
Ha Nc)i-2024 

NGVOI HV6NG DA.N: 
1. TS. U~ng Tr9ng Hqp ,--~--- 

DE AN TOT NGHIBP TI-MC SI HE THONG THONG TIN 

Nganh H~ thong thong tin 
Ma s6: 8480104 

NGHIEN CUU MOT SO THUAT TOAN GIA TA.NG LUA CHON . . . . 
.... , " ? s: .-. s: 

THUQC TINH TREN BANG QUYET DJNH DQNG THEO TIEP 
CANTAPMbS~DUNGLATCATa . . . 

TRANPHILVC 

BO CONG THVdNG 
TRUONG D~I .HQC CONG NGH1¢P HA N<)I 



<;1J ~ 
1Yi f{\ L0 

Toi la Tr~n Phi Lire, hoc vien cao hoc lop Cao hoc h~ thong thong tin kh6a 12. 

Toi cam dean rang d~ an thac sl mang tua d~ "Nghien ciru mot s6 thuat toan gia tang 

hra chon thuoc tinh tren bang quyet dinh dong theo tiep can t~p ma sir dung lat cit a" 

dUQ'C trinh bay diroi day la Cong trinh nghien CU'U CUa chinh toi duoi sir huong d~n 

cua TS. Dang Trong Hop. 

Cac noi dung nghien CU'U va k~t qua trong d~ tai nay la trung thirc va chira tung 

duce ai cong b6 trong bfit cu cong trinh nghien ciru nae tnroc day. Nhirng s6 lieu 

trong CaC bang bi~U phuc V\1 Cho viec phan tich, nhan xet, danh gia dUQ'C chinh tac gia 

thu thap tu cac nguon khac nhau c6 ghi trong phan tai lieu tham khao. Toi cam doan 

rang khong co bfit ky vi pham nao d6i voi cac quy dinh dao due nghien ciru khoa hoc 

trong qua trinh thuc hien luan an. Cac tai lieu tham khao duoc trich d~n dung nguon 

g6c va duce sir dung mot each hop ly. 

Toi hi~u ro rang neu phat hien bfit ky sai s6t, vi pham hoac gian l?n nao trong 

d~ an cua minh, toi se chiu trach nhiem tnroc phap luat va c6 th~ bi xem xet lai v~ 

bang c~p da dat duoc, Toi vi~t cam doan nay va toi hoan toan chiu trach nhiem v~ 

tinh chinh xac Va trung thirc Cua Cong trinh nghien CUU nay. 
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MODA.U 
I. S\f c~n thi~t tri~n khai d~ tai 

Lua chon thuoc tinh la mot buoc trong qua trinh tiSn xtr ly du lieu nh~m 

loai bo cac thuoc tinh du thira, khong c~n thiet ds tang tinh cts hiSu cho lu?t va 

hieu qua cho cac mo hinh phan lap. Tren thS gioi, cac nghien ciru vs lira chon 

thuoc tinh hien nay dang tro nen dt soi dong. Mot trong nhirng each tiSp C?n 

co thS noi toi la cac phirong phap rut gon thuoc theo huong tiep can cua ly 

thuyet t?p tho [l]. Tuy nhien, cac phuong phap ROTT theo huong tiep C?n nay 

chi thirc hien duce tren cac BQB co miSn gia tri roi rac. f)f>i voi cac BQB co 

misn gia tri sf>, cac phuong phap nay phai chia thanh nhieu khoang tuong irng 

voi cac gia tri phan loai. Viec khong thuc hien buoc roi rac hoa du lieu co thS 

d~n dSn mat mat thong tin quan trong tren cac BQB va gay ra su suy giam vs 

hieu qua cua cac mo hinh phan loai. BS giai quyet v&n dS nay, Dubois va d6ng 

nghiep [2] da dS xuat mot mo hinh gon tnrc tiep tren BQB gf>c voi miSn gia tri 

sf>, ma khong c~n thuc hien buoc roi rac hoa du lieu. Mo hinh nay duce goi la 

mo hinh TTM (fuzzy rough set). Theo cac phan tich vS TTM, cac nha nghien 

ciru da xay dung nhiSu phuong phap ROTT tnrc tiep tren BQB goc co mien gia 

tri sf> sir dung nhieu d(> do khac nhau. V oi BQB cf> dinh, cac phuong phap di Sn 

hinh la SU dung ham thuoc ma [3, 4], mien duong ma [5, 6], entropy thong tin 

ma [7, 8], khoang each ma [9, 10] va mot sf> phuong phap khac [11, 12, 13]. 

KSt qua thuc nghiem trong cac cong bf> neu tren cho thay, cac thuat toan tim 

TRO theo tiSp C?ll TTM nang cao d(> chinh xac phan lap so voi cac thuat toan 

theo tiep can tap tho truyen thong. Tuy nhien, Hung va cac cong su trong [14] 

trinh bay, cac phuong phap ROTT theo tiep can TTM khong hieu qua khi XU 

ly tren cac BQB nhieu va khong nh&t quan. Ngoai ra, trong XU thS bung n6 cua 

du li~u, cac BQB c6 sf> tinh ch&t vo cung 16n. Han nua, cac BQB thay d6i lien 

t\!C, b6 sung v6i cac truang hqp nhu tang them hay bat di TBT. Vi d\l di Sn hinh 

nhu bai toan ch:ln doan b~nh trong linh Vl.fC y tS, ch:ln doan cac tri~u chung lam 
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sang dua tren dt nhiSu cac chi s6 xet nghiem. S6 hrong benh nhan lien tuc gia 

tang theo thoi gian d~n toi qua trinh xay dung cac mo hinh phan lop nham h6 

tro bac si trong viec chan doan g?p rftt nhieu kh6 khan. Do V?Y, dS dua ra mot 

mo hinh phan lop co loi, vftn dS d?t ra la phai giai quyet bai toan RGTT tren 

cac BQD Ion va co sir di dong vS d6i tuong, 

Tu nhtrng kh6 khan va thach thirc da neu, dS tai "N ghien CU'U m<)t s6 
thuit toan gia tang lua chon thUQC tinh tren bang quy~t dinh dqng theo 
ti~p cin tip mer sir dung lat ciit a" duce Iva chon nhir mot huong di moi va 

d~y tiSm nang trong viec phat triSn cac thuat toan Iva chon thuoc tinh. 

II. Ml}C tieu nghlen CU'U ciia d~ tal 

- DS tai tim hieu, dS xuftt cac thuat toan gia tang tim TRG cua BQD dong 

dua tren TTM theo tiSp C?D t?p ma SU dung lat c~t a nh~m giam bot thuoc tinh 

TRG va tang d9 chinh xac, giam d9 phirc tap cua mo hinh khai pha du lieu. 

- DS tai cung cftp mot chuong trinh tinh toan xac dinh t?p thuoc tinh rut 

gon tren cac b9 du lieu co sir bien dong vs s6 luong cac ban ghi (TDT). 

- DS tai Cung trinh bay mot s6 phan ti ch dS chirng minh tinh hieu qua cua 

thuat toan tren cac b9 du lieu khac nhau thong qua cac tieu chuan danh gia vs 

d9 chinh xac phan lop va thoi gian tinh toan. 

- Thirc hien so sanh, danh gia vS d9 chinh xac va t6c d9 thuc hien cua 

thuat toan so voi cac thuat toan nghien ciru tuoc do, 

III. Pham vi va n<)i dung nghien CU'U 
Pham vi cua nghien ciru nay se chi t?p trung vao cac phuong phap rut 

gon dua tren ly thuyet t?p tho va cac ma rong, d?C biet la t?p ma SU dung lat 

c~t a voi nhfmg hieu qua ma n6 mang lai trong bai toan RGTT. C6 th@ n6i, t?p 

ma la mot trong nhfrng cong C\J rftt manh va duoc irng dung vao rftt nhiSu bai 

toan vs khai pha du li~u trong nhfrng nam tra li;ti g~n day. Tuy nhien, each ti Sp 

C?ll nay con moi va chua thµc S\I dugc quan tam. Nghien CU'U nay hy v9ng se 

la m<)t buoc tiSn trong vi~c cai thi~n cac phuong phap RGTT theo hu6ng tiSp 
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can t?p tho va cac mo hinh mo rong khi mang dSn mot cong cu htru hieu trong 

viec tim kiSm cac t?p con thuoc tinh tren cac BQD, d?C biet la cac BQD co tinh 

nhieu, khong nhat quan va c6 sir b6 sung ding nhu loai bo TDT theo thoi gian. 

DS tai nay duoc nh6m nghien ciru trinh bay dua tren CO' SO' cua nhiSu nghien 

ciru truce day, kSt hop voi cac thuc nghiern ds danh gia va so sanh tren nhiSu 

thuat toan nh~m chirng minh tinh hieu qua tu cac phuong phap ds xuat. 

IV. Phuong phap nghien CU'U ciia d~ tai 

Cdch' tiip c{m 

DS tai ban d~u se nghien ciru mot s6 cac phuong phap RGTT theo huong 

tiSp can t?p tho va t~p ma nh~m tim ra cac uu nhuoc diem cua m6i phuong 

phap. TiSp theo, dS tai Se dS xu§.t mot sf> thuat toan gia tang theo huong tiep 

can t?p ma SU dung lat cit a c6 kha nang cai thien hieu nang phan lop tren cac 

b9 du lieu c6 tinh nhicu va thoi gian XU ly trong tnrong hop BQD them va loai 

bo TDT. Cu6i cung, dS tai ding lam r6 nhtrng uu diem cua nhfrng phuong phap 

ds xuat thong qua qua trinh phan tich va danh gia cac kSt qua thuc nghiem khi 

so sanh voi cac phirong phap khac nhau tren cac b9 du lieu tieu chuan. 

Cdc phuong phdp nghien cteu 

- Nghien ciru ly thuyet: 

+ Nghien ciru tu tong quan toi chuyen sau cac ly thuyet nen tang dS tu 

d6 tiSp c?n dSn nhfrng Iy thuyet nang cao. 

+ Thu thap, tong hop, danh gia va rut ra cac kSt luan ciing nhu huong 

phat trien tren cac kSt qua da duoc cong bf> vs RGTT tren BQD. 

+ DS xuat, cai tiSn va clnrng minh cac dinh nghia, menh dS SU dung cho 

cac phuong phap dS xuat mot each chat che. 

- Nghien ciru thuc nghiem: 

+ Cai d?t thuat toan tren cac b9 du lieu co d9 tin C?Y cao voi kich thuoc 

tu trung binh dSn Ian nham danh gia va so sanh kSt qua da dugc cong bt> tren 

cac t~p chi chuyen nganh c6 uy tin. 



v. K~t c~u ciia n<}i dung nghien CU'U 

DS an gom: 

- Chuang 1 : T 6ng quan vs ly thuyet t?P tho, t?p tho ma va cac (mg dung 

trong bai toan nit gon thuoc tinh 

- Chuang 2: Ly thuyet t?P ma mire a va mot s6 thuat toan gia tang nit 

gon thuoc tinh 

- Chuang 3 :KSt qua thuc nghiern thong qua qua trinh phan tich, danh gia 

va so sanh voi cac thuat toan. 

Qua do, se dua ra mot s6 thao luan va huong nghien ciru tiep theo trong tuong 

lai. 

cao. 
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CHUONG 1. TONG QUAN VE LY THUYET T~P THO, T~P THO MO 
v A cAc UNG DVNG TRONG BA.I TOAN RUT GQN THUQC TiNH 

1.1. LY THUYET T~P THO, T~P THO MO 

1.1.1. Khai ni~m CO' ban V~ tip tho 

V ao d§.u nhirng nam 1980, nha logic hoc Zdzisaw Pawlak dira ra ly thuyet 

t?p tho [ 1] va qua sir phat trien cfing nhir chtrng minh tren mot nen tang toan 

hoc vfrng chic, no da duce coi la cong cu hieu qua dS giai quyet cac bai toan 

vS mo ta sir phu thuoc gitra cac thuoc tinh, danh gia d(> quan trong cua cac thuoc 

tinh, phat hien luat thu duoc va nhan dang. Cho toi nay da co d.t nhiSu huong 

ti@p can dua tren ly thuyet t?p tho dUQ'C ap dung thanh Cong trong linh V\l'C khai 

pha du lieu va may hoc nhu sinh lu?t quyet dinh hay trich chon dac tnrng. Dua 

tren sir phat triSn cua ly thuyet t?p tho truyen thong ma cac mo hinh t?p tho mo 

rong ngay cang duce irng dung rong rfii cts giai quyet cac bai toan phan tich, 

khai pha du lieu, d?C biet la cac bai toan tren mot kh6i hrong du lieu 16n, chira 

dung cac thong tin ma h6, khong chic chin ma diSn hinh la cac h~ thong tin 

dfry du (Information System - IS) hay cac h~ thong tin khong dfry du 

(Incomplete Information System - IIS). H~ thong tin giup ich r§.t Ion cho viec 

hru trfr va XU' ly thong tin. Tuy nhien, vi mot ly do nao do trong qua trinh C?P 

nhat ma thong tin hru trfr CO cac thuoc tinh du thua Va tao ra sir kho khan trong 

viec khai pha tri thirc. 

H~ thong tin la cong cu biSu di~n tri thirc duoi dang mot bang du lieu 

g6m p CQt irng voi p thuoc tinh va n hang irng voi n d6i tuong, M9t each hinh 

tlurc, h~ thong tin diroc dinh nghia nhir sau: 

Dinh nghia 1. H¢ thong tin la mot bo tu aU(JC bidu diln duoi dang IS = 

(U, A, V, f), trong do Ula tdp hint han, khac r6ng cac tlc5i tuong; A la tdp hiiu 

han, khac r6ng cac thuoc tinh; V =U Va vai Va la tdp gia tri cua thuoc tinh a E 

A; f: U x A~ Va la ham thong tin, Va EA, u EU, f(u, a) E Va. 

DS don gian, voi moi a E A, u E U, ta ky hieu gia tri thuoc tinh a tai d6i 

tuong u la a (u) thay vi f (u, a). N@u B = {bi, b2, ... , bk} c A la mot t?p con 



1. Phan hoach UIP va U/Q GU(/c goi la nhu nhau (viit la UIP = U/Q), 

khi va chi khi Vu E U, [u]p = [u]Q· 

2. Phan hach U/P min hon phdn hoach UIQ (viet la UIP ~ U/Q) khi va 

chi chi Vu E U, [u]p c [u]Q. 

Xet h~ thong tin IS= (U,A, V,f) va TDT XE U. V6i mot t?P thuoc tinh 

B c A cho tnroc se xac dinh duce cac lap tuong duong cua phan hoach UIB. 

Khi do, mot TDT X ding c6 thS diroc bieu di Sn thong qua lap tuong duong nay. 

Trong ly thuyet t?p tho, dS bi Su diSn x thong qua cac lap nrong duong cua x c 

U, nguoi ta x§.p xi Xboi hop cua mot s6 hfru han cac lap tuong duong trong U/B. 

C6 hai each x§.p xi TDT X thong qua t?p thuoc tinh B, duoc goi la B-xftp xi duoi 

va B-xfip xi tren cua.Y, ky hieu 1§.n hrot la BX va BX, duoc xac dinh nhir sau: 

, 
co: 

:Djnh nghia 2. Cho hi thong tin IS = (U, A, V, f) va P, Q c A, khi do ta 

(1.2) [u]s = {v E Ul(u, v) E Rs} 

Rs la quan h~ B-khong phan biet diroc. Ro rang, Rs la mot quan h~ tuong 

duong tren u. NSu (u, v)E Rs thi hai d6i tuong u va v khong phan biet duoc 

boi cac thuoc tinh trong B. Quan h~ tuong duong Rs se xac dinh mot phan hoach 

tren U, ky hieu la U!Rs hay dS don gian la U/B. M6i phan tu cua phan hoach 

UIB diroc goi la mot lap tuong duong chira d6i nrong u E U va diroc ky hieu 

la [u]s, khi d6: 

(1.1) Rs = {(u, v) E U x Ulv'a EB, a(u) = a(v)} 

6 

cac thuoc tinh thi ta ky hieu b(> cac gia tri bi(u) boi B(u). Nhtr V?Y, nSu u va v 

la hai d6i tuong thi ta viSt B(u) = B(v) neu bi (u) = bi(v) voi moi i = 1, ... , k. 

Xet mot h~ thong tin IS = (U, A, V, f), nSu ton tai u E U va a E A sao 

cho a(u) thieu gia tri (missing value) thi IS duce goi la h~ thong tin khong d§.y 

du, nguoc lai IS duce goi la h~ thong tin d§.y du. M6i t?p con cac thuoc tinh 

B c A xac dinh mot quan h~ hai ngoi tren U, ky hieu la Rs va duce xac dinh 

boi: 



Trong nhieu irng dung, mot loai h~ thong tin dac biet dong vai tro quan 

trong, duce goi la BQD. BQD la mot h~ thong thong tin DS voi t?p thuoc tinh 

A diroc phan chia thanh hai phan khong giao nhau: C va D. C duce goi la t?p 

thuoc tinh diSu kien va D la t?p thuoc tinh quyet dinh, dS don gian chung toi ky 

hieu BQD la DS = (U, CUD) voi C n D *- <j). V6i moi d ED, d(u) d~y du 

gia tri, neu t6n tai u E u va c E Csao cho c(u) thieu gia tri thi DS duce goi la 

BQD khong d~y du, trai lai DS duce goi la BQD d~y du. Trang pham vi nghien 

ciru nay, chung toi chi xet toi BQD d~y du. 

Vi du 1. Cho BQD DS = (U, Cu D), trong d6 U = {ui, u2, u3, u4}va 

C = {ci, Cz, C3, C4}. 

(1.7) POS8(D) = U (BX) 
xe!:!. 

