BQ GIAO DUC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HOC VA CONG NGHE

Pham Viét Anh

CAC MO HINH TIEN TIEN CHO RUT GQN THUQC TiNH GIA TANG
DUA TREN TAP MO TRUC CAM VA TAP THO LAN CAN TRONG SO

TOM TAT LUAN AN TIEN ST MAY TINH
Nganh: Hé thong thong tin
Ma s6: 9 48 01 04

Ha Ngi - 2026




Cong trinh dugc hoan thanh tai: Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa

hoc va Cong nghé Viét Nam

Ngudi huéng dan khoa hoc:
1. Nguoi hudng dan khoa hoc 1: PGS.TS. Nguyén Long Giang
2. Nguoi huéng dan khoa hoc 2: TS. Nguyén Ngoc Thuy

Phan bién 1:

Phan bién 2:

Luan an dugc bao vé trude Ho1 dong danh gid luan an tién si cap Hoc vién hop tai Hoc
vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét Nam vao hoi

.......... gio.........,ngay ........ thang ........ ndm

Co6 thé tim hiéu luén 4n tai:
1. Thu vién Hoc vién Khoa hoc va Cong nghé
2. Thu vién Quoc gia Vi¢t Nam
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1. Tinh cap thiét cta luan an

Nhu mot cong cu hitu hieu, mé hinh tap tho da dat mot co sé viing chac trong viéc hinh
thanh cac thuat toan rat gon thuoc tinh trén bang quyét dinh [4]. Tuy nhién, khi xit 1y
trén cac dit lieu chita cidc thudc tinh c6 mién gia tri so lien tuc, cac phuong phap duya trén
mo hinh nay phai trai qua bude roi rac héa dit lieu. Do do, qua trinh nay sé anh huéng
rat 16n t6i viec bao toan thong tin va lam suy gidm hiéu qua ctia rat gon thu duge. T
nhitng khé khian nay, mot sé6 mé rong ctia mé hinh tap tho sau dé da dugce phét trien dé
xtt Iy truyce tiép dit lieu gbc, trong dé cac moé hinh mé rong pho bién va hiéu qua nhat dugce
phét trién theo hai nhanh chinh bao gom mé hinh tap tho lan can va mo hinh tap tho mo.

Mo hinh tap tho lan can 13 mot trong nhanh nghién ciu dude md rong ti 1y thuyét tap
tho. Cac phuong phap theo huéng tiép can tap tho lan can c6 kha nang xtt 1y rat tot trén
cic bang quyét dinh s6 hoac hon hop béi kha nang mo ta dac trung ciia mot ddi tugng 1a
day du hon so véi Iy thuyét tap tho truyén thong. Tuy nhién, cic phuong phap nay chi
tap trung vao so luong doéi tuong trong mot hat thong tin. Diéu nay c6 nghia 1a tat ca cac
dé6i tuong trong mot hat thong tin déu duge gan mic do quan trong nhu nhau déi véi mot
quyét dinh nhat dinh. Mac du trén thuc té, dit lieu luon dude phan bo da dang, nghia 1a
moi d6i tuong trong mot ving lan can déng mot vai tro khac nhau.

Dura trén sy két hop gitta 1y thuyét tap tho truyén thong va 1y thuyét tap mo, 1y thuyét
tap tho mo da duge dé xuat bdi Diibois va Prade [34] duge xem 14 nhanh nghién cttu thit
hai nham xt 1y cho dit liéu lién tuc. Tuy nhién, mot s6 nghién cttu da chi ra rang phuong
phap rat gon thuodc tinh dya trén tap tho mso kém hiéu qua hon khi xit 1y cac tap di liéu
nhiéu c6 do chinh xac phan loai thap.

Trong nhitng ndm gan day, cac phuong phap rit gon thuoc tinh theo mé hinh tap tho
md truc cam dang nhan duge nhidu sy quan tam. Uu diém ctia mo hinh nay 1a su bo sung
can thiét ctia thanh phan ham khong thudc gitp diéu chinh t6t cac thong tin tit mot s6
d6i tugng nhiéu trong dit lieu vé dung phan 16p [52]. Do d6, mo hinh tap tho mdo tric cdm
c6 kha niang phan loai cac doéi tugng t6t hon so v6i tap md co dien, dac biet la trén cac
bo dit lieu nhiéu hosic c6 do nhat quan thap. Mot s6 két qua thuc nghiem da ching minh
duge hieu qua vugt troi cia cac thuat toan theo mo hinh tap tho ma truc cam so véi cac
thuat todn theo mo hinh tap tho md. Tuy nhién, mo hinh tap tho mo triyc cdm van ton
tai mot s6 nhuge diém. Thit nhat, viec bd sung thanh phan ham khong thuoc khién cho
cac thuat toan theo huéng tiép can nay tiéu téon nhicu khong gian luu trit va c6 do phiic
tap tinh toan cao hon so vdi cac phuong phap tap tho md truyen théong. Thit hai, nhiing
do6i tuong c6 st phan bd khac biet so vdi phan 16n cac déi tugng trong tap vil tru sé tao
ra nhiéu trong tinh toén.

Bén canh do6, dit lieu ngay nay luon c6 su gia tang va thay doi theo thoi gian khién cho
cac bang quyét dinh co6 kich thuée vo ciing 16n. Dé giai quyét van dé nay, cac phuong phap
rat gon thuoc tinh theo huéng tiép can gia tang da trd thanh mot hudéng nghién citu md
rong va day tiem nang. Diéu ndy da mang t6i nhitng dong liic trong viéc nghién ciu va
phat trién cac thuat toan gia tang theo tiép can mé hinh tap thé mo truc cam.

2. Muc tiéu nghién ciu

1) Dé zudt mot s6 mo hinh dudec md rong t& mo hinh tap tho mo truc cam: Trén co s6 da
trinh bay, van dé dau tién ctia luan an 13 xay dung mot s6 mo hinh c6 khi nang ké thita
va tan dung loi thé ctia mo6 hinh tap tho md tryc cAm nham khac phuc nhitng han ché ciia
hai nhanh nghién citu md rong tit mo hinh tap tho truyen théng. Thém vao d6, cac mo
hinh dé xuat c6 kha nang cai thien thsi gian thuc thi va gidm thiéu anh hudng ctia cac



do6i tuong nhiéu trong dit lieu so v6i mo hinh tap tho mo tric cam.

2) Thiét ké cac thudt toan gia ting dua trén cac mo hinh duge dé zudt: Tt mot sd tinh
chat quan trong ctia cac mo hinh dé xuat, van dé thit hai clia luan an 13 viéc thiét ké cac
thuat toan gia ting dé xit Iy trong cac kich ban thuc té ctia dit lieu khi c6 su bd sung va
loai bo tap doéi tuong.

3. D6i tuong nghién ciu

Luan an tap trung nghién cttu vé cac khai niém co ban nhu bang quyét dinh, tap rat
gon va mot s6 phuong phap rat gon thuoc tinh trén bang quyét dinh thong qua mot so6
nhanh mé rong ctia mo hinh tap tho bao gom:

1) Khao sat mot s6 md rong theo nhanh mo hinh tap tho lan can va mo hinh tap tho mo
cung cac phuong phap rat gon thudc tinh.

2) Khao sat mo hinh tap tho md tryc cdm, mot sé6 do do danh gid ¥ nghia ctia thuoc tinh
va cac phuong phap rat gon thuoc tinh theo tiép can Heuristic.

4. Pham vi nghién ciu

Pham vi nghién citu clia luan 4n tap trung vao cac han ché va huéng cai tién trong mot
s6 md rong ciia mo hinh tap tho v cac phuong phap rat gon thuoc tinh duge ap dung
trén bang quyét dinh c6 dinh va bang quyét dinh c6 s thay doi tap déi tugng, cu thé:

1) Nghién citu mot s6 mo hinh duge md rong tit nén tdng mo hinh tap tho mo tryc cam
dé xay dung cac thuat toan rit gon thudc tinh trong bang quyét dinh c¢6 dinh.

2) Nghién cttu cac thuat toan gia tang thong qua cdc mo hinh dé xuat nham tim kiém rat
gon trén bang quyét dinh cé su thay doi tap déi tuong.

5. Phuong phap nghién ciu

1) Ve lyj thuyét: Nghién ctu va chiing minh mot s6 tinh chat quan trong ciia cac mo hinh
dé xuat, nghién citu cac thuat toan Heuristic dé tim kiém it gon ctia bang quyét dinh cb
dinh, bang quyét dinh cé sut b6 sung va loai bo tap doi tugng dua trén cac do do trong
khong gian cia mo6 hinh dé xuat.

2) Ve thuc nghiém: Thit nghiem, so sanh, danh gia cac thuat toan dé xuat véi cac thuat
toan da cong b trén cac bo dit lieu titu chuan duge thu thap tit kho dit lieu UCI! va
OpenML? nham danh gia tinh hiéu qua ctia cac thuat toan dé xuét.

6. Cau tric luan an

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

Chuong 1. Luan 4n ban dau gidi thieu bai toan rat gon thuoc tinh thong qua mot s6
huéng tiép can chinh v cac khai niém co ban vé bang quyét dinh. Qua d6, luan an sé
trinh bay tong quan vé 1y thuyét tap tho md truc cam, 1a co sé cho viéc hinh thanh mot
sO mo6 hinh md rong va dé xuat cic thuat toan rat gon thuoc tinh. Cac déng gép chinh
clia luan an sé dugc trinh bay chi tiét trong Chuong 2 va Chuong 3.

Chuong 2. Luan 4n trinh bay vé cac thuat toan rat gon thuoc tinh trén bang quyét dinh
c6 st bo sung va loai bé tap déi tuong theo tiép can mé hinh tap tho md truc cdm mic
alpha, beta.

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 tuong theo tiép can mo hinh tap tho lan can mo truc cam
c6 trong so.

Thong qua cac phuong phap dé xuat, luan an ciing trinh bay mot s6 thuc nghiem dé
chitng minh wu diém ctia phuong phap trong viéc khic phuc cac han ché tit mot s6 phuong
phap dién hinh khac theo tiép can ctia mo hinh tap tho mo, tap tho lan can trong sb va
tap tho mo tryuc cam. Cudi cing, phan két luan sé trinh bay nhitng két qua da dat duogc
ctia luan an, huéng phat trién trong tuong lai va nhitng van dé quan tam ciia tac gia.

Ihttps://archive.ics.uci.edu/datasets
?https://openml.org/search?type=datakstatus=active&sort=runs.
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Chuong 1: Téong quan vé bai toan rit gon thudc tinh trén
bang quyét dinh

Chuong 1 sé trinh bay mot s6 dong gop chinh nhu sau:
(1) Gidi thiu tdong quan vé bai toan rit gon thudc tinh va s6 huéng tiép can dién hinh.
(2) Trinh bay tong quan mot s6 mo hinh 4p dung cho bai toan rit gon thuoc tinh dua
tren hai nhanh ma rong tit 1y thuyét tap tho. Qua do, phan tich nhitng wu diém va nhugc
diém ctia mbi mo6 hinh dé rat ra nhing dong luc trong nghién ciu.
(3) Trinh bay cac khai niém co ban vé bang quyét dinh, mo hinh tap tho mo truc cam,
lam co s dé xuat mot s6 mo hinh md rong dat hieu qua cao trong viée ap dung cac thuat
toan rut gon thuodc tinh.

Két qua nghién cttu ctia chuong nay duge cong bd trong cac cong trinh [CT3] thudc
phan Danh muc cic cong trinh nghién cttu clia luan an.

