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Tém tat: Rt gon hay lua chon thudc tinh (RGTT) trén cdc hé thong tin quyét dinh tir 1au da dugc coi la bai toan then
chét va khong thé thiéu clia cac linh vuc vé khai phd ciing nhu phan tich dif liéu. Mot s6 tiép can theo hudng ly thuyét
tap thd cling cdc md rong da mang t6i nhiéu phuong phap RGTT dat hiéu qui 4n tugng. Tuy nhién, cho t6i nay, mot sb
phuong phép theo 1y thuyét tip md truc cam chua thuc su dugc biét t6i. Cac phuong phap theo tiép cin nay c6 mot diém
manh 12 khi niing ning cao hiéu ning phan 16p trén cic bang quyét dinh (DT) c6 tinh nhiéu va khong nhit quan. Bai bdo
ndy xuét phét tif mot do do khodng céch gifta hai phan hoach md truc cam va tit d6 dé& xudt mot thuat toan RGTT hiéu
qua. Cu thé nhu sau, dau tién, chiing tdi thiét ké mot thuit todn RGTT trén DT chua c6 su bién dong. Tiép theo, chiing
t6i thiét k& mot thuat toan gia ting d€ xit ly trén DT trong trudng hdp x6a bod tap dbi tuong. Mot sd két qua trong qua
trinh thit nghiém da chiing minh ring, cic phuong phap RGTT dugc d& xuét clia ching ti c6 hiéu ning vuot trdi khi so
sanh v6i cac phuong phap dua trén cach tiép can tap tho, tip md vé kich thude tap rit gon (TRG) va hiéu qua phan 16p.

Tu Khoa: Riit gon thudc tinh, tdp thd, tdp mo tric cam, tdp mo, quan hé tuong duong md tryc cdm

Title: A Novel Incremental Algorithm for Finding the Reduct on the Decision Table when Deleting the Object Set

Abstract:  Feature selection or attribute reduction for decision information systems has long been considered a key and
indispensable problem in data mining and analysis. Some approaches based on rough set theory and extensions have
brought many attribute reduction methods with impressive efficiency. However, up to now, some attribute reduction
methods according to intuitionistic fuzzy sets have not received much interest. The advance of this approach is the
ability to improve classification performance on noisy and inconsistent decision tables. This paper starts from a
distance measure between two intuitionistic fuzzy partitions and then proposes an effective attribute reduction algorithm.
Specifically, we first design an attribute reduction algorithm on the decision table without change. Next, we construct
an incremental algorithm to process the decision table when deleting an object set. Some experimental results have
shown that our proposed methods have superior performance to methods based on the rough set and fuzzy set in terms
of the size of the reduct and the classification efficiency.

Keywords:  Atftribute reduction, rough set, intuitionistic fuzzy set, fuzzy set, intuitionistic fuzzy equivalence relation

I. GIOI THIEU nhim cai thién hiéu ning phan 16p cho ciac md hinh du
doan. Khai niém tap thé mo (FRS) dugc dé xuat bsi Duboi

Mot vin dé khd can thiét & giai doan tién xii ly ctia dif ¢4 mang t6i sy thanh cong cho cic phuong phap RGTT khi
liéu d6 la viéc rut gon hay lga chon thudc tinh (RGTT). c6 thé xti 1y trén cac DT chifa cdc thudc tinh mang mién
Muc tiéu chinh ctia RGTT nham giit lai cdc thudc tinh thiét gia tri s6 va lién tuc. Ciing theo ly thuyét nay, c6 nhiéu
yéu tit DT va loai di cdc thudc tinh chifa thong tin du thita ~ cong trinh di dudc cong bd dua trén khong gian xip xi.
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Mot sb thuat todn dién hinh bao gdm ham thudc mo [1],
mién khﬁng dinh mé [2]-[4], entropy md [5]-[8] va khodng
cach mo [9]. Trudc xu thé cha dif liéu 16n ngay nay, cic
DT c6 s6 chiéu vo cing 16n va lién tuc dudc cip nhat.
Diéu nay da mang t6i nhiing khé khén va théch thdc cho
cdc phuong phap RGTT theo cich tiép can truyén thdng.
Mot trong sd d6 c6 thé néi t6i nhitng khé khin vé tbe do
tinh toan va khong gian Iuu trit. Ngoai ra, khi DT dudc cép
nhat, cic phuong phap trén phai tim kiém lai TRG trén toan
bd DT. Piéu nay cang lam ting thdi gian xi ly clia thuat
toan. DE gidi quyét van dé nay, cic ky thuat vé tinh todn
gia ting d€ tim TRG trén DT bién dong da dugc phat trién
bdi nhiéu nha nghién ciu. Cic ky thuit nay da lam cho
cdc thuat toan RGTT mang uu diém ndi trdi vé thoi gian
tinh todn do chi cp nhat céc tip con thudc tinh trén phan
thay d&i ma khong can thuc thi lai trén toan bo DT gbc.
Hon nita, v6i cac bang cé s6 chiéu 16n, DT sé dugc chia
thanh nhiéu phan va 4p dung thuat toén gia ting (TTGT).
TRG sau d6 sé dugc cap nhat khi DT dudgc luge bd hay bd
sung ting phan. Theo céch tiép can nay, nhiéu TTGT da
dugc dé xuit trong céc trudng hop loai bd hoic bd sung
tap dbi tuong [10]-[14] va loai bd hodc bd sung tap thudc
tinh [15]. Thém vao d6, mot s6 nghién cifu da mé rong cic
TTGT khi thuc thi trén cac DT bién dong va thiéu dit liéu.
Cu thé, Giang trong [16] da xdy dung tip thd mo dung sai
d€ thiét ké thuat toan lai ghép cho DT khong day du dit
liéu khi lugc bd va bd sung tap ddi tuong. Ciing theo cich
tiép can nay, Thing trong [17] da xdy dung mot sb cong
thiic trong TTGT cho hai trudng hdp loai bd va bé sung
tdp thudc tinh. Tuy nhién, Hung va Yang [18] da chi ra
rang, cdc phuong phdp theo hudng tiép can FRS c6 hiéu
qua chua tot khi dugc xd 1y trén cac DT c6 hiéu qui phan
16p ban dau thip va khong nhit quan.

