.0008 0.0007 0.0007 0.0005
IARIF-DO 0.0017 0.0015 0.0013 0.0010 0.0148 0.0010 0.0007 0.0006 0.0004 0.0003
AIFSD-FKD 0.0045 0.0024 0.0012 0.0011 0.0010 0.3399 0.3125 0.2973 0.2854 0.2722
W-MGMD 0.1092 0.0647 0.0481 0.0354 0.0243 | 7.6094 5.9371 4.5768 3.6133 2.7868
IARPD-RO | 1omOsPhere | o o193 00017 0.0016 0.0015 0.0158 | MHeat 0.1167 0.1089 0.1048 3.1072 0.0976
IARIF-DO 0.0055 0.0031 0.0011 0.0009 0.0008 0.0513 0.0479 0.1003 0.0932 0.0868
AIFSD-FKD 0.0027 0.0035 0.0024 0.0022 0.0031 0.0173 0.0137 0.0114 0.0009 0.0005
W-MGMD , 0.8093 0.5392 0.3373 0.2365 0.1610 1.1643 0.7671 0.4681 0.2533 0.1237
IARPD-RO | Vehicle 0.0057 0.0054 0.0051 0.0047 0.0308 | D 3.6784 3.5140 3.3552 3.1538 3.1100
TARIF-DO 0.0201 0.0186 0.0163 0.0144 0.0125 0.0626 0.0604 0.0584 0.0562 0.0531
ATFSD-FKD 0.0020  0.0019 0.0017 0.0028 0.0028 0.0068 0.0055 0.0041 0.0035 0.0139
W-MGMD 0.7238  0.4566 0.2463 0.1781 0.1214 71595 49197 3.2126 2.3421 1.6481
IARPD-RO | YoWel 0.0021 0.0075 0.0017 0.0015 0.0013 | SCEWENtation | o o5 0048 0.0158 0.0033  0.0027
IARIF-DO 0.0032 0.0030 0.0188 0.0156 0.0135 0.0050 0.0043 0.0358 0.0029 0.0024
AIFSD-FKD 0.0032 0.0029 0.0025 0.0022 0.0020 0.1345 0.1242 0.1198 0.1325 0.1347
W-MGMD 0.8169 0.6301 0.4103 0.3124 0.2160 | __ 38.134  20.808 22.805 16.854 11.612
IARPD-RO | G™Man 0508 00025 0.0023 0.0020 0.0017 | Vel 14515 1.0124 0.0103 0.0275 0.0151
IARIF-DO 0.0213 0.0176 0.0019 0.0017 0.0015 0.0259 0.0218 0.0185 0.0162 0.0134
AIFSD-FKD 0.0004 0.0004 0.0003 0.0014 0.0012 0.2132 0.1928 0.1739 0.1890 0.1306
W-MGMD 0.0446 0.0233 00157 0.0091 0.0088 | 29.932 21.917 15427 10415 6.5485
ARPD-RO | LSVT 0.0028 0.0026 0.0023 0.0014 00013 | vaveform2 o7 0 95808 24204 22,682 21.147
IARIF-DO 0.0032 0.0017 0.0026 0.0016 0.0014 16.207 13.301 10.384 12.628 4.9480

Béng 3.11 trinh bay thaoi gian thyc thi ciia thuat toan TARIF-DO so véi cac thuat
toan AIFSD-FKD, W-MGMD va IARPD-RO. M#c du phai thiyc hién tinh toan trén cac
tap dit lieu c6 s6 lugng doéi tugng 16n hon, tuy nhién cac thuat toan gia ting van ching
minh duge kha nang vuot troi vé thoi gian thie thi so véi cac thuat toin tuong tng
ciia ching khi xit 1y trén bang quyét dinh c¢d dinh. Thuat toan AIFSD-FKD van ching
minh dugc kha nang xit 1y vugt troi so v6i cac thuat toan khac. Khi xem xét cac thuat
toan dya trén tap tho mo truc cam, c6 thé thay thuat toan dé xuat cé thoi gian xit Iy
nhanh hon trong hau hét cac budc gia tang. Dieu nay la do dic diém ctia quan hé lan

can c6 trong so, gitip thu hep khong gian tinh toan bang cach chi tap trung vao cac déi
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tuong nam trong ban kinh. Thém vao do6, thuat toin nay ciing chon loc dudc it thude
tinh hon. Do d6, thuat toan két thic sém va dé dang thu duge mot rat gon.

