TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 33, 56 1 (2026) ISSN: 2354-0842

DOI: 10.64302/joshusc.v33n1.1353

THUAT TOAN RUT GON THUOC TiNH DUA VAO CAT TiA MEM
VA TAP THO LAN CAN TRONG SO TONG QUAT

Tran Duy Anh, Lé Manh Thanh, Doan Thi Héng Phwéc, Nguyén Ngoc Thiy*

Khoa Cong nghé thong tin, Truong Pai hoc Khoa hoc, Pai hoc Hué

*Email: nnthuy.cs@hueuni.edu.vn

Ngay nhdn bai: 20/10/2025; ngay hoan thanh phdn bi¢n: 25/11/2025; ngay duyét ding: 6/12/2025
TOM TAT

Rat gon thudc tinh 1a mot nhiém vu trong tam trong 1y thuyét tap tho, nham loai bo
cac thudc tinh dw thita ma van duy tri kha nang phan 16p ctia hé quyét dinh. Trong
khuén kho tap tho 1an can trong s6 tong quat (GWNRS), thuéat toan heuristic hién ¢
da cho thdy hiéu qua nhat dinh nhung van chiu chi phi tinh toan cao khi 4p dung
cho di liéu quy md 16n. D& khic phuc han ché nay, chiing t6i dé xuét thuat toan SP-
GWNRS méi dua trén co ché cat tia mém. Mdi thudc tinh dwoc gan véi mot bd dém
theo doi s6 lan dong gop tiéu cuc vao d6 phu thudc, qua dé thuéat toan co thé thich
tng gitta tim kiém va cét tia nham giam cac danh gia du thita. Thém nita, mot giai
doan wrapper ciing dugc bo sung d€ chon tap rut gon cudi cung tot nhat dya trén
d6 chinh xac phéan 16p. Két qua thuc nghiém trén cac b dix liéu chuan cho thdy ré“mg
SP-GWNRS tra vé tap rat gon co kich thudce twong dwong véi thuat toan goc, nhung

vuot troi vé dd chinh xac.

Tw khoéa: Ly thuyét tap tho; Tap tho lan can trong sd tong quat; Rut gon thudc tinh;
Cét tia mém; Hé thong tin quyét dinh.

1. GIOI THIEU

Ly thuyét tap tho duoc gidi thiéu boi Pawlak trong [1] 1a mot cong cu toan hoc
hiéu qua cho viéc kham pha tri thitc, chon loc thudc tinh va phan tich dit liéu. Mot trong
nhitng nhiém vy trung tam ctia ly thuyét tap tho la rat gon thudc tinh nham loai bo cac
thuoc tinh du thita, trong khi van duy tri degc kha nang phan 16p cta hé quyét dinh.
Trong nhiéu thap ky qua, da cé rat nhiéu moé rong duoc dé xuat dé taing cuong kha nang
tng dung cua tap tho doi véi dit liéu thuc t€, Chzfmg han nhu tap tho lan can, tap tho lan
can mém, va tap thd mo [2-4].
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Trong s6 cac mo rong nay, tap tho lan can va cac bién thé c6 trong sd ctia n6é da
thu hat nhiéu sw quan tam, vi chung cho phép xt ly hiéu qua cac truong hop di liéu s6
lién tuc véi s6 chiéu 16n thong qua viéc xay dung cac hat thong tin 1an can ([5-8]). Gan
day, chung t6i da dé xuat tap tho 1an can co trong s6 tong quat (GWNRS) nhu mot cong
cu manh mé hon. GWNRS két hop trong sd trén ting thudc tinh va trong sd cho ting
ddi tuwong trong lan can. Qua do cai thién tinh linh hoat va d¢ chinh xac trong bai toan
rut gon thudc tinh theo chién lwge tham lam [9]. Mdc du dat hiéu qua phan 16p cao ti
tap con thudc tinh dwgc lya chon, nhung GWNRS van gdp phai van dé vé chi phi tinh
toan cao, ddc biét khi ap dung cho cac tap di liéu co s6 luong 1on ddi twong va thudc
tinh. Trong thuc té, chién luoc lya chon tham lam thuong dan dén viéc danh gia lap lai
cac thudc tinh it dong gdp, tham chi cd tdc dong tiéu cuc dén mirc do phu thudc, gay ra
tinh toan du thtra va lam giam kha ndng mo rong. Do d¢, viéc thiét k€ nhitng thuéat toan
hiéu qua hon 12 mdt nhu cau cap thiét, nham xtr ly cac tap dit liéu 16n ma khong lam suy
giam do chinh xac.