1.1. Téng quan vé rit gon thudc tinh

1.1.1 Mot s6 khai niém co ban

Rit gon thuoc tinh 1a bai toan quan trong bude tien xi Iy dit lieu v6i muc tiéu chinh
13 giit lai cac thudc tinh can thiét va loai bé cac thuoc tinh du thita ma van dam bao do
chinh xac trong phan loai va dy doan. Hién nay, cac bai toan rat gon thudc tinh thuong
duge xit Iy trén cidc bang quyét dinh.

Bidng quyét dinh duge bicu dién bdi mot ciap 1S = (U,C U D), trong d6 U 1a mot tap
hitu han khéc rong cic dbi tuong, C va D 1a cac tap hitu han khac réng cac thuoc tinh
théa man C' N D = (). M6i thuodc tinh ¢ € C U D xac dinh mot anh xa c¢: U — V. 1a mot gia
tri ctia thuoc tinh c. Khi d6, cho v € U va ¢ € C U D, gia tri clia thuoc tinh ¢ v6i déi tuong
u duge ky hieu 1a ¢ (u). C duge goi 1a tap cac thuoc tinh diéu kién va D 14 tap cac thuoc
tinh quyét dinh. Trong truong hop D c¢6 nhiéu thuoc tinh quyét dinh thi bang mot phép
chuyén doi hoan toan c6 thé biéu dién D dudi dang mot thudc tinh quyét dinh [88].

1.1.2 Mot sé6 mo hinh trong rat gon thudc tinh

Tap tho lan can (NRSs) va tap tho k-lan can gan nhat (KNNRSs) duge Hu va cong su
lan dau gidi thiu vao nam 2008 [13]. Tit co sd nay, nhiéu bién thé ctia mo hinh tap tho lan
can da duge phat trién dé nang cao hiéu qua trong viéc rit gon thuoc tinh. Uu diém cta
mo6 hinh tap tho lan can 1a kha ning Iua chon tric tiép cac thuoc tinh tit cac bang quyét
dinh s6, loai bo sy can thiét ciia qué trinh roi rac héa dit lieu trong khi van ddm bao hiéu
qud phan 16p. Bén canh d6, quan hé 1an can chi tap trung vao cac doéi tuong thuodc vao lan
can ctia mot doi tugng cho trude. Do d6, mo hinh tap tho lan can gitup thu hep pham vi
tinh toan va tang kha nang xit Iy cho cac thuat toan rat gon thudc tinh.

Tuy nhién, m6 hinh tap tho 1an can khong xét t6i anh hudng cia tung thudc tinh cho
moi quyét dinh ciia cac doi tuong. No6i cach khac, mo hinh nay gid dinh rang trong s6 ciia
mdi thudc tinh diéu kien la nhu nhau. Dieu nay c¢6 thé dan dén viec mo ta sai vé moi quan
hé gitta cac thuoc tinh dieu kién va thuoc tinh quyét dinh. Do d6, mot s6 thuoc tinh co
mbi quan hé chat ché v6i quyét dinh c6 thé khong duge dai dien day du dé phan anh tam
quan trong thyc sy clia ching. Két qua nay dan dén viéc bé qua nhiing thuoc tinh c6 ¥
nghia trong qua trinh rat gon.

Dé gidi quyét van dé nay, Hu va cac cong su [29] da dé xuat mo hinh tap tho lan can
trong s6 (WNRSs) stt dung khoang cach duya trén trong s6 cac thuoc tinh:



A (u,v) ZwQ (a(u) —a(v))2 (1.1)
acA
trong do6, w (a) 1a trong s6 clia thuoc tinh a € A, duge xac dinh nhu sau. Cho bang quyét
dinh IS = (U,CUD), U = {uy,us,...,u,} 1a tap cac doi tuong, C = {ay,as,...,a,} la tap
céc thuoc tinh dicu kien va D 1a tap thudc tinh quyét dinh. Heé s6 phan hoach ctia cac
thuoc tinh la mot vector A = (A(a1),A(az), ..., A (am))T duge xac dinh dya trén nghiém
A= (ATA +E)"'ATY, trong d6, A 1a ma tran hé sé6 duge dinh nghia béi

aj(uy) ag(ur) -+ am(ur)
A a1(.u2) az(.uz) am§U2)
ar(tn) a(un) o (i)

va Y = (D(a1), D(as), ..., D(an))" 1& mot vector quyét dinh.

Dura trén hé s6 phan hoach ctia cac thuoc tinh, trong sé ctia méi thuoc tinh a € C duge
xac dinh bdi cong thic:

€] - [A(a)]

ZaGC ‘)\(CL)|
trong do6, |C| bicu dién s6 lugng cac thudc tinh dicu kién trong bang quyét dinh va [\(a)]
1a gia tri tuyet doi ctia A(a).

Trong nghién citu nay, dé thé hién tinh tong quat, cong thic khoang cach trong s6 dudc
dinh nghia lai nhu sau:

w(a) = (1.2)

A4 (u,v) Z a(v)’)p (1.3)

acA
Quan hé lan can trong so, ky hieu la Riiw, duge dinh nghia bdi:
RO = {(u,0) € U x U : A% (u,v) < 8} (1.4)

Khi d6, v6i mot doéi tuong v € U, mot hat thong tin 1an can clia u dude tao bdi trong s6
d,w

cac thuoc tinh duge goi 1a mot hat thong tin lan cin trong so thudc tinh, ky hiéu 1 [u] 4
va dude xac dinh nhu sau:

W% = {veU: (u,v) € RG} (1.5)

R6 rang, ho clia tat ci cac hat thong tin nay sé tao nén mot pht trén U, ky hiéu 1a
U/RY = {[u]% : w € U}. Theo d6, v6i mot tap dbi tuong X C U, xdp i dudi va wdp i
trén ctia X duya trén cac hat thong tin lan can trong sé theo A duge xac dinh tuong ting
nhu sau:

WNA (X) = {ueU: [} C X} (1.6)
WNy (X)={ueU:[uynX #0} (1.7)

Tu van dé nay, cac cong trinh [32] va [33] [32] da dé xuat cac mo hinh c¢6 gan trong sd
cho cac dbi tuong va chitng minh duge hiéu qua ctia cac thuat toan rat gon thuodc tinh.
Tuy nhién, mot s6 mo hinh van ton tai nhitng han ché sau:

e Cau tric hat thong tin trong cac mo hinh thuong mang tinh chat don gidn, chua phan
anh day du vai tro ctia ting doéi tugng trong hat, dong thoi khong xem xét dude su
khong chac chan va do duy von luon ton tai trong dit lieu thue té.



e Cac mo hinh van chua c6 sy tich hop giita cd trong sd thuoc tinh va trong s6 doi
tuong, mac dit sut két hop nay hita hen sé mang t6i kha nang cai thien dang ké vé hieu
qua Iyta chon mot rat gon toi vu.

e Céac mo hinh thuong st dung do phu thuoc lan can nhu mot tiéu chuan dé dinh nghia
mot rat gon. Khi d6, néu bang quyét dinh 1a khong nhat quan thi do do nay chi xét
dén cac dbi tuong nam trong mién duong ciia bang quyét dinh ma bd qua rat nhiéu
doi tuong khac, ké ca nhing déi tuong ndm trong mién bien.

Nhanh nghién cttu vé mo hinh tap tho mo (FRSs) da duge phét trién song song va han

ché dugc mot s6 kho khan clia mo hinh tap tho lan can trong viéc biéu dién dic trung cta

cac hat thong tin. Cu thé, méi thuoc tinh dicéu kien a € C' sé xdc dinh mot quan he nhi
phan mo Ry, trén U x U voi R{a}(u v) € [0,1]. Khi dé, R{a} dugce goi la quan hé tuong

duong ma néu théa man cac tinh chat sau moi doi tuong u,v € U.
1. Tinh phan xa: R{a} (u,u) =1,

2. Tinh déi xtng: R{a}(u v) = R{a}(v u),
3. Tinh bac cau: ﬁ{a}(u,v) > sup min {R{a}(u, t), E{a}(t,v)}.
teU

Quan hé tuong duong md sé sinh ra mot phan hoach mao U/ﬁ{a} = {m{a} fu € U} trén
U, trong do m{a} dudc goi 1a hat thong tin md ctia doi tuong w. Luu ¥ rang, m{a} ciing 1a
mot tap mo va do thudc ctia mdi doi tugng v € U duge ky hieu 1a [ ] {a}( v), chinh la gia tri

cua ﬁ{a}(u, v). Qua do, lyc lugng cia hat thong tin [ ltay» k¥ hicu 1a [[u],,| duge xéc dinh
bii |[ulgay| = D gy ().
velU

C6 thé thay rang, cau tric ciia hat thong tin md duge bicu dién chi tiét hon so véi hat
thong tin lan can. Do d6, cac dic tinh ctia dit lieu dugc thé hien day da hon trong mo
hinh FRSs. Tuy nhién, mo hinh FRSs van con mot s6 han ché nhu sau:

e Nhidu déi tugng nim trong hat thong tin mo véi cac mitc do thuoc rat nho cé thé gay
ra nhiéu trong qué trinh tinh toan.

e Cac do do danh gia thuoc tinh duge xay dung trén mo hinh déu dya trén qua trinh
tinh toan luc lugng ctia cac hat thong tin mo. Do do, khi xit Iy trén cac tap dit lieu
c6 do chinh xac phan 16p ban dau thap thuong thu duge mot rat gon chua hieu qua.

e Cac phuong phap theo mo hinh FRSs hién chua 4p dung viéc thiét lap trong so clia
cac thuoc tinh dieu kién.

Nhin chung, ca hai huéng mé rong cta ly thuyét tap tho déu déi mit véi khong it kho
khan. Nhitng han ché nay 1a dong luc thic day tac gid dé xuat nhitng md rong méi trén ca
hai nhanh nghién ctu. Dé gidi quyét cac van dé néu trén, mo hinh tap tho md tryc cam
dugc coi 1a mot gidi phap tiém nang trong viéc phat trién cdc mo hinh méi.

1.2. M6 hinh tap thoé mo truc cam

Dinh nghia 1.1. (Quan hé mo tryc cdm [91]). Cho bang quyét dinh IS = (U, C' U D), mdi
thudc tinh a € C sé xac dinh mot quan hé nhi phan mad truc cam Riay trén U x U nhu sau:

k{a} = {((u, U),")fﬁ{a} (u,v),nk{a}(u,v)) D (u,v) € U X U} (1.8)



trong do, R }(u, v) € [0,1] va U (u,v) € [0, 1] tuong tng la do tuong tu va do khac biét
ctia doi tuong u va v theo ﬁ{a} sao cho 0 < Ry (u,v) + U (u,v) < 1.

Tw Dinh nghia 1.1, mot quan hé ﬁ{a} duge goi la quan hé tuong duong md tryc cam
néu théoa man cac tinh chat sau v6i moi u,v € U
1. Tinh phan xa: TR, }(u, u) =1va s, }(u,u) =0,

2. Tinh doi xting: ’yk{a}(u,v) = 77%1}(1), u) va nk{a}(u, v) = nﬁ{a}(v, u),

Vi, }(u v) >sup{mln (771 (u ’t)ﬁk{a}(tw»}

3. Tinh bac cau: tet

s a}(u,v) < inf {max (nﬁ (u,t),nﬁ{ (t,v))}

teU

Maéi thudc tinh a € C trén bang quyét dinh sé xac dinh mot quan he tuong duong mo
tryc cam R{a} Khi d6, mét quan hé tuong duong mas trirec cam R{a} sé sinh ra mot phan

hoach md truc cam U/R{a} = {[ igqylu € U} trén tap vu tru U, trong do6 [i]y,, dudc goi la
mot hat thong tin ma truyc cdm ctia déi tuong « theo quan heé ﬁ{a}.