Trong thdi gian trg lai gan ddy, mot md hinh méi st dung
tap md truc cam (IFS) nham gidi quyét bai toan RGTT da
dugc dé& xuit. Mo hinh nay han ché dugc cac thong tin
khong chic chin trén DT do su bd sung ctia ham khong
thanh vién (ham khong thudc) c6 kha ning diéu chinh rat
tdt cac ddi tugng c6 tinh nhiéu vé gin diing phan 16p [19].
Dbi v6i cac DT chia thong tin khong chic chan va ¢ hiéu
ning phan 16p ban diu khong cao, hiéu qua ctia cic phuong
phap RGTT dua trén IFS dugc bao cao la ky vong hon so
véi cdc phuong phdp dua trén FRS. Tir cich tiép can nay,
Thang trong [20] da xdy dung khoéng cach trén hai phin
hoach m& truc cidm va thiét ké mot phuong phép lai ghép
d€ tim kiém tap con thuodc tinh trén DT. Cac két qua trong
thuc nghiém da minh hoa r6 rét kha nang cai thién hiéu
qua phan 16p ctia TRG thu dugc tir thuat todn 1a tét hon so
Vi cac thuit toan theo cach tiép can FRS trén céc bo dit
liéu chita thong tin nhiéu, dic biét c6 hiéu qua phan 16p
ban dau thip. Do d6, cich tiép can IFS md ra mot huéng

59

Tdp 2023, S6 2, Thing 12

méi va tiém ning khi dif liéu ngdy nay cang da dang va
khong chéc chin.

Déi v6i ndi dung clia nghién ciu nay, ching ti xay dung
mot TTGT trén DT khi loai bé tap dbi tugng. Nghién cifu
nay déng gép hai phan chinh nhu sau:

(1) M6 rong cong thiic gia ting d€ tinh toan khoang cich
phan hoach md truc cam trén DT khi loai bd mot tap d6i
tugng.

(2) Pé xudt mot TTGT dé tinh toan TRG trong trudng
hop loai b tip cic dbi tugng nham giam thiéu thoi gian
xu ly.

Phan tiép theo clia bai bdo nay sé khdi quat mot sb ly
thuyét co s vé IFS va cdc tinh chét lién quan. Trong phin
11, dya trén d6 do khoang cach cida hai phan hoach, ching
t6i dinh nghia TRG va xay dung mdt thuat toan loc dé Iua
chon mdt TRG trén DT chua bién dong. Sau d6, chiing toi
tiép tuc md rong do do khoang cach va thiét ké mot TTGT
trong trudng hop DT loai bé tip céc dbi tugng. Phan IV va
V sé& minh hoa cdc thyc nghiém, dua ra cic két luan, dinh
gid va huéng nghién ctiu sé trién khai trong tuong lai.

IL. MOT SO KHAI NIEM LIEN QUAN

Pau tién, bang quyét dinh dugc biéu dién 1a mot ddi
DT = (0,C U D) véi O dai dién cho mot tip khac rong
cdc d6i tuong, C' va D 1a tap céac thudc tinh sao cho véi
mdi a € C U D sé xac dinh mot 4nh xa a : O — V,, trong
d6 V, 1a ky hiéu biéu dién gid tri clia thudc tinh a. Khi do,
v6i 0 € O v a € C U D, gia tri clia thudc tinh a v6i d6i
tugng o dugc viét 1a a (o). Ching toi sé goi C 1a tap cic
thudc tinh diéu kién va D 1a tap cic thudc tinh quyét dinh.