Cubi cting, luan an trinh bay két vé qua do chinh xac phan 16p va kich thuée rit gon
thu dugc tit cac thuat toan gia ting. Qua céc s6 lieu trong Bang 3.12, ¢6 thé thay riang
cac thuat toan dya trén mo hinh tap thé mo tryc cam thuong thu duge cac riat gon cé
kich thudc nhé hon so véi cidc thuat toan diya trén tap tho lan can cé trong s6 va tap
tho mo trong hau hét cac budce loai bd. Dang cht ¥ hon, véi cac tap dit lieu c6 do chinh
x4c phan 16p ban dau thap nhu Leaf, Ionosphere, Vehicle, Vowel, Wall v Waveform2,
s6 luong thuoc tinh duge tra vé bsi IARPD-RO va IARIF-DO nho hon déang ké. Cu thé,
v6i 60 truong hgp loai bo, cac rat gon thu duge béi IARPD-RO va IARIF-DO c¢6 kich
thude nhé nhat lan lugt trong 18 va 45 truong hop. Diéu nay nhan manh hiéu qua cta
phuong phap dé xuat trong viéc loai bo cac thuoe tinh du thita khoéi bang quyét dinh
trong cac budc gia tang, dic biét trong cac truong hop bang quyét dinh chita cic thudc
tinh lam suy gidm hiéu qua phan 16p. Dé danh gia toan dién hon hiéu qua ciia céc rit
gon thu dugc, luan an tiép tuc phan tich hiéu qua phan 16p dua trén cac rat gon nay.

Do chinh xac phan 16p ctia cac rat gon thu duge tit cac phuong phap duge trinh bay
trong Bang 3.12. Trong phan 16n cic budc loai bd, cac rit gon xap xi duge tra veé tir cac
thuat toan thuong c6 do chinh xac cao hon hodc tuong duong so véi dit lieu goc. Cac
thuat todn dya trén mo hinh tap tho mo tryc cdm van ching minh duge hiéu qué vuot
troi so véi cac thuat toan khac trén cac tap di lieu c6 do chinh xac phan 16p ban dau
thap ciing nhu ¢6 s6 lugng déi tuong 16n, chang han nhu Wall va Waveform?2.

Theo Bang 3.12, thuat toan dé xuat vugt troi hon céc thuat toan khéc khi dat duge do
chinh xéc cao nhat trong 47 trén tdng s6 60 truong hop loai bd, trong khi AIFSA-FKD,
W-MGMA va TARPD-AO lan lugt dat cao nhat trong 1, 6 va 8 truong hgp. Phuong
phap kiém dinh t-test phu thudc ciing duge thyc hién véi mic tin cay 0.95 dé danh
gia su khac biet gitta thuat toan dé xuat vdi cac thuat toan AIFSD-FKD, W-MGMD
va TARPD-RO. Cac gia tri p-values (two-tailed) tuong ting la 1.371E-09, 1.253E-11 va
3.332E-06 dbi v6i bo phan 16p KNN.

