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LOI CAM DOAN

Téi 14 Tran Phi Luc, hoc vién cao hoc 1¢p Cao hoc hé théng théng tin khoa 12.
T6i cam doan rng d& 4n thac st mang tua dé “Nghién ctru mét s6 thuat toan gia ting
lwa chon thudc tinh trén bang quyét dinh dong theo tiép cin tdp mo sir dung lat cit o”
duge trinh bay dudi diy 13 cong trinh nghién ctru ctia chinh tdi dudi su huéng dan
cua TS. PBang Trong Hop.

Céc ndi dung nghién ctru va két qua trong dé tai nay 1a trung thuc va chua timg
duoc ai cong bd trong bit ctr cong trinh nghién ctru nao trude day. Nhimg s lidu
trong cac bang biéu phuc vu cho viéc phan tich, nhan xét, danh gia dugc chinh tac gia
thu thap tir cac ngudn khac nhau c6 ghi trong phan tai liéu tham khao. T6i cam doan
rang khong c6 bat ky vi pham nao dbi véi cac quy dinh dao dirc nghién ctru khoa hoc
trong qua trinh thyuce hién ludn an. Cac tai liéu tham khéo duoc trich dan dung nguodn
gbc va duoc str dung mot cach hop 1y.

Tbi hiéu rd rang néu phat hién bét ky sai sét, vi pham hodc gian 14n nio trong
dé 4n ctia minh, toi s& chiu trach nhiém trude phéap luat va cé thé bi xem xét lai vé
b.'fmg cép d3 dat duge. Toi viét cam doan nay va toi hoan toan chiu trach nhiém vé
tinh chinh xac va trung thuc ctia cong trinh nghién ctru nay.
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MO DAU
I. Sw can thiét trién khai dé tai

Lua chon thudc tinh 1a mét bude trong qua trinh tién xir Iy dir liéu nham
loai bo céc thudc tinh du thira, khéng can thiét dé ting tinh dé& hiéu cho luat va
hiéu qua cho cdc mé hinh phan 16p. Trén thé gidi, cdc nghién ctru vé lua chon
thudc tinh hién nay dang tré nén rat soi dong. Mot trong nhimng cach tiép cén
c6 thé néi téi 1a cac phuong phap rut gon thude theo hudng tip can cta ly
thuyét tép tho [1]. Tuy nhién, cac phuong phap RGTT theo huéng tiép can nay
chi thuc hién duoc trén cac BQD cb mién gia tri roi rac. Péi véi cac BQD co
mién gia tri s6, cac phuong phap nay phai chia thanh nhiéu khoang twong tmg
VOl cac gia tri phan loai. Viéc khong thuc hién budc roi rac hoa dit ligu co thé
dan dén mat mat thong tin quan trong trén cac BQD va giy ra su suy giam vé
hiéu qua ctia cdc md hinh phan loai. Pé giai quyét van dé nay, Diibois va dong
nghiép [2] d& d& xuat mot mé hinh gon true tiép trén BOP gde véi mién gia tri
56, ma khong can thuc hién bude rdi rac héa dit liéu. M6 hinh nay duge goi 1a
mo hinh TTM (fuzzy rough set). Theo cac phén tich v& TTM, cac nha nghién
ctru d3 xay dung nhiéu phuong phap RGTT tryc tiép trén BQD gbc c¢6 mién gia
tri s6 str dung nhiéu d6 do khac nhau. Véi BQD cb dinh, cac phuong phap dién
hinh 13 sir dung ham thudc mo [3, 4], mién duong mo [3, 6], entropy thong tin
mo [7, 8], khoang cach ma [9, 10] va mot sb phuong phép khac [11, 12, 13].
Két qua thuc nghiém trong cac cong bd néu trén cho thiy, cac thuat toan tim
TRG theo tiép can TTM nang cao do chinh xac phéan 16p so véi cac thuat toan
theo tiép can tap tho truyén théng. Tuy nhién, Hung va cic cong su trong [14]
trinh bay, cac phuong phap RGTT theo tiép can TTM khong hiéu qua khi xur
Iy trén cac BQD nhiu va khong nhét quan. Ngoai ra, trong xu thé bung nd cta
dir lidu, cac BQD c6 s6 tinh chat vo ciing 16n. Hon nita, cac BQD thay déi lién
tuc, bd sung véi cac truong hop nhu ting thém hay bét di TDT. Vi du dién hinh

nhu bai toan chan doan bénh trong linh vuc y té, chan doan cac triéu chimg lam
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sang dua trén rat nhidu cac chi s6 xét nghiém. S6 lwong bénh nhén lién tuc gia
tang theo thoi gian din téi qué trinh x8y dung cac m6 hinh phan 16p nhdm hd
trg bac si trong viéc chan doan gip rat nhiéu kho khan. Do vay, dé dua ra mot
m6 hinh phén 16p ¢6 loi, van d& dat ra 14 phai giai quyét bai toan RGTT trén
céc BQD 16n va c6 su di dong vé ddi tuong.

Tir nhitng khé khan va thach thic di néu, d& tai “Nghién ciru mot sb
thuit toan gia tang lwa chon thugc tinh trén bang quyét dinh dong theo
tiép cin tip mo sir dung lat ciit a” duoc lua chon nhu mot hudng di moi va
déy tiém ning trong viéc phat trién cdc thuat toan lua chon thudc tinh.

I1. Muc tiéu nghién citu ciia dé tai

- P4 tai tim hiéu, dé xuét c4c thuit toan gia ting tim TRG ctia BQD dong
dua trén TTM theo tiép cén tap md sir dung 14t cat o nham giam bét thudc tinh
TRG va tang d6 chinh xéc, giam d¢ phurc tap ciia mé hinh khai pha dir ligu.

- Dé tai cung cap mot chuong trinh tinh todn xac dinh tap thudc tinh rat
gon trén cac b dit liéu co su bién dong vé s lugng cac ban ghi (TPT).

- P2 tai cling trinh bay mét sé phén tich dé chimg minh tinh hiéu qua cia
thuat toan trén cac bod dir liéu khac nhau thong qua cac tiéu chuén danh gia vé
do chinh xéac phan 16p va thoi gian tinh toan.

- Thuc hién so sanh, danh gia vé do chinh x4c va tdc do thuc hién cta
thuét toan so voi cac thudt toan nghién ctru tude do.

II1. Pham vi va ndi dung nghién ciru

Pham vi cua nghién ctru nay s& chi tdp trung vao cac phuong phap rit
gon dua trén 1y thuyét tap thd va cic mé rong, dic biét 1a tap mo st dung lat
cit o v6i nhimg hiéu qua ma n6 mang lai trong bai toan RGTT. Cé thé noi, tap
mo la mot trong nhiing cong cu rat manh va duoc ing dung vao rat nhiéu bai
toan vé khai pha dit liéu trong nhitng ndm trd lai gin day. Tuy nhién, cach tiép
can ndy con mai va chua thue sy duge quan tdm. Nghién clru nay hy vong sé

12 mdt bude tién trong viée cai thién cdc phuong phap RGTT theo hudng tiép
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can tap thé va cac mo hinh mé rong khi mang dén mot cong cu hitu hiéu trong
viéc tim kiém céc tip con thude tinh trén cac BQD, dic biét 1a cac BQD c6 tinh
nhiéu, khong nhat quan va cé su bd sung cling nhu loai bd TDT theo thoi gian.
Dé tai nay dugc nhom nghién ciru trinh bay dya trén co s& cia nhiéu nghién
cltu trude day, két hop véi céc thuc nghidm dé danh gia va so sanh trén nhiéu
thuét toan nhim chtng minh tinh hiéu qua tir cdc phuong phép dé xuat.

IV. Phuong phap nghién citu ciia dé tai

Cdch tiép cin

Pé tai ban dau s& nghién ctru mot s6 cac phuong phap RGTT theo huéng
tiép can tap tho va tdp md nham tim ra cic uu nhugc diém cta mdi phuong
phép. Tiép theo, dé tai s& de xuAt mdt sb thuat toan gia ting theo hudng tiép
can tap md st dung lat cit a c6 kha nang cai thién hiéu ning phan 16p trén cac
bd dit lidu co tinh nhiéu va thoi gian xir ly trong trudng hop BQD thém va loai
b6 TDT. Cudi ciing, d& tai cling 1am rd nhimg wu diém cta nhimmg phuong phap
dé xuét thong qua qué trinh phan tich va dénh gia cac két qua thuc nghiém khi
so sdnh v&i cac phuwong phap khac nhau trén céc bé dit liéu tiéu chuén.

Cidc phwong phdp nghién ciru

- Nghién ciru ly thuyét:

+ Nghién ciru tir tong quan t6i chuyén sau céc 1y thuyét nén tang dé tir
d6 tiép can dén nhiing ly thuyét nang cao.

+ Thu thép, tong hop, danh gia va rat ra cic két luan cling nhu huéng
phat trién trén céc két qua da dugc cong bb vé RGTT trén BQD.

+ P& xudt, cai tién va ching minh cac dinh nghia, ménh dé st dung cho
céc phuong phap dé xuit mot cach chit chg.

- Nghién ctu thue nghiém:

+ Cai dat thuat todn trén cac bo dit liéu co do tin cdy cao véi kich thude
tir trung binh dén 16n nhdm dénh gia va so sanh két qua dd duoc cong bd trén

cac tap chi chuyén nganh co uy tin.
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+ Ap dung két qua dat duoc dé xay dung chuong trinh c6 tinh (mg dung
cao.

V. Két cAu ciia ndi dung nghién ciru

Pé 4n gom:

- Chuong 1: Téng quan vé ly thuyét tap thd, tap thd mo va cac tmg dung
trong bai todn rut gon thudc tinh

- Chuong 2: Ly thuyét tip mo mirc a va mot sé thudt toan gia ting rat
gon thuoc tinh

- Chuong 3:Két qua thuc nghiém théng qua qué trinh phan tich, danh gia
va so sanh vai cac thuat toan.
Qua do, s& dua ra mét so thao luan va huéng nghién ciru tiép theo trong tuong

lai.
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CHUONG 1. TONG QUAN VE LY THUYET TAP THO, TAP THO MO
VA CAC UNG DUNG TRONG BAI TOAN RUT GON THUQC TiNH

1.1. LY THUYET TAP THO, TAP THO MO
1.1.1. Khdi niém co ban vé tap thé

Vao dau nhitg nam 1980, nha logic hoc Zdzisaw Pawlak dua ra 1y thuyét
tap thd [1] va qua su phat trién ciing nhu chimg minh trén mot nén tang toan
hoc viing chéc, né di duoc coi 14 cong cu hiéu qua dé giai quyét cac bai todn
vé md ta su phu thudc gitta cac thudc tinh, danh gia do quan trong cua céc thudc
tinh, phat hién ludt thu dugc va nhan dang. Cho téi nay da co rat nhiéu hudng
tiép can dua trén 1y thuyét tap thé duoc ap dung thanh cong trong linh vyc khai
pha dir liéu va may hoc nhu sinh luat quyét dinh hay trich chon déc trung. Dua
trén su phat trién cua ly thuyét tip tho truyén thong ma cac mo hinh tap thd mé
rong ngay cang duge ing dung rong rii dé giai quyét cac bai toan phan tich,
khai pha dir lidu, déc biét 1a cac bai toan trén mot khdi lwong dit liéu 16n, chua
dung céc thong tin mo hd, khong chic chin ma dién hinh 14 cac hé thong tin
ddy du (Information System - IS) hay cdc hé thong tin khéng ddy du
(Incomplete Information System - IIS). Hé thong tin gitip ich rat 16n cho viée
luu trit va xir ly thong tin. Tuy nhién, vi mot ly do nao do6 trong qua trinh cap
nhat ma thong tin luu trit ¢ cac thudc tinh du thira va tao ra su kho khén trong
viéc khai pha tri thir.

Hé thong tin 1a cong cu biéu dién tri thie dudi dang mot bang dir liéu
gdm p cot tmg voi p thude tinh va n hang ung véi n dbi tuong. Mot cach hinh
thirc, hé thong tin duoc dinh nghia nhu sau:

Pinh nghia 1. /1é théng tin la mét bé tir dwpce biéu dién dudi dang 1S =
(U,AV, ), trong do U la tdp hitu han, khac réng cdc dsi tuong; A la tdp hitu
han, khdc réng cdc thugc tinh; V- =U V, v6i V, la tdp gid tri ciia thudc tinh a €
A; f:U XA -V, la ham thong tin,Va € A, u € U, f(u,a) € V,.

Dé don gian, véi moi a € A, u € U, ta ky hiéu gia tri thudc tinh « tai doi

twong u 13 a (u) thay vi f(u, a). Néu B = {by, b, ..., b} S A 1a mot tap con
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cac thudc tinh thi ta ky hiéu bo cac gia tri b(u) boi B(u). Nhu vay, néu u va v
1 hai déi twong thi ta viét B(u) = B(v) néu b;(w) = b;(v) véimoii = 1, ..., k.
Xét mot hé thong tin IS = (U, A,V, f), néu ton tai u € U va a € A sao
cho a(w) thiéu gia tri (missing value) thi IS dugc goi 1a hé thong tin khong day
du, nguoc lai IS dugc goi 1a h¢ thong tin déy da. Mbi tap con cac thude tinh
B € A x4c dinh mot quan hé hai ngo6i trén U, ky hiéu la Rp va dugc xéc dinh
baoi:
Rz ={(u,v) € U xU|Va € B,a(u) = a(v)} (1.1)
Rp1a quan hé B—khong phan biét dugc. RO rang, Rz [a mot quan hé tuong
duong trén U . Néu (u, v)€ Rp thi hai ddi tugng u va v khong phén biét dugc
bdi cac thudc tinh trong B. Quan hé tuong duong R s& xac dinh mét phén hoach
trén U, ky hiéu 1a U/Rp hay dé don gian 13 U/B. Mdi phan tit ctia phan hoach
U/B duoc goi 1a mot 16p twong duong chira dbi tuong u € U va dugc ky hiéu
1a [u] ,, khi do:
[ulp ={v € Ul(w,v) € Ry} (1.2)
Dinh nghia 2. Cho hé théng tin IS = (U, A, V,f) va P,Q S A, khi dé ta
co:
1. Phdn hoach U/P va U/Q dwoc goi la nhu nhau (viét la U/P = U/Q),
khi va chi khivu € U, [u]p = [u],.
2. Phén hach U/P min hon phdn hoach U/Q (viét la U/P < U/Q) khi va
chichivu € U, [u]p S [u],.
Xét hé thong tin IS = (U, A,V, f) vaTPT X € U. Vi mot tap thudc tinh
B € A cho trude sé xac dinh duoc céac 16p twong duong cta phan hoach U/B.
Khi d6, mot TDT X ciing c6 thé duoc biéu dién thong qua 16p twong duong nay.
Trong 1y thuyét tap tho, dé biéu dién X thong qua cac 16p tuong duong clia X S
U, ngudi ta xap xi X bdi hop ctia mot s4 hiru han céc 16p tuong dwong trong U/B.
C6 hai cach xap xi TDT X thong qua tap thudc tinh B, dugc goi 1a B-x4p xi dudi
va B-xép xi trén cua X , ky hiéu 1an luot 14 BX va BX, duoc xéc dinh nhu sau:
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BX = {u € Ul[u]z € X} (1.3)
BX={ueU|[ulgnX # ¢} (1.4)
Téap BX bao gom tAt ca c4 phan tir cia U chic chan thudc vao X, con tap
BX bao gém cac phén ti ctia U ¢6 thé thudce vao X dua trén tap thudc tinh B.
Ti hai tap x4p xi néu trén, ta dinh nghia cac tip B-mién bién cia X va B-mién

ngoai ctia X, 1an luot theo hai cong thirc dudi day:
NB(X) = BX\BX (1.5)
MB(X) = U\BX (1.6)
B-mién bién ctia X 1a tap chira cac ddi tuong cé thé thude hodc khong
thudc X con B- mién ngoai cta X 14 tap chira cac déi twong chic chan khong
thudc X. Trong trudng hop BX=¢ thi X dugc goi 1a tap chinh xdc, nguoc lai X
duoc goi la tap tho. V6i B, D € A, ta goi B-mién duong cta D 13 tap duoc x4c

dinh nhu sau:

POSg(D) =XLEJ~L1 (B{) (1.7

D

RO rang, POSE (D) latap tAt ca cac dbi tuong u sao cho véi moi dbi tugng
v € U ma u(B) = v(B) ta déu c6 u(D) = v(D). Néi cach khac, POSg(D) =
{u € Ullulg < [ulp}

Trong nhiéu tmg dung, mdt loai hé théng tin dic biét dong vai tro quan
trong, dugc goi 1a BQD. BQD 1a mét hé thdng thong tin DS véi tap thudc tinh
A dugc phén chia thanh hai phan khong giao nhau: C va D. C dugc goi 1a tap
thudc tinh diéu kién va D 12 tap thudc tinh quyét dinh, dé don gian ching tdi ky
hiéu BQD 1a DS = (U,CUD) v6i C N D # ¢. Véi moi d € D, d(u) day du
gi4 tri, néu ton tai u € U va ¢ € Csao cho c(u) thiéu gia tri thi DS duge goi 1a
BQD khong ddy du, trai lai DS dugc goi 1a BQD diy du. Trong pham vi nghién
clru ndy, chung t6i chi xét téi BQD day di.

