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Tém tat: Ly thuyét tap thod 1an can 1a cong cu hitu hidu giup gidi quyét rit t6t bai todn lua chon thudc tinh trén cdc hé
thong tin c6 mién gid tri sd lién tuc. Tuy nhién, mo hinh nay con gip nhiéu han ché trong viéc md td mbi quan hé tir
cdc dbi tugng trong cting mot 16p 1an can. Diéu nay dan téi su kém hidu qua vé mot s6 do do khi chi xét t6i cac 16p lan
can nam hoan toan trong mdt phan 16p. R rang, viéc bd qua nhitng 16p 1an can con lai sé cé nhitng anh hudng rét 16n
t6i hiéu qua, mic du chiing van ton tai nhiing y nghia vé mit thong tin ciing nhu dép gép gia tri vao cac do do. D€ giai
quyét nhitng khé khin nay, nghién ctiu ban du sé& trinh bay v& mot md rong méi dugc goi 1a tap tho 1an can md. Mo
hinh ndy hiéu qué trong viéc giam thi€u nhiéu va riit gon khong gian tinh to4n. Bén canh d6, md hinh ndy ciing mo ta
day di dic trung miic do thudc cia cic ddi tuong trong mot 16p 1an can. Dua trén nhiing uu diém ctia mo hinh, nghién
ciiu d& xudt mot dd do méi nham danh gia kha ning phan 16p clia cac hat thong tin 1an cin m&. Qua d6, nhitng phan
tich va chitng minh tinh hiéu qua tit do do trong viéc danh gid y nghia ctia cdc thudc tinh trong hé thong tin nhit quan
va khong nhét quan sé dugc lam rd. Tiép theo, chiing t6i sé dinh nghia lai mot rit gon méi d€ thiét ké mot thuat todn
theo hudng tiép can loc-dong géi nham trich chon mdt tap con thudc tinh tdi wu trén hé thong tin quyét dinh. Mot sb két
qua thyc nghiém di chiing minh hiéu qua ctia thuat toan dé xuit so v6i mot s6 thuat toan theo tiép can tap thdo mo.

T khéa: lua chon thudc tinh, tdp thé ldn cdn mo, phi ldn cdn mo, hé thong tin quyét dinh.

Title: A Novel Hybrid Filter-Wrapper Algorithm for Feature Selection in Decision Information Systems Based on
Fuzzy Neighborhood Rough Sets

Abstract:  Neighborhood rough set theory is an effective tool for solving the problem of attribute selection in information
systems with continuous numerical value domains. However, this model still has many limitations in describing the
relationships between objects within the same neighborhood class. This leads to inefficiency in measures when only
considering neighborhood classes entirely within a decision class. Clearly, ignoring the remaining neighborhood classes
will significantly affect efficiency, even though they still hold informational value and contribute to the measures. To
address these challenges, the initial research will present a new extension called the fuzzy neighborhood rough set.
This model is effective in reducing noise and simplifying the computational space. Additionally, this model fully
describes the characteristics of the membership degree of objects in a neighborhood class. Based on these advantages,
the research also proposes a new measure to evaluate the classification capability of fuzzy neighborhood information
granules. Accordingly, the analysis and proof of the effectiveness of the measures in evaluating the significance of
attributes in both consistent and inconsistent information systems will be clarified. Next, we will redefine a new reduct
to design an algorithm following the filter-wrapper approach for selecting an optimal subset of attributes in decision
information systems. Several experimental results demonstrated the effectiveness of the proposed algorithm compared
to other algorithms based on the fuzzy rough set approach.

Keywords: attribute selection, fuzzy neighborhood rough sets, fuzzy neighborhood cover, decision information system.