Tu moé hinh nay, da c6 nhiéu phuong phap rat gon thuoc tinh duge phéat trién theo
nhiéu do do khac nhau nhu [53, 96, 54, 56], entropy md tryc cam [57, 58, 97, 98] va khoang
cach mo tryc cam [59, 91]. Cac phuong phap nay déu da ching minh duge hiéu qua clia
mo hinh ITFRSs trong viéc cai thién hiéu qua phan 16p trén cac bo dit lieu c6 do chinh xac
phan 16p ban dau thap. Uu diém ctia IFRSs 1a co s6 vitng chic trong viéc phét trién cac
mo6 hinh md rong nham khic phuc nhitng han ché trén cac nhanh ctia mo hinh RSs.

e So véi cidc mo hinh NRSs va FRSs, mo hinh IFRSs ¢6 cau triic hat chi tiét hon, phan
anh ré6 nét sy mo ho va do dy von ton tai trong dit lieu thuc té.

e Sut bo sung ciia thanh phan ham khong thudc trong hat thong tin mo truc cam gitp
diéu chinh hiéu qua cac thong tin bi &nh hudng bdi cac ddi tuong dudce sinh ra ti
nhiéu.

Tuy nhién, qua quéa trinh khao sit, mo hinh IFRSs van con mot so6 nhitng han ché sau:

e Chinh sy bo sung ciia thanh phan do khong thudc trong mo hinh ciing khién cho cac
thuat toan ton kém vé khong gian luu trit va cé thoi gian xit 1y chua toi qu.

e Nhiéu ddi tugng nam trong hat thong tin mo tric cdm véi cac mitc do thuodc rat nho
va mic do khong thudc 16n c6 thé gay ra nhiéu va du thita trong qué trinh tinh toan.

Nhu vay, dong luc nghién cttu ciia luan an khong chi diung lai 6 viéc sit dung mo hinh
IFRSs nhu mot sut ké thita dé phat trién cac moé hinh méi, ma con tap trung vao viec giai
quyét nhiing han ché ctia chinh mo hinh IFRSs. Mot trong nhitng van dé can dugc quan
tam do la s6 luong doi tuong trong dit lieu thuong xuyen thay doi, gay ra nhiéu thach thic
khong chi cho cac thuat toan rat gon thuoc tinh theo tiép can IFRSs ma con déi véi céc
phuong phap dya trén cac mo hinh khac. Truée nhiing thach thiic nay, cac phuong phéap
rit gon thuoc tinh theo huéng tiép can gia tang da trd thanh mot hudng nghién citu md
rong va duge quan tam rat 1én.
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Chuong 2: Dé xuat mét sé6 thuat toan rut gon thudc tinh
dua trén tap md truc cam miic alpha, beta

2.1. Mé dau

Chuong 2 sé trinh bay mot s6 dong gép chinh nhu sau: (1) Dé xuat mo hinh tap mo
tric cAm miic alpha, beta va trinh bay cac tinh chat quan trong ctia mo hinh, (2) Dé xuat
thuat toan rut gon thuoc tinh trén bang quyét dinh ¢6 dinh, (3) Dé xuat hai thuat toan
gia tang 1t gon thuoc tinh trén bang quyét dinh thay déi, (4) Chitng minh hiéu qua cac
thuat toan dé xuat so véi v6i mot sé thuat toan theo mo hinh tap tho mo, tap tho mo
truc cam. Két qua nghién citu ctia chuong nay duge cong bod trong cac cong trinh [CT1],
[CT2], [CT4] va [CT5] thuoc phan Danh muc céc cong trinh nghién cttu ciia luan an.

2.1.1 Khai niém vé tap md truc cAm mic alpha, beta

Dinh nghia 2.1. Cho [i] fa} 1a mot hat thong tin mo trye cdm ctia ddi tuong u theo thuoc

tinh a. V6i o va 3 1a hai s6 thyc ndm trong khoang [0,1] théa man o + 3 < 1, tap lat cat
alpha, beta cta [y, 1a mot tap r6 duge dinh nghia nhu sau:

g = {ve Ui, ) >anng, () <8} (2.1)

Mot tap md truc cdm muc alpha, beta, ky hiéu la [u]{ ) dua trén moi phan tit clia tap
1at cat a, 8 v6i do tuong tir va do khac biet ciia mdi ddi tuong dudge xéc dinh nhu sau:

f Y s(v) ) = (7[1'@{&}(0),77[&]{&}(@)) U € [U]?cﬁ 2.2
e = () {<aww¢wﬁﬁ (22)

Néu a la kiéu thuoc tinh s6, gia tri do tuong tu va do khéc biét clia v trong hat thong
tin rno truc cam cta u duge xac dinh theo céc cong thiic trong [91]. Trong nghién ctu nay,
[ ] (0} duge goi 1a mot hat thong tin mo truc cam mic alpha, beta ctiia u. Qua dé, mot ho

U/R{a} {[ ]{’ﬁ u € U} duge goi la mot phan hoach md truc cam mtic alpha, beta.

2.1.2 Cac tinh chat ctia hat théng tin md truc cam mitc alpha, beta
Ménh dé 2.1. Cho bang quyét dinh IS = (U,C U D), khi do:

1. Néu AC BC C thi [u] @ C [u]?P C U,

2. YA, B CC, i) € [ 4 va [uip = (3" 0 [uls”.

Ménh dé 2.2. Cho IS = (U,C U D) vi A C C, néu ay < ag va By > fa, thi [i] 57 C [i]%7.

2.2. Peé xuat thuat toan rit gon thudc tinh trén bang quyét dinh

2.2.1 Dé xuat thuat toan rit gon thudc tinh trén bang quyét dinh c¢6 dinh

Meénh dé 2.3. Cho bang quyét dinh IS = (U,C U D), khodng céch giita hai phan hoach
mo tryc cadm muc alpha, beta duge tao béi C' va CUD trén U duge xac dinh theo cong thiic:

75<U/7é U/RCUD)_Z() aﬁ‘ ‘ o aﬁD (2.3)

2
uelU |U‘



Ménh dé 2.4. Cho A, B C C. Néu A € Bthi D (U/R}”, U/RG, ) > D (U/RG” U/RE ).

Dinh nghia 2.2. Cho bang quyét dinh IS = (U,C U D), khi d6 mot tap con thudc tinh
diéu kien A C C dudc goi 1a mot rﬁt gon clia C néu:

LD (U/RG” U/RAUD> B (U/RE U/RCUD>
2. VA C A, D(U/RS U/RGY ) > D (U/RG U/RGS ).
Dinh nghia 2.3. Cho bang quyét dinh IS = (U,C U D), mot tap con thuoc tinh diéu kien

A C C va mot thudc tinh a € C\ A, dé quan trong ctia a theo tap thuoc tinh A, ky hiéu la
Sigp (a, A) dugc xac dinh theo cong thic sau:

Sige (a, 4) = D (U/RGU/RG ) = D (VRS 1 VRS yon ) (2.4)

Thuat toan 2.1 Rt gon thudc tinh dya trén khodng cdch phan hoach md tryc cdm (ARPD)

Dau vao: Bang quyét dinh IS = (U, C' U D) va céc mic a, (.
Dau ra: Mot rat gon A

1: tinh toan U/RD

2: for a € C' do
3 if a 1a thudc tinh so then
4: tinh toan U/R{a}
5
6

else

U/REH

7 end if
8: end for

s 2 5,3 _
9: tinh toan U/R ¢ ﬂae U/R{a}
10: A = {ao} thoa man D (U/RE]), U/R{ao}uD) = min D (U/R4].U/RG b))
11: while D (U/R%”, U/RSS ) > D (U/RE” U/RCUD> do
12: tinh toan Sig (a, A), v6i moi a € C\ A
13: lya chon ag théa man Sigp (ag, A) = mg\xA {Sigp (a7,4)}

ac

14: A+~ AU{ag}

15: end while
16: return A

{a} — U/R{a}

Thoi gian thue thi ciia Thuat toan 2.1 1a O (|C*|U*). Trong d6, ||, |U] tiong ting 1

s6 Iugng thuoc tinh diéu kien va s6 lugng déi tugng trén bang quyét dinh.

2.2.2 Dé xuit thuat toan rat gon thudc tinh trén bang quyét dinh thay déi khi bd
sung tap dbi tuong

Ménh dé._2.5._.Cho IS =(U,CUD)v6i U = {uj,ug,...,uy}, cic quan hé tuong duong mao

trie cam Re, Rp va AU = {Upi1, Unto, - .., Upy 2} 12 mot tap doi tugng méi duge bo sung

vao bang, trong d6 z > 1. Khi d6, khoang cach phan hoach md tryc cAm gitta U™ /7%‘10’5 va

UT/RE, tréen UT = U U AU, ky hiéu 1a D (U*/R el U*/RCUD> duge xac dinh nhu sau:

n?D (U/RE”, UIRESp)
(n+ 2)2

+2 Z (|fia1s”) = Jlinsate” O i 15| - 0:)

(2.5)

(U+ JREP Ut REE D) -



trong do, 91 =0 va v6i moi i > 2,
z—1
vi= Z (V[anmé"* (1) = Vi gy, (Wntgn) =M, go (ungen) + g, e (un+j+1))'
j=1
Meénh dé 2.6. Gia st ring, A C C la mot rat gon dua trén khoang cach phan hoach ma
tryc cAm mic alpha, beta trén tap doi tuong U va AU = {Upi1,Uns2, ..., Upyz}, trong do
z>11a mot tap doi tuong bd sung vao U, khi dé ching ta cé:
1. Néu tat ca cac ddi tugng trong AU c6 gia tri thuoc tinh quyét dinh giéng nhau thi:

D (U/RE U RGp) +2 3 ([linsile”| = [l 0 el

(U+/R af U+/RCUD> (n+z)2
(2.6)

2.D (U /R U RS, ) =D (U /RGPS U REE R ) méu [iin ] § € [l voii =1, .., 2

Thuat toan 2.2 Rit gon thuoc tinh gia tang khi b6 sung tap déi tugng dua trén khoang cach phan hoach mo
tryc cdm muc alpha, beta (IARPD-AO)
Dau vao: Bang quyét dinh IS = (U,C U D) v6i U = {uy,ua,...,un,}, rit gon A C C, cac phan hoach U/’Riﬂ
U/Rgﬁ va tap doi tugng bd sung AU = {11, Unt2,s -« Untz}-
Dau ra: Rt gon xap xi AT tren UT = U U AU
// kiém tra tap doéi tugng bo sung
At — A, Z « AU
for i =1to z do
if [iingi]%” C liingi] 5" then
7D (s}
end if
end for
if Z =0 then
return AT
end if
AU + Z, z + |AU|
11: cap nhat UT/RG, UT/RE? va UT /RS véi moi a € C\A
// loc tim kiém mit gon mdp @i
12: tinh toan D (Ut /R, UT /R ) and D (UT/RES, U /RES),) tit Cong thite 2.5.