D 

Ro rang, pas B ( D) la t?p t~t ca cac d6i tuong u sao cho voi moi d6i tuong 

v E U ma u(B) = v(B) ta dSu c6 u(D) = v(D). N6i each khac, POSB(D) = 
{u E UI [u]s c [u]D}. 

B-miSn bien cua x la t?p chira cac d6i nrong c6 thS thuoc hoac khong 

thuoc x con B- mien ngoai cua x la tap chira cac d6i tuong chic chin khong 

thuoc X. Trong tnrong hop BX=tzi thi X duoc goi la t?p chinh xac, nguoc lai X 

duoc goi la t?p tho. V oi B, D c A, ta goi Bvmien duong cua D la t?p diroc xac 

dinh nhu sau: 

(1.5) 

(1.6) 

NB(X) = BX\BX 

MB(X) = U\BX 

Tap BX bao g6m t~t ca ca phan tu cua U chic chin thuoc vao X, con t?p 

BX bao g6m cac phan tu cua u c6 thS thuoc vao x dua tren t?p thuoc tinh B. 

Tu hai t~p x~p xi neu tren, ta dinh nghia cac t?p B-miSn bien cua x va B-miSn 

ngoai cua X, l~n lirot theo hai cong thirc duoi day: 

(1.3) 

(1.4) 
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BX= {u E Ul[u]s c X} 

BX= {u E Ul[u]s nx * <P} 



1. Rp = RQ ¢:::> Rp(u,v) = RQ(u,v) 

2. RPnQ =RpURQ =max{Rp(u,v),RQ(u,v)}. 

3. RPuQ = Rp n RQ = min{Rp(u, v), RQ(u, v) }. 

4. Rp c RQ ¢:::> Rp(u, v) < RQ(u, v). 

I. Tinh phan xa: R(u, u) = 1. 

2. Tinh d<5i xung: R(u, v) = R(v, u). 

3. Tinh bite cdu sup-min: R(u, v) > sup {min (R(u, t), R(t, v) )}. 
tEU 

M~nh d~ 1. Cho BQEJ DS = (U, C u D)va mot QHTEJM R. Ky hieu 

Rp, RQ tuong ung la C(lC quan h¢ R xac dinh tren tdp thuoc tinh P, Q c C. Khi 

do, voi moi u, v E U, ta co: 

1.1.2. Khai niem CO' ban V~ t~p tho mo' 

Ly thuyet TTM (fuzzy rough set) do Dubois va cac cong sir [2-3] dS xu~t 

la SlJ kSt hop cua ly thuyet tap tho va ly thuyet t?p ma nhim x~p xi cac t?p ma 
dira tren mot QHTDM (fuzzy equivalence relation) duce xac dinh tren mien 

gia tri thuoc tinh. VS ban chat, cac QHTDM diroc ma rong tu cac quan h? tuong 

duong ma bao cao da trinh bay trong phan tnroc. 

Dinh nghia 3. Cho BQEJ DS = (U, C u D), mot quan hi R xac dinh tren 

miJn gia tri thuoc tinh aU'()'C goi la QHTEJM neu thoa man cac diJu kien sau 

voi moi u, v, t E U. 

u C1 C2 C3 C4 D 

U1 0.8 0.6 1 0 0 
U2 0.8 0 0.2 0.8 1 

U1 0.6 0.8 0.6 0.4 0 
U4 0 0.6 0 1 1 

8 
Bang 1.1: Bang quyit djnh afzy du 



co nghia la voi m91 d6i tirong u,v EU thi RPuQ(u,v) = 
min(Rp(u,v),RQ(u,v)). Tu d6, ta co M(R5) = M(RPuQ) = [siJ]nxm voi 

sii = min(piJ, qiJ). 

Dinh nghia 5. Cho BQEJ DS = (U, C u D) voi P, Q c C, U = 
{ Ui, Uz, ... , Un} va Rp la QHTEJM tren tdp thuoc tinh P. Khi a6, phdn hoach 

ma tren U sinh boi .Rp, ky hieu la Y p, aU:(JC XClC dinh nhu Sau: 

trong do, Sij = min(PiJ, qij) 

Chung minh: Theo menh de 1, tac6.Rp = n R{a} va.RPuQ = k, n RQ, 
aEP 

(1.8) 

Q la: 

M~nh d~ 2. Cho BQEJ DS = (U, Cu D) va P, Q c C. Gia sir M(Rp) = 
[pi1Jnxm,M(RQ) = [qiJ]nxm tuong ung la cac ma trdn tuong duong ma cua 

quan hi Rp va RQ, khi a6 ma trdn tuong duong ma tren tdp thuoc tinh s = Pu 

voi Pii = RP ( u., Uj) la gia tri quan hi giiia hai a6i tuong u, va Uj tren 

tdp thuoc tinh P,PiJ E [0,1], iu, u1 E U,1 < i.j < n. 

Nhir V?Y, ta co th@ nhan thay rang gia tri cua cac phan tu trong ma tran 

tuong duong ma M(Rp) phu thuoc vao QHTDM .Rp duce chon, Mat khac, ma 

tran tuong duong ma la nen tang dS xay dung cac d<) do duce SU dung dS giai 

quyet bai toan RGTT trong BQD ma bao cao se lam r6 hon trong cac phan tiep 

theo. 

· · · Pini 
··· Pzn 
. . . . .. 
··· Pnn 
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Dinh nghia 4. Cho BQEJ DS = (U, CUD) voi U = {ui, u2, ... , un}va .Rp 

la QHTEJM xac dinh tren tdp thuoc tinh P c C. Khi do, ma trdn tuong duong 

ma biiu diln .Rp, ky hieu la M( Rp) = [Pi} ]nxm' aU:9'C dinh nghia nhu: sau: 



Cap (f X =PX) duoc goi la TTM. D~ thay, mot t?p r5 XE U ciing duoc 

bieu <li~n tri thirc boi hai cong thirc tren khi coi no la mot t?p ma voi ham thuoc 

µx(v) = 1 voi v EX va µx(v) = 0 voi v fl. X. Mo hinh TTM co thJ xem la 

viec sir dung quan h~ tuong tu dJ xfip xi tap ma (hoac t?p r5) bang t?p ma xfip 

(1.11) µpg(u) = supmin(µ[u] (v),µg(v)) 
vEU P 

(1.10) µE.g(u) = inf max ( 1 - µ[u] (v), µg(v)) 
vEU P 

cua a6i tuong UJ va luc luong cua [u1J{ci} = 1 + 1 + 0.8 + 0.2 = 3. Phdn 

hoach ma cua quan he ma R{cd la Y{cd = {[u1JfciJ, [u2Jrc1}, [u3J{c1}, [u4J{ci1}· 

Dinh nghia 6. ChoX la mot tdp ma tren U va Rp la mot QHTFJM tren 

tdp thuoc tinh P c C. Khi do, tdp xdp xi duai ma P Xva tdp xdp xi tren ma PX 

cua X la cac tdp ma va co ham thuoc cua cac a6i tuong U E U duac xac dinh 

nhu sau: 

'T'h in h hi. 5 [~] { 1 1 0.8 0.2} l' l ' ;/: ' 1., eo in ng za , u1 {c} = -,-,-,- a op tuong auong ma 
1 U1 Uz U3 U4 

0.8 0.21 
0.8 0.2 
1.0 0.4 
0.4 1.0 1

1.0 1.0 
M (R ) = 1.0 1.0 {ci} 0.8 0.8 

0.2 0.2 

duong ma cua a6i tuong u, E U. 

V oi lop tuong duong ma [ Ui] p, ham thuoc cua tfit ca cac d6i tuong u, E 

u duce xac dinh boi µ[ui]P ( uJ) = µRp ( u., Uj) = Rp ( ui, uJ) va Ive hrong cua 

lop tirong duong ma [ui]P duce tinh boi I [U:]p I = LJ=l Pij· 

Vi di} 2. Xet BQFJ trong vi du 1, voi mot QHTFJM tren m6i thuoc tinh 

a EC duce xac dinh boi c6ng thuc R{a}(u, v) = 1 - la(u) - a(v)I, khi do 

theo dinh nghia 4, ma trdn tuong duong ma CUa thuoc tinh Cl la: 

trong do, [ui]P = til I Piz I ••• , Pin} la mot tdp ma dong vai tro la mot lap tuong 
U1 Uz Un 

(1.9) 

. 10 

Y P = ~ = {[ui]P f_ = {[u1]p, [u;Jp, .. ·, [un]P} 
Rp t-1 



TREN LY THUYET T 4P THO v A MO R<)NG 

RGTT la qua trinh giam hay luge bo cac d~ic tnrng/thuoc tinh trong t?p 

dtr lieu nguyen thuy. M1.1c tieu cua viec RGTT la t~10 ra mot tap dfr li~u co kich 

thuoc nho hon ma v~n giu duoc cac thong tin d.n thiet va mo ta duce nhirng 

d?C trung cf>t loi cua dfr lieu gf>c. Qua trinh nay thuong duoc thuc hien d~ tang 

tinh hieu qua cua viec XU ly va phan tich dtr lieu, giam chi phi tinh toan va lam 

cho dtr lieu d~ dang quan ly hon. Cac ky thuat RGTT chia lam hai nh6m: Lira 

chon thuoc tinh (LCTT) va bien d6i thuoc tinh (BDTT). LCTT la trich chon 

mot t?p con t6i uu (theo mot nghTa nao do) tu t?p thuoc tinh nguyen thuy. BDTT 

D~ thay POSp(D) la mot t?p ma va duoc ma rong tu khai niem miSn 

duong ma tu ly thuyet t?p tho truyen thong. Dua tren khai niem nay, chung toi 

dinh nghia d9 phu thuoc cua mot t?p con thuoc tinh nhu sau. 

Djnh nghia 8. Cho BQEJ DS = (U, Cu D), Rpva RD tuong ung la hai 

QHTEJM xac djnh tren P c C va D. D(> phu thuoc cua tdp thuoc tinh P voi tdp 

thuoc tinh quyet dinh D duac dinh nghia nhu: sau: 

CD) = IPOSp(D)I = LuEU µPOSp(D/u) 
YP IUI IUI (l.I3) 

1.2. MOT SO PHUONG PHA.P RUT GON THUOC TiNH DUA . . . . 

(1.12) µPas (D)(u) = supµpg(u) 
p u - uE~ Ro 
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xi diroi va t?p ma x~p xi tren. Trong ly thuyet t?p tho truyen thong, khai niern 

miSn duong duoc dinh nghia la hop cua t~t ca cac t?p x~p xi duoi. Trong ly 

thuyet TTM, mien duong ma duce dinh nghia nhu sau. 

Djnh nghia 7. Cho BQEJ DS = (U, CUD), Rp va RD tuong tmg la hai 

QHTEJM xac dinh tren P c C va D. Khi do, mien duong ma cua tdp thuoc tinh 

aidu kien D voi tdp thuoc tinh P, duoc Icy hieu la PO Sp (D)va c6 ham thuoc cua 

m6i abi tuong U E U duirc xac dinh nhu: sau: 



12 

la thtrc hien viec chuyen d6i cac thuoc tinh ban d~u thanh mot t?P cac thuoc 

tinh moi voi kich thuoc it hon sao cho bao toan duce thong tin a mire t6i da. 

Cac cong trinh nghien ciru vS RGTT thuong t?p trung vao nghien ciru 

cac ky thuat LCTT. LCTT la qua trinh chon ra mot t?p con c6 kich thuoc IBI tu 

tap g6c clnra ICI thuoc tinh (BCC), sao cho khong gian thuoc tinh duoc thu gon 

mot each t6i uu dua tren mot tieu chuan cu th{ Viec tim ra t?p con thuoc tinh 

t6i iru tlnrong la mot vftn dS kho; thuc tS, n6 thuoc vao lap bai toan NP-kh6. 

Thong thuong, mot thuat toan hra chon thuoc tinh bao gem bon khau ca ban. 

( 1) Khai tao tap con; 

(2) Phan tich t?p con; 

(3 ) x« dieu kien dung; 

( 4) Danh gia kSt qua. 

T?O l?p t?p con thuoc tinh la qua trinh lien tuc tim kiSm nham tao ra cac 

t?P con dS danh gia va lua chon. Gia SU t?p du lieu ban d~u chira ICI thuoc tinh, 

V6i ICI thuoc tinh nay, tong s6 t?p con c6 thS duce tao ra la 21CI- Do d6, viec 

tim ra t?P con t6i iru tu tftt ca cac t?p con nay la rftt kh6 khan. Mot phuong phap 

ph6 biSn dS tim kiern t?p con thuoc tinh t6i iru la tao ra tung t?p con dS so sanh, 

M6i t?p con duce tao ra se duce danh gia dua tren mot tieu chuan nhat dinh va 

so sanh voi t?p con t6t nhat da duce chon tnroc do. NSu t?p con moi nay cai 

thien, n6 se thay thS t?p con cii. Qua trinh tim kiSm t?p con thuoc tinh t6i uu se 

dung khi mot trong b6n diSu kien sau xay ra: 

( 1) Da thu duoc s6 thuoc tinh dua tren 1 tieu chu~n. 

(2) S6 buoc l~p duce dinh nghia trong qua trinh kSt thuc, 

(3) Viec b6 sung vao hay luge bo mot thuoc tinh nao do khong lam cho 

kSt qua tbt hon. 

( 4) Da thu duce tap con t6t nhat theo tieu chuan danh gia. 

Cuoi cung, t?p con t6t nhftt phai duce xac minh thong qua viec thuc hien 

cac phep kiSm dinh, so sanh kSt qua khai pha vai t?p thu(>c tinh "t6t nhftt" nay 



Hinh 1.1: Quy trinh. RGTT 

Banh gia t~p 
ritg9nkit 

qua 

Dung Sai 

Tdpccn 
phuhqp 

·Banh gia t~p 
---• tbufc tinh 

41f4}'CTI)O 

Tt1o~p t~p 
dmqctiuh 

con 

Hp 
tlmQC tinh 
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va t?P thuoc tinh ban d:lu tren cac t?p dir lieu khac nhau. Qua trinh lua chon 

thuoc tinh duce bi Su di Sn nhu hinh sau (Hinh 1.1 ). 

Hien nay, co hai phuong phap chinh dS tiSp can bai toan lua chon thuoc 

tinh: L9c (filter) va Dong g6i (wrapper), m6i phuong phap nay d~u co muc tieu 

rieng v~ viec giam s6 hrong thuoc tinh hoac nang cao d(> chinh xac cua mo hinh 

phan loai, Phuong phap loc thuc hien viec hra chon thuoc tinh doc l?p voi cac 

thuat toan khai pha SU dung sau nay. Cac thuoc tinh duoc chon dua trend(> quan 

trong cua chung trong viec mo ta dfr lieu. Phuong phap nay c6 uu diem la thoi 

gian tinh toan nhanh, nhung nhuoc diSm la khong SU dung thong tin nhan lap 

cua cac bo dfr lieu, do d6 de) chinh xac khong cao.Ngiroc lai, phirong phap d6ng 

g6i thuc hien bang each ap dung ngay ky thuat khai pha cu thS voi TRG thuoc 

tinh, d(> chinh xac cua kSt qua duce SU dung lam tieu chuin dS lua chon cac t?p 

con thuoc tinh. 



Ro rang, d(> c~n thiSt cua thuoc tinh theo Dinh nghia 10 co tinh don dieu, 

Sµ thay d6i trong ham phu thuoc cang cao thi thuoc tinh cang quan trong. Do 

do, khi xay dung thuoc tinh, cac thuat toan se sir dung dinh nghia nay cts xay 

dung mot chuoi cac thuoc tinh irng vien cho TRG. Dua tren Dinh nghia 9 va 

10, Hoa va cac cong sir tai [ 4] da sir dung phirong phap silp xep nhanh 

(Quicksort) cts siip xep cac ctf>i nrong theo tinh phu hop va xay dung thuat toan 

tinh mi Sn duong. Xu va cac cong sir trong [ 5] sir dung phuong phap silp xSp 

theo ca s6 (Radix-sort) dS xay dung thuat toan tinh miSn duong. Dua tren tinh 

don dieu thong qua tinh c~n thiet cua du lieu duce trinh bay trong Dinh nghia 

10 va hai tinh ch§.t cua TRG tu Dinh nghia 9, Shu va cac cong sir trong [6] da 

xay dung thuat toan loc GFS dS tim kiSm cac thuoc tinh quan trong tren BQD. 

Cac biroc cua thuat toan GFS duce trinh bay trong ma gia 1. Dua tren thuat 

(1.14) SIG(b, B) = Ya (D) - Ys\{b}(D) 

I. POS8(D) = POSc(D) 

2. Vb EB, POS8\{b/D) ::f::. POS8(D) 

l>jnh nghia 10. Cho BQD DS = (U, C u D) va mot tdp B c C. Khi c16 

a(} quan trong cua thuoc ti nh b E C duoc tfnh theo cong thuc sau: 
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1.2.1. Phuong phap rut g9n thu{>c tinh theo ti~p c~n t~p tho 

Cho dSn nay co d.t nhiSu cac phirong phap RGTT trong BQD d~y du 

theo tiep can ly thuyet t~p tho truyen thong, cac phuong phap diSn hinh duce 

trinh bay nhu sau: 

- Phuong phap RGTT dua tren mi~n duong: 

KS tu khi Pawlak dua ra dinh nghia TRG dua tren mien duong, cac cong 

trinh nghien ciru da xay dung thuat toan tinh miSn duong, Dua tren diSu do, ta 

phat trien mot thuat toan c1S tim TRG dua tren mien duong, Cu thS, mot rut gon 

duce dinh nghia nhu sau: 

Dinh nghia 9. Cho BQD DS = (U, CUD), mot tdp B c C duce goi la 

mot TRG cua C dua tren miJn duong ntefu thoa man: 



Input: A decision table DS = (U, Cu D) 

Output: One reduct B 

1. initialize: B: = c/> 

2. compute the new dependency function Yc(D) 

3. for a EC do 

4. compute SIG(a, C) 

5. if SIG(a, C) > 0 then B: =BU {a} 

6. end for 

Algorithm 1: The attribute reduction algorithm GFS 

Thuat toan GFS bao gom ba giai doan chinh. Giai doan thir nhat se loai 

bo di cac thuoc tinh c6 d{> quan trong bang O tren t?p thuoc tinh diSu kien C. 