89



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

I. GIOI THIEU

Trong giai doan tién xd ly dif liéu, lya chon thudc tinh
dudc coi 1 vin dé quan trong nhim cai thién hidu qua trén
cac mo hinh hoc mdy. Vi muc tiéu loai bd cac thudc tinh
du thtra trong du li€u, lya chon thudc tinh la mdt huéng
nghién ctfu khong thé thiéu trong xu thé cta di liéu l6n.
Ly thuyét tap thd [1] dudc xem 1a cong cu dau tién danh
d4u su khéi ngudn cho cic phuong phap vé lua chon thudce
tinh. Dya trén mo6 hinh nay, mot s6 thuat toan vé Iua chon
thudc tinh sau dé da dugc phat trién. Cu thé, Giang trong
[2] da xay dung mot do do entropy cdi tién dé€ dinh nghia
mot rut gon méi tuong ducng véi rit gon cua Pawlak lam
co sd cho viéc thiét k& mot thudt todn lua chon thudc tinh
trén hé thong tin khong nhét quan. Tiép do, trén hé thong
tin khong day di, Giang ciing cic cong su [3] md rong
do do entropy Liang va dé xuét thuat toan heuristic d€ tim
kiém mot rit gon ctia bang. Bén canh d6, Anh clng céc
cong sy [4] da ching minh cdc rit gon trén mot hé thong
tin khong ddy dud, khong nhit quan 1a tuong duong véi mot
hé Spener va d& xuit mot thudt todn tim toan bd céc rit
gon. C6 thé thdy, mo hinh tap tho 1a cong cu hitu hidu cho
bai toan lya chon thudc tinh véi rat nhiéu phuong phap da
dugc phat trién. Tuy nhién, mé hinh nay gip nhiéu han ché
khi st dung mot quan hé tuong duong chat ché. Do do, cac
md rdng cla nd sau d6 da tré thanh mot hudng nghién ciu
rit s6i dong.

Dua trén su két hop gitta 1y thuyét tap tho [1] va tip mo
[5], Dubois ciing cic cong su da dé xuit 1y thuyét tap tho
mo dé gidi quyét bai toan lya chon thudc tinh trén cic hé
thong tin c6 mién gia tri s lién tuc [6]. Mot sd nghién
clfu sau d6 da dugc cong bd trén khong gian xip xi md va
mang t6i nhiing két qua 4n tugng. Pién hinh 1a cdc phuong
phdp st ding ham thudc md [7], mién duong md [8, 9],
entropy thong tin md [10, 11] va khoadng cach mo [12—-14].
Trong [15], céc tac gid da danh gid cAu tric hat ctia céac
xap xi thd md dudi va trén d€ xay dung ma trin phan biét
lam cd sd cho viéc dé& xuit thuat todn Iwa chon thudc tinh.
Véi vu di€ém mo ta 16 rang mdi quan hé giita cac d6i tuong
trong cac 16p tuong duong md, cac do do danh gia thudc
tinh trén khong gian tp thdo mo da ching minh duge kha
nang vugt trdi so véi cac phuong phap trén khong gian tap
tho. Tuy nhién, cdc tic gia trong [16, 17] da chi ra ring
v6i trudng hop dit liéu nhiéu thi mot sé6 phuong phap theo
cach tiép can nay van con gip nhiéu khé khin. Mot trong
s6 d6 dén tir khi ning han ché tAm 4nh huéng tir cac dbi
tugng nhiéu. Cu thé, trong mo hinh tap thd md, cic 16p
tuong duong md dudgc tao ra bdi quan hé tuong ducng mo
van ludn ton tai nhidu ddi tugng mang gid tri him thudc
nhd. V& mit truc cim, nhiing dbi tugng nay cé thé dudc
tao ra bdi nhiéu [18] va can thiép vao qu4 trinh tinh toan
tu cdc do do danh gia thudc tinh. No6i cach khac, cac do
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do phai chiu sy dnh hudng tit cac thong tin dudc tao ra bdi
céc dbi tuong nhiéu. Do d6, céc rit gon tim dugc dat hiéu
qua khong cao trong viéc cai thién d) chinh xdc trén cac
md hinh phan 16p.

Mo hinh tip thod 1an cén ti 1du da tré thanh cong cu
nham gidi quyét bai toan lua chon thudc tinh trén cic hé
thong tin chita mién gid tri sb lién tuc. Uu diém ctia md
hinh nay la st dung cac quan hé 1an cin dugc mé rong tu
quan hé khong phan biét dugc trong 1y thuyét tap tho. Theo
d6, mdi ddi tugng trong tap vil tru dudc bi€u dién bdi mot
16p 1an can chia cac dbi tugng nam trong mot ban kinh
A. Do d6, mo hinh nay c6 thé loai bé cic ddi tugng c6 su
phan b6 khac biét so v6i phan 16n cic dbi tuong con lai
trong khong gian vii tru, nghia 12 han ché tAm anh huéng
ctia mot sd dbi tugng nhiéu. Tuy nhién, han ché cia mo
hinh nay 12 khi niing mé td mdi quan hé ctia céc dbi tugng
trong 16p 1an can con don gian. Ngoai ra, trong mé hinh
nay, mot s& do do chi tinh todn trén cic 16p 1an can chia
toan bo cac ddi tuong thudc vé mot phan 16p, nghia 1a néu
mot 1an can chi chita mot vai dbi tugng khong thude 16p
quyét dinh thi 1an can d6 sé khong dudc xét. Diéu nay din
t6i cac do do ddnh gia thudc tinh dat hiéu qua chua t6t khi
tim kiém mot it gon tdi uu.