Cu thé, ching t6i dé xuat mot thuat toan heuristic méi cho bai toan rut gon thudce

tinh dya trén co ché cat tia mém (soft pruning) va tap tho 1an can c6 trong s6 tong quat,
goi 1a SP-GWNRS. Thuat toan nay duoc thiét ké gom hai giai doan:

- O giai doan tht nhat, co ché cit tia mém dwoc stt dung dé thich ting trong qua
trinh lwa chon, gitp loai b tam thoi cac thudc tinh mang it thong tin, dong thoi
cho phép khdi phuc lai chiing sau mot s§ vong 1dp. Chién lwoc nay gitip can bang
gitta viéc cit tia va kham phé, giam dang ké cac phép danh gia du thira trong khi
van duy tri dwoc qua trinh xay dung tap rtt gon on dinh.

- O giai doan tht hai, mdt pha danh gia wrapper duoc dwa vao nham chon ra tap
rat gon cudi cung tir cac ng vién trung gian bang cach t6i da héa &6 chinh xac
phan 16p. Tt d6 dam bao ca hiéu qua tinh toan va hiéu nang du doan cta rat gon
thu duoc.

Nhitng déng gép chinh ctia bai bao nay dugc tém tit nhuw sau:

(1) P& xuat thuat todn SP-GWNRS méi két hop chién lugc cat tia mém véi co ché
két hop hai pha filter va wrapper, gitip cai thién dong thoi hiéu qua tinh toan va hiéu
ndng phan 16p.

(2) Thuc hién cac thi nghiém mo rong trén cac tap dit liéu chuan, cho thay SP-
GWNRS tim ra cac tap rat gon c6 chat lwong va nang cao do chinh xac phan 16p so voi
thuat toan GWNRS gdc.

Phén con lai cta bai bao duoc t6 chirc nhu sau: Phan 2 trinh bay cac khéi niém
co ban cta tap tho 1an can c6 trong s6 tong quat. Phan 3 giodi thiéu thuat toan SP-GWNRS
dwgc dé xudt. Phéan 4 trinh bay két qua thuc nghiém cung mot s6 so sanh, danh gia. Cudi
cung, Phan 5 dua ra két luan va dinh hudng nghién cttu teong lai.
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2. TAP THO LAN CAN TRONG SO TONG QUAT

Trong phéan nay, ching t6i trinh bay cac khai niém co ban nhu hé thong tin, bang
quyét dinh, sau d6 nhéc lai dinh nghia va mot s8 tinh chat ctia cac tap tho 1an can trong
s0 tong quat [9].

Mot hé thong tin dwgc dinh nghia la mot cdp I = (U, A), trong d6 U la tap httu han
khac rong cac d6i teong va A 1a tap hitu han khac rdng cac thudc tinh. Mbi thudc tinh
a € A xac dinh mot anh xa a: U — V,, vdi 1, 1a tap gia tri cta thudc tinh a. Véi modi thudc
tinh a € A va d6i twong u € U, gia tri cua d6i twgng u trén thudc tinh a dwgc ky hiéu la

a(u).

Trong treong hop dac biét khi A duoc chia thanh hai tap con roi nhau, C va D,
trong d6 C duoc goi la tap thudc tinh diéu kién va D duoc goi la tap thudc tinh quyét
dinh, thi hé thong tin I sé dwoc goi 1a hé thong tin quyét dinh (hodc ngan gon hon goi la
bang quyét dinh) va dwoc ky hiéu boi S = (U, C U D).

Cho tap con thudc tinh B € € va u, v la hai ddi twong, khoang cach gitra u va v
trén tap thugc tinh B, ky hiéu Ag(u, v), dwoc xac dinh boi

1
P
8sw) = () la@ = a@lP | , M)
a€EB
trong d6 Ag (u, v) duoc goi 1a khoang cach Manhattan néu p = 1, khoang cach Euclidean
néu p = 2, va khoang cach Chebychev néu p = co.

Xét hé thong tin quyét dinh S = (U, C U D), mét tap con thudc tinh B € € va mot
s6 nguyén duong k, mdi d6i tuong u € U sé& xac dinh mét hat thong tin k-lan cdn gin nhat,
ky hiéu N} (u), chtra k d6i twong c6 khoang cach gan nhat dén u.

Cho tap con thudc tinh B € € va hai d6i tuwong u, v, khoang cach cé trong sd gitta
1 va v trén tap thudc tinh B, ky hiéu 49" (4, v), duoc xac dinh boi

1
att p
A" () = (Z Wt (a) - ) ~ a(v)|v) : @
a€EB
trong d6 w*(a) 1a trong sd ctia thudc tinh a € B.

Khi d6, hat thong tin e-1an can c6 trong so thudc tinh cua d6i tuong u duoc dinh

nghia nhu sau:

véi € >0 1a ban kinh 14n can.