13: while D (U+ /R, U+ /RYY ) = D (UF/REP U RE ) do

14: tinh toan Sig (a, A*), v6i moi a € C\ A"

. 2o AN G +) _ ; +
15: Iya chon ag thdéa man: Sigp (ao,.A ) = ae%%ﬁ* {Szg <a7¢4 )}
16: AT «— AT U{ap}

17: end while
// loai b6 cdac thuoce tinh du thia

18: for a € A" do .
19: tinh toan D (U /RA+\{ s U*/ij\{a}uD)

200 if D (U*/RN\{G},U IR (o) = D (UF/RGL,UT /RS, ,p) then

=
=

21: +— AT\ {ao}
22: end if
23: end for

24: return AT

Do phiic tap ctia IARPD-AO la max {0 (|A*| |ut|1av]) 0 ((|Cy — AT U] |AU|)}

duge thiye hien qua ba giai doan chinh. Trong giai doan dau tién, thuat toan tién hanh
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kiém tra cac doi tuong bo sung. Giai doan thit hai clia thuat toan sé duyét qua cac thudc
tinh con lai trong bang quyét dinh, nhitng thudc tinh nay khong nam trong rat gon cla

giai doan trudc. Thuoc tinh c6 do quan trong cao nhat sé dudge bo sung vao rit gon. O
giai doan thi ba, thuat toan loai bo cac thudce tinh du thira trong rat gon thu duge.

2.2.3 Pé xuit thuiat toan rit gon thudc tinh trén bang quyét dinh thay doi khi loai
bé tap dbi tuong

Meénh dé 2.7. Khoang cach phan hoach md truc cdm mic alpha, beta gitta U~ /RC va
U~ /RCLBJD tren U~ = U \ AU, v6i AU = {un,up_1,...,un_»+1} 1a tap doéi tuong dugc loai
b6 khoi bang, trong d6 z > 1, duge xac dinh nhu sau:
n?D (U/RE?, UIREp)

(n—2)°
z (’[uniJrl]%ﬁ’ - ’[ﬁniﬂ]g’ﬁ N WniJrl]%ﬂ‘ - fi)

_22 (n—z)2

i=1

B(U~ /R U IR = (2.7)

trong do, & =0 va véi moi ¢ > 2 thi
z
&ZZ (W[ﬁnwﬂg’ﬁ (u”_j+1) _V[iianl]g’fD(u”—j-Fl) o n[U'n z+1] (Un J+1> + n[ilniJrl]g’fD(un_j‘f'l))
j=i
Meénh dé 2.8. Gia st ring A C C la mot rat gon trén U va mot tap doi tugng AU =
{tn,upn—1, ..., up—r+1} dugc loai bd khoi bang, trong d6 z > 1 va U~ = U\AU, khi dé:
1. Néu tat ca cac doéi tuong trong AU c¢6 gia tri thude tinh quyét dinh gidng nhau thi:
n?D (U/RE?, UIRESp)
(n—2)?
z (’[ﬁniﬂ]%’ﬁ’ — ’[ﬁniﬂ]%’ﬁ N [iiniﬂ]%’ﬁ‘)

_22 (n—z)2

i=1
2.15(U’/7é U/RAuD) (Uf/7é U/RC’UD>

Trén cac co sé dude trinh bay, luan an dé xuat Thuat toan IARPD-RO véi do phiic tap
1a O (|A~||U~||AU]), bao gom hai giai doan chinh. Trong giai doan dau tién, thuat todn

B(U~ /R U~ /RS = (2.8)

sé cap nhat cac phan hoach mad truc cam miic alpha, beta cua tap thudc tinh C cung véi
cac thuoc tinh diéu kién trong bang quyét dinh mdi. Trong giai doan sau, thuat toan sé
xem xét tap rut gon da thu dugce tir giai doan trude va loai bo tung thudce tinh khong thoa
méan tinh chat ciia mot rat gon.

2.3. Thw nghiém va danh gia cac thuat toan dé xuat

2.3.1 Hiéu nang cua thuat toan IARPD-AO

Qua trinh thiyc nghiem dugce thyc hién trén mot sé6 bo dit lieu duge mo ta trong Bang
2.1. Cac bo dit lieu nay dude chia thanh hai phan xap xi nhau, ky hieu 1a U, va Ujpe.
Trong do, tap dit lieu U,,; duge sit dung cho cac thuat toan ARPD, F-FDAR [81], ARIFPD
91], IFPR [55], NIFS [82] va FMIFRFS [56] dé tim mot rit gon.
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Thuat toan 2.3 Rit gon thuoc tinh gia tang khi loai boé tap dbi tugng dua trén khoadng cidch phan hoach mo tryc
cam muc alpha, beta (IARPD-RO)

Dau vao: Bang quyét dinh IS = (U,C U D) v6i U = {u1,us,...,u,}, rit gon A C C, cac phan hoach U/ﬁi’ﬁ,
U/Rgﬁ va tap doi tugng loai bd AU = {up i1, Unt2,y - -+ Untz}-

Pau ra: Rit gon xdp xi A~ tren U~ = U U AU
// khdi tao va cap nhat

1: Ai F A . . .
2. cap nhat U~ /R%?, U~ /REP and U~ /R, v6i moi a € C\ A
A c {a}
3: tih toan D (U~ /RYP, U~ /RYP ) va D (U~ /REP, U~ /RS ) béi Cong thiie 2.7.
A A-UD C CcuD
// tim kiém rit gon
4: fora € A” do ) )
5: tinh toan D (U‘/Rj’fg\{a}, U_/Ri{j\{a}uD) theo Cong thitc 2.5.
o 5 (e o e 0B i saB
6 if D(U /R (1 U R (yop) = D (U7 /RS U7 /RSP, ) then
7: A7« A_\ {a()}
8: end if
9: end for

10: return A~

Bang 2.1: Céac tap dit liu thit nghiém cho IARPD-AO va mot s6 thuat toan

TT | Tap dit lieu | S6 d6i tugng | |Uopri| | |Uine| | S6 thuoc tinh | S616p | 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 Waveform2 5000 2500 2500 40 3 UCI

Kich thuéc rat gon va thoi gian xit 1y ctia cac thuat toan khi xi 1y trén U,,; dudc biéu
dién trong Bang 2.2. C6 thé thay ring, cac thuat toan theo huéng tiép can tap tho mo co
thoi gian xit Iy nhanh hon so véi cac thuat toan theo huéng tiép can tap tho mo triyc cam.

Bang 2.2: Kich thudc rat gon, thoi gian xit Iy cia ARPD va cac thuat toan trén Ugy

Tap dit lieu ARPD FMIFRFS ARIFPD IFPR NIFS F-FDAR

i i thoi gian |A| | thoi gian | |A] | thoi gian | |A| time | |A| | thoi gian | |A| | thoi gian | |A]
Tonosphere 0.0192 5 0.1257 4 0.0846 14 | 0.0902 9 0.0033 9 0.0348 14
Leaf 0.0186 9 0.1242 10 0.0171 9 | 0.0174 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 0.6702 38
Hill-valley 1.2533 2 1.3471 3 17.322 5 | 1.3789 4 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 3 15.774 4 38.941 8 | 5.2763 2 1.0913 8 5.5972 14
Waveform?2 72.449 24 57.093 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

Tuy nhién, néu xét trong khong gian tap md tryc cdm, thuat toan dé xuat c6 thoi gian
thire thi tot nhat. Thoi gian xit 1y trung binh clia thuat toan dé xuat 1a 13.590 giay, trong
khi v6i ARIFPD, FMIFRFS va IFPR lan luct 1a 29.545 giay, 15.172 giay va 18.371 giay.
Cac thuat toan theo mo hinh tap mao trire cam thusng thu duge cac rat gon cé kich thude
nho hon so véi cac thuat toan theo moé hinh tap thé mo. Kich thude trung binh ctua cac
rat gon tit thuat todn dé xuat 1a nhé nhat. Tt Bang 2.3, hiéu qua phan 16p cia ARPD
ciing dugc xem la vugt troi so véi cac thuat toan con lai.

Tiép theo, tap Uipe 6 duge chia thanh nam phan bang nhau, ky hiéu lan lugt tit U; dén
Us. Nhitng phan nay sau d6 sé duge bo sung lan lugt vao U,,; dé danh gia tap rat gon thu
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dugc tit cac thuat toan gia tang. Cu thé, thuat toan IARPD-AO sé dugc so sanh véi mot
s6 thuat toan gia ting dya trén tap tho mo (IF-FDAR-AO [81], AIFSA-FKD [82]) va tap
md truc cdm (ARIFPD-AO [91]). Céc két qua duge phan tich dua trén qua trinh xit 1y céc
thuat toan trong nam giai doan bd sung tap déi tuong.

Bang 2.3: So sanh do chinh x4c phan 16p ciia ARPD v6i mot s6 thuat toan trén Ugy;

Tap dit lieu Tap goc ARPD FMIFRFS ARIFPD IFPR NIFS F-FDAR
Ionosphere 0.766 + 0.092 | 0.841 £ 0.097 0.840 + 0.112 0.789 + 0.121 0.817 + 0.068 0.822 £ 0.089 | 0.812 £ 0.113
Leaf 0.718 £ 0.101 | 0.741 £ 0.096 0.724 + 0.118 | 0.741 £+ 0.096 | 0.741 £+ 0.106 | 0.741 £ 0.124 | 0.735 £ 0.121
Movement 0.867 £ 0.090 | 0.883 £+ 0.091 | 0.883 + 0.084 0.856 + 0.097 0.856 £+ 0.114 0.867 £ 0.112 | 0.867 & 0.097
Urban 0.801 + 0.065 | 0.828 £+ 0.054 0.813 + 0.051 0.810 &+ 0.059 0.778 £ 0.052 0.804 + 0.048 | 0.810 £ 0.066
Hill-valley 0.510 = 0.037 | 0.544 £ 0.040 0.525 = 0.055 0.500 £ 0.052 0.517 £ 0.046 0.490 £ 0.049 | 0.497 £ 0.040
Mfeat 0.925 + 0.018 | 0.949 £ 0.016 0.945 + 0.019 0.947 £ 0.017 0.939 £ 0.020 0.910 £ 0.019 | 0.942 & 0.013
Wall 0.638 = 0.094 | 0.750 £+ 0.045 0.746 = 0.064 0.682 + 0.070 0.724 + 0.067 0.684 + 0.089 | 0.650 £ 0.076
Waveform2 0.782 + 0.020 0.800 + 0.022 | 0.817 £+ 0.013 0.800 + 0.022 0.762 £ 0.020 0.783 £ 0.022 | 0.787 £ 0.017
Trung binh | 0.751 £ 0.065 | 0.792 £+ 0.058 0.787 + 0.065 0.766 = 0.067 0.767 = 0.062 0.763 £ 0.069 | 0.763 £ 0.068

- Thoi gian xi ly: Cac thuat toan gia tang c6 thoi gian xtt Iy nhanh hon rat nhiéu so
v6i cac thuat toan thuyc thi trén bang quyét dinh c¢6 dinh, mic du s6 lugng doi tuong 16n
hon. Tuong tu nhu két qua trong Bang 2.2, thoi gian thue thi clia cac thuat toan gia tang
dura trén cach tiép can tap tho mo van cho thay kha nang vuot troi. Khi so sanh véi cac
thuat toan theo hudng tiép can mo tryc cdm, thuat toan deé xuat cho thay thoi gian thuc
thi nhanh hon trén cic budc gia ting. Diéu nay nhan manh tam anh hudng cla tap lat
cat alpha,beta trong viéc loai bod cac déi tuong nhiéu trong cac hat thong tin mdo truc cam
gitip thu hep khong gian tim kiém.