Dé€ gidi quyét vin dé néu trén, trong nghién ciiu nay,
chiing t6i ban dau trinh bay vé mot md hinh duya trén su
két hop gitta md hinh tap thd lan cidn va mo hinh tip tho
md, dude goi 1a md hinh tap tho 1an can md [19] nhiam giai
quyét tot bai todn lua chon thudc tinh trén céc hé thong tin
nhiéu. Tiép theo, chiing t6i d& xuit mot do do méi dudc goi
1a d6 chéc chén trong viéc phan 16p ctia mot tip dbi tudng.
Chiing t6i st dung dd do ndy dé€ danh gi4 hiéu qua phan
16p cua céc hat thong tin 1an cdn md o mot tdp con thude
tinh diéu kién. Theo d6, mot sb tinh chét quan trong tir do
do ciing dugc ching t6i 1am rd d€ ching minh dudc tinh
hiéu qué trong viéc 4p dung trén ca hé thong tin quyét dinh
nhét quan va khong nhét quan. Dua trén do do nay, ching
toi dinh nghia mdt rit gon mdi 1a mot tdp con thudc tinh
diéu kién t6i uu bao toan dugc cac thong tin ctia bang dit
liéu. Cubi cung, chiing toi thiét k& mot thuat todn Iua chon
thudc tinh theo huéng tiép cin lai ghép loc-déng géi dé
trich xuit ra mot rit gon tdi vu. Cac danh gia v& nhiing wu
diém va han ché clia thuat toan sau d6 ciing dudc ching toi
trinh bay chi tiét. CAu tric ctia bai bio nay gém sdu phan
chinh, trong do, Phan II sé trinh bay mdt s6 khdi niém co
ban lién quan t6i hé thong tin quyét dinh va md hinh tap
tho 1an can. Phan III trinh bay vé mé hinh tap thd 1an can
md va dinh nghia mot rit gon méi 1am co s cho viéc dé
xuét mot thuat todn lai ghép lua chon thudc tinh trong Phan
IV. Phin V sé trinh bay mot sb thuc nghiém dé€ chitng minh
tinh hiéu qua ctia thut toan dé xuét va Phan VI sé 1a mot
s6 két luan tlf nghién ciu.



II. CAC KHAI NIEM LIEN QUAN
1. Hé thong tin quyét dinh

Hé thong tin quyét dinh dugc biéu dién bdi mot cip
IS =(X,FUD), trong d6 X la mot tdp hitu han va khac
rong cic ddi tugng, F U D 1a tip hitu han khéac rdng céc
thudc tinh thda man F N D = (. Khi d6, cho x € X va
f € FUD, gia tri cta thuoc tinh f v6i dbi tuong x dugc
viét 12 f (x). Ching t6i goi F 1a tap cic thudc tinh diéu
kién va D 1a tip cic thudc tinh quyét dinh.

Vi du 1: Cho mdt hé thong tin quyét dinh 7S = (X, FU

D) véi X = {X1,XQ, e ,X5} va F = {f],fz, - ,f5} dugc
bi€u dién trong Bang 1.
Bang I
HE THONG TIN QUYET PINH

X fi 2 f3 fa f5 D

X1 035 040 070 090 085 Type A

x; 020 025 060 080 0.75 Type C

x3 095 050 040 025 070 TypeB

x4 090 000 045 1.00 090 Type A

x5 0.15 1.00 050 0.15 0.60 Type B

2. M6 hinh tap tho lan cén

Cho hé thong tin 7S = (X, F U D), mdt tip con thude
tinh B C F va hai dbi tugng x, y € X, khoang céch gitta hai
dbi tugng x va y theo tap thudc tinh B ky hiéu 1a 63 (x, y),
dudc xac dinh nhu sau:

55 (x,3) = o[ D IF )= FOIP

feB

ey

trong d6, 6 (x, y) dudc goi la khoang cach Manhattan néu
p = 1, khoang cich Euclid néu p = 2 va khoang céich
Chebyshev néu p = co. Trong bai bdo nay, chiing toi st
dung khoéng céch Chebyshev dé€ xdc dinh khoang céch gitia
hai déi tuong x va y.