Muc dich cua giai doan nay la giarn thiSu khong gian tim kiem cho cac buoc 

sau do cua thuat toan. Giai doan thir hai thuat toan thuat toan se loc tiep tren 

cac thuoc tinh tim duce a giai doan 1 dS chon cac thuoc tinh quan trong nhat. 

Day cfing la giai doan chu ch6t cua thuat toan khi d{> c~n thiet cua m6i thuoc 

tinh se duce danh gia tren TRG thu duce tu buoc truce do. N6i mot each khac, 

thuat toan se kiSm chtrng xem mire anh huong cua thuoc tinh duce lua chon 

tiep theo d6i voi TRG thu duoc, Giai doan cuoi cung se tiep tuc xao bo cac 

thuoc tinh khong quan trong dS thu duoc m{>t TRG t6i uu. 
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toan GFS, cac tac gia trong [6] da ma rong cong thirc tinh toan ham d{>c lap va 

dS xu§.t thuat toan gia tang la IFSA SU dung khi bang quyet dinh b6 sung TDT 

va IFSD sir dung khi BQD loai bo TDT. Cac kSt qua thuc nghiem da cho thay, 

cac phuorig phap cts xufit co hieu qua cao hon so voi cac phuong phap trong [7, 

8]. Bao cao nay se trinh bay chi tiet cac buoc cua thuat toan GFS, IFSA va 

IFSD dS tu do thay duce nhfrng uu, nhuoc diSm cua phuong phap khi dua tren 

d{> do miSn duong truyen thong. Bao cao ciing SU dung cac thuat toan nay lam 

cu SO' dS so sanh voi cac thuat toan dS xu§.t duce trinh bay trong cac phan tiSp 

theo. 



Viec tinh toan ham phu thuoc theo Dinh ly 1 dong vai tro quan trong 

trong cac thuat toan RGTT khi anh huong true tiep dSn hieu qua cua viec lua 

( 1.15) I { 1 lx'J }I u "aa xEXi I _l :;t:1 
yUUUad(D) = POS8 (D) + POS8 (D) _ D (l < i < l) 

B IUUUactl IUUUadl IUUUadl 

Khi do, a9 phu thuoc moi cua tdp thuoc tinh B theo D tren toan bo bang duce 

tinh nhu sau: 

la U U Uact = {X{,X~, ... ,X{,X{+1,X{+2, ... ,Xm,Mz+vMz+z, ... ,Mm,} va U U 
B 

u;d = {Y{, Yi, ... , Y~, Y~+1, Y~+z, ... , Yn, Yk+v Yk+z, ... ,Zn,} tren toan bo bang. 

u Dinh ly 1. Cho BQD DS = (U, Cu D), tdp thuoc tinh B c C, 
B 

{Xi, X2, ... , Xm} va i = {Yi, Y2, ... , Ym}. Gia sir rang gia tri B-miJn duong cua 

D tren TDT Ula POSff (D), TDT b6 sung la Uad co hai tdp phdn hoach u;d = 
{Mi, M2, ... I Mm,} va u;d = {Zi, Z2, ... I Zn,}, cap phdn hoach thuoc tinh B va D 

Tu Dinh nghia 8, nh6m nghien ciru trong [6] tiSp tuc ma rong cong thirc 

tinh d9 phu thuoc cho ca hai tnrong hop gia tang va loai bo TDT. 

11. end while 

12. for a E Pdo 

13. computeSIG(a,P) 

14. if SIG(a, P) = 0, then P: = P\{a} 

15. end for 

16. set B: = P 

17. Return B 

10. 

for a E C\P do 

select P: =Pu {a0}, where a0 = argmax{SIG(a, Pu 

{a})} 

9. 

7. let P = B 

8. while yp(D) * Yc(D)do 

16 



6 u' , · ifyp (D) = yf (D) then go to step 12; else go to step 7. 

7. for Ve E C\P,constructadescendingsequencebyS/G(c,P),andrecord 

the results by { cf, c~, ... , c(c\P1}· 

8. while yp(D) * Yc(D)do 

9. for c in C\P 

10. Select P: =PU {c}and compute yj' (D) 

11. end while 

12. for each attribute p E P do 

13. compute SIG(p, P) 

5 u' , · compute the new dependency function YP (D) and yf (D) by Theorem 

1. 

u' u' c = {X{, X~, ... , X{,, X{,+1, X{,+2, •.• , Xm, Mi,+i, Mu+z, ... , Mm, }and P 

{X{, X~, ... , X{, X{+11 X{+2, ... , Xm, Ml+l> Mi+z, ... , Ms,}. 

Input: DS = (U, C U D) the reduct Bu on U and the set of adding objects Uad· 

Output: A new reduct B' on U U Uad· 

1. initialize: P: = B' and U' = U U Uad 

2. compute the partitions of U on C and P respectively.j- = {X1, X2, ... , Xm} 
D 

u and8 = {Xi,X2, ... ,Xs}. 

3. compute the partitions of Uad on condition attribute set C and P 

respectively, Uad = {Mi, M2, ... , Mm,} and Uad = {M1, M2, ... , Ms,}, c p 

4. compute the partitions of the new object set U' on C and P respectively, 

Algorithm 2: Incremental attribute reduction when adding the objects set 

(IFSA) 
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chon tap con d~c tnrng. Tu Dinh ly 1, thuat toan GFS duce phat triSn thanh 

thuat toan IFSA duce sir dung khi BQD co sir b6 sung cua TDT. Thai gian tinh 

toan TRG cua thuat toan IFSA se duoc giam thieu dang kS. 



Tir Dinh ly 2, gia tri cua ham phu thuoc moi c6 thS giam khi loai bo nhi~u 

d6i tuong tren BQD. Tu do, [6] ciing trinh bay thuat toan gia tang trong tnrong 

hop BQD loai bo TDT IFSD. Tir thuat toan nay, hieu qua cua viec Iva chon d~c 

trung duce cai thien tir hai khia canh: 

( 1.16) 

{Y{ I Yi I ••• I y; I Ys+11 Ys+z, ... J Yn}. Khi do, t/9 phu thuoc moi cua tdp thuoc tinh 

B theo D tren toan bo bang GU(JC tinh theo cong thirc sau: 

u\ud, = IPosf coJI _ 1ud,I + IHl~=il)I (I < . < ) 
Ya IU\Uctel IU\Uctel IU\Udel - L - Z 

(U\Ucte) 
B 

ldn luot la tinh B va D tren TfJT U\ Ude 

{x' X' X' X X X } (U\Ucte) i, z, ... , Z! z+i, z+z,···, m, D - 

Khi T:DT duce b6 sung vao BQD, quy trinh chi tiSt cua Thuat toan IFSA 

duoc trinh bay cu thS nhir sau. Cac biroc 2-5 la tinh toan phan hoach va C?P 

nhat ham phu thuoc theo cong thirc gia tang dua tren Dinh ly 1; buoc 6 kiSm 

xem ham phu thuoc moi cua t?p con thuoc tinh giai doan tnroc do voi TDT C?P 

nhat c6 b&ng voi ham phu thuoc trong toan be) t?p thuoc tinh dieu kien hay 

khong (neu bang nhau thi gifr nguyen t?p thuoc tinh ban d~u). Cac buoc 7-11 

la xay dung trinh tu giam d~n cho cac thuoc tinh con lai va C?P nhat TRG tang 

d~n. Buoc 12-15 la x6a cac thuoc tinh du thira khoi kSt qua Iva chon. 

Cung dua tren Dinh nghia 8, cac tac gia trong [6] ma rong cong thirc gia 

tang tren BQD trong tnrong hop loai bo TDT. 

Dinh ly 2. Cho BQfJ DS = (U, Cu D), tdp thuoc tinh B c C, ~ = 

{X1, X2, ... , Xm}, * = {Yi, Y2, ... , Yn}. Gia sir rang gia tri B-miJn duong cua D 

tren TfJT Ula POSj (D), TfJT Ude la TfJT bi loai bo, cap phdn hoach thuoc 
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14. if SIG(p, P) = 0, then P: = P\{p} 

15. end for 

16. B' = P and return B' 



7. while yp(D) * Yc(D)do 

8. for c in C\P 

9. Select P: =Pu {c}and compute y}f' (D) 

10. end while 

11. for each attribute p E P do 

12. compute SIG(p) P) 

I 

!:!_ = {X{,X~, ... ,X~fJXz+vXz+z, ... ,Xm}· p 

4. Compute the new dependency function y}f' (D) and y{ (D) by Theorem 

2. 

5. if y}f' (D) = yf' (D)then go to step 11; else go to step 6. 

6. for \/ c E C \ P, construct a descending sequence by SIG ( c, P), and 

record the results by { c{, c~, ... ) c(c\P1}· 

u {Xi, X2) ... , Xm} and-= {Xi, X2, ... , X5}. p 

3. compute the partitions of the new object set U' on C and P respectively, 

Output: A new reduct B' on U\Ucte 

1. initialize: P: = B' and U': = U\Ucte 

2. compute the partitions of U on C and P respectively, u c 

Input: DS = (U) Cu D), the reduct Bu on U and the set of deleting objects 

(IFSD) 

Algorithm 3 Incremental attribute reduction when deleting the objects set 

sau: 
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( 1) ham phu thuoc duce C?P nhat tang d1n theo Dinh ly 2; 

(2) t?p con thuoc tinh duce C?P nhat d1n d1n theo tung vong lap. 

Chung toi trinh bay chi tiSt cac buoc tiSn hanh cua thuat toan IFSD nhu 



ES(DJQ) > ES(DJP). 

Menh dS 3 n6i len tinh phan don dieu cua entropy Shannon c6 diSu kien, 

nghia la t?p thuoc tinh di Su kien Q cang nho (phan hoach sinh boi Q cang tho) 

thi ES(D J Q) cang 16n va ngiroc lai. 

Q c pc c thi 

(1.18) 

C6 th~ thay rang, neu i = U thi ES(P) = 0 va dat gia tri nho nh~t. Nguoc 

lai.neu P, = {udVui E U,i E [1,JUJ]thiES(P)d?tgiatfil6nnh~tt?ilog2JUJ. 

Djnh nghia 12. Cho BQD DS = (U, C U D), gia su rdng * = 

{ Ci, C2, ... I Cm} va * = {Di, Dz, ... I Dn}, khi a6 entropy Shannon co aiJu kien 

cua D khi aa biit c aU(JC dinh nghia boi: 

ES(D IC) = - "~ !.S.! "1:l_ lcinD 11 lo 1cinD1I 
L..i-l IUI L...J-l ICil g ICd 

M~nh d~ 3. Cho BQD DS = (U, C u D). Niu 

(1.17) ES(P) = - "~ ~ log ~ 
L..i-l IUI 2 IUI 

- Phuong phap rut g<.>n thuoc tinh dua tren entropy Shannon: 

Giong nhir cac phuong phap RGTT khac, d~ xay dung phuong phap 

heuristic sir dung entropy Shannon, dn tien hanh nghien ciru cac buoc: 

( 1) Dinh nghia TRG dua tren entropy Shannon; 

(2) Dinh nghia d(> quan trong cua thuoc tinh sir dung entropy Shannon. 

D(> quan trong cua thuoc tinh d~c tnrng cho chat luong phan 16p cua 

thuoc tinh va la tieu chuan lua chon thuoc tinh trong cac buoc cua thuat toan 

heuristic tim mot TRG c6 ch~t hrong phan 16p t6t nhat. 

Dinh nghia 11. Cho BQD DS = (U, CUD) va tdp thuoc tinh P c C. 

Gia su rang i = {Pi, P2, ... , Pm}, khi d6 entropy Shannon cua P duirc xac dinh 

boi cong thuc: 

15. B' = P and return B' 
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13. if SIG(p, P) = 0, then P: = P\{p} 

14. end for 



Input: DS = (U, C u D) 

Output: HCORE(C) 

Algorithm 4: Find the core set based on the entropy Shannon 

Theo M?nh d~ 3, ta c6 ES(DIB) > ES(D IB u {b })nen SIG8(b) > 0. Do 

do, SIG8(b) Khi hrong thay d6i entropy cang 16n, thuoc tinh b tro nen cang 

quan trong hon va nguoc lai. 09 quan trong cua thuoc tinh b d~c trung cho kha 

nang phan lap cua n6 vao cac lap quyet dinh. Do c16, thuoc tinh b thirong duce 

str dung lam tieu chuan trong thuat toan heuristic dS lua chon TRG trong BQD 

diy du. DS mo ta thuat toan heuristic sir dung entropy Shannon dS tim TRG, ta 

co thS ap dung hai huong ti Sp can: tu duoi len (bottom-up) va tu tren xuong 

(top-down). Phin nay se mo ta mot thuat toan heuristic tinh toan loi theo huong 

tiSp C?Il tu duoi len, Y tuong cua thuat toan la bit diu tu t?p loi HCOREC, sau 

do tiep tuc tang cirong cac thuoc tinh c6 tinh quan trong 16n nhat cho dSn khi 

tim duce TRG. Trinh tu cua thuat toan duce trinh bay trong bang ma gia 4 diroi 

day: 

(1.19) SIG8(b) = ES(DIB) - ES(DIB u {b}) 
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Djnh nghia 13. Cho BQD DS = (U, C U D), thuoc tinh a E C duoc goi 

la du thua trong DS dua tren Entropy Shannon co aiJu kien neu ES(DIC) = 
ES(DIC\{a}). Ngu(JC lai, a goi la thuoc tinh can thiit. Tdp tdt ca cac thuoc 

tinh cdn thiit trong DS aU(JC goi la tdp loi dua tren entropy Shannon c6 aiJu 

kien va ky hieu la HCORE(C). 

Djnh nghia 14. Cho BQD DS = (U, C u D) va tdp thuoc tinh B c C. 

Khi do B duce goi la rut gon cua C dua tren entropy Shannon co aiJu kien, goi 

t&t la TRG Entropy Shannon niu: 

1. ES(DIB) = ES(DIC). 

2. Vb EB, ES(DIB\{b}) * ES(DIC). 

Dinh nghia 15. Cho BQD DS = (U, Cu D) va tdp thuoc tinh B c C, 

b E C\B. !)9 quan trong cua thuoc tinh b d6i vai B duoc dinh nghia boi 



sau. 

Dua vao hai thuat toan tren, thuat toan heuristic tim TRG t6t nh~t tren 

BQD su dung entropy Shannon co diSu kien co tinh toan loi duce trinh bay nhir 

u 
Output: Bu{b} 

1. Initialize: TM P = ¢ 
2. for Bi E U do 

3. compute Bd{b} 

4. TMP: = TMP U Bi/{b} 

5. end for 
6. return TMP 

u Input: - = {Bi, B2, ... , Bd 
B 

Algorithm 5: Compute_!:!._{ } based on!!. 
BU b B 

Xet BQD DS = (U, C U D), voi B c C va b E C\B, gia sir ding !!. = 
B 

{B1, B2, ... , Bd, B~b} = {B{, B~, ... , B;}. Theo Dinh nghia 12 duce trinh bay 6 

tren, entropy Shannon c6 diSu kien cua D khi da biet t~p thuoc tinh C la 

( I ) _ '\'m ICd '\'n lcinD1I lcinD1J .:. , A \ { } ES D C - - L..i=l WI L..j=l ICd log2 ICd . De tinh phan hoach U B u b 

khi biet phan hoach i SU dung Thuat toan duoc trinh bay trong bang ma gia 5 

nhir sau: 

6. return HCORE(C) 

5. end for 

4. 

compute ES(DIC\{c}) 

if ES(DIC\{c}) * ES(DIC), then HCORE(C): = HCORE(C) u 
{c} 

3. 

1. Initialize: HCORE(C) = 0 

2. for c EC do 



15. end for 

16. return B 

11. 

12. for b E B* do 

13. compute ES(D IB\{b}) 

14. if ES(DIB\{b}) = ES(DIC) then B: = B\{b} 

B* = B\HCORE(C) 

II Remove the redundant attribute in B 

9. end for 

10. end while 

Compute ES(D IB) 

B: =BU {b0} 7. 

8. 

II Supplements one attribute with the highest significance into B 

3. while ES(DIB) * ES(DIC) do 

4. for b E C\B do 

5. compute ES(D IB\{b}) 

6. select ho which satisfies: SIG8(b) = Max{SIG8(b)} 
bEC\B 

B = HCORE(C) 2. 

Input: DS = (U, Cu D), B c C, b E C\B 

Output: A reduct B 

1. Find the core set HCORE(C)based on the Algorithm 4. 

II Find the entropy Shannon reduct 

Algorithm 6: Conditional Entropy Based Algorithm for Reduction of 

Knowledge with Computing Core 
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( 1.20) 
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1.2.2. Phuong phap rut g9n thu<)c tinh theo ti~p c~n t~p mo' 

Cac nghien CU'U da chi ra ring phuong phap RGTT dua tren tiep C?n t~p tho la 

hieu qua tren cac BQD co thuoc tinh gia tri roi rac, Tuy nhien, d6i voi cac BQD co 

thuoc tinh gia tri lien tuc (BQD s6), viec chuyen d6i mien gia tri tu lien tuc sang roi 

rac la cfin thiet tnroc khi ap dung RGTT. Qua trinh nay co thS tao ra chi phi thuc hien 

va co thS d~n dSn m~t mat dir lieu. Vi V?Y, cac nha nghien CU'U da dS xu~t phuong 

phap RGTT true tiep tren cac BQD g6c ma khong cfin phai thuc hien buoc roi rac 

hoa dtr lieu truce. M9t trong nhfmg phtrong phap nay la cac phuong phap RGTT dua 

tren tiSp can TTM. 