- Kich thudc rit gon: Kich thude rat gon tir cac thuat toan dya trén mo hinh tap mo
tryc cam 14 nhé hon so véi cac thuat toan dya trén mo hinh tap tho mo trong hau hét
céc bo dit lieu. Thuat toan dé xuat thu dugce rat gon trung binh 14 nhé nhat trong ca bon
thuat toan. Diac biét, trén cac bo dit lieu c6 do chinh xac phan 16p ban dau thap, ching
han nhu Movement, Hill-valley va Wall, s6 luong thuoc tinh thu duge tit TARPD-AO 1a
rat nho. Diéu nay chi ra rang, IARPD-AO c6 kha ning loai bo cac thuoc tinh du thia ti
dit lieu nhiéu t6t hon so véi cac thuat toan khéc.

- Do chinh xzdc phan lop: Cac rat gon thu dugce tir cac thuat toan dira trén mo hinh tap
md triec cdm dat do chinh xac cao hon so véi cac thuat toan theo tiép can mo hinh tap
tho mo trén phan 16n cac buée gia tang. Diéu ndy nhan manh tam quan trong ctia thanh
phan do khong thuoc trong viéc diéu chinh cac do do. Qua dé, cac thuat toan cé thé lua
chon cac thuoc tinh can thiét va dat hieu qua phan 16p cao. Két qua nay ciing dan téi su
canh tranh ré rét gita thuat toan dé xuat va thuat toan ARIFPD-AO. Cu thé, trong toan
bo cac truong hgp, thuat toan dé xuat dat do chinh xac cao nhat ¢ 31 truong hgp, trong
khi ARIFPD-AQO chi dat 13 truong hop.

2.3.2 Hiéu nang cua thuat toan IARPD-RO

Trong phan nay, mot s6 thic nghiém sé duge thiic hién nham chiing minh hiéu qua cua
thuat toan gia ting IARPD-RO. Qua trinh nay dudgc tién hanh trén nhing bo di lieu tieu
chuan, dudc mo ta trong Bang 2.4. Tap con U bao gom mot nita dit lieu goe va dudc
chia thanh nam phan gan bang nhau, ky hiéu tit U; dén Us, lan luct dudc loai bd khoi U.
Theo Bang 2.5, thuat toan ARPD dat két qua noi bat nhat trong bén trusng hop, véi sb
luong thudc tinh duge trich xuat it hon so véi cac phuong phap con lai.

Trén khong gian tap tho mo tric cdm, thuat toan de xuat c6 toc do xit Iy nhanh hon ba
thuat toan con lai. Cu thé, thsi gian thuc thi trung binh ctia ARPD trén cac bo dit lieu 1a
40.995 giay, trong khi déi v6i cac thuat toan FMIFRFS, ARIFPD va IFPR thoi gian thuc
thi 1an huot 13 52.252 giay, 57.514 giay va 63.478 gidy.
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Bang 2.4: Cac tap dit lieu th nghiém cho IARPD-RO va mot s6 thuat toan

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

Bang 2.5: Kich thudc rat gon, thdi gian thyc thi cia ARPD vi mot sé thuat toan trén U.

Tap dit licu AARPD FMIFRFS ARIFPD AIFPR .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
Tonosphere 0.1619 12 0.2356 9 0.1523 15 0.8762 8 0.0084 14 0.0584 14
Movement 0.4845 15 5.5189 18 0.8367 23 2.0156 23 0.1163 15 0.2482 20
Pizza 3.3650 7 9.6722 19 5.9454 14 5.0071 13 1.2779 22 1.0891 15
PD 218.54 41 211.70 38 267.13 49 251.56 47 6.4523 46 79.811 47
Seismic-bumps | 4.1578 3 11.474 9 4.5112 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 4 102.22 7 108.73 16 137.43 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

Bang 2.6: So sanh do chinh xac phan 16p cia ARPD v6i mot s6 thuat toan trén U

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

T Bang 2.6, ARPD dat do chinh x4c phan 16p trung binh cao nhat va tang 4.2% so
v6i khi stt dung toan bo tap thuoc tinh ban dau. Néu chi xét trong khong gian tap tho mo
tryc cdm, ARPD dat hiéu qua phan 16p cao nhat trong nam truong hop. Cudi cling, mot
s6 phan tich lien quan dén cac thuat toan gia ting trén bang quyét dinh c6 sy loai bd tap
déi tugng sé dugce trinh bay thong qua viéc danh gia hiéu nang ti két qua clia ba thuat
toan TARPD-DO, IF-FDAR-DO [81] va AIFSD-FKD [82]. Cac két qua rit gon cling tuong
tu nhu véi thuat toan IARPD-AO khi thuat toan dé xuat déu ching minh duge hiéu qua
ve thoi gian thyc thi, kich thude rat gon va do chinh xac phan 16p trén cac bude loai bo.

2.4. Két luan Chuong 2

Nghién cttu da dinh nghia lai mot rat gon t6i wu ciia bang quyét dinh va thiét ké mot
thuat toan rit gon thuoc tinh trén bang quyét dinh c6 dinh (ARPD). Mot s6 két qua thuyc
nghiém da cho thay hiéu ning clia thuat toan dé xuat la vugt troi so véi cac thuat toan
dya trén mo hinh tap the md va tap tho mo truc cdm. Bén canh d6, dé xit 1y cac tinh
hudng thuyc té ctia dit lieu, hai cong thitc tinh khodng cach phan hoach md tryc cdm mic
alpha, beta ciing duge phét trién, lam nén tang cho viéc dé xuat cac thuat toan gia ting xit
Iy trén cac bang quyét dinh c6 sut bd sung hoiic loai bé tap doéi tugng.
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Chuong 3: Dé xuat mét sé6 thuat toan rut gon thudc tinh
dua trén tap tho lan can md truc cam cé trong sb

3.1. M¢é dau

Chuong 3 tap trung dé xuat mot s6 giai phap mdi véi cac dong gop chinh nhu sau: (1)
Dé xuat mo hinh tap tho lan can md trie cdm c6 trong so, trong dé6 méi doi tuong duge
dac trung khong chi béi do thuoc ma con bdi do khong thuoc va do do duy, (2) Xay dung
do do khodng cach ho lan can md truc cam c6 trong s6 va dinh nghia lai mot rit gon hiéu
qud, (3) Xay dung do quan trong ctia thudc tinh lam co sé cho viéc lua chon céc thude
tinh c6 ¥ nghia cao, (4) Dé xuat thuat toan rit gon thudc tinh trén bang quyét dinh cb
dinh theo huéng tiép can loc, (5) Phat trién hai cong thitc tinh toan gia tang dya trén do
do khoang cich ho lan can md tryc cdm c6 trong sd cho cac truong hop bang quyét dinh
thay doi, (6) Dé xuat hai thuat toan gia tiang rit gon thudc tinh trén bang quyét dinh
thay doi, (7) Chting minh hi¢u qué ctia cac thuat toan dé xuat dya trén viéc so sanh véi
mot s6 thuat toan theo mo hinh tap tho md, tap tho lan can trong s6. Két qua nghién ctu
clia chuong nay duge cong bd trong cac cong trinh [CT6] va [CT7] thuoc phan Danh muc
cac cong trinh nghién cttu cta luan an.

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

3.2.1 Khai niém vé tap thé lan can md truc cAm cé trong sb
Nghién cttu ban dau huéng tdi viec gan trong sé cho méi ddi tuong trong mot hat thong
tin dua trén hai thanh phan theo dic trung ciia mot tap md truc cam. Cu thé, trong sb
2 = £ 6,(4) . [N N . 57(4) P
ciia mdi dbi tuong u; € [’ duge ky hisu 1 [i]% (u) = (fy[ﬁ]i,w (i) g5 (ui)), trong do,
Vi (u;) va Mg (u;) tuong ting 1a do thudc va do khong thuoc ctia déi tugng u; trong hat
A A
thong tin [u]iiw, duge xac dinh nhu sau:
= Vi (u;) = 1— A% (u, u;), v6i A% (u,u;) 1a khodng cach trong s6 gitta u va u; theo Cong
A
thic 1.3, trong truong hop p = oo,
4,
s 1l |

1 — o () 1 aall
[i] 5 A 40 T I U
- Mo (W) = , VO w’ = — +— 1a tz lé phan [dp trung
i ) = T U e

binh dya trén cac hat thong tin lan can trong s6 cia C.
D6i v6i cac doi tugng khong nam trong hat thong tin lan can trong s thi [ii]ii“’ (u;) =
0,1). Két hop toan bo cac danh gia nay, ching ta thu dugc mot hat thong tin mdi
g y g g
%% = 1% (ug) ... [i]% (u , dugc goi 1& hat thong tin lan can mo truc cdm cé
A A A U] g g

trong s6. Khi d6, néu xét trén toan bo cac déi tugng trong U, mot ho Ff(‘” = {[a]i{” U € U}

sé¢ duge cau thanh va duge goi 1a ho 1an can mo tryc cdm c6 trong s6 ctia thuoc tinh A.

Cac xap xi dudi va xap xi trén ctia X duya trén hat thong tin lan can md truc cdm co
trong s6 theo A, ky hiéu lan lugt 1a ITW4 (X) va IW, (X), duge xac dinh tuong tng nhu
sau

i’ 0 x|

IWa(X)=_uel: -
i

> (3.1)
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i n x|

IWa(X)={ueU: ’[u]ilw’

> 3 (3.2)
trong do, @& va § 1a cac tham s6 théa man 0 < 3 < a < 1.
Ménh dé& 3.1. Cho IS = (U,CUD) va A,B C C. Néu p = oo, thi [i]% 5 = [i) 5 N [i] 35

B
vl moi v € U.

3.2.2 Mot sb tinh chat ciia IFWNRs

Ménh dé 3.2. Cho bang quyét dinh IS = (U,CUD), AC C va X € U/D. Néu p = 2,
G=1va =0, thi IWs(X)=WN4(X)vh IW4(X)=WNy(X).

Meénh dé 3.2 chi ra rang, WNRs la mot truong hop dic biét cia IFWNRs.

Meénh dé 3.3. Cho bang quyét dinh IS = (U,C' U D) v& hai tap thuoc tinh A, B C C. Néu
A C B, thi

1. vu e U, [a)% C [a]%?,

2.Néu f=0thiVX CU, IWg(X)C1
3.Néua=1thivX CU, IW4(X)C I

3.3. Deé xuéit thuat toan rat 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 clia ching dé lam co s thiét ké cac thuat toan rat gon thuoc tinh trén bang
quyét dinh c¢6 dinh.

3.3.1 Dé xuat thuat toan rut gon thudc tinh trén bang quyét dinh c6 dinh
Meénh dé 3.4. Cho bang quyét dinh IS = (U, C' U D), khi dé khodng céch giita hai ho lan

can md tric cam trong so fg“’ va Fé{‘j p dugce xéc dinh nhu sau:

~ [ n g

Ul

d,w

b (st i) - 3 U

uelU

) (3.3)

Meénh dé 3.5. Cho bang quyét dinh IS = (U,C' U D) va mot tap con thudc tinh dicéu kién
ACC,néudy <o thi D(Fy, Foug ) <D (Fpe Fiug).

Meénh dé 3.6. Cho bang quyét dinh 1S = (U, C' U D) véi hai tap con thuoc tinh A, B C C.
Néw A C B thi D (Fy, Fip) = D (F Fip)-

Dinh nghia 3.1. Cho béng quyét dinh IS = (U,C'U D), mot tap con thuoc tinh A C C
dudc goi 1a mot D-rit gon ciia C néu thoéa man
S d, d, A 4, 4,

~ dw  T0,w ~ O,w 0,w
2. D (Fi, Foy) > D (FA\{G},FA\{G}UD).
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Dinh nghia 3.2. Cho bang quyét dinh IS = (U,C U D), mot tap con thuoc tinh A C C
va mot thude tinh a C C\ A, d6 quan trong ctia a theo A dya trén khoang cach ho lan can
mo trifc cdm c6 trong so, k¥ hieu 1a Sigr (a, A) dude xac dinh nhu sau

Sigr (a, A) = D (]—“f{(’{a},fjf{a}w) ) (]—“fiw’ ]-“f([’jD) (3.4)

Trén co s6 duge trinh bay, luan an dé xuat Thuat toan ARIFW trong bang ma gia 3.1
nham tim kiém mot rat gon trén bang quyét dinh véi do phiic tap 1a O (]C RI% \2).