Cho mot bang quyét dinh DT = (O,C U D). Mot IFS
P trén O ¢6 dang P = {{o,np (0),vp (0))|o € O} véi
np(0) : O = [0,1] va vp (0) : O — [0, 1] tudng tng la
do thudc (d0 thanh vién) va do khong thudc (d6 khong
thanh vién) cda dbi tugng o trong P sao cho 0 < np (0) +
vp (0) < 1,Vo € O [21]. B6 do dy (dd ludng ly) cha o
trong P dugc tinh b6i 7p (0) = 1 — np (0) — vp (0). Khi
d6, mp (0) = 0¥o € O, IFS tr§ thanh mot tdp md truyén
théng. Luc lugng cda IFS P dugc viét 1a | P| va dugc tinh
toan theo cdng thic sau [22]:

1+np(0) —vp (0)
P| =
1P| (;) 5
Xét hai IFS P va @ trén O, ching t6i s€ dinh nghia mot
vai phép toan nhu sau:
(1) P C Qnéunp (0) < np (0) vayp (0) = vp (0)Vo € O.
QP=QnfuPCQvaQCP.
(3) PNQ={(0,min (1 (o) .1g (0)) ,maz (p (0) . 7q (0)))}
) PUQ={(0, maz (np (0) ,ng (0)) ,min (vp (0) ,7q (0)))}
D& don gian, mot IFS P c6 thé dugc biéu dién dudi dang
P ={np(0),vp(0)]o € O}.

ey



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

Cho O 1a mdt tap hitu han khic rdng bao géom cac ddi
tugng, dinh nghia vé mot quan hé nhi phadn md truc cam
R trén O? dugc trinh bay nhu sau:

R={(0,9),1r(0,9),7r (0,9) |(0,q) € O*} (2

véi vr (0,q) € [0,1] va ng (0,q) € [0,1] lan lugt 1a do

khac biét va do tuong tu clia hai di tuong o va ¢, cip

(nr (0,9) ;YR (0,q)) dudc goi 1a mdt s6 md truc cam giita

hai déi tugng o va ¢ thda min 0 < 1z (0, q)+7r (0,q) < 1.

Khi d6, goi R la mdt quan hé tuong duong md truc cam

(IFER) néu nhu R thoa man:

(1) Tinh phan xa: g (0,0) =1 va yg (0,0) =0 Yo € O.

(2) Tinh dbi xing: ng (0,q9) = nr(g,0) va yr(0,q) =

Tr (¢,0) Vo,q € O.

(3) Tinh bac cau min-max:

nr (0,¢) 2 max {min (ng (0,t),1r (t,4)) };

7r (0,q) < min {maz (vr (0,1),7r (t,9))}Vo,q € O.
Cho mot IFER R trén O, mdt tip con thudc tinh A C C'

va mot ddi tugng o € O. Khi dé, 16p tuong duong md tryc

cam (IFEC) cta o theo R trén A dugc ky hiéu la R4 [o]

va dudc bi€u dién nhu sau:

Ralo] = {(0,1R410] (0) ;YRAI0) (@) l¢ €O} (3)

Cho DT = (O,C U D), mdi tap con cdc thudc tinh A C
C xic dinh mot IFER, ky hiéu 12 R4. Mot IFER R4 sé tao
ra mot phan hoach md tryc cam (IFP) trén O, ky hiéu la U 4
v6i Uq = {Ra[o]|o € O}, trong d6 R4 [o] 1a mot IFEC
ctia dbi tugng o theo quan hé R,. Ching ta c6 thé thiy
ring m&i IFEC R4 [0] 1a mot IFS trén O. D€ don gian,
véi mbi dbi tugng q trong R4 [0], ky hiéu: R4 [o] (q) =
(nalol (@) ,74 0] (9))-

Cho A,B C C, ching ta ¢6 R [0] = NueaRy 0] va
Raup o] = Ralo] N Rp[o]. Piéu nay nhin manh ring
Oaup =04NUp. Vi A C C va g € O, ching ta xét hai
trudng hgp dac biét dudi day:

(1) Néu Ra [o] (g) = (0,1), o0+ g va Ra[o] (g) = (1,0)
thi R4 [o]| = 1, IFP U4 dugc xem 1a trudng hgp min nhét
va dugc ky phap la O,,.

(2) Néu R4 [0] (¢) = (1,0) thi |R4 [0]| = n, IFP U4 dugc
xem 1a trudng hgp thd nhit va cé ky phép 1a Us.

III. THUAT TOAN RUT GON THUOC TINH
1. Rut gon thudc tinh dua trén IFPD

Xét DT = (0,CUD) véi O = {01,09,...,0m} va
céc IFP U4, Up dudce sinh béi cac IFEC R4 [0;], Rp [04]
(0; € O) trén cdc tap con A, B C C, khi do:

D (©a,0p) = 3 (BalolU Rz lodl = |Ra o] 0 Rz foi])

=1

m

@
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dudc goi la khoang cach phan hoach mo tryc cam (IFPD)
gita U4 va Up [20]. RS rang, gid tri cuc tiéu cla
D(Ua,U0p) = 0 khi U4 = Up va gid tri cuc dai
cia D(U4,0) = (m—1)/m néu nhu U4 = Us va
UOp = U, (hoac khi G4 = U, va Up = Uy). Do do,
ching ta Iudn ¢6 0 < D(U4,05) < (m—1)/m . Dua
trén (4), IFPD dudc tao bdi C' va C U D trén O dudgc tinh
theo cong thic:

D (G, eup) = 3 (IRc [0i]| — [Re [0:] N Rp [oi]])

=1

Néu B C C thi D(UB7UBUD) > D(UC7UCUD)~ RO
rang, cdng thic (5) thda mén tinh chét phan don diéu vdi
kich thudc cta tap thudc tinh didu kién. Khi d6, gia tri
D (Up,0pup) cang nhod thi kich thude cia B cang 16n va
ngudc lai.