Cac phuong phap dua tren TTM tim rut gon true tiep tren dfr lieu g6c dua tren 

QHTDM. Vi QHTDM bao toan sir khac biet cua cac d6i tuong, nen each tiep can 

TTM co kha nang tang cuong d9 chinh xac khi phan loai rut. Trong nhfrng nam gfin 

day, RGTT dua tren TTM da thu hut nhieu tac gia. M9t s6 phuong phap dien hinh 

cua phuong phap nay la ham phu thuoc ma [lOJ, [1 lJ, [12, 13, 14, 15J, mien duong 

ma [16, 17, 18], ma tran ma phan biet [19, 20], entropy ma [21, 22, 23, 24], khoang 

each ma [25, 26, 27J va mot s6 phuong phap khac, chang han nhu d9 chi tiSt cua 

thong tin ma [28], rmrc tang thong tin ma [29]. Trong phan nay, bao cao se trinh bay 

mot s6 thuat toan trong viec tim kiSm mot rut gon tren BQD dfiy du chua biSn dong 

va BQD khi co su thay d6i s6 hrong d6i tuong theo huong tiSp c?n t?p ma sir dung 

d9 do khoang each ma. 
- Thuat toan tim t~p rut g9n dua tren khoang each mo' trU'O'C khi gia tang 

Dinh nghia 16. [9] Cho BQD DS = (U, CUD), trong do U = {ui, u2, •.. , un}, 

P, Q cc va hai phdn hoach ma tren p va Q lay p = {[ui]P} va y Q = {[~]Q}vai 

u EU, khi do khoang each giiea hai phdn hoach Y p va Y Q la: 

<p(Y y ) =~II.VI (i[Ut]pu[U:Jpl-l[Ut]pn[U:lPI) 
p, Q IUI t=l IUI 



6. end while 

7. return B 

end for 

4. 

5. 

2. 

B: =BU {b0} 

for b E C\B do 

select bo which satisfies: SIG8(b) = Max{SIG8(b)} 
bEC\B 3. 

Input: DS = (U, C u D) and R 
Output: A reduct B 

1. while cp(Y 8, Y BuD) * <p(Y c, Y cuo) do 

Algorithm 7: Fuzzy Distance Attribute Reduction (FDAR) 

Djnh nghia 18. [9] Cho BQD DS = (U, C u D) va RB, Re la hai QHTDM tren 

tdp thuoc tinh B va C voi B c C. Khi do B duac so! la mot rut g9n cua BQD sir dung 

khoang each mo neu thoa man: 

1. <p(Y B, Y BuD) = <p(Y c. Y cuD) 

2. vb E B' <p(Y B\{b}1 y B\{b}UD) = <p(Y c. y CUD) 

Tu mot s6 dinh nghia va menh d~ tren, [9] da thiet kS thuat toan Fuzzy Distance 

Attribute Reduction (FDAR) nham tim kiem mdt rut gon tren BQD ban d~u. 

(1.22) 

Djnh nghia 17. [9] Cho BQD DS = (U, CUD), trong a6 B c C va b E C\B. 

D(; quan trong cua thuoc tinh b VO'i B duoc dinh nghia nhu sau: 

(1.21) 
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M~nh d~ 4. [9] Cho BQD DS = (U, Cu D) VO'i U = {ui, Uz, ... , Un}va R la 

mot QHTDM duce dinn nghia boi miin gia tri cua thuoc tinh aiiu kien. Khoang each 

ma giiia hai tdp thuoc tinh C va C u D la: 



Input: 

Algorithm 8: Incremental Filter Algorithm for Finding Reduct After Adding a Set 

of Objects (IF-FDAR-AdObjs) 

Dua tren cac dinh nghia va menh dS neu tren, thuat toan gia tang tim TRG tren 

BQD trong tnrong hop b6 sung TUT duce trinh bay nhu sau: 

(1.25) 

2. Niu [un+i]B c [un+i]D voi i = 1,2, ... ,s thi 

<puui1u(Y c, Y cuD) = <puu,1u (Y e. Y BUD) 

(1.24) 

s 

+ (n: s)2 2:::CI [un+ilcl - j[un+,lc n [un+ilv I) 
l=l 

trong do, a, = I1;;;J(mn+i,n+j+l -min(mn+i,n+j+vdn+i,n+j+i)). 

M~nh d~ 6. Cho BQD DS = (U, Cu D) voi U = {ui, Uz, ... , Un} va R la mot 

QHTDM, B c C la mot rut gon dua tren khoang each ma. Gia su rdng TDT t1U = 

{un+1' Un+21 ... I Un+sl duoc b6 sung vao U. Khi do, chung ta co hai truong hop sau: 

I. Niu D(un+i) = d voi i = 1,2, ... ,s thi 

<puu,1u (Y c. Y cuD) 

= (n:s)2 <pu(Yc,YcuD) 

2 
<fJuui1u(Yc,YcuD) = (n:J <pu(Yc,YcuD) + (n:s)2Lf=1(l[un+ilcl- 

l [un+ilc n [un+ilD I - ai) (1.23) 

- Thuat toan gia tang tim t~p rut gQn d1.ra tren khoang each mo' 

M~nh d~ 5. Cho BQD DS = (U, Cu D) voi U = {ui, Uz, ... , Un} va R la mot 

QHTDM duac dinh nghia tren mien gia tri tdp thuoc tinh aiJu kien. Gia SU rdng, 

TDT mm bao g6m s phdn tu t1U = {un+1, Un+21 ... I Un+s} duce them vao U. Voi 

Muutw(Rc) = [mij](n+s)(n+s)' Muui1u(RD) = [dij](n+s)(n+s) la hai ma trdn tuong 

duong tren C va D, cong thirc gia tang tinh khoang each aU'(JC trinh bay nhu sau: 
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17. end while 

end for 

B: =BU {b0} 

for b E C\B do 

compute (f)uu,1u(Y 8u{b}1 Y 8u{b}uo)by incremental forrmulas 

select bo which satisfies: SJG8(b0) = Max{SIG8(b)} 
bEC\8 14. 

15. 

16. 

12. 

13. 

4. for i = 1 to s do 

5. if [un+iJa c [Un+iJo then X: = X\{un+d 
6. if X =¢then return B0 //Approximation reduct does not change 

7. end for 

8. set iJU: = X, S: = iJU II reset the object set 

I/Finding the reduct 

9. compute <pu(Y c. Y cuo), <pu(Y 81 Y 8uo) 

10. compute <puu,1u(Y c. Y cuo), <puu,1u(Y 81 Y 8uo) 

I/Filter stage 

11. while <puu,1u(Y 81 Y 8uo) =f:. <puut,u(Y c. Y cuo) do 

X: = iJU 

Muu,1u(R8) = [bij](n+s)x(n+s)' Muu,1u(Ro) = [dij](n+s)x(n+s) 

II Check the added set of objects 

3. 

on the object set U u zl U fuzzy equivalence matrices compute 

B:= ¢ 

2. 

1. 

Output: The approximation reduct B of DS' = (U U iJUI CUD) 

II Initialization 
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DS = (U1 C u D), a reduct B c C and R 

Mu(R8) = [bij]nxn' Mu(Rc) = [cij]nxn' Mu(Ro) = [dij]nxn 



Cung tuong tu nhir thuat toan IF-FDAR-AdObjs, thuat toan gia tang tim rut gon 

tren BQD khi loai bo TDT duce trinh bay trong bang ma gia sf> 9. 

Cac phuong phap RGTT true tiep tren BQD s6 hien nay da phan chi dua tren 

tiep C?ll TTM. Cac kSt qua thuc nghiem da cho th~y TRG thu duce theo tiSp c~n nay 

(1.28) 

2. Niu [uk+Ja c [uk+i]D voi i=l,2, ... .s-I thi 

<fJu\Llu(Y c. Y cuD) = <fJu\Llu(Y a, Y auD) 

s-1 

- (n ~ s)' l)l[un+<lcl - l[un+<lc n [un+ilvl) 
i=O 

(1.27) 

2 

= (-n-) <fJu (Y c. Y cuD) n-s 

trong do, {Ji = L}=o( mk+i,k+ j - min( mk+i,k+ j, dk+i,k+ j) ). 
Menh d~ 8. Cho BQD DS = (U, Cu D) voi U = {ui, Uz, ... , Un} va R la mot 

QHTDM, B c C la mot rut gon dua tren khoang each mo: Gia sir riing TDT !JU= 

{uk, Uk+1' ... , Uk+s-1} GU'(_)'C loai bo khoi U. Khi do, chung ta co hai truong hop sau: 

I. Niu D(uk+a = d voi i = 1,2, ... , s - 1 thi 

<fJu\Llu(Y c. Y cuD) 

- - ( n )2 - - 2 s-1 - <fJu\Llu(Yc,YcuD) = n-s <fJu(Yc,YcuD)- (n-s)2Li=o(l[un+Jcl- 

l [un+iJc n [un+iJD I - {Ji) (1.26) 

sau: 

M~nh d~ 7. Cho BQD DS = (U, cu D) voi u = {u1, Uz, ... , Un} va R la mot 

QHTDM QU(_)'C dinh nghia tren miJn gia tri tdp thuoc tinh aiJu kien. Gia sit· rang, 

TDT !JU = {uk, Uk+1' ... , Uk+s-d bi loai bo khoi U. Cac ma trdn tuong duong ma 

tren c va D cua BQD khi bi loai bo ldn luot la M U\LlU (Re) = [ mij] (n-s)(n-s) va 

Mu\Llu( RD) = [ dij ](n-s)(n-s)" Cong thuc gia tang khoang each duoc trinh bay nhu: 

18. return B 
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con chira hieu qua vs kich thiroc va d9 chinh xac phan lap tren cac b9 du li~u nhi€u 

do khong gian x~p xi ma la chira du d~ mo ta m6i quan h~ cua cac d6i nrong trong 

mot tap. D6i voi phuong phap RGTT theo tiSp C?n t?p ma, tren thS gioi hien nay 

chua duce biet toi mac du each thirc xay dung khong gian x~p xi ma phan anh d~y 

du thong tin quan h~ cua m9t d6i tuong va d9 do danh gia d9 quan trong cua thuoc 

tinh mang tinh chat che. Trong phan sau cua bao cao nay, luan van se neu ro vs ly 

thuyet t?P ma va dS xu~t huong xay dung mot s6 thuat toan RGTT theo each tiSp 

can t?p ma. 



[-]a _ { [fi]A (v) V E [u]~ 
U A ( V) - Q VO'i cac triximi; hop con lei 

DS th§.y ring, [u]~ se duce hinh thanh dua tren viec diSu chinh cac s6 mo tu 
lap tuong duong ma [ u ]~. Nhfrng s6 mo nay c6 mire nrong tu nho hon a. Trong luan 

van nay, chung toi se goi [u]~ la mot 16p tuong duong ma rmrc a cua d6i tuong u. 

Do do, mot ho {[u]~ : u E U} se tao ra mot phan hoach ma tren U. M9t each don 

gian, ho nay se duce ky hieu la Y1 va duoc goi la phan hoach ma mire a. 

2.1. M<)T SO KIIAI NI1tM CO BA.N 

Nhu da trinh bay a cac phan tren, ly thuyet t~p tho khong hieu qua khi XU' ly voi 

cac bang dfr lieu mang mien gia tri s6, lien tuc. Ly thuyet t~p ma kh6ng hieu qua khi 

XU' ly voi cac BQD c6 d9 chinh xac ban d~u thap do su' han chS v€ kha nang loai bo 

nhieu, Do do, d~ giai quyet v§.n d€ nay, d~u tien dS tai se xay dung mot t~p lat dt a 

lam CO' so dS xay dung cac lap ttrong duong ma rmrc a trong cac phan hoach cua 

tung thuoc tinh tren BQD. Sau d6, luan van se xay dung hai c6ng thirc tinh toan gia 

tang nham tao tiSn d€ cho viec xay dung de) do quan trong cua cac thuoc tinh. Cuoi 

cung, luan van se a€ xuit hai thuat toan gia tang cts tim kiSm cac rut gon trong truong 

hop BQD co su gia tang hoac loai bo TDT. 

D~u tien, xet BQD DS = (U, cu D) voi u = {u1, Uz, ... 'Un}, A c c va RA la 

mot QHTDM diroc dinh nghia tren mien gia tri cua t~p thuoc tinh A. Cho a la mot 

s6 thuc nam trong khoang [O, 1]. Khi do, t~p lat c~t a la mot t~p nguyen thuy dua tren 

mire a cua t~p ma [u]A, ky hieu la [u]~, OUQ'C xac dinh nhu Sau: 

[u]~ = {v EU: [u]A(v) > a} 

TiSp theo, t~p [u]~ duoc xay dung bing each tong hop hop cac phan tu cua 

[u]~ thong qua d9 tuong tu. Cu thS, [u]~ la mot t~p ma tren u voi m6i mire tuong 

tu cua m6i d6i tuong v E U. 

CHUONG 2. LY THUYET T4.P MO MUC a VA M<)T SO THU4. T TOAN 
GIA TANG RUT GON THUOC TINH . . 
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M?nh d~ 2. Cho BQB DS = (U, CUD) voi TBT U = {ui, u2, ... , un}· Voi 

moi u, EU, khoang each phan hoach ma gifra hai phan hoach ma rmrc a duce tao 

boi t~p thuoc tinh C va C u D duce xac dinh nhu sau: 

D(fa ya' ) - In I [iii]~ I - I [iii]~ n [ui]g I 
c, cuv - n2 

i=l 

M?nh d~ 3. Cho BQB DS = (U, C u D) va A, B c C . NSu A c B thi 

D(Y1, Y1uv) > D(Y~, Y~uD ). 

Dinh nghia 2. Cho BQB DS = (U, C u D), khi d6 mot t~p con B duoc goi la 

mot rut gon cua c neu them man: 

(i) D(Y~, Y~uD) = D(Y~, Y~uD) 

(ii) \:/B' c B, D(Y~,, Y~'uD) > D(Y~, Y~uD ). 
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Cho Y1 va y~ la hai phan hoach ma mire a tren t~p thuoc tinh A va B. Chung 

t6i n6i rang Y1 min hon Y~ , ky hieu la Y1 ~ Y~ nSu voi moi d6i tuong u E U, 

[u]~ c [urn. TiSp theo, luan van se trinh bay mot s6 tinh chat cua phan hoach ma 
va lop nrong duong rmrc a. 

Minh d~ 1. Cho BQB DS = (U, C U D) 

(i) Niu A, B c c thi [u]~uB = [u]~ n [urn. 

(ii) Niu A c B thi Y1 ~ Y~. 

(iii) Niu a1 < a2 thi Y12 ~ Y11 

2.2. THU! T TOAN RUT GQN THU QC TINH TREN BANG QUYET 

E>JNH CO E>JNH 

Dinh nghia 1. Cho BQB DS = (U, C U D) voi TBT U = { Ui, U2, ... , Un} va hai 

phan hoach ma mire a la Y~ Va Y~ duce hinh thanh boi cac lap tuong duong ma 
rmrc a la [urn va [urn cua t~p thuoc tinh A, B c C . Voi moi u, EU, khoang each 

phan hoach ma giira y~ va y~ ky hieu la D(Y~ I~) duce xac dinh nhu sau: 

-(- - ) In I [iii]~ u [iii]~ I - I [iii]~ n [iii]~ I 
D Y1, Y~ = 

i=l n2 



Tiep theo, luan van danh gia d9 plnrc tap thoi gian cua thuat toan F _FDBAR_a, 

goi t~t la d9 phtrc tap, Gia SU D = { d} va ky hieu I c I, I u I tuong irng la s6 thuoc tinh 

Thu~t toan F _FDBAR_a (Filter - Fuzzy Distance Based Attribute Reduction a): 

Thuat toan filter tim t~p rut gon SU dung khoang each ma. 
Dftu vao: Bang quyet dinh DS = (U, Cu D), QHTDM R xac dinh tren t~p 

thuoc tinh diSu kien. 

Dftu ra: M9t t~p rut gon B 

1. Bf- 0; l5(Y~, Y~uo) = 1; 

2. Tinh khoang each ma 15(~, Y~uo); 

II Them d<in vao B cac thuoc tinh co il(J quan trong lon nhdt 

3. While 15(~, Y~uo) -::/= l5(Y~, Y~uo) do 

4. Begin 

5. V oi m6i a E C - B tinh 

Siga(a) = l5(Y~, Y~uo) - l5(Y~u{a}' Y~u{a}uo) 

6. Chon am EC - B sao cho SIG8(am) = Max {SIG8(a)}; 
aEC-B 

7. B = B U {am}; 

8. End; 

Siga(b) = l5(Y~, Y~uo) - l5(Y~u{b}, Y~u{b}uD) 

Theo tinh ch~t cua khoang each ma (Menh de 3) ta co Sig8(b). :89 quan trong 

Sig 8 (b) d~c trung cho chat hrong phan 16p cua thuoc tinh b d6i voi thuoc tinh quyet 

dinh D va duce sir dung lam tieu chuan lira chon thuoc tinh cho thuat toan filter 

F FDBAR a tim TRG. - - 

sau: 
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Dinh nghia 3. Cho BQD DS = (U, Cu D), mot t~p con thuoc tinh B va mot 

thuoc tinh b E C\B, khi d6 d9 quan trong cua thuoc tinh b theo B duce xac dinh nhu 



goi la TRG xdp xi nguiing e. NSu Bk va Bk u { aik+1' ... , aiJ duoc SU dung dS xay 

dung bo phan lap, cong b6 [9] cho thay, d9 chinh xac phan lap tren Bk u 

M~t khac, theo M~nh dS 3 ta co 15 ( ~~ii}' ~~i1}uD) > 

i5 ( ( ~:,,,aJ' ( ~:,,,a,,}UD)) > .. · > i5 ( ( ~:,,.a,, .. a,,))' tt ( Y(:,,.a,,,,a,,)uD)) = 

w v oi nguong E > w cho truce, d~t Bk = { ai1,. ", aik} them man 

B = { ai1, ai2, ... , ait}, d9 chinh xac phan lop tren t~p du lieu duce tinh boi d9 chinh 

xac phan lop tren B. Do d6, thuat toan F _FDBAR_u theo huong tiep c~ filter truyen 

thong. 
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diSu kien va s6 d6i nrong. D9 plnrc tap tinh ma tr~n tuong duong ma M (Y~) la 

O(ICI IUl2), do d6 d9 phirc tap tinh khoang each ma trong cau lenh 2 la O(ICI IUl2). 