Nhitng két qua duge trinh bay da cho thay phuong phap dé xuat dat duge do chinh

xac phan loai cao hon dang ké so v6i tat ca cac phuong phap so sanh.
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Bang 3.12: Kich thudc rut gon, do chinh xac phan 16p ctia IARIF-DO va céc thuat toan gia tang

~ o o AIFSD-FKD W-MGMD TARPD-RO IARIF-DO
TT Tap loai bo  Tap goc B~ Accuracy | |B7| Accuracy | |B7| Accuracy | |B7] Accuracy
|U1| = 306 58.78+7.39 | 12 58.15+5.55 | 11 58.15+5.2 | 12 59.46+6.28 | 11 67.651+4.52
|[Us] =272 60.75£11.77 | 12 60.03£9.75 | 11 59.18+4.79 | 12 62.22+10.6 | 11 69.13+4
1 |Us| =238  64.33+11.77 | 12 | 63.51£11.55 | 11 66.85+6.95 | 12 67.68+£9.5 | 11 74.82+7.67
Uy =204  68.31+£10.89 | 12 | 67.38+£13.08 | 11 74.12+8.81 | 12 72.69+£11.12 | 11 | 79.90 + 7.83
|Us| =170  71.76+£10.12 | 11 80.59£8.74 | 11 75.29+8.65 | 12 75.88+10.34 | 10 77.65+9.41
|Uy| = 316 82.984+5.68 | 14 84.22+£7.98 | 11 86.13+6.85 | 11 87.73+6.6 | 3 89.93+4.78
|Us| = 281 80.79£6.98 | 12 84.33£9.35 9 85.75£7.34 | 11 86.124+9.1 2 87.91+7.34
2 |Us| = 246 79.37£9.52 | 12 83.85+8.11 9 83.00£10.09 | 11 | 86.33£11.18 | 2 86.28+9.42
U, =211  77.73£10.86 | 12 | 81.02+10.68 9 79.09+10.31 | 11 83.40+13.69 2 84.81£8.5
|Us| = 176 77.29+9.74 | 12 79.44+£9.84 | 9 80.49+£9.29 | 10 80.10£12.26 | 2 81.21+6.84
|Uy| = 762 69.03£2.65 | 14 | 70.21+£2.41 | 13 68.90+£2.02 | 14 69.42+3.31 | 10 69.69+£2.6
|Us| = 678 67.85+5.75 | 13 66.07+4.1 | 11 65.93+£5.19 | 14 67.84+£525 | 9 70.35+4.87
3 |Us| = 594 68.70£5.16 | 13 66.84+£5.04 | 9 69.89+4.86 | 14 68.69+5.08 | 8 72.24+6.22
|U,| =510 67.84+4.04 | 13 70.0044.02 9 70.98+5.17 | 14 68.04+5.82 | 7 73.73+£4.57
|Us| = 426 67.61+4.36 | 12 67.34+4.08 9 70.19£6.98 | 13 66.424+5.93 6 70.90+£4.97
|[U1] =891  40.62+11.90 | 10 | 42.30£12.71 9 60.291+9.69 6 39.39+8.72 7 64.32+8.22
|Us| = 792 38.12+6.99 | 10 37.88+6.13 7 53.56+8.89 | 5 36.114+7.09 7 64.77+7.29
4 |Us| =693  45.81+£14.38 | 10 | 45.37£13.26 5 46.67+£13.55 5 39.46+14.22 6 60.79+10.71
Uy =594  35.86+14.33 | 9 63.30£8.67 | 5 43.16£14.52 | 5 35.56£13.54 | 5 59.44+7.4
|Us| =495  48.81+12.36 8 60.59+10.76 5 51.72+8.87 5 49.43+£14.71 4 60.34+12.87
|U1| =900 72.67+£3.15 | 10 70.44+5.22 | 13 69.22+4.5 | 8 72.33£3.93 | 6 73.00£3.62
|Us| = 800 71.12+4.27 | 10 69.75+£2.95 | 12 66.00+4.34 | 8 68.62+3.56 | 5 72.25+4.77
5 |Us| = 700 72.57+4.46 | 10 68.71+5.01 | 11 67.00+4.01 8 71.00+3.44 5 71.14+4.55
|Uy4] = 600 71.17+£4.89 | 10 68.33+3.5 | 11 65.50+£4.41 8 71.83+£5.02 5 72.00£5.26
|Us| = 500 73.20£4.21 | 10 71.20+4.49 | 11 68.00£5.14 | 8 72.80£3.12 5 72.00£5.93
|Ui| =114  85.76+£12.47 | 9 73.48+15.78 | 29 | 83.33£11.45| 5 87.731+5.88 7 90.23+8.45
|Us| =102 82.27+12.53 9 75.45+14.32 | 24 81.36£6.73 4 83.27+7.84 7 88.00+8.72
6 |Us| =90 84.44+8.89 | 9 78.89+7.78 | 19 85.56£10 | 3 83.33£10.24 | 6 88.89+8.61