Vi du 1. Cho BQD DS = (U,C U D), trong d6 U = {uy, uy, uz, uyjva

C ={cy, €2, €3, ¢4}
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Bang 1.1: Bing quyét dinh day dii

U c 7. cs C4 D
u 0.8 0.6 1 0 0
Uy 0.8 0 0.2 0.8 1
Us 0.6 0.8 0.6 0.4 0
Uy 0 0.6 0 1 1

1.1.2. Khéi niém co ban vé tip thé mo

Ly thuyét TTM (fuzzy rough set) do Dubois va cac cong su [2-3] dé xuét
1a su két hop ctia ly thuyét tap thé va 1y thuyét tdp md nham xap xi cac tip mo
dua trén mot QHTDM (fuzzy equivalence relation) dugc xac dinh trén mién
gid tri thudc tinh. V& ban chat, cic QHTPM duge m& rong tir cac quan hé tuong
duong ma bao cdo di trinh bay trong phan trudc.

Pinh nghia 3. Cho BOP DS = (U, C U D), mét quan hé R xdc dinh trén
mién gia tri thugce tinh duoc goi la QHTDM néu théa man cac diéu kién sau
voimoi U, v, t € U.

. Tinh phanxa: R(u,u) = 1.

2. Tinh doi ximg: R(u,v) = R(v,w).

3. Tinh bdc cau sup-min: R(u,v) = sup {min (ﬁ (u,t),R(¢, v))}.
teu

Ménh dé 1. Cho BOP DS = (U,C U D)va mét QHTPM R. Ky hiéu
Rp, ﬁQ twong umg la cdc quan hé R xdc dinh trén tdp thudc tinh P,Q < C. Khi
do, vdoi moi u,v € U, ta co:

1. Rp =Ry © Rp(u,v) =Ry(u,v)

2. Rpno = Rp UR, = max{Rp(u,v), Ry(u, v)}.

3. Rpyo = Rp N Ry = min{Rp(u,v), Ry(u,v)}.

4. Rp SRy © Rp(u,v) < Ry(u,v).
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Pinh nghia 4. Cho BOP DS = (U,C U D) v6i U = {uy, uy, ..., up}va Rp
la QHTPM xdc dinh trén tdp thugc tinh P S C. Khi do, ma trdn tuong duong
mo biéu dién Rp, ky hiéu la M(ﬁp) = [pif]nXm’ dwoc dinh nghia nhu sau:

P11 Piz -+ Pin
M(Rp) = |72 P2 P
Pn1 Pn2 pnn

Voi pij = ﬁp (ui, uj) la gid tri quan hé giita hai doi twong u; va u; trén
tdp thugc tinh Pp;; € [0,1], w;,w; € U,1 < i,j < n.

Nhu vy, ta c6 thé nhén thiy ring gi tri ctia cc phan tir trong ma trén
tuong duwong mo M (ﬁp) phu thude vao QHTPM R, duge chon. Miit khac, ma
tran tuong duong md 13 nén tang dé xay dung cac d6 do duoc st dung dé giai
quyét bai toan RGTT trong BQD ma b4o c4o s& lam 13 hon trong cac phan tiép
theo.

Ménh dé 2. Cho BOP DS = (U,C U D) va P,Q C C. Gia sir M(Rp) =
[Pij]nxm, M(Ry) = [qij]lnxm twong umg la cdc ma trgn tuong dirong mo cua
quan hé Rp va ﬁQ, khi do ma trdn twong dwong mo trén tdp thuéc tinh S = P U
Q la:

M(Rp) =M (Rp,) =[] . (1.8)
trong @6, s;; = min(pyj, qij)

Chitng minh: Theo ménh dé 1,taco Rp =0 Rigy va ﬁPUQ =Rp N Ry,
¢6 nghia 1a véi moi db6i twong u,veEU thi ﬁpUQ (i, ) =
min(Rp(w,v), Ry(u,v)). T do, ta c6 M(Rs) = M(Rpy) = [Sijlnxm V6i
sy = min(pij qij)-

Pinh nghia 5. Cho BOD DS = (U,CUD) véi P,QSC, U=
{uy, Uy, ..., Uy} va Rp la QHTDM trén tip thudc tinh P. Khi dé, phdn hoach

mo trén U sinh boi Rp, ky hiéu la Y p, dwoc xdc dinh nhw sau:
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U — —_— —
== = ([}, = {[wlp. [wlp,.... [l (1.9)
trong dé, [u,]p = {i—?,i—i:, : pm} la mot tip mo déng vai tro la mét [6p twong

dwong mo ciia doéi tuong u; € U.

Vi 16p tuong duong md [u,]p, ham thude clia tit ca cac doi tugng u; €
U dugce xac dinh boi pg (uj) uRP(ul,u]) RP(ul, uj) va luc lugng cua
16p tuong duong mo [ul]p dugc tinh béi |[ut]p| = Xj=1Dij-

Vi du 2. Xét BOP trong vi du 1, véi mét QHTPM trén méi thugc tinh

a € C duoc xdc dinh béi cong thirc Ripy(u,v) =1 — |a(u)

theo dinh nghia 4, ma trdn tuong dwong mo cua thugc tinh ¢ la:

10 1.0 08 02
=y |10 1.0 08 02
M (R{cl})_ 08 08 1.0 04
02 02 04 1.0

Theo Dinh nghia 5, [{L:]{Cl} {—1— = B0 E} la lop twong duong mo

uy uy Uz Uy
ciia doi twong u, va lwe lwong ciia [ul]{cl} =1+4+1+4+08+0.2=3. Phin
hoach mé ciia quan h¢ mo R,y 1a i,y = {[ua)e,), (o ieyy, [alieyp [alien}:
Pinh nghia 6. ChoX la mét tdp mo trén U va Rp la mét QHTPM trén
tép thuc tinh P C C. Khi d8, tdp xap xi dwdi mé PXva tdp xdp xi trén mo PX

cua X la cdc tdp mo va coé ham thugc cua cac doi twong u € U duwoc xdc dinh

nhuw sau:
e () = inf max (1 - g, 0, 1z () (1.10)
g () = supmin (ug;, (), 1z () (1.11)
veU

Cap (ﬁ)? =PX ) duoc goi 1a TTM. Dé& thdy, mét tip rd X € U ciing dugc
biéu dién tri thirc boi hai cong thire trén khi coi nd 1a mot tdp mo véi ham thudce
ty(V) =1 véi v € X va puy(v) = 0 véi v & X. M6 hinh TTM c6 thé xem la

viée str dung quan hé tuong tu dé xap xi tdp mo (hodc tap rd) bang tap md xap
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xi duéi va tap mo xAp xi trén. Trong 1y thuyét tap tho truyén thdng, khai niém
mién duong duge dinh nghia 13 hop cia tit ca céc tip x4p xi dudi. Trong 1y
thuyét TTM, mién dwong mo duge dinh nghia nhu sau.

DPinh nghia 7. Cho BODP DS = (U,C U D), Rp va R}, twong ving la hai
QHTDM xdc dinh trén P S C va D. Khi dé, mién dweong mo cia tdp thudc tinh
diéu kién D véi tap thudc tinh P, dwoc ky hiéu la POTS?(D)V& co ham thudc cua
méi doi twong u € U dwoc xdc dinh nhw sau:

Hposyioy (W) = SUP lpg (w) (1.12)

HEE

D& thay PO@;(D) 12 mot tap mo va duoc md rong tir khai niém mién
duong mo tir ly thuyét tap tho truyén thdng. Dya trén khai niém nay, ching toi
dinh nghia do phu thudc cua mét tap con thudc tinh nhur sau.

DPinh nghia 8. Cho BOD DS = (U,C U D), Rpva Ry tuong vmg la hai
QHTDM xdc dinh trén P € C va D. Pé phu thrjéc cua tdp thugc tinh P voi tdp
thuée tinh quyét dinh D dwoc dinh nghia nhir sau:

_ |P0§HD)| _ ZuEUﬁpofE’(D)(u)

YelD) == oI (1.13)

1.2. MOT SO PHUONG PHAP RUT GON THUQC TIiNH DUA
TREN LY THUYET TAP THO VA MO RONG

RGTT la qua trinh giam hay luge bo cac dac trung/thude tinh trong tap
d@r liéu nguyén thuy. Muc ti€u cta viéc RGTT la tao ra mét tap dit liéu ¢ kich
thude nho hon ma van giit duoc cic thong tin can thiét va mé ta duoc nhimng
dic trung cbt 161 cua dit lidu géc. Qua trinh nay thuong duge thue hién dé ting
tinh hiéu qua cua viéc xur ly va phén tich dir liéu, giam chi phi tinh todn va lam
cho dir liéu dé dang quan 1y hon. Cac k¥ thuat RGTT chia lam hai nhém: Lua
chon thudc tinh (LCTT) va bién déi thudc tinh (BDTT). LCTT la trich chon
mot tap con t1 uru (theo mét nghia nao do) tir tap thudc tinh nguyén thuy. BDTT
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1a thuc hién viéc chuyén ddi cac thudc tinh ban dau thanh mot tap céc thude
tinh m&i véi kich thude it hon sao cho bao toan dugc théng tin & mic t6i da.

Céc cong trinh nghién ctru vé RGTT thuong tap trung vao nghién ctru
cac k¥ thuat LCTT. LCTT la qua trinh chon ra mét tdp con c6 kich thudc [B| tir
tap gbc chira |C| thude tinh (BEC), sao cho khong gian thudc tinh duge thu gon
mot cach tdi wu dua trén mot tiéu chuén cu thé. Viéc tim ra tip con thudc tinh
t61 wu thudong 1a mot van dé kho; thuc té, no thude vao 16p bai toan NP-kho.
Thong thudng, mot thudt todn lua chon thudc tinh bao gdm bon khau co ban.

(1) Khoi tao tap con;

(2) Phan tich tép con;

(3 ) Xét diéu kién dimg;

(4) Panh gia két qua.

Tao lap tap con thudc tinh [a qua trinh lién tuc tim kiém nhdm tao ra céac
tap con dé danh gia va lua chon. Gia str tap dit liéu ban dau chtra |C| thudc tinh.
Vi |C| thude tinh nay, tong sb tip con co thé dugce tao ra 1a 2|C|. Do d6, viéc
tim ra tip con toi wu tir tat ca cac tip con nay la rat kho khin. Mot phuong phép
phd bién dé tim kiém tap con thudc tinh t6i wu 12 tao ra timg tap con dé so sanh.
MOi tap con dugc tao ra sé dugc danh gia dua trén mot tiéu chuén nhét dinh va
so sanh vai tap con tdt nhat da duoge chon trude do. Néu tap con moi ndy cai
thién, no s€ thay thé tap con cti. Qua trinh tim kiém tap con thudc tinh t61 uu &
dimg khi mot trong bon diéu kién sau xay ra:

(1) Da thu duge sb thude tinh dua trén 1 tiéu chuan.

(2) S& bude 1ap dugc dinh nghia trong qua trinh két thiic.

(3) Viéc bd sung vao hay luoc bé mét thude tinh ndo dé khong lam cho

két qua tdt hon.

(4) D3 thu duoc tap con t6t nhat theo tiéu chuan danh gia.

Cudi cling, tap con t6t nhat phai dugc xac minh thong qua viée thuc hién

céc phép kiém dinh, so sanh két qua khai phé véi tap thudc tinh "t6t nhat" nay
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va tap thudc tinh ban dau trén cac tap dit lidu khac nhau. Qua trinh lya chon
thudc tinh duge biéu dién nhu hinh sau (Hinh 1.1).

Hién nay, ¢6 hai phuong phap chinh d tiép can bai toan lya chon thudc
tinh: Loc (filter) va Péng gbi (wrapper), mdi phuong phéap nay déu c6 muc tiu
riéng vé viée giam s6 luong thude tinh hodc nang cao dd chinh xac ctia mé hinh
phén loai. Phuong phép loc thuc hién viée lua chon thude tinh doc lap voi cac
thudt toan khai pha stir dung sau nay. Cac thudc tinh dugc chon dua trén do quan
trong cua chung trong viéc mo ta dit liéu. Phuong phap nay c6 uu diém 1a thoi
gian tinh toan nhanh, nhung nhugc diém 1a khong sir dung thong tin nhin 16p
ctia cac bd dit liéu, do do do chinh xac khong cao.Nguoc lai, phuong phap dong
g6i thuc hién bang cach ap dung ngay k¥ thuét khai phé cu thé v6i TRG thudce
tinh, do chinh xac cta két qua duoc st dung lam tiéu chudn dé lua chon cac tap
con thude tinh.