Pinh nghia 1. Cho DT = (O,C U D), mot tap con thudc
tinh B C C dudc goi 1a mot tap rit gon ctia C' néu:

(1) D(UB,0pup) =D (UBc,VBcup)-

2) VB' C B,D (UB’,OB/UD) >D (UB, UBUD)-

Dinh nghia 1 chi ra rang, v6i moi thudc tinh e thudc

B, néu D (UB\{Q} ,UB\ e}uD) #+7D (UC,UCUD) thi e sé
dudc coi 1a mot thude tinh quan trong trong B. Véi trudng
hop ngudgc lai, thi e s€ dudc xem la mdt thude tinh du thira
trong B.
Dinh nghia 2. Cho DT = (O,C U D), mdt tap con thudc
tinh B C C' va mdt thudc tinh bat ky e € C/B. Khi d6,
do quan trong (d0 y nghia) cta thudc tinh e v6i B ky hiéu
la SIGp (e) dugc xac dinh theo cong thic:

SI1GB (e) = D (Upuge}, Upueyup) — P (U5, Usup)

&)

m?2

(6)

Dua trén dinh nghia nay, ching toi thiét ké mot phuong
phdap RGTT dé lua chon mdt tap con thudc tinh téi wu tu
DT khi chua c6 su bién dong. Phuong phap nay cé tén goi
la ARIFPD va dudc trinh bay nhu sau.

Algorithm 1: Attribute Reduction based on IFPD

Input: DT = (O,C U D)
Output: Approximation reduct B
Initialize:B := @, D (Up,Upup) = (m — 1)/m
Calculate: D (U¢,Ucup) using (5).
While D (UB, UBUp) >D (Uc, GCUD) do

For b in C\B do

Compute D (Upuey; Spugpjup)
Select by with: SIGp (bo) = b?gzgi'rB {SIGR (b)}.

B:=BU{bo}
8 End while
9 Return B

=Y T S

=2

Gia st rang |O|,|C| dugc ky hidu lan lugt cho téng
s6 d6i tuong va tdéng s6 thudc tinh didu kién trén
DT. M6t IFP U¢ dudc xac dinh v6i do phic tap thaoi
gian 1a O (|C’| * |O|2). Trong trudng hgp nay, do phic
tap thuat todn & dong s& 2 khi tinh D (U¢,Ucup) la
o (|C| * |0|2). Ngodi ra, do phic tap tinh todn khi tinh
D(UBU{b}»UBU{b}UD) va SIGp (b) trong dong 6 la



o <|O|2) Do d6 do phic tap trong vong For va While
lin lugt Ia O (|0\ x |0\2) va o (|C|2 . |0\2). Nhu viy
do phiic tap ciia ARIFPD la O (|C|2 * |0|2).

2. Xay dung thuit toan gia tang

Tinh chit 1. Cho bang quyét dinh DT = (O,C U D),
O = {01,09,...,0m,} vd mét IFER R dugc dinh nghia
trén gid tri cla tap thudc tinh va mot tap dbi tuong bi lugc
b6 AO = {0m,0m—1,--+,0m—s+1}, $ < m, IFPD dugc

xac dinh nhu sau:
m2

Dovao (Ve Beup) = %52 Do (Uc, Beup) — 522

I
—

S

* ) ([Rc[om—ill = [Rc [om—i] N Bp [om—i]| =

i

bj) (D)

Il
=)

trong do: b; =

3 _Xs:) (nc [0m+i] (0m+5) — min

g=C
{nc [om+il (0m+5) 1D [0m+i] (0Om+5)} =7 [Om+-i] (Om+5)
+max {yc [0mi] (0m+5) 7D [Umi] (Um+5)})

Tinh chat 2. Cho mot bang quyét dinh DT = (O, C U D)
véi O = {01,09,...,0,}. Gid st raing B C C la mot
TRG dua trén IFPD cta tap ddi tuong ban dau O va
AO = {0m,0m_1,---,0m_s+1}, 8 < m la tap ddi tugng
bi Tuge bé. Khi do:

(1) Néu toan bd cac dbdi tugng thuoc AO cb
thuoc tinh quyét dinh mang gid tri gidng nhau thi

m2

Do\no (B¢, UBcup) = WDO (Oc, UCUD)—ﬁ*

SZO (IR¢ [om—s)| — |Rc [om—i] N R [om_i]])-

(2) Néu Ry [0m—i] € Rp [om—i] v0i i =0,1,....5 — 1 thi
Dovao (OB, 0sup) = Dovao (Bc, Beup)-

Tu két qua Tinh chit 1 va 2, ching tdi thiét ké mot
TTGT dé€ tim TRG trong trudng hop DT x6a bd tap dbi
tuong. Ching toi goi thuat todn 13 ARIFPD-DO. Bén budc
chinh cta thuit toin ARIFPD-DO bao gdm viéc khdi tao
cdc IFP trén cic thudc tinh, ki€ém tra tap dbi tugng bi x6a
bo, tim kiém TRG theo phuong phap loc va x6a bd céc
thudc tinh du thura trong TRG tim dudc.