|Uy| =78 81.07+14.99 8 81.07+11.44 | 15 | 83.39£12.48 | 3 76.96+£7.47 | 6 84.46+9.75
|Us| = 66 75.95+£14.42 7 72.14£13 | 15 86.43£12 3 81.43+£11.7 6 89.05+7.24
|U1] = 65 79.76£13.05 | 4 91.19£7.23 | 13 93.81£7.62 | 4 98.57+4.29 | 3 98.57+4.29
|Us| = 58 84.33+11.84 | 4 88.00+10.87 | 10 94.67+£8.19 | 3 91.67+£8.33 | 3 96.67+6.67
7 |Us| =51 90.33+£9.71 4 88.33+13.1 9 96.00+8 3 90.33+9.71 3 96.00+8
|U,| = 44 82.50+15.33 | 4 88.5+11.63 8 95.50+£9.07 | 3 91.00+11.14 | 3 93.00+10.77
|Us| = 37 86.67+£13.54 | 4 83.33+£17.87 | 8 92.50+11.46 | 3 91.67+£1291 | 3 96.67+10
U] = 1800  89.78+2.11 | 53 90.50+2.1 | 20 91.50+£1.49 | 33 92.114+1.77 | 15 92.00£2.47
|Us| = 1600  88.88+2.22 | 52 89.81£2.5 | 19 90.00£1.79 | 33 91.50+£1.94 | 15 91.56+2.41
8 |Us| = 1400  90.64+1.87 | 51 91.79+1.64 | 18 91.07+£2.54 | 33 93.21+1.51 | 14 92.79+1.87
|Uy] = 1200  91.00+1.93 | 50 92.17£2.01 | 18 90.75£2.72 | 31 92.83+1.45 | 13 92.50£2.01
|Us| = 1000 92.50+1.8 | 49 92.50+2.2 | 18 91.50+3.2 | 31 93.80+1.17 | 12 92.60+2.65
|U| = 681 80.19+6.83 | 46 77.68+5.6 | 26 79.15+£5.34 | 40 80.33+5.05 | 8 83.70+3.87
|Us| = 606 80.22+6.92 | 46 80.17£5.24 | 22 78.21+7.3 | 39 82.37+£6.45 | 8 83.17+4.3
9 |Us| = 531 80.06+6.06 | 46 80.80+6.6 | 18 T7.77T£6.14 | 38 78.74+8.12 | 8 83.44+4.71
|U,| = 456 81.61+£7.38 | 46 82.92+5.97 | 14 80.74+£4.09 | 37 81.20+7.89 8 86.86+4.54
|Us| = 381 78.52+7.88 | 46 77.98+6.24 | 10 78.50+4.35 | 36 78.78£7.48 | 8 83.224+4.01
U] =2079  95.05+1.49 | 10 95.29+1.25 | 16 94.95+1.4 7 95.53+1.65 | 6 95.96+1.46
|Us| = 1848  94.914+2.11 | 10 94.86+£1.85 | 14 93.45£2.07 7 95.40+2.23 6 95.89+1.95
10 |Us| =1617 94.56+2.28 | 10 94.38+2.25 | 12 92.46+£2.15 6 94.25+2.11 5 95.184+2.02
|U,| = 1386 94.88+2.3 | 10 94.67+2.63 | 12 91.494+2.31 6 94.024+2.65 5 94.52+2.59
|Us| = 1155  93.77+£2.45 | 9 93.00+3.08 | 12 90.74+£1.92 6 92.30+£1.34 | 5 93.256+2.3
|U1] = 4911  76.50£7.02 13 76.52+£6.32 | 15 74.10+£6.63 | 3 84.95+2.97 | 3 83.02+4.21
|Us| = 4366 75.52+6.51 | 13 74.63£6.49 | 15 7217598 | 2 77.35+£3.4 | 3 80.17+5.12
11 |Us|=3821 72.84+824| 13 72.42+6.63 | 15 70.30£7.11 2 76.45+3.62 3 80.84+4.57
|Uy| = 3276 69.29 £4.42 | 12 69.26+4.15 | 15 67.19£4.39 | 2 76.56+£5.42 | 3 81.50+4.85
|Us| = 2731 63.31£9.56 | 11 64.41+£9.04 | 15 61.70+9.85 | 2 73.31£6.9 | 3 76.64+5.18
|Uy] = 4500  79.80+1.63 | 27 80.00£1.72 | 14 83.00£1.6 | 25 82.02+1.52 | 13 81.71+£1.36
|Us| = 4000  79.52+2.01 | 27 79.72+1.59 | 13 | 82.80+2.61 | 25 81.32+1.71 | 13 81.68+1.64
12 |Us| =3500 78.2942.26 | 27 78.69+1.14 | 12 | 81.54+1.54 | 25 81.29+1.61 | 13 81.29+1.66
|Uy] =3000 78.53+1.84 | 25 78.87£1.77 | 11 | 80.67£1.66 | 25 80.13£1.72 | 12 79.73£2.01
|Us| = 2500  78.20+2.02 | 25 77.2842.1 | 10 78.92+1.13 | 25 79.20+1.71 | 12 80.64+1.89
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3.5 Két luan Chuong 3