Tiép theo, cho u € U, hat thong tin 1an can trong s6 thudc tinh cua déi tuwong u
dwoc xac dinh boi:
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Op(w) = NE) N GWNE(u). (4)

Co thé thdy rang O5(u) 1a tap chita nhiéu nhat k d6i twong gan nhat trong ban
kinh e. Hién nhién, @5 (u) c6 thé 1a tap rong néu u la d6i tuong nhiéu. Do d9, ho tat ca
cac hat thong tin 1an can trong so thudc tinh, F(B) = {0z(u):u € U}, c6 thé khong hinh
thanh 1én mot phu trén U.

RS rang, mdi ddi twong trong O (1) déng mot vai tro khac nhau trong viéc danh
gia, quyét dinh d6i véi u. Do d6, chung ta can gan trong s6 cho cac ddi twong trong
Og(u). Gia st rf?mg Og(u) = {ul, Uy, ..., u|@B(u)|}, khi d6 chung ta gan cac trong so tueong
ung law®(uq), wl(uy), ..., W"(u|@B(u)|)) voi wl(u;) € [0,1].

Nhu vay, mot hat thong tin 1an can trong s6 tong quat dugc dinh nghia la:

Uy Uz u|93(u)|

Op(u) = wo(uy) ' wo(uy)' ™ o (u|@B(u)|) |

()

Dé thay 05 (u) c6 thé dugc xem nhi mot tap mo, trong &6 w(w;) chinh la do
thanh vién cua u; thudc vao tap 0z (w). Chung ta ky hiéu F(B) = {@~B(u): u€evu } Ia ho
tat ca cac hat thong tin 1an can trong sd tong quat trén U.

Bay gio, chung ta sé€ trinh bay cac khdi niém co so cua tap tho GWNRSs. Cho hé

thong tin quyét dinh § = (U,C U D), mot tap con thudc tinh B € C, va mot tap doi
twong X S U, Xap xi dudi va trén cua X theo B dugc dinh nghia la:

%(X)z{uEU:wz }, (6)
|93 (U)l
va
WB(X)={u€U:M>B}, (7)
|93 (u)|
trongdo0 < f <a <1
Khi d6, d¢ phu thudc ctia D vao B dugc xac dinh bai:
g (o) = O ©)
trong d6 GWPOSg (D) la mién khé’mg dinh cta D theo B, dwoc xac dinh boi:
GWPOS,(D) = U GWy (). 10)

X €U/D
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3. RUT GON THUOC TiNH VOI GWNRS SU DUNG CAT TiA MEM

Phén nay trinh bay dinh nghia rut gon theo ti€ép can tap tho 1an can trong so tong
quat GWNRS. Sau d6, chiing t6i chi ra nhuwgc diém can khac phuc ctia trong thuat toan
rat gon thudc tinh gdc trong [9] va dé xudt y tuong cat tia mém két hop véi cach tiép can
filter-wrapper d€ phat trién thuat toan moi SP-GWNRS.

Cho S = (U, C U D) la bang quyét dinh. Mot tap con thudc tinh R € € duoc goi la
mgt riit gon ciia C trong viéc quyét dinh D néu no6 thoa man cac tinh chat sau:

i yg" (D)2 y¢" (D),
i) Va€R,yginD) < yg" (D).

Trong cac thuat toan hueristic tim kiém nhanh cac rat gon, viéc xac dinh mac do
quan trong ctia mot thudc tinh dong vai tro then chét. Mot cach hinh thic, diéu nay ¢
thé duoc dinh nghia nhu sau:

Cho tap con thugc tinh B € € va thudc tinh a € C\B, d¢ quan trong cua thugc tinh
a d6i véi B duoc dinh nghia la:

SIGW(a,B,D) = y5li(D) — vE" (D). (11)

Co thé thdy rang SIGSY (a, B, D) do miic do gia ting &6 phu thudc khi thudc tinh
a duoc thém vao B. Gia tri d6 do nay cang lon, phan anh dong gop cua thudc tinh a vao
viéc quyét dinh cac d6i teong trong vii tru U cang 16n.

D€ tim tap rat gon, trong [9], cac tac gia da dé xudt thuat toan heuristic rat gon
thudc tinh dwa vao GWNRS. Méc du thuat toan nay hoat dong hiéu qua déi voi cac tap
d@ liéu c6 quy md nho va trung binh, song khi ap dung cho dit liéu c6 s6 chiéu 16n, nd
van ton tai han ché vé chi phi tinh toan. Ly do la boi mot s6 thudc tinh ¢6 thé bi danh gia
1ap lai nhiéu lan mdc du khong cai thién duoc dd phu thudc, dan dén tinh toan du thtra.
Nhitng thudc tinh nhu vay c6 thé chi phdi khong gian tim ki€m, lam cham qua trinh hoi
tu. Do d6, can thiét phai xay dung mot chién lwgc cét tia c6 kha nang thich tng dong,
nham loai bé tam thoi cac thudc tinh khdng hidu qua trong qud trinh tim kiém.