Xet vong l~p While tu cau lenh 3 dSn 8, dS tinh SIG 8 (a) ta phai tinh 

15(Y~u{a}' Y~u{a}uD) vi 15(Y~, Y~uD) da duce tinh a buoc tnroc. D9 plnrc tap 

tinhl5(Y~u{a}' Y~u{a}uv) bing d9 phirc tap tinh ma tr~n tuong dirong ma cua thuoc 

tinh a, nghia la O ( I u 12). Do c6 hai vong lap 16ng nhau theo I c I nen d9 plnrc tap cua 

vong lap While la O ( I c 121 u 12). Tuong tu, d9 plnrc tap cua vong l~p For tu dong lenh 

s6 9 dSn 13 la O(ICl2 IUl2). Do d6, d9 phirc tap cua thuat toan F _FDBAR_u la 

oc1c121u12) 

Xet BQD DS = (U, C u D) voi C = {ai, a2, ... , am} va R la QHTDM xac dinh 

tren mien gia tri thuoc tinh diSu kien, D~t w = 15(Y~, Y~uv)· Theo thuat toan 

F _FDBAR_u, gia sir cac thuoc tinh ai1, ai2, ... duce them vao t~p r6ng theo gia tri 

16n nhat cua d9 quan trong thuoc tinh cho dSn khi t6n tai t E {1,2, ... m} sao cho 

15 ((ri{a. . a· }) , (ri{aa· a· . }uv)) = w. KSt thuc thuat toan, ta thu duce TRG ai1,aiz,···, Lt i1, iz, ... ,ait 



Thuat toan gia tang fifter tim t~p rut g<,>n sau khi b& sung t~p d6i tmrng: 

M~nh d~ 6. Cho BQfJ DS = (U,C u D) voi U = {Xi,Xz,···,Xn} va R la QHTfJM 

xac dinh tren miJn gia tri tdp thuoc tinh ctiJu kien, B c C la TRG dua tren khoang 

each ma. Gia SU' TfJT g6m s phdn tir !JU = {xn+V Xn+2, ... , Xn+s} QU(JC b6 sung vao 

U. Khi ct6 ta co: 

1) NiuD (Xn+a = d voi moi i = 1,2, ... , s thi: 

ma a; = I::: ( mn+i.n+ 1+, - min ( mll+i.n+ 1+,, d11+i.11+ 1+,)) 

( 
n )2- (~ _) = -- Du Y~ , Y~uD n+s 
2 ~s 

+ (n + s)2 Li-1 (Cl [Xn+ilc I - I [Xn+ilc n [Xn+i]B I) - aa 

[m··] Mu ,1u(Ya) = [d··] IJ (n+s)x(n+s)' U D IJ (n+s)X(n+s) la ma trdn tuong duong ma tuong 

trng tren C va D. Khi do, cong thuc gia tang khoang each ma nhu sau: 

Duutiu(Y~, Y~uD) 

{ aik+i' ... , ait} chua chic da t6t hon tren Bk. Gia sir Bk co d9 chinh xac phan 16p t6t 

hon Bk u {aik+i' ... , aic}· Khi do, neu chon Bk la k~t qua cua thuat toan thi Bk co d9 

chinh xac phan lap cao hon, c6 s6 luong thuoc tinh it hon nen kha nang khai quat 

hoa va hieu nang thirc hien cac thuat toan phan lap se cao hon. 

2.3. THU~T TOAN GIA TANG FIFTER TIM T~P RUT GQN KHI BO 
SUNG T~P DOI TUQNG 

Cong tlnrc gia tang tinh khoang each ma khi b& sung t~p d6i tuong 

Tu Menh dS 4, luan van gioi thieu cong thirc gia tang tinh khoang each ma 
khi them mot TDT a Menh dS 5: 

M~nh d~ 5. Cho BQIJ DS = (U, CUD) voi U = {xi, x2, ... , xn} va Y la 

QHTfJM xac dinli tren mien gia tri tdp thuoc tinh ctiJu kien. Gia sir TfJT g6m s phdn 

tir !JU = {Xn+1, Xn+21 ... , Xn+s} duac b6 sung vao U, ma s~2. Voi Muu,1u(Y~) = 
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1. Bang quyet dinh DS = (U, C u D) voi U = {xi, x2, ... , Xn}, QHTDM R, 
t?p rut gon B c C . 

2. Cac ma tran tuong dirong ma 
Mu(Rs) = [bij]nxn'Mu(Y~) = [cij]nxn' Mu(Yg) = [dij]nxn 

3. T?p d6i tuong bf> sung !JU = {Xn+v Xn+z, ... , Xn+s} 

Dftu ra: T~p rut gon xip xi Bbest cua DS' = (U U !JU, C U D) voi d{> chinh 

xac phan loai cao nhat. 

Butrc I: Khui l<JO 

1. T: = 0; II T'chua ung cua vien tdp rut gon t6t nhdt 

2. Tinh cac ma tran tuong dirong ma tren t~p d6i tuong U u !JU 

M (R ) = [b .. ] Mu ,1u(Ya) = [d .. ] · UULlU B lJ (n+s)x(n+s)' u D lJ (n+s)x(n+s)' 

Butrc 2: Kiim tra t~p i/Ji tutmg them vao 

3. D~tX: =.!JU; 

4. For i = 1 to s do 

5. If [xn+Ja c [Xn+iJi5 then X: = X - {Xn+d; 

6. If X = 0 then Return B0; II Tdp xdp xi khong thay d6i 

7. D~t .!JU:= X; s: = l!JUI ; //Gan lai tdp a6i tuong 

Algorithm IF _FDAR_AdObj_a 

Dlu vao: 
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2) Duuf.u(Y~, Y~uD) = (n:J2 Du(Y~, Y~uD) + (n:s)2 Lf-1((1 [Xn+iJcl - 

l[Xn+iJc n [Xn+iJol)) 

3) Niu[Xn+iJa c [Xn+iJo voi moi i = 1,2, ... , s thi Duu11u ( (Y~, Y~uD ) ) = 

DuuLlu ( (Y~, Y~uD ) ). 

Tu k~t qua cua Menh d~ 6, thuat toan gia tang filter-wrapper RGTT sir dung khoang 

each ma IF _FDAR_AdObj_a gom 3 buoc chinh: 



Trang phan nay, Luan van se danh gia d9 plnrc tap cua thuat toan 

IF _FDAR_AdObj_a. Gia SUD = {d},ICI, IUI, IL1UI tuong irng la sf> thuoc tinh diSu 

kien, sf> df>i tuong Va sf> df>i tuong b6 sung tu t?p ban diu. 1)9 phirc tap CUa thuat 

toan duoc tinh dua tren thuat toan tren, 

D9 phirc tap cua ma tr?n tirong duong ma a cau lenh 2 tren I u I + I L1 u I la 

O(IBI * IL1UI * (IUI + IL1Ul))va d9 plnrc tap cua vong for o cau lenh 4, 5 la 

18. B: =BU {am}; 

19. B0: = B0 U {am}; 

20. T: = T U B0; 

21.End; 

Butic 3: Tim t(jp rut g()n tot nhiu 

8. Tinh cac khoang each ma ban d!u 

Du(Y~, Y~u0); Du ( (~, Y~uD) ); 

9. Tinh khoang each ma boi cong thirc gia tang: 

DuuLlu(Y~, Y~uv); DuuLlu ( (Y~, Y~uD)) 

II Giai doan lifter: tim cac ung vien cho t~p rut gQn 

IO.While DuuLlu(Y~, Y~uv) =I= »-: ( (~, Y~uD)) do 

11.Begin 

12. For each a EC - B do 

13. Begin 

14. Tinh DuuL!U ( (Y~u{a}), (Y~u{a}uD)) boi cong thuc gia tang; 

15. Tinh SIG8(a) = DuuL1u(Y~, Y~uv) - 

DuuLlU ( (Y~u{a}), (Y~u{a}uD)); 

16. End; 

17. Selecta EC - B satisfying SIG8(am) = Max {SIG8(a)}; 
aEC-B 
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a ( I L1 u I * ( I u I + I L1 u I)). Trong truong hop t6t nhat, thuat toan kSt thuc a cau lenh 6 

(TRG khong thay d6i). Khi d6, d<) phirc tap cua thuat toan IF _FDAR_AdObj_a 

laO(IBI * IL1UI * CIUI + IL1UI)). Nguoc lai, d<) phirc tap cua khoang each mer a cau 

lenh 9 laO(ICI * IL1UI * CIUI + IL1UI)), d<) phirc tap tinh gia tang 

Du+LlU ( (Y~u{a}), ( Y~u{a}U{d}) )1a O(IL1UI * Cl UI + IL1UI) ). Bang each tinh d<) phirc 

tap tuong tu nhu thuat toan FW _FD BAR a trong phan 2.4, d<) phirc tap cua vong l?P 

While (tu cau lenh 10 dSn cau lenh 21) la a( CICI - IE 1)2 ILlUI * Cl U I + IL1UI) ). KSt 

qua d<) phirc tap cua giai dean fifter trong tnrong hop xfiu nhat laO ( Cl c I - 
IBl)2IL1UI * CIUI + IL1UI)). 

NSu thuc hien thuat toan kh6ng gia tang FW _FDBAR_a true tiSp tren BQD 

c6 s6 d6i tuong U u LlU, theo muc 2, d<) phirc tap cua FW _FDBAR_a la 

ac1c12 * CIUI + IL1Ul)2) + O(ICI * T). Dua tren kSt qua nay chung ta thay rang 

thuat toan IF _FDAR _ AdObj_ a giam thiSu dang kS thoi gian thuc hien, d?C biet trong 

tnrong hop TDT IUI 16n hoac t?p diSu kien ICI 16n va IBI nho. 

2.4. THU~T TOA.N GIA TANG FIFTER TIM T~ RUT GQN KHI 

LO~I BO T~P DOI TUQNG 

C~p nh~t khoang each IDO' khi loai bo t~p dBi nrong 

Tren ca so Menh dS 6, chung toi xay dung cong thirc C?P nhat khoang each 

ma trong tnrong hop loai bo TDT boi Menh dS 3 .5 nhu sau: 

M~nh d~ 7. Cho BQEJ DS = cu, c u D) voi U = {xi, Xz, ... , Xn} va R la mot 

QHTEJM Gia sit TEJT g6m s phdn tit LlU = {xk, Xk+v ... , xk+s-i} ht loai khoi U, 

s < n. Ma trdn tuong duong ma va ma trdn tuong duong tren C va D tuong tmg 

duac xac dinh boi Mu-,1u(Yc) = [mij]Cn-s)xCn-s)' Mu-,1uCRv) = [dij]Cn-s)xCn-s) · 

Khi do, cong thuc cdp nhdt khoang each ma nhu sau: 



_ (n - 1)2 _ 
Dz= n - 2 D1 + 

2 
(n- 2)2 

(Cl[xk+1Jcl - l[xk+1Jc n [xk+1Jol) -(mk+1,k - min{mk+1,k,dk+1,d) 

- ( mk+1,k+1 - min{mk+1,k+v dk+1,k+1})) Dz 
n z - 

= (n - 2) Do 
2 

- (n _ Z)2 ( Cl [xk]c I - I [xk]c n [xk]o I) -( mk,k - min{mk,k, dk,d) 

+(I [xk+1Jc I - I [xk+1Jc n [xk+1Jo I) - ( mk+1,k - min{mk+1,k, dk+1,k}) 

- ( mk+1,k+1 - min{ mk+l,k+v dk+l,k+i})) 

Tfnh tuong tu nhu V?Y, ta duce: 

2 
+ (n _ l)2 (Cl[xdcl - l[xk]c n [xk]BI) 

- ( mk,k - min{mk,k, dk,k})) 

Chung minh: Ky hieu J\, D2, ... , b, tuong (mg la khoang each mo khi loai 

bo l~n hrot cac d6i tuongxj, Xk+l, ... , Xk+s-1 khoi u va Dola khoang each mo tren 

TDT ban d~u U. Ap dung Menh d~ 3.4, ta co: 

- n z - D1 = (n _ 1) Do 

( 
n )2 _ (~ _) 

= -- Du Y~ ,Y~uD n-s 
2 '\1s-1 

- (n _ s)2 Li=O ((l[Xn+dcl - l[Xn+dc n [Xn+ilol) - Ed 
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Algorithm IF _FDAR_DelObj_a 

Input: l>§u vao 

1. Bang quyet dinh DS = (U, cu D) voi U = {xi, X2, .. 'I Xn}, m9t QHTDM Y, 
t?p rut gon B c C ; 

2. Ma tran tirong duong ma 

2 
= (-n-) Du (Y~, Y~uo ) n-s 

2 s-1 
+ (n _ s)2 Li=o l[xk+dcl - l[xk+iJc n [xk+iJ.ol 

2) NSu [xk+Ja c [xk+iJ.o voit = 0, ... , s - 1 thi. 

Du-,m(Y~, Y~uo) = Ru-llu(Y~, Y~uo) 

Thu~t toan fifter d~ c~p nh~t t~p rut gqn khi loai ho t~p dBi tuxrng: 

M~nh d~ 7. Cho BQD DS = (U, C u D)voi U = {xi, X2, ... , Xn}va R la mot 

QHTDM xac dinli tren mien gia tri cua tdp thuoc tfnh aidu kien.B c C la TRG dua 

tren khoang each ma. Gia SU TDT g6m s phdn tu iJU = {xk, Xk+l1 ... I Xk+s-1} bi 

loai khoi U,s < n. Khi do ta co: 

1) NSu D(xk+J = d voi i = 0, ... , s - 1 thi 

Du-tw(Y~, Y~uo ) 

Vi V?Y, 
- n 2 - 2 Is-1 », = ( 1) Do - ( )2 ((l[xk+iJcl - l[xk+dc n [xk+d.ol)- Et) n - n - s i=o 

_ ( n )2 _ 
Ds = -- Do n-s 
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End· ' 15. 

Output: Tap rut gon xfip xi Bbestcua DS' = (U - /JU, C U D) co d9 chinh xac 

phan lop cao nhfit. 

1. T: = 0; 
2. U~t X: = /JU; 

3. For i = 0 to s - 1 do 

4. If [xk+ih c [xk+Jo then X: = X - {xk+il; 

5. If X = 0 then RetumB0; 

6. U~t /JU:= X; s = I/JUI; 

7. Tinh cac FPDs ban d~u: 

Du(Y~, Y~uv); Du(~, Y~uv) 

8. Tinh khoang each mo boi Menh dS 7 khi Ioai t~p d6i tuongzl U : 

Du-11u(Y~, <PY~uv); Du-11u(Y~, Y~uv); 

II Giai doan Fifter, tim cac img vien cho tip rut gQn 

9. While Du-11u(Y~, <PY~uo) * Du-11u(Y~, Y~uo) do 

10. Begin 

11. For each a E B do 

12. Begin 

13. Tinh Du-11u ( (Y~-{a}), y~-{a}UD) boi M~nh dS 3.6 khi loai bo t~p 

d6i tuong /JU; 

14. Tinh Sf Gs-{a}(a): = Du-11u ( (Y~-{a}), Y~-{a}uD) - 

Du-11u(Y~, Y~uv); 

n 

3. T~p d6i tuong g6m s phan tu bi loai bo /JU = {xk+V Xk+z, ... , Xk+s-1}, s < 

Mu(Y8) = [mf1·] , Mu(Yc) = [mf1·] , Mu(Y~) = [ di1·] nxn nxn nxn 
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_ (- ~) 1 ~n 
Du-tiu Y~ ,Y~uD = nzLi=1(l[xiJcl- l[xdc n [xiJol) 

M~nh d~ 8. Cho BQfJ DS = (U, Cu D) voi U = {ui, Uz, ... , Un}. Gia SU: tdp 

thuoc tinh di Ju kien B duac b6 sung vao c voi B n c = 0. Gia SU: MC R 8) = 

D9 phirc t~p cua thuat toan IF _FDAR_DelObj_a duce tinh nhu ben duoi. Gia 

SUD= {d}. DQ plnrc tap cua vong l~p trong cau lenh 3 (For) la O(IUI * IL1UI). 

Trong tnrong hop t6t nhat, thuat toan ket thuc 6 cau lenh 5 (khi TRG kh6ng 

thay d6i). D9 plnrc tap cua thuat toan IF _FDAR_DelObj_a la O(IUI * IL1UI). Nguoc 

lai, dQ phirc tap cua thuat toan tinh khoang each ma 6 cau lenh 7 la O(IUI). DS tinh 

d9 plurc tap cua thuat toan khi loai bo tap I L1 u I ra khoi u a cau lenh 8, d9 phirc tap la 

O(IUI * IL1UI). DS tinh gia tri cuaSIGa(a), ta phai tinh.Du-Llu ( (Y~-{a})' y~-{a}UD ). 