Trong chuong nay, luan an da giéi thieu mot dang hat méi, duge hinh thanh dya
trén trong s6 clia cac thuoc tinh diéu kién va cac déi tuong trong hat thong tin. Ti co
sd d6, mo hinh tap tho lan can md tryc cdm co trong s6 da dude dé xuat ciing v6i mot
s6 tinh chat quan trong. Ké thita wu diém ciia mo hinh tap tho lan can, mo hinh méi
gitp rit ngan dang ké thoi gian tinh toan trong cac phuong phap rit gon thuoc tinh khi
chi tap trung vao cac doi tugng bén trong hat thong tin. Dong thoi, nho kha nang danh
gia chi tiét mitc do anh hudng clia ting thuoc tinh diéu kien dén kha nang phan 16p clia
moi doéi tugng thong qua trong s6, mo hinh cho phép lya chon hiéu qua cac thuoc tinh
c6 ¥ nghia cao. Hon nita, viéc thiét 1ap trong s6 cho cac déi tugng trong cting mot hat
thong tin dya trén hai thanh phan da tao nén mot cau tric hat dic trung va chi tiét
hon so véi nhiéu mo6 hinh tap tho lan can md rong khac. Nho do, cac thuat toan rat gon
thuoc tinh duge ho trg tot hon trong qua trinh tim kiém mot rat gon toi wu.