Thuat toan 3.1 Rut gon thudc tinh dya tréen IFWNRs (ARIFW)

Dau vao: Bang quyét dinh 1S = (U,C U D) va ban kinh lan can 6.
Pau ra: Mot rat gon B

: tinh trong s6 ctia mdi thuodc tinh theo Céng thitc 1.2

. tinh toan D (Fg’w,}'g’ijD)

: for a € C do

tinh cac ho lan can md tric cdm cé trong sb ffl’l“]f

P 2 N d,w §,w
tinh toan D (]:{a}, ]:{a}uD)

oW N =

o

6: end for ) 5 s ) 5 5

7. B ={ap} théa man D (.7-"{&0}7.7-'{(’10”[)) = ggg’D (.7:{&}7]:{(’1}UD>
8 while D (Fp*, Fglp) > D (Fo*, Fisp) do

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

10: lya chon ag théa méan Sigr (ag, B) = arélgicg {Sigr (a,B)}

11: B+ BU{ap}

12: end while

13: return B

3.3.2 Dé xuit thuat toan rit gon thudc tinh trén bang quyét dinh thay déi khi bd
sung tap dbi tuong

Gia st rang mot tap déi tuong méi AU = (upi1,Uni2,...,Uns-) dudc bo sung vio
U, khi d6, qua trinh cap nhat trong s6 ciia mot thuoc tinh « € C v6i cac doi tuong

uj € UT = U UAU trén mot hat thong tin lan can trong sé [ul]‘{;;’} dugc trinh bay nhu sau

w®  néu nguoc lai

A < . . <
w+:{w neul<i,7<n (3.5)
trong d6, w 1 trong sb6 gbc duge tao béi tap ddi tuong ban dau va w™ 14 trong sé méi dude
ap dung trén AU. Khi d6, co ché cap nhat hat thong tin lan can md tric cdm c6 trong s
dya trén cong thic sau day.

a

(@2 (uj)  if1<ij<n

[Uz]?;;— (uj) = [ul-]g"”A (uj) if u; € [ul]?:’A m+1<i<n+2)Vin+1<j<n+z)
(0,1) truong hgp con lai
(3.6)

Khi cac hat thong tin lan can mo tryc cdm c6 trong sé duge hinh thanh sé thu duge
4 . b 7 A N +
mot ho 1an can mao tryc cam ¢6 trong so méi trén thuoc tinh a, ky hiéu la .7-“?;:; .

Meénh dé 3.7. Cho bang quyét dinh IS = (U,C U D) v6i U = (u1,us,...,u,) va tap ddi
tuong méi AU = (Upt1, Un+2, - - - Untz), trong do z > 1. Khi d6, khoang cach giita hai ho
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~ ~ N 2 P2 S (57w+ N +
lan can mo trifc cam c6 trong sO F° va fCuD trén tap doéi tuong U™ = U U AU, ky hiéu
la D (75, 7o) duge tinh b

]6w+

~0)

(3.7)

. z +
n2D (fgw’fé:‘dl)) +2>° ()[ilnﬂ]éé‘*’
i=1

(n+ 2)2

. S.wt
- ‘[unﬂ-z]éw N [un—i—z

A [ Fow pwt )
b7 Fiith) =

trong do, #; = 0 va v6i moi i > 2,
z—1

0; = Zl (V[ﬁm]‘é’” (Un+j+1) - 7[un+z]‘éﬁ+ (Un+j+1) - U[um}gw (Un+j+1) + n[unﬂ]‘éﬁ (Un+j+1))-
j=

Meénh dé 3.8. Cho bang quyét dinh IS = (U,C U D) v6i U = (u1,ua, ..., u,), A C C 1la mot

rat gon dya trén khodng cach giita hai ho lan can md tric cAm c¢6 trong s6 dudge xac dinh

tren U v AU = (Upn 41, Uni2, - .., Unys), trong d6 z > 1 13 tap do6i tugng bd sung vao U, khi

do6 chiung ta co:

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

)

.. + .. +
~ [l O 1

—~ z . +
WD (F Foip) +2 Zl (‘ [t ]
1=

(n+ 2)2

~ Swt owt
D (]: c T CUD) =
(3.8)

2. Néu fi " € [imsilpy” v6ii=1,2,....= thi D (Fy, e ) = D (70,78,

D6 phitc tap cia IARIF-AO la max {o (18*| |[H]1av1),0 ((Ic1 - |B*])* |o |AU|)}

v6i bén giai doan chinh la khéi tao va cap nhat, kiém tra tap déi tuong bo sung, loc tim
kiém rat gon va loai bé cac thuoc tinh du thia.

3.3.3 DPé xuit thuat toan rit gon thudc tinh trén bang quyét dinh thay doi khi loai
bé tap dbi tuong

Meénh dé 3.9. Cho bang quyét dinh IS = (U,CUD) véi U = {ui,us,...,u,} va AU =
{Un, Up—1, ..., Un—»+1} 12 mot tap ddi tugng duge loai bd khoi bang, trong dé z > 1. Khi do,
khodng cach gitta hai ho 1an can trong s6 mo tric cAm trén tap doéi tugng U~ = U\AU, k¥
hieu 1a D <}'g’”_, Fgfﬂ)), dugce xac dinh nhu sau:

- Ci)

(3.9)

) 6 5 .. ) . k)
n*D (—Fdwafdﬁp) 2 Z (‘ Up— l+1 w‘ - ’[uni+1]dw N [unfz#l]D’w

(n—=2)°

(s i) -

trong do, ¢; =0 va v6i moi i > 2 thi
z
Ci - Z (Py[ﬁn_iﬂ]‘é“ (un—j—l—l) _'y[’iin—i-o-ﬂédﬁD (un—j—H) o n[ﬁn—wl]gw (Un—j—l—l) + n[ﬁn—z‘+1]g8D (un—j—l—l))
7=t

Meénh dé 3.10. Cho bang quyét dinh IS = (U,C U D) v6i U = {uy,ua,...,up}, AC C la
mot rat gon dya vao khodng cach giita hai ho 1an can trong s6 md triic caAm trén U va
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Thuat toan 3.2 Rat gon thudc tinh gia tang khi b sung tap dbi tuong dua trén khoang cach ho lan can mo truc
cadm c6 trong s6 (IARIF-AO)

Dau vao: Bang quyét dinh IS = (U,C U D) véi U = {uy,us, ..., u,}, rit gon B C C, ]—'g’w, ]-'é:w va tap doéi tuong
b6 sung AU = {Upn 41, Unt2,- -+ Unts}-
Dau ra: Rt gon xap xi BT tren UT = U U AU
// khdi tao va cap nhat
1: Bt + B .
2: cap nhat w™ tit Cong thitc 3.5 va .7-'?:; tren U" v6i mdi a € C\BT tit Cong thiic 3.6.
// kiém tra tap doéi tugng bo sung
3: Z <+ AU
4: forizltozgo
50 if [iingd]yy C [untip then Z < 2\ {un4}
6: end for
7. if Z = () then return B
8: set AU « Z, z + |AU|
// tim kiém rit gon

o: tinh toan D (Fg", Fyel ) va D (F ]-'CUB) theo Cong thitc 3.2.

A S Swt 13,
10: while D (FzY , Fgip >D(Fe afCuD do

11: tinh toan Sigp <a,B+>, v6i moi a € C\B" theo Cong thiic 3.4.
12: lya chon thudc tinh ag thoa man: Sigp (ag, B*) = max {Sigp (a,B*)}

acC\B+
13 BT« BT U{ao}
14: end while
// loai b6 cdac thudc tinh du thua
15: for a € B' do

16: tinh toan D (]—'B+\+{a},

w " wt wt
17 A D (PR Fatiwon) = B (Fa T Fitlp) then BY « BH\ {a}

18: end for
19: return BT

UJ+ ~ -
fg’+\{a}UD) theo Cong thiic 3.3.

mot tap doi tuong AU = {up, up_1,...,un_»+1} dude loai bo khoi bang, trong dé z > 1 va
~ =U\AU la mot tap ddi tuong con lai, khi do:
1. Néu tat ca cac doi tuong trong AU c6 gia tri thudc tinh quyét dinh giéng nhau thi:

n*D <f5w> CUD> 2 Z (‘ lip—iy1] 6 ) - ‘[u"”ﬂ&(j’w N w”’iﬂ]%w )

(n—2)*
(3.10)

D (70 7o) =

2. D (F5 . Fisp) =D (7 i)
Do phiic tap ctia Thuat toan IDARIFW trong bang ma gia 3.3 1a O (|B~| |U~||AU]).

Véi do phiic tap nay, thoi gian thyc thi ctia thuat toadn gia tang dé xuat IARIF-DO gidm
thiéu dang ké so véi ARIFW.

3.4. Thit nghiém va danh gia cac thuat toan dé xuét

3.4.1 Hiéu nang cua thuat toan IARIF-AQO

Dé danh gia hieu qua clia thuat toan duge dé xuat, trude tien cac tap dit lieu trong
Bang 3.1 dudc chia thanh hai phan xap xi nhau, ky hiéu 1a U, va Uipe. Cu the, U,,; sé
dugc st dung cho cac thuat toan rdt gon thudc tinh trén bang quyét dinh c¢6 dinh, bao
gdm cac thuat toan: NIFS [82], WNRS [29], W-MGMN [86], FMIFRFS [56], ARPD va
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Thuat toan 3.3 Rt gon thudc tinh gia ting khi loai bd tap dbi tuong dya trén khoang céch ho lan can md tryc
cam c¢6 trong s6 (IARIF-DO)

Dau vao: Bang quyét dinh IS = (U,C U D) véi U = {uy,us, ..., u,}, rit gon B C C, ]_-g,w VA }"g’w, tap ddi tugng
bi loai b6 AU = {un, tp—1,- -, Un—241}
Dau ra: Mot rit gon red” on U~ = U\AU
1: khéi tao B~ < B
2: cap nhat ]_-g,w
3: tinh toan D (]_-g,w— , Fg’ﬁj;) theo Cong thic 3.9.

1w D(Fy ) < D (R Fh)
5. for a € B~ do B
tinh toan D (.F(s’f Fou ) theo Cong thitc 3.3.

B=\{a}’Y B=\{a}uD
op AN S,w ™ S,w S S,w ™ S,w ™ — —
n D (FR ) T won) = D (Fa Fi,) then B~ « B\ {a}

8: end for
9: return B~

ARIFW. Trong dé6, NIFS la thuat toan dya trén tap tho ms, WNRS va W-MGMN la céc
thuat toan dya trén tap tho lan can, trong khi FMIFRFS va ARPD la cac thuat toan dya
trén tap tho mo truc cdm. Tiép theo, tap Uj,. sé dude chia nhé thanh nam phan xap xi
bang nhau. M&i phan sau d6 sé dugc bo sung lan ludt vao U,,.; dé danh gia hieu qua cla
cac thuat toan gia tang. Nhu da mo ta, v6i mdi tap dit lieu, cac thuat toan sé tién hanh
duyét gia tri tham s6 tit 0 dén 1 dé tim ra tap con thudc tinh mang lai do chinh xac phan
16p cao nhat.