Cu thé, dé khic phuc cac van dé néu trén, ching t6i dé xudt mot thuat toan rat
gon thudc tinh heuristic cai tién dua trén co ché cit tia mém trong khudn khé GWNRS,
goi la SP-GWNRS (Soft Pruning — Generalized Weighted Neighborhood Rough Set).

Y twong cot 16i cua thudt toan la gé'm véi moi thude tinh mdt bo dém
(fail_counter), phan anh s& Ian thuc tinh d6 khong dong gop tich cuc vao tap rat gon.
Mot thudc tinh a duoc coi la “khong déng gop tich cuc” néu viéc thém thudc tinh nay
vao tap rat gon RED khong lam ting d6 phu thudc, nghia 1a SIG" (a, RED, D) < 0. Khi
bd dém ctia mot thudc tinh dat dén ngudng T, thudc tinh nay sé duoc tam thoi loai bo
khoi qua trinh xem xét. Sau mdi N vong lap, cac bd dém duoc giam di mot lwong T, cho
phép cac thudc tinh bi loai trede d6 c6 thé duoc xem xét lai néu gia tri bo dém ctia ching
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giam xudng duwdi ngudng T. Co ché cat tia mém dong nay gitip nang cao hiéu qua xa ly
ddi véi cac tap di liéu cd quy md 16n va nhiéu chiéu, dong thoi duy tri kha nang kham
pha cac thudc tinh tiém néng trong qua trinh rat gon. Thuét toan cu thé duoc trinh bay
nhu dudi day.

Algorithm 1. Thuat toan filter-wrapper cho rat gon thudc tinh dua vao cit tia mém va
tap tho 1an can trong s6 tong quat(SP-GWNRS)
Pau vao: Hé thong tin quyét dinh S = (U, C U D), c4c tham s6 xay dung hat thong tin

e, k, a, B va cac tham s6 citta T, N, .
Déu ra: Tap thudc tinh rat gon RED

// Pha filter: Riit gon heuristic véi cit tia mém
1. Khoi tao RED « @, yS%,(D) « 0, iteration « 0;
2.Foreverya e C:

3. Khoi tao fail_counter[a] < 0 vasoft_prunela] « False;

4. While C\RED # @:

5. For every a € C\RED:

6. If soft_prune[a] = True:

7. SIG®Y (a,RED,D) « —1;

8 continue;

9. SIG™(a,RED, D) < Yggpyay(D) — vign(D);

10. If SIG" (a,RED,D) < 0:

11. fail_counter[a] += (1 — SIG®Y (a, RED, D));

12. If fail counter[a] = T :soft_prunela] < True;

13. Else:

14. fail_counter[a] « 0;

15. Tim a, sao cho SIG®W (ay, RED,D) = max_SIG " (a,RED,D)
a€C\RED

16. If SIGY (ag, RED,D) = 0:

17. RED « RED U {a,};

18. Luu ting vién rat gon Sireni = RED;

19. Else:

20. break;

21. iteration « iteration + 1;

22. If iteration mod N = 0:

23. For everya eC \ RED:

24, fail_counter[a] = max(0, fail_counter[a] — 1);

25. If fail_counter[a] < T:soft_prune[a] « False;

/I Pha Wrapper

26: For each ting vién Si:
27: Danh gid d¢ chinh xac phan 16p cua Si véi mot bd phan 16p;
28: Chon Seest 1a tap thudc tinh ¢d d6 chinh xdc phan 16p cao nhat.
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29: Return RED = Spest

Dé thdy, chi phi tinh toan ctia thuat toan SP-GWNRS cht yéu bi chi phéi béi budc
danh gia d¢ quan trong cua thudc tinh. Budc nay yéu cau xay dung cac hat thong tin 1an
can trong sd tdng quaét, véi thoi gian O(IU|2) cho mbi [an danh gia. Do d6, dd phtic tap
thoi gian ctia SP-GWNRS van tuong dwong véi thuat toan gdc. Tuy nhién, viéc tich hop
co ché cat tia mém da giam dang k& cac phép danh gia dw thira, qua d6 cai thién hiéu
suat thuc t€ cua qua trinh tinh toan. Cu thé, trong thuat toan GWNRS gdc, tat ca |C| thudc
tinh c6 thé duwoc xem xét tai mdi vong 13p, va qud trinh nay duoc 1dp lai tdi da IRED| lan
(v6i IREDILICI), dan dén d6 phtic tap tong thé'la O(ICJ>|U2). Nguoc lai, trong thuat toan
SP-GWNRS, co ché cat tia mém cho phép loai bo tam thoi cac thudc tinh khong mang
thong tin, do d6 trung binh chi c6 o-|C| thudc tinh dwoc danh gia tai mbi vong 1ap, trong
d6 0<<1. Vi vay, do phtic tap thoi gian ctia SP-GWNRS ¢6 thé duegc bidu dién nhu sau:
O(o:ICI>|U?). Do o thuong nhé hon dang ké so véi 1 trong cac tap dit liéu co sd chiéu
cao, nén SP-GWNRS giam dang ké chi phi tinh toan.