V6i dic trung ctia mot tap md triuc cadm, mo hinh dé xuat ciing gidm thiéu anh hudng
clia cac doi tugng nhidu trong dit lieu. Tt mo hinh nay, luan 4n phat trién do do khoang
cach ho lan can mo tryc cdm c6 trong s6 va thiét ké mot thuat todn gidm thuoc tinh
cho céc bang quyét dinh c6 dinh. Dé giai quyét cac kich ban dit lieu thuyc té, luan an
xay dung céc co ché cap nhat hat thong tin va dé xuat hai thuat toan gia tang dé xi Iy
nhanh trén cic bang quyét dinh dong. Két qua thitc nghiém cho thay cac phuong phap
duge dé xuat dat do chinh xac phan 16p vuot troi trén cac bo dit lieu nhiéu va khong
nhat quan so v6i cac phuong phap dya trén tap tho mao va tap tho lan can c6 trong so.
D6i v6i cac bo dit lieu nay, hieu qua clia cac mo hinh phan 16p truyén théng thuong bi
suy giam do sut ton tai ctia mot s6 doéi tugng c6 phan bo khéac biet dang ké so v6i phan
16n cac doi tuong trong tap vil tru. Bén canh do, cac thuat todn dé xuat con cho thay
khéa nang giam thiéu dang ké thoi gian xt 1y so véi cac phuong phap dua trén tap tho
mo truc cam.

R6 rang, mo hinh tap tho lan can mo triiec cdm c6 trong sd da khac phuc duge nhicu
han ché con ton tai trong mot s6 mo hinh thudoc nhanh maé rong thit nhat cia 1y thuyét
tap tho. Trén co sé d6, mo hinh duge xem nhu mot cong cu hieu qua dé giai quyét bai
toan rat gon thudc tinh trén nhiéu loai dit lieu khac nhau, dic biet 1a cac tap di lieu
nhiéu va c6 mat do phan bd khong dong déu. Tuy nhién, trong truong hop dit liéu co
mat do phan b qué day dac, s6 luong déi tuong thuoc cac hat thong tin c6 thé gia tang

dang ké, tit d6 lam tang chi phi tinh toan va thoi gian xit 1y cia cac thuat toan.
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KET LUAN VA KIEN NGHI

KET LUAN

Luan an tap trung nghién cttu bai toan rat gon thudc tinh trén bang quyét dinh véi
muc tiéu nang cao hiéu qua cho cdc mo hinh hoc may, dong thsi gidm thiéu tinh phiic
tap ctia tap luat. Ly thuyét tap tho duge xem 1a mot cong cu nén tang quan trong cho sit
phat trién ctia cc phuong phap rat gon thuoc tinh. Tuy vay, cac phuong phap dua trén
mo6 hinh tap tho truyén thong van con nhiéu han ché khi 4p dung cho cac bang quyét
dinh dang s6 va lien tuc. Thuc tién nay da dan dén sy hinh thanh hai huéng nghién
cttu md rong nham khiac phuc nhitng bat cap trén. Trén co sé khao sat, phan tich va dbi
chiéu, luan an da chi ra mot s6 nhuge diém cilia caAc phuong phap md rong hien c6, dong
thoi dé xuat mot s6 déng gép chinh nhu sau:

Thit nhat, truéc nhitng han ché ctia huéng mé rong tap tho ma trong viee xi ly dit
lieu nhiéu ciing nhu sy kém hiéu qua vé thoi gian clia mo hinh tap tho mo tric cam,
luan an da huéng t6i viec dé xuat mo hinh tap mo tryc cAm mic alpha, beta nhu mot
st tong quét hoa clia tap md truc cdm. Qua dé, mot sb tinh chat then chét ctia mo hinh
ciing duge trinh bay dé lam ré nhing wu diém ma moé hinh mang lai. Trén co s3 nay,
luan an dua ra mot s6 thuat toan rit gon thuoc tinh véi nhitng déng goép chinh nhu sau:

- Xay dung do do khoang cach phan hoach md trirc cdm mic alpha, beta lam co sé
trong viéc dinh nghia lai mot rit gon hieu qua trén bang quyét dinh va xay dung do
quan trong ctia thudc tinh nham Iyga chon cac thuoc tinh cé ¥ nghia cao. Qua do, dé
xuat thuat toan rat gon thuoc tinh trén bang quyét dinh ¢6 dinh (ARPD) theo hudng
tiép can loc véi do phic tap da thiic.