Ching t6i ky hiéu |AO| la téng s6 dbi tugng
bi loai bd. PO phic tap khi tinh cac IFPs trong
dong 2 la O (|Bovao|*AO). V6i trudng hop don
gian, TTGT s€ dung lai 6 dong 6 va cO thoi gian
tinh todn 1a O (|Bo\ao|* AO). Déi véi cic trudng
hgp con lai, d6 phic tap tinh toan cua dong 9 la
O (|C] x |AO| * (|O] — |AO|)) va trén tinh todn gia ting
Dovao (OBoyaouibts OBo\soufpyup | €0 do phic tap
theo thdi gian la O (JAO|* (JO| — |AO|)). Thai gian
tinh todn trong vong lap While tu dong 10 t6i 17 la
0 ((|0\ — |Bovaol|)” * 20| * (O] - |AO|)). Ta dong
18 t6i dong 21, d0 phic tap trong vong lip for
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a O (|C|2 +|AO| * (|0] + |AO|)>. Nhu viy, do phitc
tap clha toan bO thuit toan ARIFPD-DO la gia tri
16n nhét ciia O (|Bo\ao|*|AO]* (|O] — |AO])) hodc
O <|C\2 +|AO| % (|0] — |AO|)). RG rang, c6 thé thiy thi
gian xi 1y cia ARIFPD 1la 16n hon kha nhiéu so vé6i thuat
toan ARIFPD-DO.

Algorithm 2: Incremental Algorithm ARIFPD-DO
Input: DT = (O,C U D), O={o01,02,...,0m}, R,
B C C, Up,U¢ and the deleted set of objects AO =
{0m,Om—1y. ., Om—st1}- )

Output: Reduct Bo\ao of DT =(O\AO,C U D).

/* Initialization */
1 BO\AO =B
2 Compute IFPs on O\AO: U, Up
/* Check the removed set of objects */
3 Set S := AO
4 Fori=0to s—1 do:
5 If RB [Omfi] Q RD [Omfi] then S := S\ {Omfi}
¢ If S = & then return Bo\ao
7 Set AO := S, s:=|AOQ|
/* Find the reduct by method Filter */

8 Compute original IFPDs: D (UBO\AO7UBO\AOUD) and
D (U¢,UBeup)
9 Compute IFPDs DO\AO (UBO\AO,UBO\AOUp) and
Dovao (Bc,Beub)
While Do\ 20 (U0, a0 BBoya0un ) >
Dovao (Oc,Bcup) do
For each b € C\Bo\ao do:
Calculate DO\AO UBO\AOU{b}7 UBO\AOU{b}UD)
by (7)
Calculate
S‘IGBO\AO (b)=DO\AO (UBO\AO7UBO\AOUD) -

Douno (GBO\AOU{b}’UBO\AOU{b}UD
End for
Select by which satisfies: SIGB, o, (bo) =
max

be C\Bo\ao {SIGBO\AO (b)}

Bo\ao = Boyao U {bo}
End while
/* Remove redundant attributes
For each b € Bo\ao do:
Calculate DO\AO (UB\{b}7 UBOUAO\{b}UD) by (7).

If Dovao (OBo\ a0\ (63> OBouao\{b}up

10

11
12

13

14
15

16
17
*/
18
19

20

Do\ao UBO\AO7UBO\AOUD> then Bo\ao =
Bo\ao\ {b}

End

Return Bo\ao

21
22

IV. THUC NGHIEM

DE& minh ching cho hiéu ning ctia phuong phap dé xuit,
trong phan niy, ching t6i s& minh hoa mot sb thuc nghiém
cu thé. Bai bdo sé ddnh gid hiéu qui clia ba phuong phap
RGTT la ARIFPD-DO, IFSD [23] va FDAR-DO [10] thong
qua ba tiéu chuin: Hiéu qua ctia mo6 hinh phin 16p KNN
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(K=10) theo kiém dinh chéo 10-folds, kich thuéc TRG va
thdi gian tinh toan cda tiing phuong phdp. Trong do, cac
thuat toan IFSD va FDAR-DO la cdc TTGT tuong tng theo
hudng tiép can cia tap tho va tip md. Muc dich so sinh
thuat todn dé xuét v6i hai thuat toan nay dé lam rd hiéu qua
ctia cach tiép can IFS trong vin dé tim TRG trén cic bang
dit liéu nhiéu hay mang cac thong tin khong chic chin. Cac
dit liéu mau st dung trong thuc nghiém dudc chiing tdi 1iy
tai kho Iuu trit dit liéu UCI [24].