Bang 3.1: Cac tap dit lieu thi nghiém cho TARIF-AO va mot s6 thuat toan

TT | Tap dit lieu S6 ddi tuong | |Uori| | |Uine| | S6 thudc tinh | Sé 16p Nguon
1 Leaf 340 170 170 15 30 UucCl
2 Tonosphere 351 175 176 34 2 UCI
3 Vehicle 846 423 423 18 4 | OpenML
4 Vowel 990 495 495 12 11 | OpenML
5 German 1000 500 500 20 2 UcCI
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 UCI
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

Bang 3.2 trinh bay kich thuéc cac rat gon va cac tham sb tuong tng ciia timg thuat
toan. Cac thuat toan FMIFRFS, ARPD va ARIFW thuong trich xuat duge cac rut gon
nho hon so véi cac thuat toan khac. Khi xem xét tat ca cac truong hop, ARPD va ARIFW
cling thuong xuyeén thu dude cic tap rat gon nhé nhat trén hau hét cac tap di lieu. Cu
thé, ARPD dat dugc tap rat gon nhé nhat 6 4 tap dit lieu, trong khi ARIFW dat dugc &
6 tap dit lieu. Ngoai ra, kich thuée rat gon trung binh thu duge béi ARIFW ciing 1a nhé
nhat. Do d6, c¢6 thé khang dinh rang thuat toan dugc dé xuat co hieu qui cao trong viéc
rat gon thuoc tinh, dac biet 1a doéi véi cac tap dit lieu c6 so chiéu 1én.

Bang 3.3 trinh bay thoi gian tinh toan cta cac thuat toan rit gon thuoc tinh khi ap
dung trén tap du lieu U,,;. Khong ngac nhién khi cac thuat toan dya trén tap tho lan can
c6 trong s6 va tap tho md c6 thoi gian chay nhanh hon so véi cac thuat toan duya trén tap
thé ma triyc cam. Nguyén nhan 1a do thuat toan WNRS thie hién cac phép tinh trén tap
rd, von ¢6 quy trinh xit Iy nhanh va don gidn. Mic du thuat toan NIFS dya trén phuong
phap tap tho mo, nhung n6 khong yéu cau tinh toan ma tran quan hé va stt dung mot do
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do don gidn dé luya chon cac thudce tinh quan trong. Ngudc lai, WNRS phai trai qua qué
trinh tinh trong s6 cho céc thudc tinh, nén NIFS thé hién téc do xi 1y t6t nhat trong sb
cac thuat toan.

Bang 3.2: Kich thudc rit gon va tham s6 clia cac thuat toan véi KNN trén Uggg

Tap dit lieu NIFS WNRS W-MGMN EMIFRFS ARPD ARIFW

: : k |B| | delta |B| | delta |B| | epsilon |B| | alpha |B| | delta | |B]
Leaf 0.002 10 | 0.15 91 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 5| 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 0.7 10
LSVT 0.001 6 0.6 10 0.3 18 0.05 18 0.8 71 0.85 6
Leukemia 0.001 2| 0.05 2 0.1 10 0.85 3 0.4 71 0.95 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 8| 0.05 14 0.2 15 1.0 4 0.9 3| 0.05 3
Waveform?2 0.003 26 | 0.05 8| 0.05 31 0.45 15 0.2 24 1 0.35 13
Trung binh 16.08 11.75 13.25 12.92 12.08 7.58

Béng 3.3: Thai gian thyc thi cia ARIFW va cac thuat toan trén Ugy

TT | Tap du 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

Két qua so sanh do chinh xac phan 16p clia cac thuat toan rit gon thudc tinh trén bang
quyét dinh ¢ dinh dude trinh bay trong Bang 3.4. Trong 12 trudng hgp, tap rit gon ciia
thuat toan dé xuat dat hieu qua phan 16p vuct trdi so véi dit lieu goc. Hon nita, do chinh
xac phan 16p trung binh ctia thuat toan dé xuat khi sit dung KNN 1a 82.18%, cao hon ro
rét so vdi gia tri ctia dit lieu goc 1a 74.54%. Trén cac tap dit lieu c6 do chinh xac phan
16p ban dau thap va s6 lugng déi tuong 16n, cac thuat toan dua trén tap tho mo truc cam
luon thu dugce cac rat gon cé hiéu qua phan 16p vugt troi so véi cac phuong phap dira trén
tap tho md va tap tho lan can cé trong s6. Didu nay lam noi bat lgi thé ctia tap tho ms
tritec cdm, trong do6 viec két hop ham khong thudc gitip mé hinh gidm thiéu anh hudng
clia cac doi tuong nhiéu trong tap dit lieu. Co thé thay trén hau hét cac tap dit liu, cac
tap rat gon duge tao ra béi thuat toan ARIFW mang lai két qua phan 16p tot hon so véi
cac thuat toan khac, mic du s6 lugng thuoc tinh dude 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 chiing minh réng thuat toan dé xuat da Iiya chon hiéu qua cac thuoc tinh quan
trong phut hop vé6i nhiéu tap dit lieu khac nhau.
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Bang 3.4: So sanh d6 chinh x4c phan 16p cia ARIFW véi cac thuat toan trén Ugy.

Tap dit lieu Tap goc NIFS WNRS W-MGMN FMIFRFS ARPD ARIFW
Leaf 7176 £ 10.12 | 74.12 +12.39 7588 £ 85 | 79.41 + 9.58 | 7235 £ 11.78 | 74.12+9.56 | 73.53 + 9.58
Tonosphere 76.57 £9.22 | 82.19+8.94 80.59 £ 8.46 | 82.81+5.21 | 84.02+11.23 | 84.05+9.73 | 84.97 + 9.94
Vehicle 67.85 £ 4.23 | 67.40 £ 5.82 67.60 £4.61 | 71.87£7.05 68.08+4 | 67.84£5.51 | 74.46 £ 6.91
Vowel 4881+ 1236 | 61.53+£11.32 | 65.44 + 5.71 | 59.14 +8.42 | 50.43 + 13.99 | 52.43 £ 15.45 | 59.57 +9.55
German 7320+ 4.21 | 72.00+6.13 7280 +£4.02 | 7480+4.12 | 7520+3.12 | 73.60+32 | 75.40 £ 4.9
LSVT 7430 £14.9 | 79.29 £ 11.67 | 90.48 & 10.81 | 79.05+12.77 | 86.90 = 9.95 | 88.81 & 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 92.00 £2.86 | 93.30+1.62 | 9450+191 | 9490+ 1.64 | 95.30 + 1.73
PD 7911+842 | 75414597 | 86.54 + 7.38 | 79.11+842 | 83.88+8.9 | 83.88+6.98 | 83.36+5.47
Segmentation 9377+ 245 | 92.82+237 93.00£3.08 | 93514211 | 93.69+237 | 9343+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? 78.20 £2.02 | 78.28 £2.21 72.96 £2.63 | 79.40+1.92 | 81.72 & 1.3 | 79.96 + 2.19 81.04 £ 2.8
Trung binh TA54£7.72 | TT.84E£ 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

Tiép theo, thuat toan TARIF-AO sé& dugc so sanh véi cac thuat toan ATFSA-FKD [82],
W-MGMA [86] va IARPD-AO. Céc thuat toan nay sé xit Iy trén tap dit lieu khi bo sung
lan luot cac tap doi tuong tit Uy dén Us vao U, Mot s6 két qua duge phan tich nhu sau:

- Thoi gian thuc thi: Cac thuat toan gia tang cho két qua vugt troi hon so véi cac thuat
toan tuong tng cia ching khi xtt Iy trén bang quyét dinh ¢6 dinh, mic dut phai thuc hien
tinh toan trén cac tap dit liéu 16n hon. Khi xem xét cac thuat toan dua trén moé hinh
IFRSs, thuat toan dé xuat c6 thoi gian xit Iy nhanh hon trong hau hét cac budc gia tang.
Diéu nay la do dic diém ctia quan hé lan can trong s6, gitp thu hep khong gian tinh toan.

- Kich thudc rit gon: Trong cac truong hop, cac riat gon thu duge béi IJARPD-AO va
TARIF-AO c6 kich thude nhé nhat 1an lugt 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 khoi
bang quyét dinh trong cac buée gia tang.

- Do chinh xdc phan lop: Cac thuat toan dua trén phuong phap tap tho mao tric cam
thuong cho két qua vuot troi so véi cac thuat toan khac trén cac tap di lieu c6 do chinh
x4c phan loai ban dau thap va s6 lugng ddi tuong 16n. Vé mat tryc cam, cic tap dit lieu
nay thuong chita cac déi tuong c6 phan bo khac biét so v6i phan 16n cac doi tugng con
lai va lam giam hiéu qua ctia moé hinh phan 16p. Thuat toan TARIF-AO vugt troi hon cac
thuat toan con lai bing cach dat dugc do chinh xéc cao nhét trong 44 trén tong sd 60
truong hop gia tang.

3.4.2 Hiéu nang cua thuat toan IARIF-DO

Phan nay sé tién hanh mot s6 thuc nghiem dé danh gia hiéu qua ctia thuat toan gia
tang trén cac bang quyét dinh c6 su loai bd tap déi tuong. Qua trinh thuc nghiem dudc
thuc hien trén cac bo dit lieu tieu chuan chuan duge mo ta trong Bang 3.5.

Béng 3.5: Cac tap dit lieu thit nghiem cho IARIF-DO va mot s6 thuat toan

TT | Tap di lieu S6 d6i tuong | |Ugec| | SO thuodc tinh | S6 16p Nguon
1 Leaf 340 170 15 30 UCI
2 Tonosphere 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 UcCI
10 | Segmentation 2310 1155 19 7 | OpenML
11 Wall 5456 2728 24 4 | OpenML
12 | Waveform2 5000 2500 40 3 | OpenML
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Dau tien, luan 4n 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 trén
cac bo dit lieu goc.

Bang 3.6 trinh bay kich thudc cac rut gon thu duge va cac tham sb tuong ting clia ting
thuat toan. Trén phan 16n cac tap di lieu c6 do chinh x4c phan 16p thap nhu Ionosphere,
Vehicle, Vowel, German, LSVT, Wall va Waveform2, cac thuat toan NIFS, WNRS va W-
MGMN van thu duge cac rut gon c6 kich thude rat 16n. Trong khi d6, cac thuat toan theo
tiép can mo hinh tap tho md tric cdm thuong trich xuat duge cac rut gon nhé hon. Khi
xem xét tat cd cac truong hgp, hai thuat toan ARPD va ARIFW thuong thu dude cac tap
rat gon c6 kich thuée nhé nhat. Tuy nhién, kich thuée rat gon trung binh ctia ARIFW 1a
nho hon so v6i ARPD.

Bang 3.6: Kich thudc rit gon va tham s6 ctia cac thuat toan véi KNN trén U

Tap dit licu NIFS WNRS W-MGMN FMIFRFS ARPD ARIFW

' : 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 9 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 8 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 ) 0.5 19 0.7 8 0.6 5| 045 3
Mfeat 0.002 54 | 0.45 59 | 0.05 21 0.55 35 0.45 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 9| 0.85 18 0.95 9 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
Waveform2 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

Béang 3.7 trinh bay thaoi gian thuc thi ctia cac thuat toan riat gon thudc tinh trén bang
quyét dinh c6 dinh. R6 rang, khi bang quyét dinh c6 nhiéu déi tugng, thuat toin dé xuat
cang thé hien dugc kha ning xtt Iy vugt troi so véi cac thuat toan theo hudng tiép can tap
md trye cdm. Cu the, thoi gian xit 1y trung binh ctia thuat toan 1a 56.450 giay, trong khi
FMIFRFS mat 97.748 giay va ARPD mat 92.472 giay.