4. THUC NGHIEM VA PHAN TICH, PANH GIA

D€ danh gia hiéu qua ctia thuéat toan duoc dé xuét, chiing toi da tién hanh mot
loat thi nghiém trén cédc tap dit liéu khac nhau. Muc tiéu ctua cac thi nghiém nay la so
sanh hiéu nang ctia SP-GWNRS véi phuong phap rat gon thudc tinh heuristic géc dua
trén GWNRS. Ca hai thuét toan déu duoc thyec thi trong cung diéu kién tham s6, bao
gom kich thude 1an can (k) va ban kinh (¢). D6i voi SP-GWNRS, céc tham s6 bd sung (T,
N, 1) duoc diéu chinh thuc nghiém trong mot pham vi hop ly nham dat duoc hiéu suat
t61 wu. Cu thé trong cac thi nghiém, tham s6 k dwgc diéu chinh theo s6 lugng doi tuong
(IU1) nhw sau: Khi (100 <| U |< 1000), k duoc thay doi tie (0.011U]) dén (0.151U1), voi
budce tang 0.01|U]. Khi [U] < 100, k dwoc chon trong khoang tir 1 dén 15, v6i bude tang la
1. Khi |U| > 1000, k duoc diéu chinh trong khoang 0.001|U| dén 0.015|U|, v6i bude tang
0.001|U|. Tham s8 € duoc thay d6i trong khoang tir 0.1 dén 1.0, v6i bude tang 0.1. Cac
tham s0 (T, N, 7) duoc thiét 1ap cu thé'la T=2, N = max(2, 2*1og(1Cl)) va 7=1. Ngoai ra,
dé danh gia do chinh xac phan 16p cua tap rat gon thu duoc, ching t6i st dung hai bo
phan 16p Naive Bayes (NB) va KNN (v6i K = 3). Nhitng két qua thuc nghiém nay duoc
dung d€ phan tich va so sanh hiéu qua ctia SP-GWNRS v6i thuat toan goc trén cac khia
canh vé d¢ chinh xac phan 16p va kich thudce rtt gon.

Téat ca hai thudt toan dwgc trién khai trén Python 3.10.11 va duoc thuc thi trén
may tinh PC véi Intel(R) Core(TM) i7-12700 2.10 GHz, RAM 16.0 GB.

Cac tap d@ liéu duoc st dung trong thi nghiém la cac hé quyét dinh chuan cé
kich thuwdce va s6 chiéu khac nhau. Bang 1 trinh bay cac déc trung chinh ctia ching, bao
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gom: s6 luong ddi twong |U|, s6 lwong thudc tinh diéu kién |C|, sO lwong 16p quyét dinh,
valoai dit liéu twong ting. Céc tap di liéu nay dwoc tai vé tir cac kho di liéu vé khai pha
det liéu va hoc mdy phé bién bao gom: Kho dix liéu vé hoc may UCI
https://archive.ics.uci.edu/datasets, Kho d&t liéu mo vé hoc may OpenML:

https://openml.org/search?type=data%26sort=runs%26status=active, va Kho dit liéu mo&

Kaggle: https://www kaggle.com/datasets/.

Hiéu qua so sanh gitta SP-GWNRS va GWNRS duoc trinh bay trong Bang 2 va
Bang 3. Cac két qua dwogc tinh tir trung binh ctia 10-fold, bao gom kich thuwdc rut gon
(size), d0 chinh x&c phan 16p (acc) va cap tham s6 ti wu (k, €). Trong d6, (k, €) la cap tham
s0 mang lai d6 chinh xac cao nhat trong toan b dai gia tri khao sat, nhu mo ta ¢ phan
thiét lap.
Bang 1. Mo ta chi tiét cac tap dix liéu.