Tap
thudc tinh Tép can

——

Tapcon
phi hp

Hinh 1.1: Quy trinh RGTT
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1.2.1. Phwong phap rit gon thugce tinh theo tiép cin tap thd

Cho dén nay c6 rat nhidu cac phuong phdp RGTT trong BQD day du
theo tiép can ly thuyét tap tho truyén thdng, cac phuong phap dién hinh duoc
trinh bay nhu sau:

- Phwong phap RGTT dua trén mién duong:

K& tir khi Pawlak dua ra dinh nghia TRG dua trén mién dwong, cic cong
trinh nghién ctru da xay dung thuat toan tinh mién duong, Dya trén didu dé, ta
phat trién mot thuat toan dé tim TRG dua trén mién duong. Cu thé, mot rit gon
duoc dinh nghia nhu sau:

Dinh nghia 9. Cho BOP DS = (U,C U D), m¢t tip B € C duoc goi la
mét TRG ciia C dya trén mién duong néu théa man:

1. POSg(D) = POS-(D)

2.Vb e B,POSB\{b}(D) # P0Sg(D)

Dinh nghia 10. Cho BOP DS = (U,C U D) va mét tdp B < C. Khi do

do quan trong cua thuéc tinh b € C dwoc tinh theo cong thirc sau.
SIG(b,B) = vs(D) — v\p)(D) (1.14)
R rang, do can thiét ctia thudc tinh theo Dinh nghia 10 ¢6 tinh don diéu.
Sy thay do6i trong ham phu thude cang cao thi thudc tinh cang quan trong. Do
do, khi xay dung thudc tinh, cac thuat toan sé st dung dinh nghia nay dé xay
dung mot chudi cac thude tinh tmg vién cho TRG. Duya trén Dinh nghia 9 va
10, Hoa va cac cong su tai [4] dd st dung phuong phép sép xép nhanh
(Quicksort) dé sip xép cac dbi twong theo tinh phu hop va xiy dung thuat ton
tinh mién duong. Xu va cac cdng su trong [5] st dung phuong phép sap xép
theo co sb (Radix-sort) dé xay dung thuat toan tinh mién duong. Dua trén tinh
don diéu thong qua tinh can thiét ctia dit liéu duoc trinh bay trong Dinh nghia
10 va hai tinh chat ctia TRG tir Pinh nghia 9, Shu va cac cong su trong [6] da
x4y dung thuat toan loc GFS dé tim kiém céc thude tinh quan trong trén BQD.

Céc budc cua thuit toan GFS dugc trinh bay trong ma gia 1. Dua trén thuét
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toan GFS, cac tac gia trong [6] 3 mo rong cong thice tinh todn ham doc 1ap va
dé xuét thuét toén gia ting 12 IFSA sir dung khi bang quyét dinh b6 sung TDT
va IFSD str dung khi BQD loai bé TPT. Cac két qua thuc nghiém di cho thay,
cac phuong phép dé xuét ¢ hiéu qua cao hon so véi cac phuong phép trong [7,
8]. Bdo céo nay s& trinh bay chi tiét cac budc clia thuat todn GFS, IFSA va
IFSD dé tir d6 thay duoc nhimg wu, nhugce diém cuia phuong phép khi dya trén
d6 do mién duong truyén thong. Béo céo ciing st dung cdc thuét todn nay lam
co so dé so sénh véi cac thuat toan dé xudt duoc trinh bay trong céc phan tiép
theo.

Thuat toan GFS bao gém ba giai doan chinh. Giai doan thir nhét s& loai
bo di cac thude tinh ¢6 dd quan trong b%mg 0 trén tap thudc tinh diéu kién C.
Muc dich cta giai doan nay la giam thiéu khong gian tim kiém cho cac budc
sau do cua thuét toan. Giai doan thr hai thuat toan thuédt toan s€ loc tiép trén
cac thudc tinh tim dugc & giai doan 1 dé chon cac thudc tinh quan trong nhét.
Py ciing 1a giai doan chu chdt cia thuit toan khi d can thiét cia mdi thudc
tinh s& duoc danh gia trén TRG thu duoc tir budce trude d6. Noi mdt cach khac,
thuat todn s& kiém chting xem muc anh huéng cta thudc tinh duge lya chon
tiép theo dbi v6i TRG thu duge. Giai doan cudi ciing s& tiép tuc xdo bd céac

thudc tinh khéng quan trong dé thu duge mot TRG tdi vu.

Algorithm 1: The attribute reduction algorithm GFS
Input: A decision table DS = (U, C U D)
Output: One reduct B

1. initialize: B: = ¢
compute the new dependency function y. (D)
fora € C do

compute SIG(a, C)

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

S U A o

end for
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7. letP=B8B

8. whileyp(D) # y-(D)do

9. for a € C\P do

" select P: = P U {a,}, where a, = argmax{SIG(a,P U
{ab}

11. end while
12. fora € Pdo

13. compute SIG(a, P)

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

16. setB:=P

17. Return B

Tl Binh nghia 8, nhom nghién ctru trong [6] tiép tuc mo rong cong thirc

tinh do phu thudc cho ca hai truong hop gia tang va loai bo TPT.

C‘.':

Dinh 1y 1. Cho BOP DS = (U,C U D), tdp thujc tinh B € C, —

o+ ]

$ % i Xogwa 1.0 1 vd£={Y,Y,...,Ym}. Gid sit rang gid tri B-mién dwong ciia
1,42 B 1. 12 g & 4

D trén TPT U la POSY (D), TPT b6 sung la U,

My, My, .., My} v =22 = {2, Z,, ..., Zy,}, Gp phén hoach thudc tinh B va: D
Ua I ) 1
lo UU—2={X] X5 voiXis X105 Xl inr o Kogoo Mpgao MpggissiMu} v& UV

U . . g B
%d =LV, ¥, Vi, Vi1 Bt o s Bois Yeey0s Voo wss Zy } v todn b9 bang.
Khi do, do phu thugc maoi cua tdp thudc tinh B theo D trén toan bo bang duoc

tinh nhuw sau:
x!
u xEX]||=#1
UUUad( D) = posy(p) = POSz%4(D) B { il[D
& UV gq |UUU g4l |UUU gl

}‘(1 <i<l) (L15)

Viéc tinh toan ham phu thudc theo Pinh ly 1 dong vai trd quan trong

trong cac thuat toan RGTT khi anh huéng truc tiép dén hi¢u qua ctia viée lya
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chon tép con dic trung. Tur Dinh ly 1, thudt todn GFS dugc phat trien thanh

thuat toan IFSA dugc st dung khi BQD c6 su bo sung ctia TDT. Thoi gian tinh

toan TRG cua thuat todn IFSA sé& duoc giam thiéu ddng ké.

Algorithm 2: Incremental attribute reduction when adding the objects set

(IFSA)

Input: DS = (U, C U D) the reduct By on U and the set of adding objects Uaq.

Output: A new reduct B' on U U U,.

1.
2

10.
11.
12,
I3

initialize: P:=B'and U' = U U Uy,

compute the partitions of U on C and P respectively, % = X, X5, oo Xiii }

and = = {X;, X, ..., Xs}.

compute the partitions of U, on condition attribute set C and P
respectively, U—gg- = { N . Mo, s s Moy | and% = My Mo, o Mk
compute the partitions of the new object set U’ on C and P respectively,
u' u'

_ ! 7 I ! ! —
c = {XerZJ -"JXINXU+1:XU+2J coer Xy My 1, My 42, ...,Mm,}and P

{X1, X3, ---:Xert’+1JXl’+2: oy Ay Myaa, Mie, s Mg}
compute the new dependency function y5 (D) and v ’ (D) by Theorem
i
if yY' (D) = yZ (D) then go to step 12; else go to step 7.
for Vc € C\P, construct a descending sequence by SIG (¢, P), and record
the results by {c], ¢3, ..., ¢[c\p|}
while yp (D) # y-(D)do

for ¢ in C\P

Select P: = P U {c}and compute yY (D)

end while
for each attribute p € P do

compute SIG(p, P)



18
14. if SIG(p,P) = 0, then P: = P\{p}
15. end for
16. B’ = P and return B’

Khi TPT duoc bd sung vao BQD, quy trinh chi tiét ctia Thuét toan IFSA
dugc trinh bay cu thé nhu sau. Céc budc 2-5 1a tinh toan phan hoach va cép
nhit ham phu thudc theo coéng thirc gia tang dua trén Pinh ly 1; buoc 6 kiém
xem ham phu thugc méi cua tap con thudc tinh giai doan trude dé voi TDT cép
nhat co béng voi ham phu thudc trong toan bd tap thugc tinh diéu kién hay
khong (néu bing nhau thi giit nguyén tap thudc tinh ban dau). Cac budc 7-11
la xay dung trinh ty giam dan cho cac thudc tinh con lai va cip nhat TRG ting
dan. Budc 12-15 1a x6a cac thude tinh dur thira khoi két qua lua chon.

Cling dua trén Pinh nghia 8, céc tac gia trong [6] md rong cong thirc gia

tang trén BQD trong truong hop loai bo TDT.

Wl

DPinh 1y 2. Cho BOP DS = (U,C U D), tdp thuéc tinh B € C,
{X1, X5, s X }, % ={Y,, Y, ..., Y, }. Gia sw rc%ng gid tri B-mién duong cua D

trén TDT U la POSH (D), TPT Uy, la TDT bi logi bé, cdp phdn hoach thuéc

(U\Ude) —

tinh B va D trén TPT U\Ug lan lwot la =

(U\Ude) —
D

X0 X o 1. X Ky X vsdb
V.Y, ...,Y, Yei1,Yor0, ..., Yo ). Khi do, d6 phy thude moi cua tdp thudc tinh

B theo D trén toan bo bang diroc tinh theo cong thirc sau:

\ POSE(D)| _ _[Ugel [xf leu
U\U ge - B . de o
B |U\Ude| |U\Ude| + |U\Udel (1 SUs Z) (116)

Tu Pinh ly 2, gia tri cia ham phu thugc maéi co thé giam khi loai bo nhiéu
dbi tuong trén BQD. Tir do, [6] cling trinh bay thuat toan gia ting trong trudng
hop BQD loai bo TDT IFSD. Ttr thudt toan nay, hiéu qua cua viéc lua chon dac

trung duoc cai thién tir hai khia canh:
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(1) ham phu thudc duge cap nhat tang dan theo Dinh ly 2;
(2) tip con thudc tinh duoc cép nhat dan dan theo timg vong lap.
Chung t6i trinh bay chi tiét cac budc tién hanh ciia thuat toan IFSD nhu

Algorithm 3 Incremental attribute reduction when deleting the objects set

(IFSD)

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

[]aa' .

Output: A new reduct B’ on U\Uy,

15
2.

8.
9.

10.
11.
12,

initialize: P:= B' and U': = U\Ug,

compute the partitions of U on C and P respectively, % =
U

{XIJXZJ"‘JXm} and; = {XllXZJ' "!XS}'

compute the partitions of the new object set U’ on C and P respectively,

I

U — I ! I
— = {X1, X3, . X0, Xors1, Xorvzs oo Xy Myre1, My, oo, My} and
v’ Iy
f— !
?— {X]JXZ’""XZ"’XZ+1’XZ+2’ ...,Xm}.

Compute the new dependency function y¢ (D) and y¢' (D) by Theorem
2
ifyg’(D) = yg’(D)then go to step 11; else go to step 6.
for Vc € C\P, construct a descending sequence by SIG(c,P), and
record the results by {c1, ¢, ..., cje\p| -
while y,(D) # y-(D)do
for ¢ in C\P
‘ Select P: = P U {c}and compute y (D)
end while
for each attribute p € P do
’ compute SIG(p, P)
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13. if SIG(p,P) = 0, then P: = P\{p}
14. end for
15. B’ = P and return B’

- Phwong phap rut gon thugc tinh dwa trén entropy Shannon:

Gibng nhu cac phuong phap RGTT khac, dé xay dung phuong phap
heuristic sir dung entropy Shannon, can tién hanh nghién ctru cac budc:

(1) Binh nghia TRG duya trén entropy Shannon;

(2) Binh nghia d6 quan trong cta thudc tinh str dung entropy Shannon.

P06 quan trong cua thudc tinh dac trung cho chét luong phan 16p cua
thudc tinh va 14 tiéu chudn lua chon thudc tinh trong cac bude cla thuat toan
heuristic tim mot TRG c6 chét lwong phan 16p tot nhat.

Dinh nghia 11. Cho BOP DS = (U,C U D) va tdp thuéc tinh P € C.

Gia sw rﬁng% =i Pl P ) P,.}, khi do entropy Shannon cua P dwoc xdc dinh

boi cong thurc:
|Pi]

ES(P) = = BJ%; Ttk log, Tk (1.17)

C6 thé théy rang, néu— = U thi ES(P) = 0 va dat gié tri nh nhét. Ngugc
lai,néu P; = {u;}Vu; € U,i € [1,|U]] thi ES(P) dat gia tri 16n nhét tai log, |U]|.
Pinh nghia 12. Cho BOP DS=(U,CUD), gid s ring ==
161Gy G } V2 % = {Dy,D,, ..., D,.}, khi dé entropy Shannon cé diéu kién
ciia D khi dé biét C dwoc dinh nghia boi:
_ _vm lGlgn lcndy|, |cinD;|
ESIDIC) = = Lima g 2j=1 1y 109 —ig;
Ménh @& 3. Cho BOP DS= (U CUD). Neu Q<SP CSC thi
ES(D|Q) = ES(D|P).

Ménh dé 3 néi 1én tinh phan don diéu cta entropy Shannon cé diéu kién,

(1.18)

nghia 12 tap thudc tinh didu kién O cang nho (phan hoach sinh bsi Q cang thd)
thi ES(D|Q) cang 1én va nguoc lai.
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Dinh nghia 13. Cho BOP DS = (U,C U D), thudc tinh a € C dwoc goi
la dw thira trong DS dua trén Entropy Shannon cé diéu kién néu ES(D|C) =
ES(D|C\{a}). Nguoc lai, a goi la thugc tinh can thiét. Tap tat ca cdc thudc
tinh can thiét trong DS duoc goi la tdp [0i dua trén entropy Shannon co diéu
kién va ky hiéu la HCORE (C).