Gia st ring A 12 mot ban kinh 1an can c6 gid tri nim
trong doan [0, 1] va ¢ 1a mét ham khoang cach cho trudc,
khi d6 mot quan hé nhi phan R’é s€ tré thanh mot quan hé
lan can trén X tu tap thudc tinh B va c6 dang nhu sau [20]:

Rp={(x,y)eXX X|Vf€B,6(s(x,y) <A} 2

Dua trén quan hé lan cin, 16p 1an cin clia d6i tugng
x € X trén tip con thudc tinh B dudc biéu dién nhu cong
thic dudi day [20]:

[x]%={y e X|(x,y) e R} } A3)

R& rang, 16p 1an cin clia mot dbi tuong x bit ky trong
X la mot tp ro thdéa man [x]’é C X. Néu xét toan bd cic
doi tugng trong khong gian X, chuing ta sé thu dugc mot
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ho chita cac 16p 1an cén, ky hiéu la X/Ré {[x]’}; |x € X}
va dugc goi 1a mot phu 1an can cua tap thudc tinh B.

Pinh nghia 1: [20] Cho mot hé thong tin quyét dinh
IS8 =(X,FUD), mdt phan hoach tir tap thudc tinh quyét
dinh U/D ={Dy,D»,...,D,} va mdt quan hé lan cén
X /R’ll; dugc tao ra bdi tip con thudc tinh diéu kién B va
ban kinh 1an can A. Khi d6, cac xép xi 1an can ctia mot 16p
quyét dinh D; € X/D dudc dinh nghia nhu sau:

Ng (D;) = {x|[x]3 € Di,x € X } 4)

Ng (D;) = {x|[x]3nD; # 0,x € X} )

Trong cong thiic trén, Np (D;) va N (D;) lan lugt la
cdc xap xi 1an can duéi va trén ca 16p quyét dinh D;. RS
rang, x4p xi 1an cin duéi rat nhay cam véi nhiéu do phai
chia toan bd cic ddi tugng nim trong D,. Ngoai ra, dé
thiy dugc nhiing han ché cia mo hinh, ching tdi sé trinh
bay mot sb trudng hop dudec mo ta trong Hinh 1.

Hinh 1. Khong gian tap thd lan cén.

Hinh 1 mo6 td mot 16p quyét dinh D; € X\D va ba 16p
lan can cia déi tugng x € X v6i ba thude tinh diéu kién fi,
f>» va f3. Ro rang, trén 16p 1an cin cta dbi tuong x véi hai
thudc tinh f; va f; thi s6 luong ddi tuong thudc D; 1a nhu
nhau. D6 d6, trén mot s6 dd do nhu ham phu thudc hay
entropy quyét dinh thi y nghia ctia hai thudc tinh 13 nhu
nhau vi ching chi xét t6i sb lugng cac d6i tuong nam trong
16p 1an can. Tuy nhién, c6 thé thdy ring lan cin [x]’{lfl}
chiia cac dbi tugng c6 su phan bd khac biét so véi [x]f )0
dic biét bao gdm cdc dbi tugng nim & bién. Piéu nay chi
ra rang, néu thay d6i mot ngudng ban kinh nho, rd rang
lan cén [x]’{lfl} sé hoan toan khong dudc xét. Pién hinh
nhu 16p 1an cin [x]ff3}, mic du chi chita mot ddi tuong
nim ngoai ving D; ma toan bd cic dbi tuong trong dé
s€ coi nhu khong c6 y nghia. Do d6, viéc danh gid mot
mic do thudc cta cac d6i tugng trong mot 16p 1an can 1a
rit quan trong. Tur ddy, khdi niém tap tho 1an can md dugc
hinh thanh.
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III. TAP THO LAN CAN MO
1. Lan cAn mo va pha lan cin mo

Trong phan nay, chiing toi s& trinh bdy mot md hinh méi
dua trén sy két hop gifta mo hinh tap tho 1an can da dugc
trinh bay trong phin trén clia bai bdo va mo hinh tip mo.
M0 hinh nay hida hen s& mang t6i nhiing hiéu qué trong van
dé lua chon cic thudc tinh quan trong trén cac hé thong tin
c6 tinh khong chic chin.