1. Thiét lap qua trinh thue nghiém

Dit liéu trong thuc nghiém dugc phan chia theo hai phin
¢6 kich thuée bang nhau. Phan thi nhét ky hiéu 1a O,,; va
phan thd hai 12 Oj,.. Tap Oy, dudc phan chia tiép thanh
6 phan bang nhau (biéu dién tit O; dén Og) dugc st dung
dé 1am céc tap ddi tugng bi loai bd. Trong Bang I, cic cot
|Oorils |Oinels |C|, |D| duge ky hiéu 1an lugt cho tdng sd
dbi tugng hay ban ghi trong Oupi, Oine, sb lugng thudce
tinh diéu kién va sé lugng 16p quyét dinh.

; _ Bangl
CAC BO DU LIEU THUC NGHIEM

ID | Datasets | |O] [Oori|l | 10ine] | 1C] | |D]
1 Robot 164 82 82 90 5
2 Tono 351 175 176 34 2
3 Pc4 1458 729 729 37 2
4 Ozone 2534 1267 1267 72 2
3 Mfeat | 2000 | 1000 1000 | 76 | 10
6 Wall 5456 2728 2728 24 4

Dau tién, bai bao st dung cac thuat toan ARIFPD, GFS
trong [23] va FDAR trong [10] dé tim TRG trén toan bo O.
Tiép theo dua trén TRG thu dudc tit ba thuit toan, ching
toi danh gid ba TTGT la ARIFPD-DO, IFSD va FDAR-DO
sau khi bang quyét dinh loai bd 1an ludt cac tap ddi tuong
tt O; dén Og ctia Oyy,.. PE phuc vu cho budc tinh toin
cac IFP, ching t6i xdy dung IFER bao gém do khac biét
va do tuong tu ctia dbi tuong o va g theo thudc tinh a.
(1) Néu mién gi4 tri ctia a 1a lién tuc khi d6 mic tuong tu
va khdc biét ctia p va ¢ dudc tinh 1an lugt nhu sau:

a(o) —a(q)

MHa} el (9) =1 - max (a) — min (a) ®)
L —ngay [0] (9) .
@ = th 04 >0 9
Nay 09 = 75 @ " ©9)
Trong cong thic (9), gia tri J, dudc xac dinh:
_ 1 if 0,=0
8a—{ Bajoa if 0o >0 7 (10)

Trong d6, o, = \/011 5 (@ (o) —a) 1a gid tri do

léch chuin ctia mién gia tri tr thudc tinh a, B, =
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‘Ufa}uD’/‘UH la do nhat qudn ciia a trong DT, U{,, 1
la phan hoach m& cta {a} U D.
(2) Néu thudc tinh a 1a kiéu phan loai, khi do:

N{ay [0] (¢) = { L, a(0) =a(q)

0, a(0) # alg) (n

2. Két qua thuc nghiém

Nhu di dé cap, ching t6i ban dau so sanh hiéu qua ctia
ba phuong phap FDAR, GFS va ARIFPD. Kich thuéc TRG
ciing nhu hi€éu qua phén 16p cia ba phuong phap dugc trinh
bay trong Bang II. C6 thé théy, kich thuéc TRG thu dugc tir
ARIFPD la nho nhét, trong khi kich thu6c TRG ctia FDAR
va GFS van con rit 16n trén mot sb tap dit liéu. Tiép theo,
chiing t6i phan tich vé thdi gian thuc thi ctia ba phuong
phap. Thai gian thuc thi cda cac phuong phap dugc tinh
sau budc tién xi ly dif liéu dén khi TRG dudc xic dinh.
Tir két qua thu dugc trong Bang II, thoi gian thuc thi cla
GFS 1a nhanh nhét trén tt ca cdc bo dif liéu. Diéu nay giai
thich ring, cdc thuat toan dua trén FRS va IFR phéi tinh
toan trén cic ma tran quan hé véi s6 lugng phan ti 16n.
Hon nita, cdc ma trdn quan hé theo FDAR chi st dung do
tuong tu, trong khi dd, cic ma trdn quan hé cia ARIFPD
dugc dic trung bsi do khac biét va do tuong tu. Vi vay, tbc
do xi ly cia ARIFPD la chim nhit.

Bang II cho thdy, TTGT d& xuét xdc dinh mot tip con
thuoc tinh rit hiéu qué trén nhiéu tip di liéu khic nhau.
Cu thé, khi so sanh véi dit liéu gbc, do chinh x4c trong md
hinh phan 16p KNN ctia thuét todn dé xuét thé hién kha
ning vuot trdi trong 5 trudng hop. Chi c6 duy nhit mot
truong hop ma TTGT dé xuét ¢6 do chinh xac thap hon dit
liéu gbc. Hon nita, do chinh xdc trung binh cia mo hinh
phan 16p theo ARIFPD la 81.6% cao hon so v6i do chinh
xdc phan 16p trung binh cda dif liéu gbc 1a 78.9% va cao
nhét trong ba thuat todn mic di sd lugng thudc tinh hay
kich thuéc TRG thu dugc 13 nhd nhét.