Pinh nghia 14. Cho BOD DS = (U,C U D) va tdp thudc tinh B < C.
Khi do B duoc goi la rut gon cua C dwa trén entropy Shannon c6 diéu kién, goi
tit la TRG Entropy Shannon néu:

1. ES(D|B) = ES(D|C).

2. YbeB,ES(D|B\{b}) # ES(D|C).

Dinh nghia 15. Cho BOP DS = (U,C U D) va tdp thudc tinh B € C,
b € C\B. D¢ quan trong cua thudc tinh b doi véi B duwoc dinh nghia boi

SIGg(b) = ES(D|B) —ES(D|B U {b}) (1.19)

Theo Ménh d& 3, ta c6 ES(D|B) = ES(D|B U {b})nén SIG,(b) = 0. Do
d6, SIGz(b) Khi lugng thay dbi entropy cang 16n, thudc tinh b tr& nén cang
quan trong hon va nguoc lai. D§ quan trong cua thudc tinh b déc trung cho kha
niing phan 16p ciia né vao cac 16p quyét dinh. Do d6, thudce tinh b thuong duoc
sir dung 1am tiéu chuan trong thuét toan heuristic dé lya chon TRG trong BQD
day du. Dé mo ta thuat toan heuristic sir dung entropy Shannon dé tim TRG, ta
c6 thé 4p dung hai huéng tiép cén: tir dudi 1én (bottom-up) va tir trén xubng
(top-down). Phan nay s& mé ta mot thuat toan heuristic tinh toan 15 theo huéng
tiép can tir dudi 1én. Y tudng cia thuat todn 12 bat dau tir tap 161 HCOREC, sau
d6 tiép tuc ting cuong cac thude tinh ¢o tinh quan trong 16n nhat cho dén khi
tim duge TRG. Trinh tu cua thuat todn dugc trinh bay trong bang ma gia 4 dudi

day:

Algorithm 4: Find the core set based on the entropy Shannon
Input: DS = (U,C U D)
Output: HCORE(C)
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1. Initialize: HCORE(C) =0

2. forceCdo

3 compute ES(D|C\{c})

4 if ES(D|C\{c}) # ES(D|C), then HCORE(C): = HCORE(C) U
{c}

5. end for

6. return HCORE(C)

Xét BQD DS = (U,C U D), véi B C va b € C\B, gia sit ring - =

{B,,B,, ..., By}, —— = {B1, B, ..., B,}. Theo Dinh nghia 12 dugc trinh bay ¢

Bu {b}

trén, entropy Shannon ¢ diéu kién cia D khi di biét tap thudc tinh C la

ES(D|C) = -3" 16l gn ICLOD"I [cinD)] . Dé tinh phan hoach U\B U {b}

=g <I=1 el [
khi biét phan hoach = sir dung Thuét toan dugc trinh bay trong bang ma gia 5

nhu sau:

Algorithm 5: Compute based on %

{b}

Input: g= By Bo, voxs By}

Output: Bu{b}

1. Initialize: TMP = ¢

2. for B; € U do

3 compute B; /{b}

4. TMP:=TMP U B;/{b}
5. end for

6. return 7MP

Dua vao hai thuat toan trén, thuat toan heuristic tim TRG tdt nhét trén
BQD st dung entropy Shannon cé diéu kién c6 tinh toan 16i duge trinh bay nhur

sau.
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Algorithm 6: Conditional Entropy Based Algorithm for Reduction of
Knowledge with Computing Core

Input: DS = (U,CUD),Bc(C,beC\B

Output: A reduct B

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

// Find the entropy Shannon reduct

2. B = HCORE(C)

// Supplements one attribute with the highest significance into B

3. while ES(D|B) # ES(D|C) do

4. for b € C\B do

8, compute ES(D|B\{b})

6. select by which satisfies: SIGgz(b) = %&J&{SIGB (b)}
7. B:= B U {b,}

8. Compute ES(D|B)

0. end for

10. end while

// Remove the redundant attribute in B

11. B* = B\HCORE(C)

12. for b € B* do

13. compute ES(D|B\{b})

14. if ES(D|B\{b}) = ES(D|C) then B: = B\{b}
15. end for

16. return B
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1.2.2. Phwong phap rit gon thudc tinh theo tiép cin tip mo

Céc nghién ctru di chi ra ring phuong phap RGTT dua trén tiép cén tap tho 1a
hiéu qua trén cac BQD c6 thude tinh gié tri roi rac. Tuy nhién, @i v6i cac BQD c6
thudc tinh gia tri lién tuc (BQPD sd), viée chuyén ddi mién gia tri tir lién tuc sang roi
rac 14 can thiét trude khi ap dung RGTT. Qua trinh nay c6 thé tao ra chi phi thuc hién
va c6 thé dan dén mét mat dir lidu. Vi vay, cic nha nghién ctu d d& xuat phuong
phép RGTT truc tiép trén cac BQD gbc ma khoéng can phai thuc hién budce roi rac
hoa dit lieu trude. Mot trong nhitng phuong phap nay la cac phuong phap RGTT dua
trén tiép can TTM.

Céc phuong phép dua trén TTM tim rit gon truc tiép trén dit liéu gbe dua trén
QHTDPM. Vi QHTPM bao toan su khac biét ctia cac dbi tuong, nén cach tiép can
TTM c6 kha nang ting cudng dd chinh xac khi phan loai rut. Trong nhiing nim gan
day, RGTT dua trén TTM d3 thu hat nhiéu tac gia. Mot sé phuong phap dién hinh
ctia phuong phap nay 1a ham phu thude mo [107], [11], [12, 13, 14, 15], mién duong
mao [16, 17, 18], ma trdn mo phan biét [19, 20], entropy mo [21, 22, 23, 24], khoang
cach md [25, 26, 27] va mot sé phuong phap khéc, chang han nhu dd chi tiét cna
thong tin mo [28], muc ting thong tin md [29]. Trong phan nay, bdo céo sé trinh bay
mat s6 thudt toan trong viée tim kiém mot rat gon trén BQP day di chua bién dong
va BQP khi c6 su thay dbi sé luong dbi twong theo hudng tiép can tip mo sir dung
do do khoang cach mo.

- Thuat toan tim tap rut gon dwa trén khoang cach md& trwéce khi gia tang

Pinh nghia 16. [9] Cho BOD DS = (U,C U D), trong dé U = {uy, u,, ..., Uy},
P,Q S C va hai phin hoach mo trén P va Q la Yp = {[Z]P} va Yo = {[Z]Q}vé'i

u€U, khi @6 khodng cdch giiia hai phan hoach Yp va Yy la:

v & 1 [w,)pUlu,]p|~|[w ] p0u]
0 (Tp Tg) = o xlth (IdeeideoJtadenblel (1.20)
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Ménh dé 4. [9] Cho BOP DS = (U,C U D) véi U = {uy, Uy, ..., up}va R la
mot QHTPM dwoc dinh nghia boi mién gid tri cua thudc tinh diéu kién. Khoang cach

mo giita hai tdp thugce tinh C va C U D la:

@(YC»?CUD) = % 15 (l[a':]cl - l[a:]c n |[a:]D|D (1.21}
Pinh nghia 17. [9] Cho BOP DS = (U,C U D), trongdo B © Cvab € C\B.
Do quan trong cua thudc tinh b voi B duoc dinh nghia nhw sau:
SIGg(b) = @(?BJ?BUD) - (p(YBU{b}J?BU{b}UD) (1.22)
Pinh nghia 18. [9] Cho BOD DS = (U, C U D) va Ry, R la hai QHTDM trén
tap thugce tinh Bva Cvagi B € C. Khi do B dwoc goi la mgt riit gon cua BOD sir dung
khodng cdach mé néu thoa man.
L QD(T’-BJ?BUD) = (P(TOYCUD)
2. Vb € B, o(Yp\wy Ye\wyun) = (Yo, Yeun)
Tir mot s6 dinh nghia va ménh dé trén, [9] d4 thiét ké thuat toan Fuzzy Distance
Attribute Reduction (FDAR) nhim tim kiém mot rat gon trén BQD ban dau.
Algorithm 7: Fuzzy Distance Attribute Reduction (FDAR)
Input: DS = (U,C U D) and R
Output: A reduct B

1. while @(?BJ?BUD) * @(YCJTCUD) do
;! for b € C\B do
3 select by which satisfies: SIGz(b) = g\gg\ag{SIGB(b)}

B:= B'U {by}

4

3. end for
6. end while
7

return B
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- Thuat toan gia ting tim tap rit gon dua trén khoang cach mo
Ménh dé 5. Cho BOP DS = (U,C U D) véi U = {uy, Uy, ..., Uy} va R la mét
QHTDM duwoc dinh nghia trén mién gia tri tdp thuoc tinh diéu kién. Gia sir rc%ng,
TDT méi bao gom s phan tir AU = {Up 11, Upyz, o) Unys) dieoc thém vao U. Véi
MUUAU(RC) = [mij](n+s)(n+s)’ MUUAU(RD) = [dij](n+s)(n+s) la hai ma trdn twong

duwong trén C va D, cong thirc gia tdang tinh khoang cdch dwoc trinh bay nhw sau:

(pUUAU(YCI YCUD) (E) fPU(Yc:YCUD) F Ry (n+s)2 f:l(l[unﬂ]cl -
|[un+1]c [unﬂ | a; ) (1 23)

trong do, a; = Z}:%(mn+i,n+j+1 - min(mn+i,n+j+1: dn+i,n+j+1))-
Ménh dé 6. Cho BOP DS = (U,C U D) v6i U = {uy,uy, ..., un} va R la mot
QHTDPM, B € C la mét rut gon dwa trén khoang cach mo. Gia si rang TDT AU =

{11, Unsas o, Uny s} duoe bO sung vao U. Khi do, chung ta co hai trieong hop sau:

1. NéuD(u,yq) =dvéii=12,..,s thi
(»OUUAU(?CJYCUD)

- (= “’j ) 0u(Fe. Yeun)

(n T 5)2 Z(I Upsile| = |[Unsdde N [Unsadp])

(1.24)
2. Néu [up4,]p € [tng]p vOii=12,...,5 thi

QDUUAU(?C:?CUD) = ‘PUUAU(?B;?BUD) (1.25)
Dua trén cac dinh nghia va ménh d@ néu trén, thuat toan gia tang tim TRG trén

BQD trong trudng hop bd sung TDT duoc trinh bay nhu sau:

Algorithm 8: Incremental Filter Algorithm for Finding Reduct After Adding a Set
of Objects (IF-FDAR-AdObjs)

Input:
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DS = (U,CUD),areduct B S C and R

Mu(Rs) = [byf], o Ma(R) =[], Mu(Ro) = [dif],,

AU = {Uny1, Unsa) ) Unts)

Output: The approximation reduct B of DS’ = (U U AU,C U D)

// Initialization

1.

B:=¢

compute  fuzzy equivalence matrices  on the object set U U AU

MUUAU(ﬁB) = [bij](n+s)x(n+s)’ MUUAU(ED) = [dij](n+5)x(n+5)

// Check the added set of objects

3. X:= AU
4. fori=1tosdo
3. if [tns) 5 S [Unso]p then X: = X\ {141}
6 if X = ¢ then return B, //Approximation reduct does not change
7. end for
8. setAU:= X, S:= AU // reset the object set
//Finding the reduct
9. compute @U(YC,TCUD), @U(YB,?BUD)
10.  compute QDUUAU(YC: ?CUD): QDUUAU(YBr ?BUD)
//Filter stage
11.  while ¢UUAU(?BJYBUD) * (pUUAU(YCJYCUD) do
1.2, for b € C\B do
13. compute @yuau (Ysugsy Yaugpiup )by incremental forrmulas
14. select by which satisfies: SIGg(by) = g\gg\yg{SlGB (b)}
15. B:= B U {by}
16. end for
17. end while
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18. return B
Ménh dé 7. Cho BOP DS = (U,C U D) v6i U = {uy, Uy, ..., un} va R la mét

QHTDPM duoc dinh nghia trén mién gid tri tdp thugc tinh diéu kién. Gia sir rc%ng,
TDT AU = {uy, Up 41, v r Ugss—1} bi loai bo khoi U. Cdc ma trdn twong dwong mo
trén Cva D ctia BQD khi bi logi bo lan leot la My\ay(Re) = [my] o va
MU\AU(QD) = [dij](n—s)(n—s)' Cong thic gia tang khodng cach dwoc trinh bay nhw
sau:
S & n \2 S 2 o FP "

@U\AU(YCJYCUD) = (n__s) fpu(Yc: YCUD) —mz‘.?:é(l[unﬂ]cl -
|[un+1]c N [un—f-L]Dl - ﬁl) (1-26)

trong d6, By = X5 o(Micwiir; — MIN(Mir ikt jp dictiier1)):
Ménh dé 8. Cho BOP DS = (U,C U D) v6i U = {uy, Uy, ..., Uy} va R ld mot
QHTPM, B € C la mot rut gon dua trén khoang cach mo. Gia sir ra%ng IPT AU =

{up, U1y voos Uggs—1 ) dueoce loai bo khoi U. Khi do, chiing ta co hai truong hgp sau:
I. NéuD(uyy) =dvéii=12,..,5s—1thi

@U\AU(YCJ?CUD)

= (n i 3)2 QDU(?CJ?CUD)

2 O
- (n——S)ZZ(Hunﬂ]cl = [[Un+ide N [unsdbl)
i=0

(1.27)
2. Néu [Uprilg S [Ugrglp VOii=1,2,...s-1 thi
(pU\AU(?CJ?CUD) = QDU\AU(YB:?BUD) (1.28)
Cling tuong tu nhu thudt toan IF-FDAR-AdODbjs, thuat toan gia tang tim rut gon
trén BOQD khi loai bo TPT duoc trinh bay trong bang ma gia s6 9.
Céc phuong phap RGTT truc tiép trén BQD sb hién nay da phan chi dua trén
tiép can TTM. Céc két qua thuc nghiém di cho thdy TRG thu dugc theo tiép can nay



29
con chua hiéu qua vé kich thuéc va do chinh xac phén 16p trén cac bo dit lidu nhidu
do khong gian xap xi mo 1 chua di d& mé ta mbi quan hé cia cac ddi tuong trong
mot tap. Pi voi phuong phap RGTT theo tiép can tdp mo, trén thé gidi hién nay
chua duoc biét téi mic du cach thire xay dung khong gian xp xi mo phan anh déy
du thong tin quan hé ciia mot ddi tuong va dé do danh gia d6 quan trong cia thude
tinh mang tinh chit ch&. Trong phan sau ctia bio cdo ndy, luan vin s& néu rd vé ly
thuyét tdp mo va dé xuat huéng xay dung mot sb thuét toan RGTT theo cach tiép

can tap mo.
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CHUONG 2. LY THUYET TAP MO MUC a VA MQT SO THUAT TOAN
GIA TANG RUT GON THUQC TINH

2.1. MOT SO KHAI NIEM CO BAN

Nhu d trinh bay & cac phan trén, 1y thuyét tap thd khong hiéu qua khi xir 1y véi
c4c bang dir liéu mang mién gia trj s, lién tuc. Ly thuyét tdp mo khong hiéu qua khi
xir 1y véi cac BQD c6 d6 chinh x4c ban dau thap do sw han ché vé kha ning loai bd
nhiéu. Do d6, dé giai quyét vén dé nay, du tién d@ tai s& xdy dung mot tap lat cét o
lam co s& dé xay dung céc 16p tuong duong mo mire o trong cic phan hoach cla
ting thudc tinh trén BQD. Sau do, luén van s€ xdy dung hai cong thtc tinh toan gia
tang nham tao tién dé cho viéc x4y dung d6 do quan trong ctia cac thudc tinh. Cubi
cung, ludn van sé d@ xuét hai thuét toan gia ting dé tim kiém cac rat gon trong trudng
hop BQDP ¢o su gia tang hoac loai boé TDT.

Pau tién, xét BQD DS = (U,C U D) véi U = {uy, Uy, ..., U, AS C vaR,1a
mdt QHTPM duoc dinh nghia trén mién gia tri clia tip thudc tinh A. Cho a la mot
s6 thue nam trong khoang [0,1]. Khi d6, tap lat cit a 1 mot tip nguyén thiy dua trén
mirc o cua tdp mo [ii] 4, ky hiéu 1a [u]4, duge xac dinh nhu sau:

[ulf ={veU:[t]s(v) = a}

Tiép theo, tap [ii]% duoc x4y dung bing cach tong hop hop cac phan tir cia
[1]% thong qua do tuong tw. Cu thé, [f]4 1 mot tip mo trén U véi mdi mite twong
tu ctia mdi ddi tugng v € U.