D9 phirc tap cua Du-LlU ( (Y~-{a})' y~-{a}u{d}) la O(I UI * IL1UI). Do do, d9 phirc 

tap cua vong l~p While la O(IBl2 * IUI * IL1UI) va d9 phirc tap cua giai doan fifter 

trong tnrong hop x§.u nhat la O ( I B 12 * I u I * I L1 u I). Gia SU d9 phirc tap cua b9 phan 

lop la O (T) khi d6 d9 phirc tap cua giai dean wrapper la O ( ( I BI) * T). 

2.5. THU!T TOA.N GIA TANG FILTER TIM T!P RUT GQN KHI BO 
SUNG T!P THU(>C TINH 

Cho BQD DS = (U, CUD) voi U = {xi, x2, ... , xn} khi do, khoang each ma 
gifra hai t~p thuoc tinh C va D theo Menh dS 2.3 duce dS xuat trong Chuang 2 duce 

xac dinh nhu sau: 

17. B: = B - {am}; 

18. Bo:= Bo - {am}; 

19. T:=TUB0; 

20.End; 

41 



2) Tu bif > ciJ ta c6 [uJc c [uJ8 va [ui]c n [ui]a = [ui]c voi moi u, E U. Tu do 

ta c6: 

n 

= :2• I Cl [ui]c n [uJa I - I [ui]c n [ui]a n [uJ15 I) = O 
i=l 

n n 

= :2 I I ( min( cij, bij) - min( ciJ, biJ, dij)) 
i=l J=l 

1) N~u ciJ < a., voi moi 1 < i,j < n thi [udc c [uJ0 va [ui]c n [ui]a n [uiJ.o = 

[ui]c n [uih· Tu do ta c6: 

n 

= :2 ·L(l[ui]c n [ui]al - l[ui]c n [ui]a n [ud151) 
i=l 

n n 

D(C u B, Cu Bu D) = D(B, Bu D) = :2. I I (biJ - min(bij, diJ)) 
i=l J=l 

Chung minh: Khi b6 sung them B vao C, khoang each ma duoc xac dinh nhu sau: 

n n 

D(C u B, Cu BUD) = D(C, CUD) = :2. I I ( cij - min( ciJ, dij)) 
i=l J=l 

[bij]nxn' M(Rc) = [cij]nxn' M(Ro) = [dij]nxn la cac ma trdn tuong duong mo 

cua cdc QHTDM Ra, Re, Ro tren B, C, D tuong img. Khi t/6 ta c6: 

1) Niu cij < dii voi moi 1 < i.j < n thi D(C u B, Cu Bu D) = 0 

2) Niu bij > cij voi moi 1 < i.] < n thi 
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' Dau vao: 

1) Bang quyet dinh DS = (U, CUD) voi U = {ui, Uz, ... , Un}, t~p rut 
gon R c C, cac ma tran nrong dirong ma M(Rc) = [cij]nxn , M(Rv) = 

[ dij]nxn cua cac QHTDM Re, Rv, khoang each mo D(C, Cu D); 

2) T~p thuoc tinh b6 sung B voi B n C = 0; 
I>~u ra: T~p rut gon R1 cua DS1 = (U, C u B U D) 

Buuc 1: Khiii tao va kiJm tra t(ip thu9c tinh b6 sung 

Thu~t toan IF _FDAR_AA_a (Incremental Filter Fuzzy Distance-based 

Attribute Reduction Algorithm when Adding Attributes a). 

n n 

= :2.,L,L(bij-min(bij,dij)) 
i=l j=). 

Thuat toan filter tim cac irng vien cho TRG m6i khi b6 sung thuoc tinh c6 d9 quan 

trong Ian nhat: 

3) Tu bij < cij ta co [ui]a c [udc va [udc n [ui]a = [ui]a voi moi ui E U. Tu do 

ta co: 

n n 

= :2.,L,L(cij -min(cij,dij)) 
i=l j=). 
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c6: ta d6 

[diJ·] tuong trng la ma trdn tuong duong ma cua cac QHTDM Rs, Re, RA, Ro, Khi nxn 

lai. Dai M(R8) = [biJ·] , M(Rc) = [ciJ·] , M(RA) = [aiJ·] , M(R0) = · · nxn nxn nxn 

LO~I BO T~P THU<)C TINH 

M~nh d~ 9. Cho BQD DS = (U, cu D) voi u = {u1, Uz, .. 'I Un}. Gia SU tdp thuoc 

t£nh diJu kien B duoc loai bo khoi C voi B c C va A = C - B la tdp thuoc t[nh con 

2.6. THUAT TOAN GIA TANG FILTER TIM TAP RUT GON KHI . . . 

1. T := 0 ; II Chua cdc trng vien tdp rut gon 

2. Tinh ma tran QHTE>M M(Rs) = [bij]nxn; 

3. If bij > cij voi moi 1 < i < n, 1 < j < n then Return R; 

4. If bij < cij voi moi 1 < i < n, 1 < j < n then R = 0; //Tim tdp rut 

gon trong tdp B 

Buirc 2: Tluec hi?n thu~t todn tim t~p rut gon 

// Giai doan filter, tim cdc ung vien cho t~p rut gon xuilt pluit tit t~p R. 

5. While D(R,R u D) -=t- D(C u B, Cu Bu D) do 

6. Begin 

7. For each a EB tinh SIGR(a) = D(R, Ru D) - D(R u {a}, Ru 
{a} u D) voi D(R u {a}, R u {a} u D) duce tinh boi cong thirc trong 

M~nh d6 3.7. 

Chon am EB sao cho SIGR(am) = Max{SIGR(a)}; 
a EB 

R: =RU {am}; 

T:=TUR; 

End; 

8. 

9. 

10. 

11. 
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2) Tap thuoc tinh B loai bo khoi C voi B c C; 

Diu ra: Tap rut gon R1 cua DS1 = CU, CC - B) u D); 

1) Truirng hop 1: If B c C - R then Rettum (R); 

2) Truong h!)'p 2: If R c B then thuc hien thuat toan khong gia tang 

' Dau vao: 

1) Bang quyet dinh DS = cu, CUD) voi U = {ui, U2, · .. ,Un}, t~p rut 

gon R~C,cacmatr~tuangduangma MCRc) = [cij]nxn' MCRv) = 

[diJ·] 'khoang each ma DCC, cu D); nxn 

Thu~t toan IF _FDAR_DA_a (Incremental Filter Fuzzy Distance-based 

Attribute Reduction Algorithm when Deleting Attributes a). 

Thuat toan gia tang filter tim TRG trong BQD sir dung khoang each ma khi loai bo 

t~p thuoc tinh B nhu sau: 

n n 

= DCC, CU {d}) + :2 I L[aij - cij + min( cij, dij) - min( aij, dij)] 
i=l j=l 

n 

- :2 -L(min(aij,dij)) 
i=l 

n n 

= DCC,C u {d}) + :2 -L(aij - cij) + :2 -L(min(cij,dij)) 
i=l i=l 

n n 

+ :2 -ICl[ude n [uiJol)- :2 -ICl[ui];r n [uiJol) 
i=l i=l 

n n 

= :2. I Cl [ui]e I - I [ui]e n [udo I)+ :2. I Cl [ud;r - [ui]e I) 
i=l i=l 

- 1 f DCA,A u D) = n2. L Cl[uJ4l - l[uJ4 n [uiJol) 
i=l 

Chung minh: Ta c6: 
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End· ' 10. 

3. E>~t R: = R - B 1/Xet cac thuoc tinh trong tdp rut g<;m 

Buirc 2: Tluec hifn thu~t todn tim t9p rut gon 

II Giai doan filter, tim CClC ung vien cho tdp rut g9n xudt phat tie tdp R. 

4. While D(R,R u D) * D(A,A u D) do 

5. Begin 

6. For each a ER tinh SIGR(a) = D(R - {a}, {R - {a}} U D) - 

D(R,R u D) voi D(R -{a},{R - {a}} u D); 

7. Chon am ER sao cho SIGR(am) = Min{SIGR(a)}; 
a ER 

8. R: = R - {am}; 

9. T:=TuR; 

filter-wrapper tim t?P rut gon sir dung khoang each FW _FDBAR_a trong 

muc 2 .2 Chuong 2. 

3) Truong h()'p 3: If R n B * r/J then thirc hien cac buoc cua thust toan 

tim t?p rut gon. 

Butrc 1: Khifi tao 

1. E>~t T := 0 ; A:= C - B; II Chua cac tmg vien tdp rut gon 

2. Tinh ma tran tuong duong ma M(R8) = [biJ·] , M(RA) = [aiJ·] · nxn nxn 
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ID Data sets IUI IUoril jUincl !Cl IDI 
1 Ionosphere 351 175 176 34 2 

2 Leaf 340 170 170 15 30 
Movement- 3 360 180 180 90 15 

Ii bras 

4 Wall 5456 2728 2728 24 4 

Bang 3.1: Cac b(> dfr li~u sfr dung trong thir nghiem 
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CHUONG 3. QUA TRINH THTjC NGHitM VA KET QUA. 

3.1. so sANH cAc THU~T TOAN TREN BA.NG QUYET DJNH KHI 

BO SUNG T~P DOI Tlf(}NG 

Quy trinh thuc nghiem trong phan nay se duce trinh bay nhir hinh 3 .1. D&u 

tien, t?P du lieu se duce chia thanh hai phan bang nhau. Ph&n thir nhat ky hieu la Us« 

(c9t (4) trong bang 3.1) duce sir dung cho thuat toan F _FDBAR_a, FDAR va GFS 

nham tim kiem mot rut gon va phan thir hai ky hieu la Uinc ( c9t ( 5) bang 3 .1) duce 

SU dung cho cac thuat toan gia tang. TiSp theo, TDT gia tang Uinc se duce chia tiSp 

thanh 6 phan bang nhau Ur, U2, U3, U4, Us, U6 dS b6 sung l&n hrot vao BQD. Cac 

thuat toan gia tang sau do se duce tinh toan l&n hrot tren cac b9 du lieu nay nham 

danh gia cac kSt qua thu duoc. Trong bang 3.1, cac cot IUI, IUaril, IUincl, ICI, IDI ky 

hieu l&n luot cho s6 hrong cac d6i tuong trong t?p du lieu, s6 luong d6i tuong trong 

t?P Uari, s6 luong d6i nrong trong t?P Uinc, s6 luong thuoc tinh diSu kien va s6 lap 

quyet dinh. 



Hinh 3.1: Quy trinh thirc nghiem cdc thu{lt todn gia tiing bfi sung ilbi tuang 

Nhu da dS C?P, truce hSt chung toi se so sanh hieu qua cua cac thuat toan 

FDAR trong [9], GFS trong [6] voi thuat toan dS xuat. Day dSu la cac thuat toan 

duce xir ly tren BQD khi chua c6 sir b6 sung hay loai bo d6i tuong. Muc dich so 

sanh thuat toan dS xufit voi hai thuat toan nay d~ lam ro hieu qua cua each tiep C?n 

theo lat citt a trong vfin dS tim TRG tren cac bang du lieu nhieu hay mang cac thong 

tin khong chic chin. Kich thuoc va d9 chinh xac phan lap cua cac TRG duce trinh 

bay chi tiet tai bang 3.2. Trong do, ky hieu 1c1 la s6 thuoc tinh cua b9 du lieu ban 

d~u, IBI la s6 thuoc tinh cua t?p rut gon, Ace trinh bay d9 chinh xac phan lap va time 

la thoi gian tinh toan duce tinh bing don vi "giay". Tren h~u hSt tfit ca cac t?p dii 

lieu, c6 th~ thay ring TRG thu duoc tu thuat toan F _FD BAR_ a c6 kich thu&c(IBI) 

nho nhat, trong khi do, cac TRG thu duce tu FDAR v~n c6 kich thuoc rfit Ion va 

chua t6i uu. Vi du, cac b9 dfr lieu wall, ionosphere, kich thuoc TRG thu duce tren 

cac thuat toan FDAR va GFS v~n con rfit Ion, trong khi kich thiroc thu duce tu thuat 

toan F FDBAR a la r&t nho. 

TiSp theo chung toi so sanh thoi gian tinh toan giira ba thuat toan. Thai gian 

cua cac thuat toan diroc tinh sau buoc tiSn XU' Iy du li~u toi khi cac rut gon duce xac 

dinh. Dua tren kSt qua cua bang 3.2, thoi gian cua thuat toan GFS la nhanh hon cac 

thuat toan con lai tren toan b9 cac t?p du lieu. DiSu nay c6 th~ duce ly giai do la cac 

thuat toan dua tren khong gian t?p mo va t?p mo tnrc cam phai tinh toan cac ma tran 

: Ju, JU, u, : ·--------------' 

' ' ' ' Procces 

~ ,,u, i I L I --: ...... 
Data set 

IUI 
Merge 

Procces 
~Ul 2 
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Trong phan nay, chung toi se trinh bay cac ket qua so sanh tuba phuong phap 

gia tang F _FDBAR_a _AO, FDAR_AO va IFSA. Trong do, d~u vao cua ba phuong 

phap nay g6m cac rut gon duce tinh toan tu cac phuong phap tuong irng ARIFPD, 

FDAR va GFS. M9t diSu hiSn nhien la cac thuat toan gia tang co thoi gian XU' ly 

RAW FDAR GFS F FDBAR a 
ID Data sets - - 

Ace IBI Ace Time IBI Ace Time IBI Ace Time 

ionospher 0.766± 0.812 0.812 0.818 
1 14 0.035 11 0.013 12 0.02 

e 0.092 ±0.113 ±0.085 ±0.123 

0.718± 0.735 0.724 0.741 
2 leaf 8 0.005 10 0.016 9 0.006 

0.101 ±0.121 ±0.121 ±0.096 

0.638 ± 0.650 0.638 0.784 
3 wall 14 5.597 18 6.997 2 0.911 

0.094 ±0.076 ±0.094 ±0.059 

movement 0.867 ± 0.867±0. 0.844 ± 0.867 
4 21 0.091 9 0.011 10 0.05 

libras 0.090 097 0.096 ±0.071 - 

0.747 0.766 0.755 ± 0.803 
AVG 15 1.443 12 1.759 8.25 0.247 

±0.094 ±0.102 0.099 ±0.087 
' , 

Bang 3.2: Kit quii xii' ly cua FDAR, GFS va F _FDBAR_a tren IUoril 
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quan h~ co nhieu phan tu. Ngoai ra, thuat toan FDAR chi sir dung d9 tuong tu d~ 

tinh toan cac d9 do, con thuat toan F _FDBAR_a phai sir dung ca d9 tuong tu va d9 

khac biet dS thuc hien tinh toan. Do do, thuat toan F _FDBAR_a se co d9 phirc tap 

tinh toan la Ion nhat. Chung toi tiep tuc so sanh d9 chinh xac phan lap cua ba thuat 

toan thong qua b9 phan lap KNN. Bang 3.3, hinh 3.2 va hinh 3.3 trinh bay chi tiJt 

cac kJt qua so sanh cua ba thuat toan tren cac b9 du lieu. Trong do, c9t RAW la d9 

chinh xac phan lap g6c duce SU dung toan b9 thuoc tinh cua tung t?p du lieu dS danh 

gia. C6 thS nhan thay, phuong phap cua chung toi xac dinh duce cac thuoc tinh quan 

trong r§.t hieu qua cho cac t?P du lieu khac nhau. Dae biet hon, khi so sanh voi du 

lieu g6c, hieu qua cua cac rut gon tu thuat toan cts xuat vuot troi hon trong 4 tnrong 

hop, 



Hinh 3.2: D9 chinh xac phan lop cua cac thu~t toan 

4 

• RAW • FDAR • GFS • F _FDBAR_a 
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nhanh hon r§.t nhieu so voi cac thuat toan FDAR, IFSA va F _FDBAR_a vi cac thuat 

toan nay chi tinh toan tren cac phan bf> sung cua bang dfr lieu, thay vi toan b9 bang 

dfr lieu. Bang 3 .2 cho thay ring d6i voi hfiu h~t cac t?p du lieu, thoi gian thuc hien 

cua FDAR_AO va IFSA nhanh hon khi so sanh voi F _FDBAR_a _AO. DiSu nay c6 

thJ duoc giai thich tuong tu nhu khi chung ta so sanh thoi gian thirc hien cua thuat 

toan FDAR va F _FDBAR_a. Han nira, thuat toan dS xuat bao gom mot buoc xir ly 

dJ loai bo cac thuoc tinh du thira. Do do thoi gian XU' ly thuat toan cua chung toi se 

cham hon, Tuy nhien, thoi gian thirc hien cua ARIFPD _AO t6t hon FDAR_AO tren 

mot s6 b9 du lieu. DiSu nay la do kich thuoc TRG thu duce tu thuat toan dS xu§.t nho 

hon hai thuat toan con lai, khi do s6 vong lap duoc tien hanh it hon, 



Hinh 3.3: Kich thU'O'C t~p rut gQn cua cac thu~t toan 

4 

• FDAR • GFS • F _FDBAR_a 
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lAdding RAW FDAR AO IFSA F FDBAR a AO - - - 
ID data 

Ace IBI Ace Time IBI Ace Time IBI Ace Time 
sets 

IU1I= 
0.776±0.102 19 0.800±0.108 0.006 10 0.824±0.117 0.002 12 0.819±0.131 0 

210 

IU2I = 
0.792±0.098 20 0.821±0.100 0.001 12 0.825±0.111 0.006 15 0.837±0.112 0.005 

245 

1u31 = 
0.807±0.070 21 0.832 ± .078 0.001 12 0.811±0.085 0.001 15 0.854±0.081 0 

1 280 

1u41 = 
0.832±0.059 21 0.848±0.058 0.001 14 0.836±0.091 0.00~ 15 0.858±0.061 0 

315 

IUsl = 
0.838±0.064 21 0.852±0.055 0.001 16 0.849±0.057 0.008 15 0.875±0.069 0 

351 

IU1I= 
0.683±0.109 10 0.692±0.074 0.017 11 0.683±0.105 0.001 10 0.692±0.074 0.001 

204 

IU2I = 
0.643±0.114 10 0.643±0.082 0.002 12 0.656±0.112 0.001 11 0.677±0.09:- 0 

238 

2 
1u31 = 

0.608±0.118 11 0.622±0.106 0.001 12 0.608±0.019 0.001 11 0.622±0.10{ 0 
272 

1u41 = 
0.588±0.074 11 0.588±0.069 0.001 12 0.602±0.067 0.001 11 0.588±0.06S 0 

306 

IUsl = 
0.606±0.063 12 0.612±0.055 0.002 14 0.612±0.068 0.003 12 0.612±0.05~ 0.001 

340 

IU1I= 
0.690±0.048 17 0.676±0.027 0.522 21 0.681±0.048 0.643 2 0. 787±0.03~ 0 

3 3273 
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Bang 3.3: K~t qua xfr ly cua FDAR_AO, GFS VA F _FDBAR_a _AO 



D9 chinh xac va kich thuoc cua cac TRG duoc xac dinh bang phuong phap 

cua dS an ciing duce trinh bay trong bang 3.3. Kich thuoc cua TRG trong m6i giai 

dean tang dan, kich thuoc TRG cua F _FDBAR_a _AO nho hon nhiSu so voi 

FDAR_AO va IFSA, dac biet d6i voi mot s6 t~p du lieu c6 s6 hrong thuoc tinh 16n. 