STT | Tén tip ditliéu | ICI Ul Lép | STT | Téntip ditlieu | ICI | IUI Lép
| metadinstance 62 74| 4 16 | fri-c4-250-50 50| 250 | 2
incremental
2 | Meter A 36 7| 2 | 17 \C/f)ﬁerzfl 6| 30| 2
Chemical
8 Composion of 17 88 2 18 leaf 15 340 | 30
Ceramic
4 Meter B 51 92 3 19 ionosphere 34 351 2
5 fSZOt‘faﬂureS' 90 17| 3 20 ggseﬁ:lans 8| 768 | 2
6 ?ilrgezf;;::re“ 10 122 2 21 | pc3 37| 1563 | 2
7 kcl-binary 94 145 2 22 Steel plates fault 33 | 1941 2
wine 13 178 3 23 kcl 21 | 2109 2
Meter D 43 180 4 24 segment 19 | 2310 7
10 Meter C 43 181 4 25 fri-c4-100-100 100 100 2
11 triazines 60 186 2 26 spectrometer 100 531 48
12 | wpbc 33 198 | 2 27 Ezrtsaosztca“ 21| 48| 16
13 sonar 60 208 2 28 SRBCT 2308 83 4
14 seeds 7 210 3 29 warpAR10P 2400 130 10
15 glass 9 214 6 30 Lymphoma-3 4026 66 3

Két qua cho thdy ca hai thuat toan déu giam dang ké s6 lwong thudc tinh so voi
tap di liéu ban dau va tao ra cac tap rat gon c6 s6 lwgng thudc tinh twong dwong nhau
trén da s tap dir liéu. Vé do chinh xac phan 16p trén bo phan 16p Naive Bayes, SP-
GWNRS vuot tréi hon GWNRS trén 24/30 tap dit liéu. Ddc biét, trén cac tap fri-c4-100-
100, glass, meta-instanceincremental, sonar, va warpAR10P, SP-GWNRS dat d¢ chinh
xac cao hon GWNRS ttr 4% dén 12%. Diéu nay cho thay, SP-GWNRS khong chi ¢6 kha
nang loai bo thudc tinh du thitta ma con duy tri hodc nang cao kha nang phan 16p. Céc
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treong hop con lai, hai thuat toan cho két qua twong duwong (vi du Algerian-Forest Fires-

Bejaia, Chemical Composion of Ceramic, Meter D, pc3, hodc steel-plates-fault) ching té
rang SP-GWNRS khong lam suy giam d6 chinh x4c. Duy nhat tap dit liéu SRBCT, thuat
toan dé xuat cho két qua thdp hon GWNRS khoang 1.11%, mttc chénh léch nay khong

dang ké.
Bang 2. Két qua so sanh hiéu qua hai thuat toan trén bd phan 16p NaiveBayes.
SP-GWNRS GWNRS

Tap dit liéu

(k, €) size acc (k, €) size acc
Algerian-Forest Fires- (1, 0.5) 1.1 97.57+3.92 1,0.5) 1.1 97.57+3.92
Bejaia
Chemical Composion of (1, 0.5) 1 1000 @, 0.5) 1 1000
Ceramic
Lymphoma-3 (15,0.7) 2.3 98.33+5.27 (5,0.8) 2.2 96.9+6.55
Meter A 3,1.0) 3 83.89:8.36 (8,0.5) 25 81.67+9.73
Meter B (1,0.5) 17 1000 (1, 0.6) 1.9 1000
Meter C (24, 0.5) 55 67.49+8.72 (24, 0.5) 5.5 66.38+9.51
Meter D (6,0.5) 24 85.56+10.54 (16, 1.1) 2.2 85.55+8.76
PersonGaitDataSet ©,0.9) 7.1 50.5+15.71 ©,0.7) 6.3 47+19.89
Pima Indians Diabetes (69, 0.7) 3.8 79.04+4.23 (69, 0.7) 3.8 77.86+5
SRBCT (10, 0.6) 4.3 95.28+6.11 (15, 1.4) 5.9 96.39+5.83
Vertebral Column @,0.7) 5 81.6128.2 (16, 0.5) 2.1 79.68+8.2
fri-c4-100-100 (5,0.5) 3.5 8246.32 (10, 1.2) 3.3 78+6.32
fri-c4-250-50 (4, 0.6) 3.5 76.8+6.48 (27,0.6) 2.3 76x7.3
glass (23,1.0) 4.4 61.69+7.76 9,0.5) 3.9 49.48+11.7
ionosphere (47, 0.6) 2.3 83.47+5.2 (47, 0.6) 2.3 82.615.96
kel (13,0.7) 14 85.35:2.9 (13,0.7) 14 84.87+2.92
kcl-binary ©, 1.0) 29|  74.09+12.85 9, 1.4) 3.6 72.76+13.3
leaf (6, 1.0) 9.2 77.65%3.97 (6,0.5) 7.5 75.88+7.17
meta- (14,0.5) 32| 83.39+19.81 (14,1.2) 25|  77.68+25.38
instanceincremental
pc3 (8,0.5) 1.1 89.83+1.88 (8,0.5) 1.1 89.83+1.88
robot-failures-lp4 3, 1.0) 35 93.18+6.84 @, 1.1) 37 92.35+6.18
seeds (1, 0.6) 48 95.72+2.7 (1,0.5) 3.9 93.81+4.52
segment (4,0.9) 8.8 88.92+2.2 (4,0.5) 7.5 87.75+2.1
sonar 1, 1.0) 5.7 82.31+8.32 (20, 0.5) 3.7 74.07+11.01
spectrometer (4,0.5) 6.8 53.3+6.68 9, 1.4) 7 50.46+5.24
steel-plates-fault (5,0.5) 7.9 1000 (5,0.5) 7.9 1000
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triazines (5,0.9) 4.9 75.82+8.07 (25,1.3) 5.7 72.46+9.32
warpAR10P (17,0.7 ) 9.2 76.92+14.95 (12, 0.7) 8.5 71.54+13.59
wine (11, 0.9) 47 97.74+5.39 (17, 1.0) 5 96.63+3.91
wpbc (17, 0.6) 2.5 79.84+8.76 (7,0.7) 1.8 78.87+9.31
Bang 3. Két qua so sanh hiéu qua hai thuat toan trén by phan 16p KNN.
SP-GWNRS GWNRS
Tap dit liéu - -