[tt]a(v) v € [u]f
0 v&i cac truong hop con lai

RIHORS

D@ thdy rang, [i]§ s& dugc hinh thanh dua trén viée diéu chinh cac s6 md tir

16p twong duong md [u]%. Nhitng sé md ndy ¢ muc twong tw nhod hon a. Trong ludn
vin nay, ching toi s& goi [@]% 14 mét 16p twong dwong md mirc o ctia ddi tuong w.
Do d6, mét ho {[#] : u € U } s& tao ra mot phan hoach mo trén U. Mot cach don

gian, ho nay s€ duoc ky higu 12 Y va duoc goi la phan hoach mo muec o.
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Cho Y% va Y% 1a hai phan hoach m& mirc « trén tap thudc tinh A va B. Ching
toi noi ring XF’E min hon 173' , ky hiéu la ﬁ‘ < Y’g néu véi moi ddi tuong u € U,
[1]% < [i]%. Tiép theo, luan van s& trinh biy mét s6 tinh chat ctia phan hoach md
va l6p tuong duong mire o.
Ménh dé 1. Cho BQD DS = (U,C U D)
(i) Néu A, B < C thi [©i]%,p = [T]4 n [@]4.
(i) Néu A € B thi Y < Y&.
(iii) Néu ay < a, thi Yo <Y
2.2. THUAT TOAN RUT GON THUQC TINH TREN BANG QUYET
PINH CO PINH
Pinh nghia 1. Cho BQD DS = (U,CU D) véi TPT U = {uy, uy, ..., u,} va hai
phén hoach mo muc a la Y’E va fg dugc hinh thanh boi céc 16p tuwong duong mo
murc o la [G]j va [{i]g cua tdp thudc tinh A,B S C . V&i moi uy; € U, khoang céach
phan hoach mo gitra fa va Y’E ky hiéu la 'Dv(f’:"{ ,fﬁ ) dugc xac dinh nhu sau:

Uila Ni%ﬂ ~1'31:
B(¥% 72 = Zl 1 [2:]% Inzl[u] [T:]4]

Ménh dé 2. Cho BQP DS = (U,C U D) véi TDT U = {uy, Uy, ..., up}. Vi

moi u; € U, khoang cach phan hoach mo gitta hai phan hoach mo muce o duge tao
bé1i tap thudc tinh C va C U D dugc xac dinh nhu sau:

[@:]¢] = 1[8:]¢ 0 [i;]5)
D(YE,Y%,,) = Z e

Ménh dé 3. Cho BQP DS = (U,CUD) va A BEC . Néu A C B thi
B(Y3 Y5 ) = D(YE, Y85 )
Pinh nghia 2. Cho BQD DS = (U, C U D), khi d6 mdt tap con B dugc goi 1a

mdt rat gon ctia € néu thoa man:
) D(Y§. Y50 ) =D(YE.YE0p)
(i) VB' < B, D(Y% ,Y%,, ) > D(YE, Y%, ).
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Pinh nghia 3. Cho BQP DS = (U, C U D), mét tap con thude tinh B va mot
thudc tinh b € C\B, khi d6 dd quan trong cua thudc tinh b theo B dugc xac dinh nhu
sau:

Sigs(b) = D(Y% . Y3y ) — D(Y2 03 » Youimun )

Theo tinh chét ctia khoang cich md (Ménh dé 3) ta c6 Sigz(h). P quan trong
Sigp (b) dic trung cho chit luong phan 16p cia thudce tinh b d6i véi thude tinh quyét
dinh D va dugc st dung lam ti€u chuén lua chon thudc tinh cho thudt toan filter
F FDBAR o tim TRG.
Thuat toan F_ FDBAR _a (Filter - Fuzzy Distance Based Attribute Reduction a):

Thuét toan filter tim tap rut gon sir dung khoang cach mo.
Pau vao: Bang quyét dinh DS = (U, C U D), QHTPM R x4c dinh trén tap
thuéc tinh didu kién.
Pau ra: Mot tap rut gon B
1. B« @; E(YW,%) =1
2. Tinh khoang cdch mo& D"("{T” ) %);
// Thém dan vao B cdc thudc tinh c6 dp quan trong lom nhdt
3. While D(Y%, Y% ,) = D(Y2,Y%,,) do
4. Begin
5.  Véimdia € C — B tinh
Sigg(a) = ﬁ(ﬁ:%) - 5(Ym}rygﬁun)
6. Chon a,, € C — B sao cho SIGy(a,,) = aﬂedg_xB{SIGB(a)};
7. B =BU{a,};
8. End;

Tiép theo, luan vin danh gia d6 phc tap thoi gian cta thuét toan F FDBAR. a,
goi tat 1a d phuc tap. Gia st D = {d} va ky hiéu |C|, |U| tuong tmg 1a s6 thudc tinh
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didu kién va sé dbi tuong. Do phic tap tinh ma tran tuong duong mo M(Y%) 1a
0(|C||U|?), do @ dd phic tap tinh khoang cich mé trong cAu 1énh 2 12 O(|C||U|?).
Xét vong lap While tr cau 1énh 3 dén 8, dé tinh SIGz(a) ta phai tinh
5(Y§Ia}, gz;;w) vi 5(%,%) dd dugc tinh & budc trudc. DG phuc tap
tinhD (Yﬂ}, YS’J{;U ) bang do phirc tap tinh ma trén trong duong mo cua thude
tinh @, nghia 12 0(|U|?). Do c6 hai vong lap 1ong nhau theo |C| nén do phirc tap cua
vong lap While 12 0(|C|?|U|?). Tuong tu, d§ phirc tap ctia vong 1ap For tir dong 1énh
s 9 dén 13 12 0(|C|?|U|?). Do d6, d6 phuc tap cia thuat toan F FDBAR a 1a
o(ICI*|UI®)

X&BQD DS = (U,C UD)v6iC = {ay,a,,...,an} va R 1a QHTDM xéc dinh
trén mién gid trj thudc tinh didu kién. Pat w = D(YE,YE,,). Theo thudt todn
F _FDBAR_a, gia sir cac thudc tinh a; , a;, ... dugc thém vao tap rong theo gié tri

16n nhét cua d6 quan trong thudc tinh cho dén khi ton tai t € {1,2,...m} sao cho

D ((}7{“ ) (17“ )) = w. K&t thic thudt toan, ta thu duoc TRG

ail,aiz,...,a[-t} {ail,aiz,...,ait}UD
B = {ail, Gy, s v 5 ait}, do chinh xac phan 16p trén tap dit liéu dugce tinh boi do chinh

xac phan 16p trén B. Do d6, thudt toan F FDBAR _a theo hudng tiép can filter truyén

théng.
Mit khic, theo Ménh & 3 ta oo D(FE V5 p) 2
B () s ion)) 22 B ( () (min))

w V& ngudng € >w cho trude, dat Bk:{ail,...,aik} thoa maén

b ((7&) (Vo)) = eva D ((?B“ku {aiw}) (72, [})) < &. Khi do, By dupc

goi la TRG xdp xi ngutng €. Néu By, va By U {aikﬂ, : ..,ait} duoc st dung dé xay

dung bd phan 1&p, cong bd [9] cho thdy, do chinh xac phan 16p trén By U
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{ai,m: — ait} chua chéc da tdt hon trén By,. Gia sit By, c6 d6 chinh xéc phan 16p tét
hon By, U {aikﬂ, 5 b ait}. Khi d6, néu chon B, 13 két qua ctia thuat toan thi B, c6 dd
chinh x4c phan 16p cao hon, ¢6 s6 luong thudc tinh it hon nén kha ning khéi quat
hoa va hiéu nang thuc hién cac thuat toan phan 16p s€ cao hon.
2.3. THUAT TOAN GIA TANG FIFTER TiM TAP RUT GON KHI BO
SUNG TAP POI TUQNG
Cong thirc gia ting tinh khoang cich md khi bo sung tip dbi twong
Tir Ménh dé 4, luan van gi6i thiéu cong thire gia ting tinh khoang cach mo
khi thém mét TDT & Ménh dé 5:
Ménh dé 5. Cho BOP DS = (U,CUD) véi U= {x1,%3,...,%,} va ¥ la
QHTPM xdc dinh trén mién gid tri tdp thudc tinh diéu kién. Gid sir TDT gém s phan

tir AU = {Xp 41, Xpy2, o0 Xnys} @ueoc bo sung vao U, ma s22. Vi MUUM(Y‘CX) =

1 ’—.Ei — v .
[m‘l](n+s)x(n+s)’ Myoau(Y5) [d‘l](n+s)x(n+s) la ma trgn tuwong dwong mo tuwong

ting trén C va D. Khi do, cong thire gia tang khodang cdach mo nhw sau:

Duyuao (Y Yeup )

= (n-i—s)z EU(Y& %)

2 s
o D, lneddel = lnadde 0 Boneds) = @)

MA @, =" (Mo =00 (Mt et ))

Thuit todn gia ting fifter tim tip rit gon sau khi b sung tip dbi twgng:
Ménh dé 6. Cho BOP DS = (U,C U D) véi U = {x;,%,,...,x,} va R la QHTDM
xdc dinh trén mién gid tri tdp thude tinh diéu kién, B € Cla TRG dua trén khodng
cach mo. Gia sie TDT gom s phan tir AU = {X 11, Xpy2s -+ ) Xns} dueoe b6 sung vao
U. Khi do ta co:

1) NéuD (xp4;) =d véimoii =1,2,..,s thi:
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n

2 Douau (T T80 ) = () DT Ton ) + pogs Zia (U xmsle] -
|Bn+ile O [Xnail51D)
3) Néulxnsils S [Xnsils voimoii = 12,..., thi Dyya (Y5, V805 ) =
Byuay (F T2)).
Tir két qua cuia Ménh dé 6, thuét toan gia tang filter-wrapper RGTT st dung khoang
cach m& IF_ FDAR_AdObj o gdm 3 budc chinh:
Algorithm IF_FDAR_AdObj_a

Piu vao:
1. Bang quyét dinh DS = (U,C U D) v6iU = {x1,%5,...,%,} , QHTDM R,
taprutgon B € C .
2. Céc ma tran tuong duong mo
My(Rp) = [by] . My(YE) = [ey] ., Mu(Y5) = [dyj] .
3. Tap dbi tuong bd sung AU = {Xp41, Xn42s- ) Xnis)
PAu ra: Tép rut gon x4p xi Byeg cia DS’ = (U U AU, C U D) véi dd chinh
x4c phan loai cao nht.
Buwoc 1: Khoi tao
1. T:=@; /| T chita émg cia vién tdp rit gon tot nhat

2. Tinh cac ma tran tuong duong mo trén tap dbi tuong U U AU

Myuau(Rp) = [bif](n+s)x(n+s)’ Myoau(Y5) = [dij](n+s)><(n+s);
Burée 2: Kiém tra tip doi twong thém vao
3. batX:= AU ;
4. Fori =1 tosdo
5. If[¥n4ils € [Xneil5 then X=X — {xn4iks
6. IfX =@ thenReturn By, / Tdp xdp xi khéng thay doi
7. PatAU: = X; s:=|AU|; //Gdn lai tdp doi twong
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Buwéc 3: Tim tdp rut gon 1ot nhit
8. Tinh cac khoang cach md ban dau
Dy (Ya ’YgUD); Dy ((Ya Yeup ))>
9. Tinh khoang cach m¢ boi cong thirc gia ting:
BUUAU(YS :Ygup)i Dyvau ((Yg Yéup ))
// Giai doan fifter: tim cac &ng vién cho tip rit gon

10.While Doy (Y2, ¥2,5) # Dyuav ((?E YE . )) do

11.Begin
12. For eacha€ C —B do
13. Begin

14, Tinh Dyyay ((Ygu-_{;}), (ng‘{gw)) b&i cong thirc gia tang;
15.  Tinh SIGg(a) = Dyyau(YE,YE,,) —

Dyuav ((Ygu{a})’ (Ygu{a}ul))) g
16. End;
17. Selecta € C — B satisfying SIGg(a,,) = I\E/IngxB{SIGB (a)};
v

18. B:=BU{ay};
19. Byi= B Uda; )
20. T:=T U By;
21.End;

Trong phan nay, Luin vin s& danh gid d6 phic tap cua thudt toan

IF_FDAR_AdObj a.Giast D = {d},|C],|U|,|AU]| tuong tmg la s6 thudc tinh diéu

kién, sb ddi tugng va sb dbi tugng bd sung tir tip ban dau. Po phirc tap clia thuat
toan duogc tinh dua trén thuét todn trén.
D6 phirc tap ciia ma trdn twong duong mo ¢ cdu lénh 2 trén|U| + [AU| 1a

O(|B| = |4U| * (|U| + |AU|))va do phic tap cta vong for & cau I¢nh 4, 5 Ia
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0(]4U| * (JU| + |AU])). Trong trudng hop tt nhat, thuét toan két thuc & céu 1¢nh 6
(TRG khéng thay d6i). Khi d6, d6 phuc tap cta thuét toan IF_FDAR_AdObj_o
120(|B| * |4U| * (|U| + |AU|)). Nguoc lai, d6 phirc tap clia khoang cach m& & cau
lénh 9 1a0(|C| = |AU| = (JU| +|4U])), d6 phoc tap tinh gia ting

Dy s ((Ygum), (Ygu{a}u{d}))la 0(l4U| = (JU| + |4U])). Béng c4ch tinh d¢ phtc

tap twong ty nhu thuat todan FW_FDBAR ¢ trong phan 2.4, @ phirc tap ctia vong 13p
While (tir cdu 1énh 10 dén cau 1énh 21) 12 0((|C| — |B)?|AU| * (JU| + |4U)). Két
qua do phtc tap cua giai doan fifter trong truong hop x4u nhét lél()((l Cl| ~
IBD?14U] = (1U] + 14UD).

Néu thuc hién thuat toan khong gia ting FW_FDBAR a truc tiép trén BQD
c6 sb dbi tuong U U AU, theo muc 2, d6 phtc tap cia FW_FDBAR a la
O(IC|? = (|U| + |AUD?) + 0(|C| * T). Duya trén két qua nay ching ta thdy ring
thuét toan IF. FDAR_AdObj_o giam thidu dang ké thoi gian thuc hién, dic biét trong
trudng hop TDT |U] 16n hoic tap diéu kién |C| 16n va |B| nhé.

2.4. THUAT TOAN GIA TANG FIFTER TiM TAP RUT GON KHI
LOAI BO TAP POI TUQNG
Cap nhiat khoang cach mo khi loai bé tap déi twong

Trén co s& Ménh dé 6, chiing t6i xay dung cong thtic cap nhat khoang cach
md trong trudng hop loai bo TDT béi Ménh @ 3.5 nhu sau:

Ménh dé 7. Cho BOP DS = (U,CUD) véi U={x1,%,,...,x,} va R la mot
OHTPM. Gia sir TPT gém s phan tie AU = {xy, Xjo41, -+, Xp+s—1} i loai khoi U,
s < n. Ma trén tuong duwong mo va ma trdn tuong duwong trén C va D tuong ung

du’_o’c xdac dlnh boi MU—AU(?C) = [mu] MU—-L"AU(RD) = [dij](n—s)x(n—s) .