N6i each khac, cac phuong phap RGTT dua tren each tiep c~n t~p tho va cac phan 

ma rong cua n6 gap nhieu kh6 khan trong viec nang cao d9 chinh xac phan loai cho 

du lieu nhieu. 

IU2I = 
0.729±0.083 18 0.725±0.063 0.153 22 0.712±0.087 0.21C 2 0.806±0.05 0 

3818 

1u31 = 
0.755±0.064 18 0.747±0.065 0.001 23 0.745±0.064 0.308 2 0.801±0.031 0 

4363 

1u41 = 
0.766±0.071 18 0.770±0.068 0.001 23 0.763±0.072 0.001 2 0.818±0.022 0 

4908 

IUsl = 
0.773±0.059 18 0.770±0.066 0.001 23 0.773±0.060 0.001 2 0.819±0.03~ 0 

5456 

IU1I= 
0.851±0.105 29 0.847±0.102 0.032 9 0.833±0.104 0.001 28 0.828±0.102 0.076 

216 

IU2I = 
0.770±0.101 30 0.762±0.104 0.004 11 0.750±0.069 0.003 28 0.771±0.101 0 

252 

4 
1u31 = 

0.767±0.102 31 0.750±0.100 0.004 14 0.729±0.105 0.006 28 0.753±0.112 0 
288 

1u41 = 
0.739±0.110 31 0.723±0.104 0.001 14 0.733±0.106 0.001 28 0.721±0.115 0 

324 

IUsl = 
0.758±0.117 31 0.736±0.110 0.001 14 0. 7 5 0±0 .112 0.001 28 0. 739±0.12S 0 

360 
' 
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Quy trinh thirc nghiern duce mo ta nhir hinh 3 .4. Diu tien, t~p du lieu se duoc 

sao chep thanh mot t?P du lieu khac. 0 t?p du lieu duce sao chep chung toi chia 

thanh 6 phan bing nhau tuong (mg voi cac phan du lieu tu U1 dSn U6. Cung tuong 

ttr nhir phan 3.1, bao cao tiep tuc sir dung cac thuat toan IF _FDAR_DelObj_a, GFS 

va FDAR d~ tim TRG tren toan b9 U. Sau do, su dung cac thuat toan FDAR_DO, 

IFSD va IF _FDAR_DelObj_a _DO dS tim tiep cac TRG khi t~p du lieu tren U loai 

bo lin hrot cac phan tu U1 dSn U6. 

ID Data sets I~ IUdecl IC/ IDI 
1 Robot-failures 164 84 90 5 
2 Ionosphere 351 175 34 2 
3 Movement-Ii bras 360 180 90 15 
4 Wall 5456 2728 24 4 

Bang 3.4: Cdc b9 dir liiu SU' dung trong thu' nghiem 
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3.2. so SA.NH cAc THU~T TOAN TREN BA.NG QUYET DJNH KHI 

LO~I BO T~P DOI TUQNG 

D~ thuc hien cac danh gia tren cac thuat toan gia tang khi loai bo TDT, du lieu 

thir nghiem duce chung toi trinh bay trong bang 3.4. Tap Udec duce phan chia tiep 

thanh 6 phan bing nhau (bieu diSn tu U1 dSn U6) duce SU' dung d~ lam cac TDT bi 

loai bo, Trong bang 3.4, cac c9t IUdecl, IC/, IDI duce ky hieu lin hrot cho tong s6 d6i 

nrong hay ban ghi trong Udec, s6 hrong thuoc tinh di~u kien va s6 hrong lap quyet 

dinh. 



ID RAW FDAR GFS IF_FDAR_DelObj_a 

Ace IBI Ace Timt IBI Ace Timt IBI Ace Time 

1 0.535 0.597 
19 0.071 18 0.53±0.137 0.007 15 0.627±0.119 0.06 

8:0.099 ±0.097 

2 0.838 0.860 
14 0.058 14 0.860±0.079 0.016 15 0.875±0.048 0.066 

8:0.06L'. ±0.049 

3 0.758 0.747 
20 0.248 25 0.736±0.150 0.057 17 0.756±0.116 0.225 

8:0.117 ±0.126 

4 0.773 15 0.779 23.32 23 0.773±0.060 15.56 4 0.831±0.04 7.606 

Hinh 3.4: Quy trinh thu· nghiem cac thu{i,t todn gia tang loai bo il8i tuong 

Kich thiroc TRG ding nhu hieu qua phan lap cua ba phuong phap duce trinh 

bay trong bang 3.4. Cung giong nhu cac k~t qua trong bang 3.2, kich thuoc TRG thu 

duce tu IF _FDAR_DelObj_a v~n la nho nhat va co d(> chinh xac phan lap cao nh~t 

tren phan lap cac b(> dtr lieu nhu Robot-failures, Ionosphere, Wall. Khi so sanh voi 

dtr lieu g6c, d(> chinh xac trong mo hinh phan lap KNN cua thuat toan d~ xuat cling 

thS hien kha nang virot troi.Ngoai ra, kich thiroc t?p rut gon tu thuat 

toanlf _ FDAR _ DelObj_ a cao hon so voi t?p rut gon trung binh cua dfr li~u g6c va 

cao nhit trong ba thuat toan mac du s6 Iuong thuoc tinh hay kich thiroc TRG thu 

duce ciing la nho nhit. 

Bang 3.5: Kit qua xu· ly cua FDAR, GFS va IF _FDAR_DELOBJ_a tren U 

: 11 1• ;__ ___.___ 
' ' : 1u1_ U2 _ _ ud _ : 

Remove 

>. 
0. 
0 u 

FDAR -i Reduct: - -~ if•fu(i•J•M-f .. _. .: Reduct -, ._._i 

GFS _;····ie~u~;·····:.....: --,------: .... ~:~~~~----~ 
JF_IDAR_~11--j __ l?::.dt1:! .... :,- ---' jrii.Jl$m:@iu-! Reduct : 

Procces IUI 
Data set 

55 



Adding IF FDAR DELO 
RAW FDAR DO IFSD - - 

ID data BJ a DO - - 
sets Ace IBI Ace Time IBI Ace Time IBI Ace Time 

IU1I= 0.635 0.568±0. 0.64±0. 
0.573±0.102 18 0.007 17 0.004 14 0.06 

148 ±0.129 095 169 

IU2I = 0.605 0.568±0. 0.605± 
0.575±0.107 17 0.006 17 0.003 13 0.004 

132 ±0.068 094 0.093 

IU3I = 0.605 0.630±0. 0.639± 
0.588±0.104 17 0.006 16 0.003 12 0.004 

116 ±0.092 089 0.122 1 
1u41 = 0.670+0 0.700±0. 0.68±0. 

0.660±0.102 17 0.005 15 0.002 12 0.003 
100 .078 110 087 

IUsl = 0.665 0.665±0. 0.675± 
0.629±0.105 16 0.005 13 0.002 12 0.003 

84 ±0.110 142 0.101 

IU1I= 0.852 0.855 0.865± 
0.830±0.057 14 0.011 14 0.008 15 0.011 

316 ±0.048 ±0.056 0.068 

IU2I = 0.851 0.847 0.854± 
0.808±0.070 14 0.011 12 0.006 15 0.01 

281 ±0.065 ±0.078 0.082 

1u31 = 0.846 0.834 0.867± 
0.794±0.095 13 0.012 11 0.006 15 0.011 

252 ±0.085 ±0.108 0.104 

1u41 = 0.839 0.806 0.825± 2 0.777±0.109 13 0.009 10 0.005 15 0.012 
216 ±0.098 ±0.130 0.131 

IUsl = 0.819 0.790 0.795± 
0.773±0.097 13 0.009 10 0.004 15 0.011 

180 ±0.089 ±0.088 0.106 

Bang 3.6: Kitquiixu·lycua FDAR_DO, GFS VA IF_FDAR_DELOBJ_a_DO 

l±0.059 ±0.074 

AVG 0.726 0.746 17 5.92~ 20 0.725±0.107 3.91 12.75 0.772±0.081 1.990 
±0.085 ±0.087 
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IU1I= 0.727 0.724 0.742± 
0.739±0.110 20 0.021 22 0.013 17 0.016 

324 ±0.119 ±0.131 0.12 

IU2I = 0.747 0.754 0.771± 
0.767±0.102 19 0.019 20 0.011 17 0.014 

288 ±0.113 ±0.110 0.107 

1u31 = 0.755 0.751 0.778± 
0.770±0.101 18 0.019 17 0.009 16 0.016 

252 ±0.111 ±0.090 0.094 
3 

1u41 = 0.847 0.833 0.865± 
0.851±0.105 17 0.018 16 0.007 16 0.014 

216 ±0.088 ±0.090 0.085 

IUsl = 0.861 0.811 0.878± 
0.867±0.090 16 0.013 14 0.005 15 0.012 

180 ±0.094 ±0.090 0.074 

IU1I= 0.782 0.763 0.85± 
0.765±0.070 14 6.825 23 1.123 3 0.388 

4911 ±0.070 ±0.072 0.03 

IU2I = 0.776 0.746 0.774± 
0.755±0.065 13 5.991 23 0.914 2 0.202 

4366 ±0.068 ±0.066 0.034 

jU3I = 0.750 0.712 0.764± 
0.728±0.082 12 5.103 22 0.746 2 0 

3821 ±0.076 ±0.082 0.036 

4 1u41 = 0.715 0.690 0.766± 
0.693±0.044 11 4.345 20 0.626 2 0.001 

3276 ±0.050 ±0.042 0.054 

IUsl = 0.654 0.639 0.733± 
0.633±0.096 10 3.551 19 0.505 2 0 

2731 ±0.078 ±0.093 0.069 
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KETLU~N 

1. Cac k~t qua d~t dU'Q'C cua lu~n an 

V oi muc tieu chinh la giam sf> luong d~c trung Va nang Cao kha nang phan loai, 

giam thuoc tinh duce coi la mot v~n dS quan trong trong qua trinh tien xir ly du lieu. 

Trong nghien CU'U nay, tac gia dS xuat mot phirong phap do luong cho khoang each 

phan vung t?P ma va xay dung mot cong thirc tang cirong dS C?P nhat khoang each 

phan vung t?p ma khi them mot b9 d6i tuong. 

Dua tren do, tac gia phat triSn thuat toan dua tren phuong phap t?p ma . Thuat 

toan d~u tien duce thiSt ks cts tim ra t~p thuoc tinh giam tren bang quyet dinh khi 

khong c6 be) d6i tuong b6 sung. Thuat toan thir hai la mot thuat toan tang cuong, 

nham tim ra t?P thuoc tinh giam x~p xi khi bang quyet dinh c6 su gia tang vS t~p d6i 

tuong. So voi cac phuong phap dua tren cac phirong phap tap ma va t~p ma true 

giac, ket qua thuc nghiem chung minh ring phuong phap cua chung toi co kha nang 

cai thien d9 chinh xac tren cac be) du lieu khong nhat quan hoac c6 d9 chinh xac phan 

loai ban d~u thap. 

2. Dinh hurmg phat tri~n 

( 1) Tri Sn khai cac thuat toan dS xu~t vao viec giai quyet cac lop bai toan trong 

thuc ti~n, d~c biet cac bai toan c6 du lieu voi s6 thuoc tinh Ion (high dimention data) 

trong cac linh vuc khac nhau nhir du lieu gen trong tin sinh hoc ... 

(2) TiSp tuc nghien ciru, dS xu~t cac thuat toan gia tang hieu qua nham giam 

thieu thoi gian thuc hien dua tren cac mo hinh t~p tho ma rong khac phu hop voi cac 

lop bai toan trong thuc tiSn. 

Luan van xin cam an sir h6 tro nhiet tinh tu ThS. Pham Viet Anh cung voi 

phong mo phong va tinh toan hieu nang cao (SHPC) thuoc Vien Cong nghe HaUI 

cho mot sf> thuc nghiem cua luan van. 
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f ri~ ff; Lv't 

H9c vien ky ten 

Ha N9i, ngay .5" thang ,6 ndm 2024 
Xac nhan ciia dai dien hoi 

d6ng chim d~ an· t6t ~ghi~p 

TT Y ki~n ciia Hoi d6ng y ki~n cua hoc vien va noi dung chinh sfra 

Chinh sira v€ trinh bay ( chinh 
HQC vien da ra soat, chinh sira cac 16i chinh ta, b6 

sung cac tai lieu tharn khao theo y kien cua H9i 1 ta, tai lieu tham khao) 
d6ng 

Phan tich lam ro chuong k~t 
HQC vien tiep thu y kien cua H9i d6ng. Da phan tich 

va chinh sira noi dung chirong k~t qua nham barn sat 2 
qua, barn sat muc tieu d€ an 

tend€ an 

HQC vien tiep thu y kien cua Hoi d6ng. Da bo sung 

86 sung, giai thich cac bang bang bi~u 3.1: Cac b9 dfr lieu SU dung trong thir 
3 bi~u nghiem va giai thi ch cac ky hieu SU dung trong bang 

bi~u 

BOCONGTHU'ONG C()NGHOAXAH()ICHUNGHiA ~TNAM 
TRUONG D~ HQC CONG NGHl¢P HA N()I l>(>c I~ p - Tlf do - H~nh ph uc 

BA.N GIA.I TRINH CHINH SUA DE AN TOT NGHitP 
Tend€ tai d€ an t6t nghiep: Nghien ciru mot s6 thuat toan gia tang hra chon thuoc tinh 
tren bang quyet dinh dong theo tiep c~n t~p ma su dung lat cit a 
Nganh dao t1:10: H~ thong thong tin 
Ma nganh: 8480104 
H9 va ten hoc vien: Tr~n Phi Luc 
H9 va ten ngiroi hirong dfrn: Dang Trong Hop 
H9c ham, hoc vi: TS 
Don vi cong tac: Khoa Cong nghe thong tin - Truong D1:1i hoc Cong nghiep Ha Noi 

N<)I DUNG GIA.I TRINH 

BM.02.03.SDH-13 



Ghi chu: Bein nhdn xet yeu cdu danh may ti'r 1-2 trang A4 va gi'ri cho Trung tam Dao t90 Sau 
dai hoc truce thai aidm h9c vien xdp /ich bcio vf it nhdt 2 ngay. 

Tend~ tai d€ an t6t nghiep: Nghien cuu mot s6 thuat toan gia tang lua chon thuoc tinh 
tren bang quyet dinh d9ng theo tiep c~n t~p ma sir dung lat c~t a 
Nganh dao tao: H~ thong thong tin Ma nganh: 8480104 
HQ va ten hQC vien: Trful Phi Lire 
HQ va ten nguoi phan bien: Hoang Van Thong 
HQc ham, hoc vi: TS 
Noi Cong tac: Truong Dai hoc Giao thong V?Il tai 
S6 di~n thoai lien h~: 
Nhiern vu trong h<)i d6ng: Phan bien 1 

N(>I DUNG NH~N XET 

1. Tinh ctp thi€t cua d~ tai 
86 giarn thoi gian tinh toan va tang chinh xac cua cac mo hlnh duce xay 
dung b~ng cac thu~t toan hQC may thi met trong nhCmg giai phap quan 
trong la lua chon thuoc tinh khi t~p dfr li~u ddu vao c6 s6 chieu lon, chua 
nhieu thUQC tinh du thira, khong cfin thiet. Vi~c nghien cuu phat tri~n cac 
thuat toan rut gen cac thuoc tinh cua t~p du li~u d~ duoc t~p dfr lieu thu 
gon khi mang vao huful luyen cac mo hlnh hQC may vfin dam bao dQ chinh 
xac nhu su dung li~u g6c dang duce quan tam nghien ciru trong nwhnxg 
nam gfin day. £)~ tai d6 an la cdp thiet va c6 y nghia irng dung cao. 