(k, €) size acc (k, €) size acc
gijgaizan'%re“ Fires- (9, 0.5) 1] 96.73:4.22 ©,0.5) 1 96.73+4.22
g::;xfj‘l Composion of ,0.5) 1 1000 ,0.5) 1 1000
Lymphoma-3 (15, 0.7) 2.3 98.33+5.27 (15, 0.6) 2.7 96.96.55
Meter A (14,0.7) 27| 96.67£5.37 (14, 0.6) 2.1 93.33+9.37
Meter B (15, 0.5) 2 100+0 (15, 0.5) 2 1000
Meter C 3, 1.0) 33 98.33+3.75 3, 1.4) 32 98.89+2.34
Meter D (8, 0.6) 2.7 88.338.47 (8, 0.6) 2.7 88.338.47
PersonGaitDataSet 9,0.8) 6.5 78.5+27.89 (2,0.8) 4 78+19.89
Pima Indians Diabetes (62,1.0) 4.6 76.17+2.76 (62,1.3) 4 74.09+5.09
SRBCT (7,0.5) 43 96.39+5.83 ©,1.3) 5.1 94.03+6.32
Vertebral Column (2,0.6) 4.8 84.52+5.22 (27,0.7) 2 82.58+5.53
fri-c4-100-100 (7, 1.0) 4.3 93+4.83 (10, 0.5) 34 8619.66
fri-c4-250-50 (22,0.5) 3.3 84.8+6.2 (15,0.7) 29 83.2+4.92
glass (1,0.8) 6.8 77.99+6.44 7,1.1) 52 73.3148.47
ionosphere (6,0.8) 29 83.75+5.59 (6,0.5) 2.7 82.32+5.55
kel (18, 0.9) 29 55.58+22.16 (18, 0.9) 29 55.39+21.99
kcl-binary 9, 0.6) 2.8 79.86+11.62 (13,1.3) 3.1 78.19+£11.93
leaf (33,0.5) 8.4 70.29+4.03 (6,0.5) 7.5 67.94+6.42
EE:;Ceincremental (5,1.0) | 34| 89.28+10.61 G, 1.0) 3.4 87.86+9.95
pc3 (8,0.5) 1.1 89.832.1 (8,0.5) 1.1 89.832.1
robot-failures-lp4 (3, 0.6) 33 92.27+8.49 3,1.3) 3.8 91.44+8.96
seeds (20, 0.5) 24 94.76+6.53 (20, 0.5) 24 94.76+6.53
segment (27, 0.6) 42 97.53+1.02 (27, 0.6) 42 97.4+1.08
sonar (11, 0.9) 4.7 83.19+7.14 (20, 0.9) 5.2 79.88+10.29
spectrometer (62, 0.5) 10 58.96+7.38 9, 1.1) 6.6 56.87+3.86
steel-plates-fault (5,0.5) 7.9 100+0 (5,0.5) 7.9 100+0
triazines (25, 0.7) 58 80+9.57 (3, 0.6) 47| 7634+13.59
warpAR10P (14, 0.7) 91| 82.31+10.91 (12,0.7) 85| 79.23+10.91
wine (1, 0.6) 3.8 97.19+3.96 (17, 1.0) 5 97.19+3.96
wpbc (17, 0.6) 2.5 76.76x10.33 (21, 0.5) 2.2 73.68+12.21

Trén bo phan 16p KNN, SP-GWNRS tiép tuc duy tri hodc vuot troi do chinh xac
so voi GWNRS trén 29/30 tap di liéu. Chi duy nhat moét treong hop Meter C, GWNRS
c6 d6 chinh xac cao hon SP-GWNRS, tuy nhién mttc chénh léch chi khoang 0.56%, khong
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dang ké. Ddc biét, cac tap Meter A, fri-c4-100-100, glass, sonar, triazines, warpAR10P va
wpbc ghi nhan mttc cai thién 16 rét tir 3 - 7%, trong khi kich thudc rit gon van twong d6i
canh tranh so véi GWNRS. Diéu nay ching t6 co ché cit tia mém dong da gitp thuat
toan loai bo hiéu qua cac thudc tinh khong mang thong tin, ttir 46 nang cao do chinh xac
phan 16p.