Khi do, cong thire cdp nhdt khoang cdch mo nhue sau:

(n—-s)x(n-s)’
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Dyuau(YE, Yéup )

- (2 S)ZD*U(W@:;)

2 5=
(TL S)ZZ' ((l[xn+L]C| I[xn-}-;] [xnﬂ] |) )

Voi g = Z;=O(mk+i.k+j —min {mk+i‘ff+j’dk+i.k+j})
Chitrng minh: Ky hiéu D;, D,,..., Ds tuong ting 13 khoang cach md khi loai

bé 14n luot cac dbi tuongXy, X1, .-+, Xxis—1 Khoi U va Dyla khoang cdch mo trén
TDT ban dau U. Ap dung Ménh dé 3.4, ta co:

n \2 -

D, = (n _ 1) Do
- 1)2 (Ulxde! = xde 0 BadsD)
— (Mupe — min{myp, dk,k}))
2

— fn—1
Dzz(n—z) ¥

2
—)2 ((| [xrer1lel — Xeeade O K15l

(

— (Mpp 1k — Min{Mpsr o A1 e })

- (mk+1,k+1 - mm{mk+1,k+1r dk+1,k+1})) 52

N P,
- (n — 2) DO
2
Y (UDxelel = 1oxede 0 Dl 51D = (mygre — min{myp, dicic})
+( Doeralel = 1Deale N ierdlsD) = (Miesrie — min{myg i diesie})

— (mk+1,k+1 - min{mk+l,k+b dk+1.k+1}))

Tinh tuong tu nhu vay, ta duogc:
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2 Zs‘l( ([xerilel = [xperile N [Xiei]51) )

B (n—2)% = ij:o(mk+1,k+j - mm{mkﬂ,kﬂ: dk+i.k+j})

Vi vy,
- 2. 2 s-1
By = (;77) Do~ grge 2., (Bcidlel = Ileadle 0 [riridsD) = €0

n—1

siw i ‘
Vi ¢, = Zj=9(mk+f.k+_i —min {mk+i.k+j3 dk+£.k+j})

Thuét toan fifter dé cAp nhat tip rit gon khi loai bé tip ddi twong:
Ménh dé 7. Cho BOP DS = (U,CUDWGi U ={x;,%5,...,x,}va R la mét
QHTDPM xdc dinh trén mién gia tri cua tap thugc tinh diéu kién.B S C la TRG dua
trén khodng cdch mo. Gia sit TPT gom s phan tie AU = {Xy, Xps1,--+» Xiess—1} bi
loai khoi U,s < n. Khi do ta co:
1) Néu D(xpy;) =d v6ii=0,...,s —1 thi
Dy-av(YZ  Yéup )

T, A2 o s e
= (n—s) DU(YaJYgUD)
2
(11 —5)"
2)Néu [x4:]5 € [Xp+il5 v6ii = 0,...,s — 1 thi.

bﬁu—au(ﬁ;E ’%) = f\’U—AU(YTcz %)

s-1
+ D Isidel = Ilxisde 0 b
=

Algorithm IF_ FDAR DelObj a

Input: Piu vio

1. Bang quyét dinh DS = (U,C U D) v&i U = {xy,%5,..., %, }, mot QHTPM ¥,
tiprutgon B € C;

2. Ma trén tuong duong mo
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My(Ys) = [mfj] . Mu (%) = [m§], .. Mu(YE) = [dif], ..,
3. Tap dbi twong gdbm s phan tir bi loai bd AU = {Xy41) Xis2s-+ ) Xrs—1}> S <
n

Output: T4p rat gon xap xi Bpeg.ctia DS’ = (U — AU, C U D) c6 d6 chinh xac

phén 16p cao nhit.
1. To=

bat X: = AU;
Fori=0tos—1do

If [Xp4i]5 S [Xk4ilp then Xi= X — {xp4:};
If X = @ then ReturnB,;
Pit Al = X; § = |AU];
Tinh cac FPDs ban dau:

B0 o) Bl )
8. Tinh khoang cach md bai Ménh dé 7 khi loai tap ddi tuongAU :
5U—AU({[TK :‘p%); EU—AU(YFTL)E :%)i

™ B o = e e

// Giai doan Fifter, tim cdc ing vién cho tap rit gon

9. While Dy_ay (Y2, 0Y%.5) # Dysu (Y2, Y2 5) do

10. Begin

11. For eacha € B do

12. Begin

13, Tinh Dy_ 4y ((fg:;}),Ygi{:}'UD) bai Ménh dé 3.6 khi loai bé tap
dbi tuong AU,

14, Tinh SIGp_q)(@): = Dy—au (Y1) Yo —ayun) —

50—400?& :%);
15. End;
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16. Chon a,, € B sao cho SIGg(a,,) = yg{smg_{a}(a)};
17. B:=B —{a,};

18. By:= By — {a.};

19. T:=T U By;

20.End;

D6 phuc tap cua thudt toan IF FDAR DelObj_a duge tinh nhu bén dudi. Gia
stt D = {d}. D9 phuc tap ctia vong lap trong ciu 1énh 3 (For) 1a O(|U| * |AU]).

Trong trudng hop tét nhét, thuat toan két thic & cau 1énh 5 (khi TRG khong
thay d6i). Do phtc tap cia thuat toan IF. FDAR DelObj a la O(|U| = |AU|). Nguoc
lai, d6 phtrc tap cta thuat toan tinh khoang cAch mo & cau 1énh 7 12 O(|U]). Pé tinh
do phue tap cta thuét toan khi loai bo tap|AU| ra khoi U ¢ cau lénh 8, d6 phirc tap 1a

O(|U| = |AU|). Dé tinh gi tri cua SIGy(a), ta phai tinhDy;_ 4y ((Yg_{a}), Yg_{a}w).

Do phitc tap cita Dy—ay ((Ya_ (o), Yo auiay) 12 OUU % [AU). Do d6, 46 phirc
tap cta vong lap While 1a O(|B|* * |U| = |AU|) va dd phuc tap cta giai doan fifter
trong trudng hop x4u nhét 13 O(|B|? * |U| = |AU|). Gia sit do phirc tap ciia bd phén
16p 1a O(T) khi d6 d6 phuc tap cua giai doan wrapper la 0((|B|) * T).

2.5. THUAT TOAN GIA TANG FILTER TiM TAP RUT GON KHI BO
SUNG TAP THUQC TiNH

Cho BQP DS = (U,CU D) v6i U = {xy, x5,..., X, } khi d6, khoang cach mo
gitra hai tap thudc tinh C va D theo Ménh dé 2.3 duogc dé xuét trong Chuong 2 dugc

x4c dinh nhu sau:

n

- S 1
By-ao (V2 Y20 ) = 7z ) _ (lxilel = I[xle 0 [x]5)
l:
Ménh dé 8. Cho BOP DS = (U,C U D) véi U = {uy,uy,. .., u,}. Gid si tdp

thudc tinh diéu kién B diroc bé sung vao Cvéi BN C = Q. Gia sir M(Rg) =



42
[bij]nxn , M(R,) = [Cij]an , M(Rp) = [dij]an la cac ma trdn tuong dwong mo

ciia cdc QHTPM Ry, Rc, Ry trén B, C, D twong vmg. Khi dé ta cé:
1) Néucyy < dg; véimoi 1<i,j<nthiD(CUB,CUBUD)=0
2) Néuby; = c;jvéimoi 1 <i,j <nithi

- — 1 C
B(CUB,CUBUD)=D(C,CUD)= F'ZZ(C” —min(cyj, dij))

i=1 j=1
3) Néub;; < cijvéimoi 1<1i,j <nithi
D(CuB,CUBUD)=D(B,BUD) =—; ZZ(bU min(b;;, d;;))
i=1j=

Chirng minh: Khi bé sung thém B vao C, khoang cach md duoc xac dinh nhu sau:

s 1 o
D(CUB,CUBUD) = ;Z(l[ui]ml [ R AT
1 T
= F-Z(][ui]é N [wlsl = ude 0wz 0 [wds)
i=1

n
1
=72

i=1

(min(ci}-, bij) — min(ciﬁ b;j, dij))

NE

1

n thi [u;]e € [wlp va [ui]f N [u]ls Nuils =

I/\“l'l‘

Néucy; <d;;véimoil <i,j

[u;]e N [uils. Tu do ta co:

2) T by; = ¢ tacod [w;le € [wlp va [ule 0 [w;ls = [wile véimoiu; € U. T dd

ta co:
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B 1 ©
B(CUB,CUBUD) =27 D (lule bl ~ e 0 il 0 [l

=—Z(I[u ¢ N fwl) = D(C,C U {d))

1 ol
== ZZ(CU —min(c;;, dif))

i=1 j=
3) Tubyj < ¢ taco [uls < [wle va [wle 0 [wls = [w]z véimoiw; € U. Turdo

ta co:

_ 1 ©
D(CUB,CUBUD) = F-Z(I[ui]é N [w;]z] = ugde N [wils 0 [wils)
=1

n

1 —~
= — > (Iluls| = l[us 0 [uls)) = D(B.B U D)

% ii(b — min(byj, dy;))

i=1 ]
Thuét toén filter tim cac tmg vién cho TRG mdi khi bd sung thudc tinh cé dd quan

trong 16n nhét:

Thuat toan IF FDAR_AA_a (Incremental Filter Fuzzy Distance-based
Attribute Reduction Algorithm when Adding Attributes a).
Pau vao:
1)  Bang quyét dinh DS = (U,C U D) v6i U = {uy, uy,..., Uy, }, tap rat
gon R € C, cac ma trén tuong duong mo M(R;) = [Cij]nxn , M(Rp) =
[dij]nxn ctia cac QHTDM R, R, khoang cach md D(C, C U D);
2)  Tap thudc tinh bd sung B véi B N C = @;
Pau ra: Tap rat gon R, ctia DS; = (U,C UB U D)

Buéc 1: Khéi tao va kiém tra tip thudc tinh bé sung
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l. T:=0; // Chita cac ung vién tdp rut gon

2. Tinh ma tran QHTPM M(Rjp) = [bij]m;
3. Ifbjj = ¢;jvéimoil <i <n,1<j<nthen Return R;
4. Ifth;j <c¢jjvéimoil<i<n1<j<nthenR = @; //Tim tdp rit
gon trong tdp B

Buwoc 2: Thuce hién thuit todn tim tdp rut gon
/1 Giai doan filter, im cdc irng vién cho tap rit gon xudit phdt tir tip R.

5. While D(R,RUD)# D(CUB,CUBUD)do
6. Begin
7.  For each a € B tinh SIGz(a) = D(R,RUD)—D(RU{a},RU
{a}u D) véi D(R U {a},R U {a} U D) duoc tinh bdi cong thirc trong
Ménh dé 3.7.
8. Chon a,, € B sao cho SIGg(a,,) = ﬂg&x{SIGR(a)};

9. R:=RUf{a,};

10. T'=TUR;

11. End;
2.6. THUAT TOAN GIA TANG FILTER TiM TAP RUT GON KHI
LOAI BO TAP THUOC TINH
Ménh dé 9. Cho BOP DS = (U,C U D) véi U = {uy, u,, ..., u,}. Gid sir tdp thuéc
tinh diéu kién B duoc loai bé khéi Cvéi B < Cva A= C — B la tap thudc tinh con

lai. Bat M(Rg) = [bij]nxn . M(R¢) = [Cij]nxn , M(Ry) = [aij]nxn: M(Rp) =

[dij]nxn twong tng la ma tr@n twong duong mo ciia cac QHTPM Ry, Rc, Ry, Rp. Khi
s  ta 6 D(AAU{d) =D Culd)+ %2&12}‘:1[«% — ¢y +

min(cij, dl'j) - min(aij, dij)]
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Chirng minh: Ta cé:

~ 1 %
D(4,40D) == (Ifulal = |ula 0 w5
i=1

1 n
Jel = 1fwle N [wls)) +;1—2.Z<|[ui]g ~ fwilel)
+%.Za[ui]a 1o~ - Zu 51

_ 1 g 1
=D(C,Cu{d}) + ﬁ.z(a” — Cij) + ﬁ-Z(min(Cij:dij))
i=1 =1

M:

n
1 .
— ; .Z(mm(aij, d[]))
i=1

n n
- 1
=D(C,cu{d}) ‘?Z Z[aij = ¢ij + min(cyj, dyy) — min(ay, dy )|

i=1 j=1
Thuét toan gia tang filter tim TRG trong BQD sur dung khoang cach mo khi loai bo
tap thudc tinh B nhu sau:

Thuit toan IF_FDAR DA _a (Incremental Filter Fuzzy Distance-based
Attribute Reduction Algorithm when Deleting Attributes o).
Pau vao:
1) Bang quyét dinh DS = (U,C U D) v6i U = {uy, Uy, ..., Uy}, tap rit
gon Rc C, cac ma tran tuong duong mo M(ﬁc) — [Cij]nxn’ M(ﬁD) —
[dij]nxn’ khoang cach mo D(C, C U D);
2) Tap thudc tinh B loai bo khoi C véi B € C;
Péu ra: Tap rit gon R, cia DS; = (U, (C — B) U D);
1) Trwéong hop 1: 1f B S C— R then Retturn (R);
2) Trwong hop 2: If R S B then thyc hién thuat toan khong gia ting
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filter-wrapper tim tap rit gon st dung khodng cich FW_FDBAR o trong
muc 2.2 Chuong 2.
3) Truwong hop 3: If RN B # O then thyc hién cic bude clia thuit toan
tim tép rat gon.
Budc 1: Khaoi tao
1.Dat T .= ; A:= C — B, // Chira cdc vng vién tdp rut gon
2. Tinh ma trin tuong duong m& M(Rp) = [bij]nxn’ M(Ry) = [aij]nxn
3. Dat R:= R — B //Xét cdc thudc tinh trong tdp rut gon
Buwdc 2: Thwce hién thudt todan tim tdp rut gon
// Giai doan filter, im cdc vmg vién cho tdp riit gon xudt phdt tir tdp R.
4. While D(R,RUD) = D(4,AuD) do
5. Begin
6. For eacha € R tinh SIGz(a) = D(R —{a},{R — {a}}u D) -
D(R,R U D) v6i D(R — {a},{R — {a}} U D);
7. Chon a,, € R sao cho SIGr(a,,) = P&Jg}?{SIGR(a)};
8. R:=R—{a,};
9 Te=Twk;
10. End;
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CHUONG 3. QUA TRINH THUC NGHIEM VA KET QUA
3.1. SO SANH CAC THUAT TOAN TREN BANG QUYET PINH KHI

BO SUNG TAP POI TUQNG

Quy trinh thuc nghiém trong phan nay s& duoc trinh bay nhu hinh 3.1. Pau
tién, tap dir lidu s& duoc chia thanh hai phan bang nhau. Phan thtr nhat ky hiéu 1a U,
(cot (4) trong bang 3.1) dugc stt dung cho thudt toan F FDBAR o, FDAR va GFS
nhim tim kiém mét rGt gon va phéan thtr hai ky hiéu 1a Us,. (cot (5) bang 3.1) duoc
st dung cho céc thuét toan gia ting. Tiép theo, TPT gia ting Uy, s& dugc chia tiép
thanh 6 phan bang nhau Uy, Us, Us, Us, Us, Us dé bd sung lan luot vao BQD. Céc
thuat toan gia ting sau d6 s& duoc tinh toan 1an luot trén cac bd dir lidu nay nhim

danh gia céc két qua thu dugec. Trong bang 3.1, cac cbt |U|, |Upril, |Uncl, |Cl, |D| ky

hiéu 1an luot cho sb luong céc ddi tuong trong tap dit lidu, s luong dbi twong trong

tap U, sb luong dbi tuong trong tap Uine, s6 luong thudc tinh diéu kién va sb 16p

quyét dinh.
Bang 3.1: Cac b dir liéu sit dung trong thir nghiém
ID Data sets |U| |Uoril |Uine| |C| ID|
1 Ionosphere 351 175 176 34 2
2 Leaf 340 170 170 15 30
Movement-
5 360 180 180 90 15
libras
4 Wall 5456 2728 2728 24 4
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Hinh 3.1: Quy trinh thwe nghiém cdc thudt todn gia ting bé sung doi twong

Nhu da dé cap, truoc hét ching t6i s€ so sanh hiéu qua cua cac thuat toan
FDAR trong [9], GFS trong [6] v6i thuét todn dé xuét. Day déu 1a cac thuét toan
duoc xir Iy trén BQD khi chwa c6 sir bd sung hay loai bo dbi twong. Muc dich so
sanh thut toan dé xudt v6i hai thuét toan nay dé 1am rd hiéu qua cla cach tiép can
theo 14t cit a trong vin dé tim TRG trén cac bang dit liéu nhiéu hay mang céc thong
tin khong chic chan. Kich thude va do chinh xac phan 16p ctia cac TRG dugc trinh
bay chi tiét tai bang 3.2. Trong d6, ky hiéu |C| 14 sb thudc tinh ctia bo dit liéu ban
dau, [B] 12 s6 thudc tinh ctia tap rtt gon, Acc trinh bay d6 chinh xac phan 16p va time
13 thoi gian tinh todn duoc tinh bang don vi “gidy”. Trén hau hét tat ca cac tap dix
lidu, c6 thé thdy ring TRG thu dugc tir thuit toan F FDBAR_ o ¢6 kich thudc(|B|)
nho nhat, trong khi do, cac TRG thu dugc tur FDAR van ¢6 kich thude rat 1é6n va
chua t6i wu. Vi du, cac bo dit liéu wall, ionosphere, kich thuée TRG thu dugc trén
cac thuat toan FDAR va GFS van con rat 16n, trong khi kich thude thu duoc tir thuat
toan F_ FDBAR o 13 rit nho.