2. N9i dung va k~t qua nghien ciru dat duce, nhfrng d6ng g6p moi cua d~ an 
t6t nghiep 
£>€ an da trinh bay diroc met s6 kSt qua nghien cuu bao g6m: ly thuyet t~p 
tho, t~p tho ma, m9t s6 phuong phap rut gon thuoc tinh cau bang quyet 
dinh dira tren }y thuyet t~p tho, t~p ho ma; ly thuyet t~p mo mire a. Va ffiQt 
s6 thu~t toan rut gon thuoc tinh tren bang quyet dinh c6 dinh va bang 
quyet dc;mg d<)ng nhu thuat toan Filter tim t~p rut gon su dung khoang 
each ma, thuat toan Filter tlm t~p rut gon Sil dung khoang each ma tren 
bang quyet dinh d{mg,. . . Ti~n hanh thirc nghiem d~ danh gia cac thuat 
toan khac nhau tren tap du lieu. 

(Dung cho nguoi phan bien) 
BAN NHAN XET DE A.N TOT NGHIEP . . 

BM.02.03.SDH-09 

~GHOAXAHQirniINGHiA V$I'NAM 
D9c l~p - Ty· do - H,nh phuc 

BQOJJ\GTHlfOJ\D 
1Rlf{X\TGD~QCCONGNGH$>HAN<)I 



Ghi chu: Ban nh(m xet yeu cciu tlanh may tir 1-2 trang A4 va gzi:i cha Trung tdm Dao tgo Sau 
agi h9c trit'O'C th<Yi aiJm h9c Vien xip {jch bao V? ft nhdt 2 ngay. 

Ha N9i, Ngay 22 thang 05 nam 2024 
N guoi nhan xet 

(Ky, ghi ho va ten) 

I. xuat. 
Trong rnuc 2.1 tac gia d.n xem lai cau "d€ an se d€ xuat hai thuat toan ... " 
vi~t nlnr th~ ngiroi doc hieu nham la cac thuat toan trinh bay trong chuong 
nay la thuat toan moi do tac gia d€ xuat, 
Chuang 3 d.n trinh bay ro bang quyet dinh ma de an SU dung de thu 
nghiem cac thuat toan, hien nay chua r5 thir nghiem tren bang quyet dinh 
nao, 
Cau hoi trao d6i 
1. Tac gia lam ro cac thuat toan trong chuong 2 la nhfrng thu?t toan do tac 

gia phat trien hay la tham khao? 
2. Giai thich muc dich cua viec dira ra bi~u d6 2.2 d9 chinh xac phan lop 

trong khi muc tieu la rut gen thUQC tlnh 
4. Sµ phu hop cua ten d6 tai voi chtrong trinh dao tao, voi rn)i dung d~ an t6t 

nghiep va sir trung l~p voi cac c6ng trinh da c6ng b6; N9i dung d€ an t6t 
nghiep so voi d€ cirong da diroc phe duyet; Tinh hop ly trong k€t du d~ 
an t6t nghiep 
Noi dung cua d€ an phu hop voi ten cua d~ tai, phu hop voi clnrong trinh 
dao tao, theo hiSu biSt cua toi thi ds an khong trung voi cac cong trinh da 
cong b6. f)~ an co k~t ctu hop ly. 

KETLU~N 
Toi d6ng yd~ tac gia Tdn Phi Luc duce bao v~ d€ an t5t nghiep truce HQi 

d6ng danh gia d~ an t6t nghiep. 

D€ an khong c6 d6ng g6p moi v~ m~t ly thuyet, d6ng g6p chinh cua d€ an 
la t~p hop cac thuat toan rut gon thu9c tinh tren bang quyst dinh dira tren 
ly thuyet t~p tho va t~p tho mo. 

3. Nhtrng vfui d8 han ch€ cAn trao d6i 
Tac gia dn xem lai toan b9 d@ an v€ viec tham chieu d€n cac tai lieu tham 
khao d~c biet la cac dinh nghia, menh d€, dinh ly, thuat toan nhu vi€t 
trong d€ an hien nay nguoi doc hieu Ja nhirng n(>i dung cua tac gia d~ 



N()I DUNG NH,~N XET 

1. Tinh cap thiJt CL1a dt tai 
00 lai nay dong vai rro quan tl\H1J trong linh VJlC khai thac du li¢u va 
phan tich thong tin. S~r dn thi~t cua dJ tai nil) phat xufit nr thirc t~ la de 
bang quyet dinh trong th1'1i cJ~1i sc\ llmcrn.s xuyen bi~n d6i Va ma rong. doi 
hoi cac phuong phap phan uch phai Jinh heat va hieu qua de xir Jy dtr lieu 
Ion va dong. Nghien CU'U nay huong toi vice phat triJn cac thuat toan moi 
C(.) kha nang cai thien <l(i chinh X.3.C V3 gi:.1111 d(, phuc tap cua CUC !TIO hinh, 
dong thoi dap irng nhu c:.\u 1h~1\. ti&n trong viec hra chon thuoc tinh hieu 
qua, nhfit la trong cac Crng. dung yeu du cao v0 t<}c de) va ct<) chinh xac. 

I Noi dung va kJt qua ngh il!n cuu d~1t diroc, nhirng dong gop mo: cua d~ an 
t6t nghiep 
f:)6 t,li da thanh COl1g trong \'i¢.: d~ :\LIUt cac thuJt toan gia lfing moi, giup 
cai thien do chfnh xac v~\ giam d() phirc tap trong qua trinh Iva chon thu('.ic 
tinh. d,;ic hict yuan rrong d[)i \'c'ri cac bang quyet dinh dong. Dong gop nc~i 
bat cua d& tni nay la vi~c rich hop !)· thuyJt t~p mo vc: thufit ioan gia tang, 
mang lai nlQt htr6ng 1·.i~p C(tn nl(Yi me Vil hi~U qua, phu hQ'p VOi yeu CiU V~ 

t6c d0 va d0 chinh xac c:io trnn;; de t:rng d~mg tlwc ti2n. NhCrng kJt qua 
tht,rc nghi~m dugc trinh biy da ddrng minh tinh uu vi~t cua c:ic pbuong 
ph~ip dll'Q'C d~ XU:lt SO V(1'i C:lC nghiJn C:U'U trUOC day, dc\ng gop quan tr<:>ng 
V,10 ITnh Vl)'C khai thtic du· li¢u \.it phan tich thong tin. 

3. Nhu:ng vjn d~ h:;m ch0 cftn trao d6i 
Ghi clui: /Ju11 nh{tll Xt'T yell cciu d,i11h 111,ii tfr ! -l ;rtmg. /.J ,·l'i gw d10 /'rung tum f)il(I l(IO .r-.:011 
di.ii /,(Jc /1H1h· 1h11i lh~111 !1~1c ,·i(:11 ,/p lich hu<1 ,~; ·1 nhdr _111·1,i_i-. 

Ma nganh: 8..l80 l 04 Nganh d~IO t.;10: H¢ thong thong tir. 
J lo \ it ten h1,>C vien: Tran Phi J uc 
H{J va ten nguoi phan bien: Kim Dinh rhai 
l loc ham. hoc vi: ·1 i0n sf 
Neri cong uic: Tnrt:rng Que\; t0. D,)i IH.IC ()m~c (,in Ila l\t)i 
Sb dien thoai lien h?: 0466.575A84 
Nhiem vu tronu hoi dc\ng: Phan bi:n 2 . . '- . ...:.; . 

Ten cJ~ lai dC· an 1<\t nghiep: l'.ghi(·n ciru m(iL S<.l 1h11(1.l toan giu tang lua chon thuoc tinh 
iren bang quyjt dinh d<)ng theo ti0p l.'Jn tup mo sfr dung lat di1 <1. 

( Dimg du, nglf'O'i phan bien) 
BAN NHA~~ XET DE AN TOT NGHIEP . . 

( (.)''G HOAXAI-K)ICHLI NGHiA Vlf,TNA!'\1 
D~_ I§p .. _Ty· do - Hanh phuc 

B<)t 'CNr.11 fl f<)'.,ti 
'l1{l1()1'\C U.~111()(' ( O~G NGHif p I-IA "'«.)I 
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Ghi ch11: Ba1111/u;in nl yf:u niu dl;nl, 111,11· !Li'!-} Intl/if .·1-1 n) g1ri cho li·1111p, tlim Oao l(/0 Sau 
di.Ii /we ll'lt<J't' !lui·i Jii'm h(I<' 1·h~11 \);, lfch hi10 i't; it nl:£11 _, 11g11v 

Kim Dlnh fhai 

I-Id N(3i, Ng,,y 24th/mg 05 nam 2024 
Nguci nh~n xet 

{ /\f ghi hu w} ten l 

Dau tien, cac phuong phap d~ xuftt d11 t~p trung vao de bang quyet dinh 
co giil tr] lien tuc 111~1 chua xu l)'. t6t de bang quy0t dinh co nhi~u va 
khong nhJt quan, di&u n.iy co thJ anh lurong d~n tinh trng dung thirc tJ 
trong moi truong dli' li~u phirc tap. Thu hai, nghien ciru chu y0u t~p trung 
vao ly thuyet VO thuc nghiem tren cac b<;> du lieu tieu chuan, chua thir 
nghiern rong rai tren cac h() dir li~u tlurc t~ Ion voi d(> phirc tap cao hon. 
Di&u nay co the han chc kha nang tong quat hoa va irng dung cua cac . . 
thuat toan trong de tlnh huong thuc te dn dang. Han mra, chua co mo ta 
chi tiJt v& CU!; b(> dfr li~Lt SU' dung Vil khong tim t:h5)' trong tai lieu tharn 
khao. Cu6i cung, cac thu it toan gia tang rut gon thuoc tinh mac du co cai 
thien dang ke nhung V~n c5n t{)i uu hoa them aJ giarn thoi gian xu !y va 
nang cao hieu Sllih trcn Cc.IC h~ th6ng thong Lin Ian. 

4. Sµ phu hop cua ten d~ t::'ii voi chuong trinh dao tao, voi 119i dung d~ an t6t 
nghiep va su trung l?p V<Yi cac cong trinh du cong b6: N9i dung d~ an t6t 
nghiep so voi d~ ctroug du dm.>·t.: phi: duyet: Tinh hop ly trong k~t cfru d~ 
an t~t nghiep. 
N()i dung cua d~ tili la phu hop voi chuong trinh dao tao, khong trung l(1p 
voi Cong trinh dii C0!1" b6. dap U'Jl0 muc tieu cua d~ CU'O'no da dtroc phe b b . b . 

duyet va co k6t c:iu hop !y. 
KET Llf~N 

Toi dong y- (khong c.l(1ng y l de tac gia -I nln Phi Luc duoc bao v~ d~ an t[H 
nghiep truoc Hoi d[1ng danh gi:.i d~ fin t6t nghiep. 



Cac n9i dung thue hifn: 

1- Chu tich H9i d6ng di~u khien bu6i hop. Cong bf> Quyet dinh cua Truong Dai 
hoc Cong nghiep Ha N(>i v~ viec thanh l~p H9i df>ng danh gia d~ an tf>t nghiep, 

2- Thu ky H9i d6ng doc ly Ijch khoa hoc va cac di~u ki~n bao v~ d€ an t6t nghiep 
cua hQC vien (C6 ban ly lich khoa hQC va k8t qua cac hoc phan cua hQC vien kem theo). 

3- H9c vien trlnh bay t6m tit d€ an t6t nghiep. 
4- Phan bi~n doc nhan xet ( c6 van ban kem theo) 
5- Cac cau hoi cua thanh vien H(>i d6ng: 

f,'] '[I' A,;;'' P - :Y r LI r--..i. ,.I . , / ./ , 1- J 1),.. ... ~ .m rt..,(',··;··tlMT? .)..t· •••• /(iC J.~ :m;-11\ .•••• ai.7 sitwity .. ;J.. ..• r.u 0.9 <. . 
... jr~ JJ ~ k.f ~ 1~ ,: 0.) fA<>J. duJ cud ~'.l.r M .. 

I r ~ ..C 4, . 0 .' P · ? I ~ P, J • ' 1 ~;-- J..~ J')' 
.• r.;l l>J-'!A ..•• ~~~ QJ· •••.. ChAl.l. .• -i'hc •••••. ~ f' 1.\:4-:i.. ·A¥·., .. IIWJi.t •• ,9\./i'I ••• C::1.14 ••• <:"~ •••• Av... ••• .w. •.. 

... 4:.;·~···f;····0··:(-~ ...... p~i .. f; .. 0.._~-;1hl .... JJ.~ .. i ..... ;~····;fh·:*;·~······ 
••··;'h»:·~~··;~:q··'·;,-:,···:··~~;;·:i~,w;::·~~····~:fl4~···~··~;·:~~Ylff;··•#)~A,,.,, .. , 
... :. (5 ..C .. W. •• ./.V{~,····"';~ .. m.r;J··llV.~Y.l. ... s; .. f/tZQ •••.••.• ;···~, ..• r,Y •••• J'ii&f.'93~ .. -••• .. •••••••"''•••• 
....... ~ Np~;, .. " .hL rn ) rj {b,) cd-f. .. )ilp a;:n -~: .. I~ :. . 

Stt HQ va ten, hec ham/h9c vi CO' quan cong tac Nhifm V\l 
l TS. Pham Van Ha Truong DH Cong nghiep Ha N¢i Chu tich 
2 TS. Le Thi Anh Truong DH Cong nghiep Ha N(>i Thu ky 
3 TS. Hoang Van Thong Truong DH Giao thong V?n Tai Phan bien 1 
4 TS. Kim Dinh Thai D~i hQC Qu6c Gia Ha N(>i Phan bien 2 
6 . 

TS. Ha Manh Dao Truong DH Cong nghiep Ha N¢i Uy vien 

BIEN BAN 
HQP HOI DONG DANH GIA DE AN TOT NGHiiP 

Can cu Quyet dinh s6 614/QD-DHCN ngay 17/5/2024 cua Hieu tnrong tnrong Dai 
hoc Cong nghiep Ha N¢i v~ viec thanh l~p Hoi d6ng danh gia d€ an t6t nghiep, H(>i 
d6ng da hop vao h6i.. .. ~ .. giaJQ .. phut, ngay J!i./5/2024, tai phong Ha2 nha Al, 
Truong DH Cong nghiep HN d€ danh gia lu?n d~ an t6t nghiep cho hoc vien: Trin 
Phi Luc; ma hoc vien: 2022700047; nganh: HTTT; ma s6: 8480104. 
Ten dS tai: Nghien ciru m9t s6 thuat toan gia tang hra chon thuoc tinh tren bang quyet 
dinh d<)ng theo ti~p c?n t?P ma sir dung uh cit a. 
Nguoi hu6ng d§n: TS. D~g Trong Hop • Truong DH Cong nghiep Ha Noi, 
Cac thanh vien cua H9i d5ng danh gia d~ an t6t nghiep c6 mat: .. O.>.. . .I .... QS:. 

B(:> CONG THVdNG CQNG HOA XAHQI CHU NGHiA ~T NAM 
TRUONG D~ HQC CONG NG~P HA NQI 1>9c If p - Tl}' do - H\lnh phuc 



p-j------ 
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8. Y ki~n cua H9i d6ng (Cful neu ro cac v§n d8 cua d~ an t6t nghiep cftn chinh sira (neu 
c6)): 

........... ~ .. .Jef~····~~ co1 •••• ~.{ •• dl. .. (\~ ~~~1 ..... ~?···4ci; .... d~.~~i d..tf...n.~.~- . 
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.......... ,. Pr};l:i .. fif. lai,.,. ..... ,tiJ: Cfu}p.}···· ... (ll{ (f\/Li .. r ... k~ ... S;J. .. h¥ ..... Ji,~ . 
-1-c I 

.................. .c.1..<JJ. : .. af.l ;···~ .. ! ~-f ····;;.· r··-; 1:·~·,· . 

.. . .. . . . . ,...,-;.... i .. C~J c;J1'.;l.c •• !f.'1t.t r.e1c M()9 !ll)1.<;1.~ : .- . 

Yeo c§u xac nh,n cua Hqi d6ng sau khi chinh sira: C6: (1" Khong: D 
Th , h 'A .,, hA . 1~ I.~ rrP. A P Nh'A Hf): rrP, h,,, an vien xac n an 1.:-t' •• m :v.h........ rem vu trong t:» •... ~.,..1 
9. H(H d6ng hop va t6ng hop k~t qua 

- Chu tich HD cong b6 di~m danh gia d~ an t6t nghiep cua tirng thrum vien va 
diem trung binh d~ an t6t nghiep (c6 Phiiu danh gia di an t6t nghi?p va Phfiu t6ng 
h()'JJ aidm danh gia ad an t6t nghiep kem theo); 

f) .i A;I., tJ.t h"A B.! .{ u" B~ t ~ 1 , ,.,£,A," • .: " - rem ue an o ng If p: ang so b;........ ang cnu: 'l,l..:.;(l,v:.is-;y.-11'Jvv.. . 

K~t lu~n: D~ an t6t nghi~p (d?t hO?C khong di;tt) f;h,~., yeu cdu la m<;>t d! an t6t 
nghi~p th?C Si theo Quy che dao t?O trinh dQ th~c si hi?n hanh./. 

CHU TJCH H()I BONG THU KY H<)I DONG 

7. Nguoi huong dful hoac thir ky doc nh~n xet v~ qua trinh thuc hien d~ an t6t nghiep 
cua hoc vien (c6 van ban kem theo) . 
. . .. ... . . . . {;.~ ... ~ .... £_~ .. Ja.o ...... M:} ... .( ..... C!~ .. ;{'0 .,»; ~t. ..... 6~R .1:<ll . .;/ ... J~t ·r/~/:I':_:'rtC .. 
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6. Tra lei cua hoc vien: 
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