Téng thé, két qua phan 16p khang dinh rang SP-GWNRS khong chi tra vé tap rut
gon c6 kich thudc trong duong thuat toan goc, ma con duy tri d6 chinh xac cao va on
dinh trén nhiéu loai dit liéu. Co ché cat tia mém cho phép thuat toan thich ting linh hoat
véi ddc trung dit liéu khac nhau, gitp nang cao tinh tong quat hda, kha néng thich nghi
va do on dinh trong qua trinh rat gon thudc tinh.

5. KET LUAN

Trong bai bdo nay, chung t6i da tap trung giai quyét bai toan rat gon thudc tinh
dua trén cach tiép can GWNRS. Mac du thuat toan heuristic truyén théng c6 thé tim
duoc cac tap rat gon mot cach hiéu qua, nhung chi phi tinh toan tang khi ap dung cho
cac tap dir liéu quy mo 16n va c6 sd chiéu cao, do phai ldp lai viéc danh gia cac thudc
tinh khong mang thong tin. D& khac phuc han ché nay, chiing t6i dé xuat SP-GWNRS,
mot thuat todn heuristic méi dua trén co ché cit tia mém. Mdi thudc tinh duoc gan mot
bd dém (failure counter) va cap nhat dong trong qua trinh cat tia va thiét lap lai, gitip
thuat toan loai bo tam thoi nhiing thudc tinh khéng quan trong, dong thoi van duy tri
cac thudc tinh tiém nang cé kha nang déng gdép vao két qua cudi cung. Chung toi da
phan tich do phtic tap tinh toan va thay rang thuat toan dat duoc chi phi thyec t& giam
dang k&, dwoc bidu dién boi: O(o-ICI2|U2), trong d6 o la ty 1é cit tia, thwong nho hon
nhiéu so v6i 1 trong cac tap dir liéu ¢ s6 chiéu 16n. Thye nghiém trén cac hé quyét dinh
chuan ciing cho thdy SP-GWNRS tao ra cac tap rut gon twong duwong hodc nho hon,
trong khi d6 chinh xac phan 16p vuot troi so véi thuat toan goc.

Hudng nghién cttu trong trrong lai bao gom: Mo rong chién lwegc cit tia mém cho
cac hé quyét dinh dong, két hgp SP-GWNRS voi cac ky thuét toi wu hoa metaheuristic,
va tng dung thudt toan nay vao cac linh vyec thyce t&€ ¢6 dit liéu nhiéu chiéu nhu tin sinh
hoc va khai phd van ban.
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Nghién cttu nay duoc hd tro boi Pai hoc Hué cho dé tai DHH2024-01-217. Cac
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AN EFFICIENT FILTER-WRAPPER ATTRIBUTE REDUCTION ALGORITHM
BASED ON SOFT PRUNING AND GENERALIZED WEIGHTED
NEIGHBORHOOD ROUGH SETS

Tran Duy Anh, Le Manh Thanh, Doan Thi Hong Phuoc, Nguyen Ngoc Thuy"
Faculty of Information Technology, University of Sciences, Hue University

*Email: nnthuy.cs@hueuni.edu.vn
ABSTRACT

Attribute reduction is a central task in rough set theory, aiming to eliminate
redundant attributes while preserving the classification ability of the decision
system. Within the framework of generalized weighted neighborhood rough sets
(GWNRS), the existing heuristic algorithm has shown some effectiveness but still
incurs a high computational cost when applied to large-scale data. To overcome this
limitation, we propose a new algorithm, SP-GWNRS, based on a soft pruning
mechanism. Each attribute is associated with a counter that tracks the number of
times it contributes negatively to the dependency degree, enabling the algorithm to
adaptively balance exploration and pruning to reduce redundant evaluations.
Furthermore, a wrapper phase is incorporated to select the optimal final reduct
based on classification accuracy. Experimental results on benchmark decision
systems demonstrate that SP-GWNRS achieves reductions of comparable size to
those of the original heuristic algorithm, while outperforming it in classification

accuracy.

Keywords: Rough set theory; generalized weighted neighborhood rough sets;

attribute reduction; soft pruning; decision information systems.
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