Tiép theo chung t6i so sanh thoi gian tinh toan giita ba thuat toan. Thoi gian
ctia cac thuat toan duoc tinh sau bude tién xur 1y dir liéu t6i khi cac rat gon duoc xéc
dinh. Dua trén két qua cta bang 3.2, thoi gian cta thuat toan GFS 1a nhanh hon cac
thuit todn con lai trén toan bo céc tap dit liéu. Piéu nay cé thé duoc ly giai d6 1a cac

thudt toan dua trén khong gian tdp mo va tdp mo truc cam phai tinh toan cac ma tran



quan hé ¢ nhiéu phan tir. Ngoai ra, thuat toan FDAR chi st dung d6 tuong tu dé
tinh toan cac d6 do, con thuat toin F FDBAR o phai stir dung ca d¢ tuong tu va do

khéc biét dé thuc hién tinh toan. Do d6, thuat toan F FDBAR a s& c6 do phirc tap
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tinh toan 1 16n nhét. Ching t6i tiép tuc so sanh dé chinh xac phén 16p ctia ba thuat
toan thong qua bd phan 16p KNN. Bang 3.3, hinh 3.2 va hinh 3.3 trinh bay chi tiét

cac két qua so sanh clia ba thuat toan trén cac bo dir liéu. Trong d6, cot RAW 1a do

chinh x4c phan 16p gbc duoc sir dung toan bd thude tinh cia timg tap dit lidu dé danh

gia. C6 thé nhén thay, phuong phap ctia ching t6i xac dinh dugc cac thude tinh quan

trong rat hiéu qua cho céc tap dir liéu khac nhau. Dic biét hon, khi so sanh véi dit

liéu géc, hi¢u qua cua céc rut gon tir thuat toan dé xuét vuot troi hon trong 4 truong

hop.
Bang 3.2: Két qud xw ly cua FDAR, GFS va F_FDBAR _a trén |Uori|
RAW FDAR GFS F FDBAR «
ID | Data sets :
Acc ||B|| Acc |Time | |B| Acc  |Time| |B| | Acc |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 4+0.121 +0.121 +0.096
0.638 £ 0.650 0.638 0.784
3 wall 14 5.597 | 18 6.997| 2 0911
0.094 +0.076 +0.094 +0.059
movement| 0.867 = 0.867=0. 0.844 + 0.867
4 Z1 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

Trong phan nay, ching toi s& trinh bay cac két qua so sanh tir ba phuong phép

giating F FDBAR o AO, FDAR AO vaIFSA. Trong do, dau vao cia ba phuong

phéap nay gdm cac rut gon duoge tinh todn tir cic phuong phap tuong tng ARIFPD,

FDAR va GFS. Mét diéu hién nhién 14 céc thuat toan gia ting c6 thdi gian xir ly
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nhanh hon rét nhidu so véi cac thuét toan FDAR, IFSA va F_FDBAR_ o vi c4c thuat
toan nay chi tinh toan trén cac phan bd sung cuia bang dir lidu, thay vi toan bd bang
dir liéu. Bang 3.2 cho thdy rang d6i voi hau hét cac tap dit lidu, thoi gian thuce hién
cia FDAR_AO va IFSA nhanh hon khi so sanh véi F FDBAR a AO. Diéu nay cé
thé duogc giai thich twong tu nhu khi chiing ta so sanh thoi gian thuc hién ctia thuat
toan FDAR va F FDBAR_o. Hon nita, thuét toan dé xuét bao gdm maot bude xir Iy
dé loai bo céac thudc tinh du thira. Do d6 thoi gian xi ly thuét toan ciia ching toi s&
cham hon. Tuy nhién, thoi gian thuc hién cia ARIFPD_AO tét hon FDAR_AO trén
mot s6 bo dir liéu. Diéu nay la do kich thuée TRG thu dugce tir thuat toan dé xuét nho
hon hai thuat toan con lai, khi do sb vong ldp duogc tién hanh it hon.
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Hinh 3.2: P§ chinh xdc phin 16p cia cac thuat toan
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1 2 3 4

mFDAR ®mGFS ®mF_FDBAR_a

Hinh 3.3: Kich thwéc tap riat gon ciia cac thuit toan
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Bang 3.3: Két qua xir Iy ciia FDAR_AO, GFS VA F_FDBAR o _AO

Adding RAW FDAR _AO IFSA F FDBAR o AO
ID data
. Acc |B| Acc  [Time|B| Acc  [Time|B| Acc  [Time
sets
|Ui| =
o 0.776+0.102/19(0.800£0.1080.006 10(0.824+0.1170.002/12/0.819+0.131] 0
|Us| =
. 0.792+0.098/201(0.8214+0.1000.001 12(0.825+0.111/0.006/150.837+0.1120.005
|Us| =
1 e 0.8074+0.070/2110.832 £ .0780.001 12/0.811+0.0850.001/15(0.854+0.081 0
|Us| =
418 0.832+0.059/21(0.848+0.0580.001|140.836+0.091/0.004/15|0.858+0.061| 0
|Us| = ,
251 0.838+0.064/1211(0.852+0.0550.001,16(0.849+0.0570.008/15|0.875+0.069 0
[efy| =
53 0.683+0.109/10(0.692+0.0740.017 11{0.683+0.105/0.001/100.692+0.0740.001
|Ua| =
)38 0.643+0.114/10(0.643+0.082(0.002 1210.656+0.1120.001{11(0.677+0.095 0
|Us| =
2 578 0.608+0.118/1110.622+0.1060.001{12(0.608+0.0190.001/11(0.622+0.106| 0
|Us| =
306 0.588+0.074/1110.588+0.0690.001{12(0.602+0.0670.001/11(0.588+0.069 0
|Us| =
810 0.606+0.063|12(0.612+0.055/0.002/1410.612+0.0680.003/12(0.612+0.0550.001
Ui =
3| 3073 0.690+0.048|17(0.6760.027/0.522/21|0.681+0.0480.643| 2 [0.787+0.035 0
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|Un| =
3818
|Us| =
4363
|Us| =
4908
|Us| =
5456

0.729+0.083/1810.725+0.063(0.153/22/0.712+0.0870.210 2 |0.806+0.05| 0

0.755+0.064)1810.747+0.0650.001/23/0.745+0.064(0.308 2 |0.801+0.031 0

0.766+0.071/1810.770+£0.0680.001/230.763+0.0720.001] 2 |0.818+0.022 0

0.773+0.059[18|0.770+0.066/0.00123|0.773+0.0600.001| 2 |0.819+0.034 0

|U| =
216
|Ua| =
252
|Us| =
288
|Us| =
324
|Us| =
360

0.85140.105/29(0.847+0.1020.032 9 |0.833+0.104(0.001/28|0.828+0.1020.076

0.77040.101/30(0.762+0.1040.004 11]0.750+0.0690.003(28(0.771+0.101] 0

0.767+0.10231(0.750+0.1000.004 14 (0.729+0.1050.006/28|0.753+0.112, 0

0.739+0.110,31{0.723+0.1040.001{14/0.733+0.1060.001/28(0.721+£0.11§ 0

0.758+0.117/31(0.736+0.1100.001140.750+0.1120.001)28|0.739+0.129 0

Do chinh xac va kich thude ctia cic TRG duoc xéc dinh bing phuong phap
ctia d& 4n ciing duoc trinh bay trong bang 3.3. Kich thude ctia TRG trong mdi giai
doan ting dan, kich thuéc TRG cia F FDBAR o AO nhoé hon nhiéu so véi
FDAR_AO vaIFSA, déc biét dbi voi mot sb tap dit liéu co sb luong thude tinh Ion.
N6i cach khéc, cac phuong phap RGTT dua trén cach tiép can tap thd va cac phan
mo rong cta né gip nhiéu kho khan trong viée nang cao do chinh xéac phén loai cho

dit liéu nhiéu.
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3.2. SO SANH CAC THUAT TOAN TREN BANG QUYET PINH KHI
LOAI BO TAP POI TUQNG
Dé thuc hién cc danh gia trén cac thuét toan gia tang khi loai bd TDT, dir li¢u
thir nghiém duogc chung t6i trinh bay trong bang 3.4. Tap Uy dugc phan chia tiép
thanh 6 phan bang nhau (biéu dién tir U; dén Us) dugc sir dung dé lam cac TPT bj
loai bé. Trong bang 3.4, cac ¢t |Uy|, |C|, |D| duoc ky hiéu lan luot cho tong s6 dbi
tugng hay ban ghi trong Uy, sé luong thudc tinh didu kién va sé luong 16p quyét
dinh.
Bang 3.4: Cdc b dir liéu sw dung trong thir nghiém

ID Data sets |U] |Uec| |C] |D|
1 Robot-failures 164 84 90 3
2 [onosphere 351 175 34 2
3 Movement-libras 360 180 90 15
4 Wall 5456 2728 24 4

Quy trinh thuc nghiém dugc mo ta nhu hinh 3.4, Pau tién, tap dit liéu s& duoc
sao chép thanh mét tap dir lidu khac. O tap dir liéu dugc sao chép chung t6i chia
thanh 6 phan bing nhau tuong tmg véi cac phan dit liéu tir U, dén Us. Ciing tuong
tu nhu phan 3.1, bao céo tiép tuc sir dung céc thuét toan IF FDAR DelObj_a, GFS
va FDAR dé tim TRG trén toan bd U. Sau d6, su dung céc thuat toan FDAR DO,
IFSD va IF_ FDAR DelObj o DO dé tim tiép cac TRG khi tap dit liéu trén U loai

b6 lan luot céc phan tir U; dén Us.
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Hinh 3.4: Quy trinh thir nghiém cdc thugt todn gia ting logi bé doi trong

Kich thuée TRG cling nhu hig¢u qua phan 16p cta ba phuong phap dugc trinh

bay trong bang 3.4. Cling giéng nhu cac két qua trong bang 3.2, kich thusc TRG thu
duoc tit IF_ FDAR_DelObj_o van 1a nh6 nhét va cé d6 chinh xac phan 16p cao nhét

trén phén 16p cac bo dir liéu nhu Robot-failures, lonosphere, Wall. Khi so sanh voi

dit liéu gbc, d6 chinh xéc trong md hinh phan 16p KNN ciia thuit toan dé xudt ciing

thé hién kha ning vuot troiNgoai ra, kich thuéc tdp rat gon tir thuét

toanlF FDAR_DelObj o cao hon so vdi tap rit gon trung binh ciia dit liéu gbc va

cao nhat trong ba thuat toan mic du sb luong thude tinh hay kich thude TRG thu

duoc cling 14 nho nhét.
Bang 3.5: Két qua xir Iy ciia FDAR, GFS va IF_FDAR_DELOBJ o trén U

ID |RAW FDAR GFS IF_FDAR_DelObj_a
Acc ||B] Acc  [Time |B| Acc Time| |B| Acc Time

1 ]0.535 0.597
19 0.071{ 18 | 0.53+0.137 [0.007, 15 |0.627+£0.119 0.06

+0.099 +0.097

2 10.838 0.860
14 0.058 14 {0.860+0.079/0.016/ 15 [0.875+0.048 0.066

+0.064 +0.049

3 |0.758 0.747
20 0.248 25(0.736+0.150(0.057) 17 (0.756+0.1160.225

+0.117 +0.126
4 [0.773115| 0.779 23.32123]0.773£0.060(15.56] 4 |0.831+0.047.606
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+0.059 +0.074
AVG 0.726 0.746
17 5.924 20 [0.72540.107|3.91|12.75/0.772+0.081/1.990
+(.085 +0.087
Bang 3.6: Két qua xit Iy ciia FDAR_DO, GFS VA IF_FDAR_DELOBJ o._DO
Adding IF FDAR DELO
RAW FDAR DO IFSD
ID| data BJ a_DO
sets Acc |B|| Acc |Time||B|| Acc |Time||B|| Acc | Time
\Uy| = 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
|t = 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
|Us| = 0.605 0.63040. 0.639+
0.588+0.104 | 17 0.006|16 0.003| 12 0.004
i 116 +0.092 089 Q.122
[ = 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
|Us| = 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
|UL| = 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
|| = 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
[Ws] = 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
|Us| = 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
|Us| = 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
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|Ui| =

0.727

0.724

0.742+

0.73940.110 |20 0.021[22 0.013] 17 0.016

324 +0.119 +0.131 0.12

1Ua| = 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

|Us| = 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

|Us| = 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

Us| = 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

U| = 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

|Us| = 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

|Us| = 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

|Ua| = 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

Us| = 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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KET LUAN

1. Céc két qua dat dwoc cia ludn 4n

V&i muc tiéu chinh 13 giam sé luong dic trung va nang cao kha ning phén loai,
giam thude tinh duge coi 13 mot van dé quan trong trong qua trinh tién xtr ly dir liéu.
Trong nghién ciru nay, tac gia dé xuit mot phuong phap do ludng cho khoang cich
phén ving tdp mo va xdy dung mot cong thiic ting cudng dé cap nhat khoang cach
phan ving tdp mo khi thém mot bo d6i tuong.

Dua trén do, tac gia phat trién thudt toan dua trén phuong phéap tap mo . Thuat
toan déu tién duge thiét ké dé tim ra tap thude tinh giam trén bang quyét dinh khi
khong c6 bo ddi twong bd sung. Thuat todn thir hai 13 mot thuat todn ting cuong,
nhdm tim ra tap thudc tinh giam xap xi khi bang quyét dinh c6 su gia tang vé tap ddi
tugng. So vadi cac phuong phap dua trén cac phuong phép tdp mo va tdp mo truc
giac, két qua thuc nghiém chimg minh rang phuong phap ctia chiing t6i c6 kha ning
cai thién d6 chinh xéc trén cac bd dit liéu khong nhit quan hoic cé do chinh xac phan
loai ban déau thap.

2. Pinh hwéng phat trién

(1) Trién khai céc thuit toan dé& xuét vao viéc giai quyét cac 16p bai toan trong
thuc tién, dac biét cac bai toan c6 dit liéu véi sé thude tinh 16n (high dimention data)
trong cac linh vuc khac nhau nhu dit liéu gen trong tin sinh hoc...