Bang 3.7: Thai gian thyc thi cia ARIFW v6i mot s6 thuat toan khac trén U.

TT | Tap du lieu NIFS | WNRS | W-MGMN | FMIFRFS | ARPD | ARIFW
1 Leaf 0.0079 | 0.2311 5.5813 0.6643 | 0.0756 0.0430
2 Ionosphere 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 Waveform?2 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

T Bang 3.8, trén hau hét cac tap dit lieu, cac tap riat gon duge tao ra bdi thuat toan
ARIFW mang lai két qua phan loai tot hon so v6i cac thuat toan khac, mac dit s6 lugng
thuoc tinh duge chon bdi ARIFW it hon. Hon nita, phuong phap dé xuat cling dat do
chinh xac phan 16p cao nhat trong 9 trén 12 truong hgp, dieu nay chiing minh rang thuat
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toan dé xuat c6 kha nang lyga chon hiéu qua cac thudc tinh quan trong va c6 kha nang xi
Iy trén cac tap dit lieu véi dac trung da dang.

Bang 3.8: So sdnh d6 chinh xac phan 16p cia ARIFW véi cac thuat toan khéc trén U

Tap dit licu Tap goc NIFS WNRS W-MGMN FMIFRFS ARPD ARIFW
Leaf 60.59 +6.34 | 59.41+5.55 | 69.12+3.01 | 67.94 £ 464 | 61.47+533 | 61.47+6.76 | 69.41 + 4.78
Tonosphere 83.76 £6.39 | 84.89+£6.02 | 88.90+£6.89 | 86.04+534| 90.33+£5.27| 88.32+7.61| 90.62 + 6.08
Vehicle 7045+ 1.85 | 69.39£3.04 | 69.86+2.02 | 70.57+275 | 70.10+291 | 70.22+283 | 71.29 + 3.19
Vowel 5152+ 12.38 | 53.03£11.65 | 64.85 = 5.8 | 52.02+£11.3 | 5354694 | 5212+6.94| 64.85 & 5.8
German 73.00 £2.79 | 69.40 +4.43 69.60 -39 | 6910288 | 73.50+294 | 7150+2.77 | 74.70 + 2.97
LSVT 83.97 £ 14.31 | 80.06+9.07 | 89.68+6.39 | 86.47+5.07 | 86.90 & 9.95 90.58 £ 7.5 | 91.15 + 9.39
Leukemia 84.46 + 1351 | 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 7922607 | 7418+7.02 | 84.25 £ 5.89 | 7844+434 | 79.63+458 | 79.76+3.61 | 82.52+3.98
Segmentation 9528 £152 | 9541415 | 9571+1.88 | 95194132 95.63+167 | 95.71+1.53 | 96.32 + 1.44
Wall 7726 +591 | 77.27+£6.36 | 7841+£535| 7581+L588 | 8L.56+3.78| 83.14+4.01 | 83.32 + 4.56
Waveform2 80.08£1.46 | 80.44+1.51 | 78.38+1.69 | 83.24 + 1.18 | 82.86 = 1.44 | 8182+ 154 | 82.58+1.06
Trung binh 76.69+6.16 | 76.28 £5.37 | 80.62+4.53 | 79.06+7.87 | 78.20+4.65 | 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

Cudi cting, luan an trinh bay mot s6 so sanh vé hieu qua ctia thuat toan IARIF-DO vdi
cac thuat toan gia tang AIFSD-FKD [82], W-MGMD [86] va IARPD-RO. Céc thuat toan
sé x1t 1y trén tap dit lieu khi loai bé lan lugt cic tap doi tugng tu Uy dén Us tit U. Céc két
qué ciing tuong tu nhu doéi véi thuat toan TARIF-AO khi thuat toan dé xuat cho thay kha
nang tim kiém cac rat gon cé kich thuéc nhé véi do chinh xac phan 16p vugt troi.

3.5. Két luan Chuong 3

Chuong nay trinh bay mo6 hinh tap tho lan can md tryc cdm c6 trong sd6 (IFWNRSs)
ciing mot s6 tinh chat quan trong cia mo hinh. T mo6 hinh nay, do do khodng cach gitta
hai ho lan can md tryc cdm c6 trong s6 da duge xay dung lam co sd cho viéce thiét ké maot
thuat toan rit gon thuoc tinh trén cac bang quyét dinh c¢d dinh. Dé gidi quyét cac kich
ban dit lieu thyc té, Chuong 3 ciing xay dung cac co ché cap nhat hat thong tin va dé
xuat hai thuat toan gia ting dé xi I nhanh trén céc bang quyét dinh dong. Két qua thuc
nghiém cho thay cac phuong phéap dé xuat dat dude do chinh x4c phan 16p vudt troi trén
phan 16n cac bo dit lieu so v6i cic phuong phap duya trén tap tho md va tap tho lan can
trong s6, dong thoi cling gidm thoi gian x1t 1y so véi cdc phuong phap dya trén tap tho
mao truc cam.

C6 thé nhan thay, IFWNRSs da khic phuc duge nhitng han ché con ton tai trong mot
s6 mo hinh thuoc nhanh mdé rong thi nhat cia 1y thuyét tap tho. Trén nén tang d6, mo
hinh dé xuat duge xem nhu mot cong cu hitu hiéu, gitp gidi quyét hieu qua bai toan rat
gon thuoc tinh trén nhiéu loai dit lieu khac nhau, dong thoi cé tinh kha thi cao khi tng
dung trong thuec tién, dac biet trong bdi canh dit licu 16n.

KET LUAN VA HUGNG PHAT TRIEN

A. Nhitng két qua chinh cta luan an

Luan an tap trung nghién citu bai toan rat gon thuoc tinh trén bang quyét dinh véi
muc tiéu nang cao hiéu qua cho cdc mo hinh hoc may, dong thoi giam thiéu tinh phic
tap ctia tap luat. Ly thuyét tap tho dudc xem 14 mot cong cu nén tang quan trong cho s
phét trién ctia cac phuong phap rit gon thuoc tinh. Tuy vay, cac phuong phap dua trén
mo6 hinh tap tho truyén théng van con nhiéu han ché khi 4p dung cho cac bang quyét dinh
dang s6 va lien tuc. Thuec tién nay da dan dén sy hinh thanh hai huéng nghién ctu mdé
rong nham khic phuc nhitng bat cap trén. Trén co sé khao sat, phan tich va déi chiéu,
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luan an da chi ra mot sé nhuge diém ctia cac phuong phap mé rong hién c6, dong thoi deé
xuat mot s6 déng gép chinh nhu sau:

Thit nhat, trude nhitng han ché ctia huéng mé rong tap tho mo trong viec xit 1y dit lieu
nhiéu ciing nhu sy kém hiéu qué vé thoi gian ciia mo hinh tap tho mo tryc cam, luan an
da huéng t6i viec dé xuat moé hinh tap mo tric cAm mic alpha, beta nhu mot su tong quét
héa clia tap md tryc cdm. Qua d6, mot so6 tinh chat then chdt ctia mo hinh ciing dude
trinh bay dé lam ré nhitng uu diém ma mo hinh mang lai. Trén co s6 nay, luan 4n dua ra
mot s6 thuat toan rit gon thuoc tinh véi nhitng déng gép chinh nhu sau:

- Xay dung do do khoang cach phan hoach mo truc cam mic alpha, beta lam co s6
trong viéc dinh nghia lai mot rat gon hiéu qua trén bang quyét dinh va xay dung do quan
trong ctia thuoc tinh nham Iyga chon cic thuoc tinh c6 ¥ nghia cao. Qua do, dé xuat thuat
toan rat gon thuoc tinh trén bang quyét dinh ¢6 dinh (ARPD) theo hudng tiép can loc. -
M4 rong cong thitc tinh khodng cach phan hoach md triuc cdm mtc alpha, beta dé xi Iy
nhanh cho céc trusng hop bang quyét dinh c6 sut bo sung va loai bé tap déi tuong, huéng
t6i viec dé xudt hai thuat toan gia ting trén bang quyét dinh thay doi, ing dung cho céc
kich ban thuc té cta dit lieu.

Thit hai, nhim khac phuc nhitng han ché tit mot s6 md rong theo nhanh tap tho lan
can, luan an da deé xuat mo hinh tap tho lan can mo tric cdm c6 trong s6 nham danh gia
anh hudng clia cac thudc tinh diéu kien dén quyét dinh ctia cidc déi tuong va dac trung
chi tiét vai tro clia cac déi tuong trong mot hat thong tin. T mo hinh nay, luan an ciing
dua ra mot s6 thuat toan rit gon thuoc tinh véi nhitng déng gép ndi bat sau:

- Xay dung do do khoang cach gitta hai ho lan can md tryc cam cé trong s6 lam co sé
trong viéc dinh nghia mot rat gon hieéu qua trén bang quyét dinh va xay dung do quan
trong ctia thuoc tinh. Qua d6, dé xuat mot thuat toan trich chon cac thudc tinh can thiét
trén bang quyét dinh ¢6 dinh (ARIFW) vdéi thoi gian da thiic.

- Mé rong cong thitc tinh khoang cach giita hai ho lan can mé truc cdm cé trong s6 dé
x1t Iy cho céc trudng hop bang quyét dinh c6 su bo sung va loai bé tap déi tuong huéng
t6i viec dé xuat hai thuat toan gia ting trén bang quyét dinh thay doéi tap doi tuong.

B. Hudéng phat trién tiép theo ctia luan an

Pham vi clia luan &n hién tai cht yéu tap trung vao cac bang quyét dinh thay déi trong
truong hgp bd sung va loai boé tap doéi tuong. Trong tuong lai, huéng nghién ctiu sé tiép
tuc duge md rong sang cic phuong phéap rat gon thuoc tinh déi véi nhitng bang c6 su thay
doi 6 tap thuoc tinh. Day 1a mot kich ban pho bién trong thuc té, khi dit lieu luon dugc
cap nhat lién tuc theo thoi gian.

Thit hai, trong cdc mo hinh duge dé xuat, cac 16p quyét dinh vé ban chat van dudc
biéu dién duéi dang tap ré. Diéu nay khién viec do luong luong thong tin ctia timg 16p
gap nhiéu han ché. Dé khic phuc van dé nay, luan an trong tuong lai sé tap trung phét
trien mot moé hinh cho phép chuyén doi cac doi tugng trong 16p quyét dinh thanh cac sb
md trie cdm. Cach tiép can nay hita hen mang lai cac do do linh hoat va hiéu qua hon
trong viéc tim kiém cac thuoc tinh quan trong.

Thit ba, trong mo hinh tap tho lan can mo tryc cdm c6 trong so, viec st dung mot
ngudng ban kinh c6 dinh doi khi gip kho khin trong bdi cAnh dit lieu ¢6 mat do phan bo
16n. Khi d6, mot hat thong tin c6 thé bao ham qua nhiéu déi tugng, gay anh hudéng dén
két qua riat gon. Dé khic phuc, trong tuong lai, luan an sé huéng dén viec dé xuat mot
mo6 hinh mdi nham han ché sé luong doi tugng c6 vai tro 16n trong ting hat thong tin,
qua do6 tao co sé cho viéc xay dung cac thuat toan rat gon thuodc tinh hiéu qua hon.
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