Tiép theo, chiing t6i tiép tuc so sanh hiéu qua xi ly trén
cdc TTGT. R0 rang, c6 thé thdy, thdi gian cia FDAR, GFS
va ARIFPD la 16n hon rat nhiéu so véi FDAR-DO, IFSD
va ARIFPD-DO. Piéu nay nhin manh ring, cic TTGT chi
tinh toan chii yéu trén cac phan thay ddi cia dif liéu nén
giam thiéu rit nhidu vé thdi gian x{ ly. Bang III cho théy,
trong da sb cédc trudng hop, thoi gian thuc thi ctia FDAR-
DO va IFSD nhanh hon so v6i ARIFPD-DO. Diéu nay dugc
giai thich tuong tu khi so sanh thdi gian chay cla cac thuét
toan FDAR, GFS va ARIFPD. Tuy nhién, trén mot sd tap
dit liéu nhu Pc4, Ozone va Wall, thuat toan dé xuét lai xi
ly nhanh hon do kich thuéc cia TRG thu dugc nhd hon.
Trong mdi giai doan gia ting, phan 16n kich thuéc TRG
clia ARIFPD-DO ciing nhé hon dang k€ so v6i FDAR-DO
va IFSD, dic biét trén céc tap dif liéu c6 s6 thudc tinh 16n
nhu Robot, Ozone va Mfeat.
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Bang 11
KET QUA XU LY CUA FDAR, GFS VA ARIFPD
» | RAW FDAR GFS ARIFPD

Acc [B] Acc | Time | [B] Acc Time | [B] Acc Time

1 0505 | 25 | 0578 | 2450 | 18 | 0475 | 5346 | 9 | 0.597 | 2.147

2 0843 | 19 | 0852 | 3.670 | 14 | 0835 | 2375 | 7 | 0.877 | 3.008

3 0.885 | 7 | 0.871 | 3807 | 11 | 0.874 | 5368 | 2 | 0.878 | 45.33

4 0.933 8 | 0935 | 2899 | 12 | 0936 | 132.8 | 2 | 0.937 | 296.1

5 0809 | 56 | 0.826 | 173.3 | 17 | 0.767 | 119.6 | 28 | 0.819 | 399.1

6 0759 | 18 | 0.817 | 6481 | 23 | 0.758 | 193.1 8 | 0789 | 647.1

AVG | 0759 | 222 | 0.813 | 1926 | 15.8 | 0.774 | 7643 | 9.33 | 0.816 | 236.6

. Bang III
KET QUA XU LY CUA FDAR-DO, GFS VA ARIFPD-DO
. RAW | FDAR-DO IFSD ARIFPD-DO

ID | Adding data sets Acc [B] | Acc Time | [B] | Acc Time | [B] | Acc Time
O1] = 151 0500 | 24 | 0.582 | 0.899 | 18 | 0.477 | 0.005 | 9 0.582 | 0.001
O] =138 0471 | 24 | 0559 | 0.001 | 17 | 0493 | 0.006 | 5 0.609 | 0.017
1 O3] =125 0511 | 24 | 0559 | 0.001 | 16 | 0.535 | 0.004 | 2 0.626 | 0.546
O, =112 0553 | 24 | 0590 | 0.001 | 15 | 0582 | 0.004 | 2 0.643 | 0.561
Os = 99 0607 | 24 | 0599 | 0.001 | 15 | 0.668 | 0.003 | 2 0.658 | 0.001
Og| = 86 0581 | 24 | 0614 | 0.001 | 13 | 0.672 | 0.003 | 2 0.686 | 0.001
0,] =322 0.835 | 18 | 0.820 | 1.802 | 14 | 0.820 | 0.013 | 7 0.870 | 0.001
O] =293 0819 | 17 | 0816 | 1.161 | 13 | 0.816 | 0.191 | 7 0.867 | 0.001
) O3] = 264 0815 | 16 | 0.784 | 0.962 | 12 | 0.815 | 0.000 | 4 0.872 | 0.014
04 =235 0783 | 15 | 0.749 | 0.781 | 11 | 0.796 | 0.008 | 3 0.890 | 0.084
Os] = 206 0766 | 15 | 0732 | 0.724 | 10 | 0.791 | 0.007 | 3 0.787 | 0.135
Og| = 177 0767 | 15 | 0739 [ 0.703 | 10 | 0.779 | 0.006 | 3 0.750 | 0.108
O, = 1377 0884 | 6 0.879 | 1910 | 11 | 0.874 | 0.106 | 2 0.879 | 0.031
O, = 1216 0888 | 6 0.884 | 0.005 | 11 | 0.878 | 0.081 | 2 0.883 | 0.026
3 O3] = 1095 0879 | 6 0.874 | 0.004 | 10 | 0.874 | 0.068 | 2 0.881 | 0.025
0, =974 03885 | 6 0.880 | 0.002 | 10 | 0.868 | 0.080 | 2 0.883 | 0.018
Os] = 853 0882 | 6 0.882 | 0.002 | 10 | 0.870 | 0.053 | 2 0.883 | 0.012
Og| = 732 0834 | 6 0881 | 0,002 | 10 | 0.889 | 0.044 | 2 0.888 | 0.000
O,] = 2323 0931 | 8 0934 | 0222 | 12 | 0.935 | 0354 | 2 0.935 | 0.121
O, = 2112 0928 | 7 0929 | 0.019 | 11 | 0.933 | 0345 | 2 0.929 | 0.087
4 O3] = 1901 0927 | 6 0930 | 0.017 | 11 | 0930 | 0.235 | 2 0.931 | 0.071
04 = 1690 0923 | 5 0.925 | 0.014 | 11 | 0924 | 0.254 | 2 0.925 | 0.058
Os] = 1479 0918 | 4 0914 | 0.011 | 11 | 0916 | 0.183 | 2 0.918 | 0.049
Og| = 1268 0.909 | 3 0908 | 0,000 | 11 | 0912 | 0.143 | 2 0.912 | 0.035
O, = 1831 0871 | 56 | 0.892 | 0.001 | 17 | 0.8390 | 0.268 | 28 | 0.893 | 0.074
O, = 1668 0881 | 56 | 0.903 | 0.001 | 17 | 0.847 | 0287 | 28 | 0.905 | 0.059
5 O3] = 1502 0874 | 56 | 0.895 | 0.001 | 16 | 0.846 | 0.193 | 28 | 0.902 | 0.067
04 = 1336 0.896 | 56 | 0.920 | 0.001 | 15 | 0.852 | 0.187 | 28 | 0918 | 0.048
Os] = 1170 0902 | 56 | 0.921 | 0.001 | 15 | 0.872 | 0.104 | 28 | 0.920 | 0.029
Og| = 1004 0902 | 56 | 0921 | 0.001 | 14 | 0.877 | 0.083 | 28 | 0.928 | 0.018
O] = 5002 0.757 | 18 | 0.756 | 0.076 | 23 | 0.754 | 1.756 | 8 0.779 | 0.637
O] = 45483 0.752 | 18 | 0.740 | 0.051 | 23 | 0.747 | 1625 | 8 0.755 | 0.546
6 O3] = 4094 0.731 | 18 | 0.708 | 0.050 | 23 | 0.731 | 1289 | 8 0747 | 0410
O4] = 3640 0.701 | 18 | 0.670 | 0.041 | 22 | 0691 | 1.081 | 8 0.711 | 0.308
Os] = 3186 0679 | 18 | 0.661 | 0.030 | 19 | 0.665 | 0939 | 8 0.696 | 0.197
Og| = 2732 0.635 | 18 | 0.607 | 0.017 | 19 | 0616 | 0668 | 8 0.654 | 0.178