DPinh nghia 2: [19] Cho mot hé thong tin quyét dinh
IS = (X,F U D), mdt tdp con thudc tinh B € F va mot
béan kinh 1an cén A théa man 0 < A < 1 xac dinh mdt quan
hé R’;. Khi d6, hat thong tin 1in cin mdS cla ddi tuong
x € X trén tdp thudc tinh B ky hiéu la [)“c]’ll;, dugc biéu
dién duéi dang [X]3 = {[X]% (») |y € X }, trong d6:

[X]5(y) néu y € [x]p

0 ngudc lai ©®)

[X13() = {
Rét dé d€ thiy ring viéc sit dung quan hé lan cn v6i ham
khoang cach Chebyshev sé tao ra mot tinh chit quan trong
[)‘c]/é = \fen [ﬂ’{lf}. Tu déy, chuing t6i xdy dung cac hat
thong tin 1an can mS véi do tuong tu giita hai d6i tugng x
va y theo thudc tinh f nhu sau [21]:

X1y ) =1=1f (x) = f (D) 0

Nhu vdy, m6 hinh tap thd 14n cAn md bS sung sy md
td vé do thudc cho cac dbi tugng trong mot 16p 1an can.
V& mit tryc cdm, md hinh nay sé gidi quyét kha tot viéc
han ché tim &nh hudng cla cic ddi tugng nhiu. Nhiing
ddi tuong ndy cé gid tri ham thudc dugc loai bd dé khong
cho phép déng gép cac thdng tin nhiéu vao céc do do. Tu
dinh nghia trén, moi hat thong tin ldn cin md trén tip d6i
tugng X cua tap thudc tinh B sé€ tao ra mdt phu 1an can mg
ky hiéu 1a (X/R%) {[¥1% |x € X }. Khi 6, véi hai phi
lan can (X /R%) va (X /R%) cho truéc, chiing ta néi ring
(x/R2) min hon (X/RY). ky hieu 1a (X/R4) < (X/RY)
néu Vx € X, [X]4 C [X]3.

Ménh dé 1: [19] Cho hé thong tin quyét dinh 7S =
(X, F U D) va céc tap con thudc tinh diéu kién A, B C F.
Néu A C B thi [7]% ¢ [7]1.

Chitng minh: Vi A C B nén [x]% C [x]4. Tut day, c6
thé dé dang suy ra [¥]5 C [X]4. [ |

Ménh dé 2: Cho hé thong tin quyét dinh 7.8 = (X, F U
D) véi Ay, A3 1a cic ban kinh 1an cdn va mot tdp con
thue tinh didu kién B C F. Néu A, < A, thi (X/Rg) <

A2
(x/r).
Chiing minh: D& thiy Vx € X, néu 1 < 1, thi [x]’;‘ c

[x]’;z. Do do, [ﬂ/l;‘ c [ﬂ’g, chiing t6i xét ba trudng hgp
sau:
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) Véi y € [x]}
(%15 () = [%]5 ().

2) Voi y e [x]F\[x]y, khi do [X]3 (v)
[X]% () = 1.

3) Véi y e X\[x]p
%15 () = [%]5 () =0.

Tir két qua ciia ba truong hop trén, rit dé d€ thiy ring
Vx,y € X, ta ludn c6 [ﬂé‘ (y) < [)’c]/;2 (v). biéu nay chi ra
ring, [¥]Y € [¥]%, Vx € X. Do dé, (X/Rg) < (X/Rj;).
Meénh dé da dudc chiing minh. [ |

= y € [x]j, khi 6 [¥]y () =

0 va

A

= y ¢ [x]} U [x]}, khi d6

Dua trén Ménh dé 2, rat dé d€ thiy ring khi gia tri ctia ban
kinh 1an cin A cang nho thi kich thudc cua cac hat thong
tin 1an can sé cang nhd. Piéu nay din téi phd 1an cin mo
sé cang tho. Tiép theo, ching t6i sé dinh nghia v& mot xic
suit diéu kién ma mot ddi tuong x cho trudc thude vé mot
tap d6i tugng Y C X thong qua hat thong tin lan cdn mo
dugc xdc dinh bédi tap thudc tinh B C F. Xac suit nay dugc
biéu dién bsi ham ng (x) va dudc x4c dinh nhu sau:

|17 n [ﬂfg)

ny () = =g
|[%1%]

trong do, Y la tap md dudc bién d6i tir tap ddi tuong ¥ véi

cac dbi tuogng y € X c6 do thudc dudc xac dinh dua trén
cong thuc sau:

®)

InduyeY

0 ngugc lai ©)

Y(y) = {
Rit dé& d€ thdy ring, 0 < ng (x) < 1. Tu day, ching toi
dinh nghia cdc khai niém co ban vé md hinh tip tho lan
can mo théng qua cic xp xi nhu sau:
1) X4p xi du6i 1an can md cla tap ddi tugng Y theo tap
thudc tinh B:

B ={veXplw=1} (10)

2) X4p xi trén 1an cAn md clia tip dbi tuong Y theo tap
thudc tinh B:

E(Y):{xex|;7g(x)>o} (11)

2. Mién duong lan cin mo

Trong phan nay, chiing t6i sé trinh bay vé khai niém mién
duong 1an cin md. Khai niém nay la mot cd s§ quan trong
nham xdy dung mot do do ddnh gid y nghia ciia cac thudc
tinh trong hé thong tin. Cac thudc tinh c¢6 y nghia theo do
do dugc lya chon sé dam bdo tinh toan ven cua hé thong
tin va ngudc lai cac thudc tinh khac s€ dugc cho 1a du thira
va khong dong gdp cac thong tin quan trong. Nhu da trinh
bay trong phan trén ciia bai bdo, chiing ta nhan thiy ring
v6i mot dbi tugng bat ky x € X va mot tap con thudc tinh



diéu kién B C F thi hat thong tin lan cin md [)7]’}; dugc
chita mot phan hodc hoan toan trong 16p quyét dinh mo
tuong dng [x]p, trong d6 [x]p € X/D. Tu day, khéi niém
vé mién duong 1an cin md mod td mot tip cac dbi tugng
dic biét trong X ma & d6 cdc dbi tugng nay sé thudc hoan
toan vao 16p quyét dinh tuong tng theo tip thudc tinh B.
Mién duong lan cdn md ctia D dudc dua ra béi tip thudc
tinh B C F dudc xac dinh nhu sau:

Post(D)= [ ] B(D)
D;eX/D

(12)

Dua trén khdi niém mién duong lan cin md, xét hé thong
tin quyét dinh 7S = (X, F U D), d nhit quin lan cin mo
dugc xdc dinh theo cong thuc:

|PosfE (D))

y(F,D) = X

13)

T khéi niém nay, ching ta néi ring 7S la nhit quéan
khi y (F, D) = 1 va khong nhit quan khi y (F, D) # 1. N6i
cich khic néu 7S dudc rit gon va chi chida cic dbi tugng
nam trong POS;. (D) thi 78 1a nhit quan. Ddi véi hé thong
tin quyét dinh nhit quédn ta ky hiéu 78" = (X', FU D) véi
X = PosjE (D).

Ménh dé 3: Cho hé thong tin quyét dinh 7.8 = (X, F U
D) va hai tip con thudc tinh diéu kién A,B C F. Néu
ACBthiy(A D)< y(B,D).

Chiing minh: Véi A C F, ¥D; € X/D va mot dbi
tuong bat ky x € X, d€ x € A (D ) thi theo Cong thiic 13,
A (x) = 1, diéu nay dan ti, [X]} € D;.

Mat khiac, A C B nén theo Ménh d& 1, Vx € X,
[X]% < [X]%. Do d6, ¥D; € X/D, A(D;) € B(D;). Tu
day, POS%(D) c POS% (D) vaiy(A,D)<y(B,D). ®m
Meénh dé 3 md ta tinh chit don diéu vé quan hé giita kich
thudc tap thudc tinh diéu kién va gia tri ctia d6 nhit quin
1an cAn md. Cu thé, khi kich thuéc tap thudc tinh cang 16n
thi d6 nhit quan nay sé cang cao va ngudc lai.

Pinh ly 1: Cho 7S = (X,F U D) la hé thong tin
quyét dinh khong nhit quan. Gii st ring, POS’;E (D) 1a
mién duong lan cin m& cia 7S, khi dé POS;}; (D) =
POSL (D).