(2) Tiép tuc nghién ciru, d& xuét cac thuat toan gia ting hiéu qua nhdm giam
thiéu thoi gian thuc hién dua trén cdc md hinh tap thé ma rong khac phu hop véi cac
16p bai toan trong thuc tién.

Luan vin xin cdm on su ho tro nhiét tinh tr ThS. Pham Viét Anh clng véi
phong md phdng va tinh toan hi¢u nang cao (SHPC) thudc Vién Cong nghé HaUI

cho mot sO thue nghiém cua ludn van.
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BAN GIAI TRINH CHINH SUA PE AN TOT NGHIEP

Tén d& tai dé an tot nghiép: Nghién ctru mot sb thudt toan gia tang lua chon thudce tinh
trén bang quyét dinh dong theo tiép cén tip mo sir dung 14t cat

Nganh dao tao: Hé théng thong tin
Ma nganh: 8480104

Ho va tén hoc vién: Tréan Phi Lyc
Ho va tén nguoi hudéng dan: Piang Trong Hop
Hoc ham, hoc vi: TS
Don vi cong tac: Khoa Cong nghé thong tin — Truong Pai hoc Cong nghiép Ha Noi

NOI DUNG GIAI TRINH
TT Y kién ciia Hoi dong Y kién ciia hoc vién va ndi dung chinh sira
. Hoc vién di ra soat, chinh stra céc 13i chinh ta, bd
Chinh stra vé trinh bay (chinh o y )
1 o sung cac tai liéu tham khao theo y kién cta Hoi
ta, tai liéu tham khao) .
dong
, Hoc vién tiép thu v kién cua Hoi dong. DA phan tich
Phén tich lam rd chuong két ) . .
) ) . va chinh stra ndi dung chuong két qua nham bam sat
qua, bam sat muc tiéu dé an )
tén dé an
Hoc vién tiép thu y kién ctia Hoi dong. D3 bd sung
B sung, giai thich céc bang bang biéu 3.1: Céc b dit liéu sir dung trong thir
3 bidu nghiém va giai thich cac ky hiéu str dung trong bang
biéu
Ha Ngi, ngay 5 thang £ nam 2024
Xdac nhén cia dai dién hoi o ko e e
: DT Y kién cia nguoi Hoc vién ky tén

dong cham dé an t6t nghiép
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BAN NHAN XET PE AN TOT NGHIEP
(Ditng cho nguoi phan bién)

Tén d2 tai d& 4n t6t nghiép: Nghién ciru mot sé thuét toan gia ting lya chon thuge tinh
trén bang quyét dinh déng theo tiép c4n tip md sit dung 14t cét o

Nganh dao tao: Hé théng théng tin M3 nganh: 8480104
Ho va tén hoc vién: Tran Phi Luc

Ho va tén ngudi phan bién: Hoang Van Théng

Hoc ham, hoc vi: TS

Noi cong tac: Trudng Dai hoc Giao thong vén tai

S6 dién thoai lién hé:

Nhiém vu trong hdi déng: Phan bigén 1

NOI DUNG NHAN XET

1. Tinh cAp thiét cua d8 tai
Pé giam thoi gian tinh toan va ting chinh xac cla cdc md hinh dugc xdy
dung bang céc thudt todn hoc méy thi mdt trong nhiing giai phap quan
trong 1a lya chon thudc tinh khi tap di lidu ddu vao c6 s6 chiéu 16n, chua
nhidu thudc tinh du thira, khong can thiét. Viéc nghién ciru phat trién cdc
thut toan riat gon céc thude tinh cia tap dit liéu dé duge tap dit lidu thu
gon khi mang vao huén luyén cdc md hinh hoc may van dam bao d6 chinh
x4c nhu st dung lidu goc dang duge quan tdm nghién clm trong nwhnxg
nam ghn day. Dé tai d& 4n 14 cép thiét va c6 ¥ nghia g dung cao.

2. Noi dung va két qua nghién ctru dat duoc, nhitg déng gép méi clia d€ 4n
t6t nghiép
P& 4n d trinh bay duge mot sb két qua nghién ciru bao gom: ly thuyét tdp
tho, tdp thé md, mot sb phuong phap rut gon thudc tinh cau bang quyét
dinh dya trén ly thuyét tép thd, tip hé m; Iy thuyét tap m& myc o va mdt
sb thuat toan rat gon thudc tinh trén bang quyét dinh c¢b dinh va bang
quyét dong dong nhw thuft todn Filter tim tdp ridt gon sir dung khoéng
cach mé, thuat toan Filter tim tip rat gon st dung khoang cich mé trén
bang quyét dinh dong,... Tién hanh thuc nghiém dé danh gia céc thujt
toan khéc nhau trén tip dit lidu.

Ghi chu: Ban nhan xét yéu cdu ddnh mdy tir 1-2 trang A4 va giri cho Trung tam Dao tao Sau
dai hoc truée thoi diém hoc vién xép lich bdo vé it nhdt 2 ngay.



D& 4n khong cé dong gbp mdi vé mit Iy thuyét, dong g6p chinh ctia d& 4n
13 tap hop cac thuét todn rut gon thudc tinh trén bang quyét dinh dua trén
Iy thuyét tép thé va tap thd mo.
3. Nhimng vén d& han ché cén trao dbi

Téc gia cAn xem lai toan bd d& 4n v& viée tham chiéu dén céc tai liéu tham
khao ddc biét 13 céc dinh nghia, ménh dé, dinh 1y, thuft toan nhu viét
trong d¢é 4n hién nay ngudi doc hiéu 13 nhimg ndi dung cia tac gia dé
XUét.
Trong muc 2.1 téc gia cdn xem lai cau “dé 4n s& dé xuét hai thujt toan ...”
viét nhu thé ngudi doc hidu nhim 1 c4c thuat todn trinh bay trong chwong
nay la thudt toan méi do téc gia dé xudt,
Chwong 3 cén trinh bay rd bang quyét dinh ma d& &n sir dung dé thur
nghiém céc thuft toan, hién nay chua rd thir nghiém trén bang quyét dinh
nao.
Cau héi trao ddi
1. Tac gia lam rd cdc thudt todn trong chuong 2 12 nhig thudt toan do tac

gia phét trién hay 13 tham khao?
2. Giai thich muc dich cta viéc dua ra biéu d6 2.2 d¢ chinh xac phan 16p

trong khi muec ti€u la rat gon thuge tinh
4. Sy phl hop cta tén d8 tai voi chuong trinh dao tao, v6i ndi dung dé an tt

nghiép va sy trung lip véi cac cong trinh dé cong bd; Noi dung dé an tdt

nghiép so v&i d& cuong da dwoc phé duyét; Tinh hop 1y trong két cdu dé

4n t6t nghiép

N6i dung cua @ 4n phi hop v6i tén clia dé tai, phit hep véi chuong trinh

dao tao, theo hiéu biét cta t6i thi dé 4n khéng triing véi céc cong trinh da

cong bd. Bé an c6 két cu hop ly.
KET LUAN

T6i ddng v dé tac gia Tran Phi Lyc dwgc bao vé dé 4n tot nghiép trude Hoi
ddng danh gia dé an t6t nghiép.
Ha Néi, Ngay 22 thang 05 néim 2024
Ngudi nhén xét
(Ky, ghi ho va tén)

H°7 Ve V//fé7
Ghi chit: Ban nhdn xét yéu cdu danh mdy tir 1-2 trang A4 va gii cho Trung tdm Dao 1go Sau
dai hoc trude thoi diém hoc vién xép lich bdo vé it nhdt 2 ngay,
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BAN NHAN XET DE AN TOT NGHIEP

(Ding cho ngeot phan bign)

Tén dé tai dé an 16t nghi¢p: Nghidn ciru mot s thuilt todn gia tang Iua chon thude tinh

trén bang quyét dinh dong theo 1icp ¢in thp mar st dung 1t ¢it u

Nginh dado tao: Hé thong thdng tir Mi nganh: 8480104

1o va tén hoe vién: Tran Phi | ue

Ho va tén ngudi phan bién: Kim Dinh Thi

Hoc ham. hoc vi: 'l ién si

Noi cong tde: Trudng Quéde té. Dai hoe Qude Gia 113 Noj

S6 dién thoai lign hé: 0966.575 484

Nhiém vu trong hoi déng: Phan biin 2

NOI DUNG NHAN XET

1. Tinh cap thiét cia dé tai

Pé tai nay dong vai ord quan trong wong linh vue khai thac dir lidu va
phén tich thong tin. Sy cin thidt cua dé tai nay phat xudt tir thue té 1a cae
bang quyét dinh trong thir dai s6 thudng xuyén bién doi va med rong, doi
hoi céc phuong phip phan tich phai linh hoat va hidu qua dé xa 1y dir lidu
[on va déng. Nghién citu nay hudng t6i vide phat trién cae thudt todn mdi
¢ kha nang cai thién dd chinh xdc va giam d¢ phirc tap cua cac mo hinh,
dong thei dap tmg nhu cau thye tién rong viée Tua chon thude tinh higu
qua., nhat la trong cac Gmg dung véu cau cao vé toe do va do chinh xéc.

=

Noi dung va két qua nghién ctu dat duge, nhimg dong gop méi ctia dé an

tét nghiép

Pé tai da thanh cony trong viée dé xudt cac thudt todn gia ting méi, gitp

¢di thién do chinh xdc va giam d6 phle tap trong qud trinh lua chon thude

tinh, diic bidt quan trong dbi vé&i cde bang quyét dinh dong. Péng gbp noi

bat cta dé tai ndy 13 vide tich hop ly thuyeét tdp me véi thuat Loan gia ting,

mang lai mot hudng tiép can moi me va hidu qua, phit hop véi yéu ciu vé
toe do va dé chinh xdc cao tron cde tme dung thye tidn. Nhimg két qua
thuc nghiém duge trinh bay da chidmg minh tinh wu viét cua cac phuong
phap duce dé Xudt 5o vai cdc nghién curu trude day. dong gop quan trong
vao linh vuce khai thac dit liéu va phin tich théng tin.

3. Nhimg vin dé han ché cdn trao doi

Ghi chit: Bon phan xcéi vén can dandy v tie 1-2 ivane 1 va gier che Trung tam Dae tao Sai
duti fioe trweere thei dicm hoce vien xép lich bao vé i nfwdl 2 noay,



Béu tidn, cde phuong phip d¢ xudt chi tip trung vao cic bang quyét dinh
¢ gid tri lidn tue ma chua xu Iy tdt cde bang qu_\_fét dinh cé nhiéu va
khong nhat quan, dicu niy co thé anh huong dén tinh Gng dung thuc
trong moi trudng dir liéu phire tap. Thi hai, nghién ctru chu yéu tap trung
vio ly thuyét va thue nghiém trén cic bo dir liéu tidu chuén, chua thir
nghiém rong rai trén cac bo dir licu thue té lon voi do phire tap cao hon.
Piéu nay ¢6 thé han ché kha nang tong quat hoa va img dung cua céc
thudt toan trong cac tinh huéng thue té da dang. Honm nita, chua cé moé ta
chi tiét vé cac bd dir lidu sir dung va khong tim thiy trong tai liéu tham
khao. Cudi clng, cdc thuit todn gia tang rit gon thudc tinh mac dit ¢6 cai
thién dang ké nhung van can tdi wru hda thém dé giam thed gian xa 1y va
nang cao hieu sudt trén cac h¢ théng thong tin fon.

4. Su phi hop cua tén dé tai voi chuong trinh déo tao, voi ndi dung dé an tdt
nghidp va sy tring 13p v6i cae cong trinh da cong bd: Néi dung dé an tdt
nghidp so vai dé curong di duoe phé duydt: Tinh hop ly trong két cdu dé
an tot nghiép.

Noi dung cua dé 1ai la phit hop véi chuomg trinh dao tao, khong trung lip
voi cong trinh dd cong bd. dap Gng muc Liéu cia dé cuong di duoe phé
duyét va c6 két cau hop 1y.
KET LUAN
Téi dong y (khong dong v) dé e gia Tran Phi Luc duge bao vé dé an tht
nghiép trude Hoi dong danh gia dé an tot nghiép.

Ha Noi, Ngay 24 thang 05 nam 2024

Ngudi nhan xét
AL ghi ho va ten)

Kim Dinh Thai

Ghi cha: Bun nhdn xot vér cdu danh may tir 1-2 irang A4 va ewi cho Trang tdm Dao tao Sa
deai hoc trivde that Jidm hoe vies xép [icl hae vo i shat 2 neay
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o BIENBAN _
HQP HQI PONG PANH GIA DE AN TOT NGHIEP

Cin cit Quyét dinh sb 614/QD-DHCN ngay 17/5/2024 clia Hiéu truémg truong Dai
hoc Cong nghiép Ha Ngi vé viéc thanh 1ap Hoi ddng danh gid dé an tot nghiép, Hoi
ddng da hop vao hdi...2..giv. 10, phit, ngay 24./5/2024, tai phong......402....nha Al,
Trudng PH Céng nghiép HN dé danh gi4 luin d& 4n tét nghiép cho hoc vién: Trin
Phi Lire; ma hoc vién: 2022700047; nganh: HTTT; ma sb: 8480104,
Tén dé tai: Nghién ciru mot s5 thufit toan gia ting lira chon thudc tinh trén bang quyét
dinh dong theo tiép can tip md sir dung 14t cit a,
Ngudi huéng din: TS. Ping Trong Hop - Trudng DH Cong nghiép Ha Nbi.
Céc thanh vién ctia Hoi ddng d4nh gid d& 4n t6t nghiép c6 mat: .05.../...¢3..

Stt | Ho va tén, hoc ham/hgc vi Co quan cong tic Nhiém vy
1 | TS. Pham Vin Ha Trudng PH Cong nghiép HA Noi |  Cha tich
2 | TS.L& Thj Anh Trudng DH Céng nghi¢p Ha Noi Thu ky
3 | TS. Hoang Vin Thong Truong PH Giao thong Vén Tai | Phén bién 1
4 | TS. Kim Pinh Théi Dai hoc Qubc Gia Ha Noi Phan bién 2
6 | TS.HaManh Pao Truong DH Cong nghiép Ha Noi Uy vién

Céc ndi dung thwe hién:

1- Chu tich Hoi ddng diéu khién budi hop. Céng bd Quyét dinh ciia Trudng Pai
hoc Cong nghiép Ha Noi vé viéc thanh 14p Hoi ddng danh gid d& 4n &t nghiép.

2- Thu ky Hoi ddng doc 1y lich khoa hoc va céc diéu kién bao vé dé an tbt nghiép
cua hgc vién (Cé ban 1y lich khoa hoc va két qué c4c hoc phan cila hoc vién kém theo).

3- Hoc vién trinh bay tom tit dé 4n t5t nghiép.

4- Phan bién doc nhéan xét (cé vén ban kém theo)

5- Céc cau hoi ctia thanh vién Ho6i ddng:
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9. Hoi ddng hop va tong hop két qua

- Chi tich HD cong bd diém danh gia dé 4n tt nghiép cua timg thanh vién va
diém trung binh dé 4n t&t nghiép (cd Phiéu danh gid d@é dn tét nghiép va Phiéu téng
hop diém dénh gid dé dn tot nghiép kém theo);

- Piém a8 an it nghi¢p: Bing sé...... 5. Bﬁng chir: Taznﬂgvym&
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