Cudi cling, ching t6i phan tich d§ chinh x4c tif mo6 hinh
phan 16p cua cac TTGT. Ching t6i xét 36 trudng hgp khi
DT loai bd di cic tap dbi tuong. C6 7 trudng hop TRG tu
phuong phép c6 hiéu ning phan 16p thip hon cic TTGT
dugc so sanh. Trong 29 trudng hop con lai, TTGT dé xuét
da thé hién hiéu qua vudt trdi tuong ddi rd rang, dic biét
trén cdc tap dif liéu khong nhit quan va c6 hiéu quéa phan
16p ban dau thip. Pay c6 thé coi 1a diém manh 16n nhét
clia thuét toan khi su déng gép cta thanh phan do khac
biét gitp diéu chinh nhiéu mot cach dang ké. Trong khi,
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cdc TTGT theo cich tiép can tii tip thd ciing nhu cic md
rong clia n6 chua thé gidi quyét.

V. KET LUAN

Nghién ctiu nay da xiy dung mot cong thic gia tang dya
trén co s6 tif do do khoang cdch clia hai FPDs d€ ap dung
cho DT khi loai bé tip ddi tugng. Thém vao d6, bai bio
nay ciing thiét k& hai thuat todn theo cich tiép can IFS.
Thuét toan thi nhit dugc st dung dé€ tim mot TRG cla
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bang quyét dinh chua c6 su bién dong. Thuat toan thi hai
la TTGT d€ tim kiém mot rit gon xAp xi khi DT loai bd
tap dbi tuong. Qua trinh so sdnh, dinh gid v6i cac phuong
phdp dua trén cich tiép can tap thd va tdp md da chi ra
nhiing uu di€m ndi troi clia hai thuét todn dé xuét trong
viéc nang cao dd chinh xdc trén cac bo dif licu khong nhit
quén va c6 do chinh xdc phan 16p ban dau thap. Tuy nhién,
han ché ctia hai phuong phap dé xuit 1a thdi gian thuc thi
cham do su b3 sung ciia thanh phan do khac biét trong céc
16p tuong duong md truc cam.

Trong tuong lai, chiing toi sé tiép tuc tip trung phat trién
tiép cac TTGT dé giam thiéu thoi gian tinh toan va cai thién
do chinh xdc phan 16p. Cu thé, ching tdi ciing sé thiét ké
céc thuat toan gia ting theo hudng IFS st dung ciu tric
hat va cac do do khac nhau cho céc trudng hgp loai bo va
bd sung tap thudc tinh. Ngoai ra, ching t6i cling sé nghién
ctliu mot sb thuat toan RGTT phan phdi cho cic dit lidu c6
s6 chiéu vo ciing 16n va dudc phan bd & cac kho dit liéu
khac nhau.
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