- Mé rong cong thiic tinh khodng cach phan hoach mé triyc cam miic alpha, beta dé
x1t I nhanh cho cac trudng hop bang quyét dinh c6 syt bo sung va loai bd tap ddi tuong,
huéng t6i viec dé xuat hai thuat toan gia tang trén bang quyét dinh thay doi, ing dung
cho cac kich ban thuc té cua dit lieu.

Thtt hai, nham khéc phuc nhitng han ché tit mot sé6 mé rong theo nhanh tap tho lan
can, luan an da de xuat mo hinh tap tho lan can mo tryc cdm c6 trong s6 nham danh
gia anh hudng ctia cac thuoc tinh dicu kién dén quyét dinh clia cac ddi tuong va dic
trung chi tiét vai tro clia cac ddi tuong trong mot hat thong tin. Tt mo hinh nay, luan
an ciing dua ra mot s6 thuat toan rat gon thudc tinh v6i nhiing déng gop noéi bat sau:

- Xay duyng do do khodng cach giita hai ho lan can md tryc cdm c6 trong s6 lam co
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sd trong viéc dinh nghia mot rat gon hieu qua trén bang quyét dinh va xay dung do
quan trong ctia thudc tinh. Qua d6, dé xuat mot thuat toan trich chon cac thuoc tinh
can thiét tren bang quyét dinh ¢6 dinh (ARIFW) véi thoi gian da thic.

- Mé rong cong thitc tinh khoang cach gitta hai ho lan can md tryc cdm cé trong sb
dé xtt 1§ cho cac truong hop bang quyét dinh c¢é su bo sung va loai bé tap déi tuong
huéng t6i viec dé xuat hai thuat todn gia tang trén bang quyét dinh thay doi tap doéi
tugng.

KIEN NGHI

Pham vi clia luan an hién tai chtl yéu tap trung vao cac bang quyét dinh thay ddi
trong truong hop bo sung va loai bd tap déi tuong. Trong tuong lai, huéng nghién citu
sé tiép tuc duge md rong sang cidc phuong phéap rit gon thude tinh déi véi nhitng bang
c6 sut thay doi ¢ tap thuoc tinh. Day 1a mot kich ban phd bién trong thuc té, khi dit lieu
luon dugce cap nhat lién tuc theo thoi gian.

Thit hai, trong cac mo hinh duge dé xuat, cac 16p quyét dinh vé ban chat van duge
biéu dién duéi dang tap ro. Diéu nay khién viec do luong lugng thong tin clia timg 16p
gap nhiéu han ché. Dé khic phuc van dé nay, luan an trong tuong lai sé tap trung phat
trien mot mo hinh cho phép chuyén ddi céc déi tuong trong 16p quyét dinh thanh cac
s6 md tryc cam. Céach tiép can nay hita hen mang lai cac do do linh hoat va hieu qua
hon trong viéc tim kiém cac thuoc tinh quan trong.

Thit ba, trong mo6 hinh tap tho lan can md tric cdm c6 trong s6, viéc stt dung mot
ngudng ban kinh c6 dinh doi khi gap kho khin trong boi canh dit lieu c6 mat do phan
b6 16n. Khi dé, mot hat thong tin ¢6 thé bao ham qua nhiéu déi tugng, gay anh hudng
dén két qua rat gon. Dé khic phuc, trong giai doan nghién ctu tiép theo, luan an sé
huéng dén viec dé xuat mot mo hinh mdi nham han ché sé lugng ddi tuong cé vai tro
16n trong timg hat thong tin, qua dé tao co s6 cho viéc xay dung cac thuat toan rit gon

thuoc tinh hiéu qua hon.
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