C

IV. THUAT TOAN LUA CHON THUOC TINH

Phin niy sé dinh nghia mot rit gon trong phuong phap
tap tho 1an cdn mo. Sau do, ching t6i phan tich cac rut gon
nay va thiét k& mot thuat toan hiéu qua cho viéc chon loc
thudc tinh trén hé thong tin quyét dinh. PAu tién, ching toi
sé& dinh nghia mot y-rit gon tdi uu trén mién duong lan
cin ma.
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Dinh nghia 3: Cho hé thong tin quyét dinh 7S = (X, FU
D), mot tap con thudc tinh diéu kién B C F dudc goi 1a
mot y-riit gon cia F néu B théa man:

D) y(B,D) =y (F.D),

2) VfeB,y(B\{f}.D) #v(B,D).

Theo Pinh 1y 1, d& thiy ring mot y-rit gon trong Pinh
nghia 3 12 tp con thudc tinh tdi thi€u bo toan yéu té nhit
quan nhu tap hop tit ca cdc thudc tinh. N6i cach khic,
rdt gon nay duy tri cdc dbi tugng trong mién duong cla
bang quyét dinh ban diu va bd qua cic dbi tuong khac.
Theo dinh nghia, cic d6i tuong trong mién duong cé do
thanh vién biang mot, tic 1a mdi ddi tuong chi c6 thé dudc
phan loai vao mot 16p quyét dinh nhit dinh. Tuy nhién,
trén thuc té, c6 thé ton tai nhiéu d6i tugng khong thé phan
loai mot cach chéic chan, tic 1a cic d6i tugng niam ngoai
mién duong. R& rang, bd qua cic dbi tugng nay trong qua
trinh tinh todn sé 4nh hudng dén chit lugng cida riit gon
thu dudgc. Do do6, chiing tdi sé dinh nghia mot rit gon khac
dé xit ly tat ca cac dbi tugng trong vii tru. Trude hét, ching
t6i sé dinh nghia vé mot do do dugc goi 1a do chic chin
trong viéc phan 16p clia cac dbi tugng trong tap vil tru trén
mot tap con thudc tinh.

Pinh nghia 4: Cho hé thong tin quyét dinh 7S = (X, FU
D) va mdt tap con thudc tinh B C F, dd chic chan trong
viéc phan 16p ciia cac dbi tuong trong X trén B dudc xdc
dinh bdi cong thuc

mB [%]p|
8 IXIZ |[x15]

xeX

(14)

R6 rang, 0 < 77 (B, D) < 1, kha ning phéin 16p cla tip
thudc tinh B sé cang cao khi 77 (B, D) cang 16n va ngugc
lai. Trong trudng hop 77 (B, D) = 1, thi moi dbi tugng trong
X sé& dugc phan 16p chic chin dua trén tip thudc tinh B.
Tur day, ta dé dang c6 dudc tinh chit quan trong tiép theo.

Ménh dé 4: Néu 7.S 1a mot hé thong tin quyét dinh nhit
quén thi 7 (F,D) = 1.

Chiing minh: Ménh dé dé dang chiing minh. [

Dinh Iy 2: Cho hé thong tin quyét dinh nhit quin 7S =
(X, FUD), mdt tip con thudc tinh B la mot y-rut gon cla
F néu B 1a mot tap con thudc tinh téi thi€u ctia F thda
man 77 (B,D) =75 (F, D).

Chitng minh: Vi IS 1a hé thong tin nhit quéan, do
d6 theo Ménh dé 4 thi 7(B,D) = §(F,D) =
rang ring y (B,D) = y (F,D) = 1. Tiép theo, ching toi
sé chiing minh Vf € F, néu 7 (B\ {f}.,D) < 7(B, D) thi
¥ (B\{f}.D) <y (B,D).

Gia st rang, ton tai thuoc tinh f € F sao cho
y(B\{f},D) = y(B,D). Khi d6, cic dbi tuong trong
tap vi tru sé nam trong mién duong lan cin mo

POS’;\{f} (D), néi cach khac thi v6i moi dbi tuong x € X

1 va ro
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thi [X]5,(;y € [Flp. Do d6. 77(B\{f}.D) = 1 hay
n(B\{f},D) = n(B, D). Diéu nay la trdi ngudc véi gia
thiét 7 (B\ {f}.D) < 17(B,D). Do d6, vy (B\{f}.D) <
v (B, D). Nhu vdy, B cing la mdt y-rut gon cua F. ]

T Dinh ly trén, ching ta hoan toan c6 thé dua ra mot
rit gon mdi dua trén do chic chin trong viéc phan 16p,
chiing toi goi day 1a mot n-rut gon.

Dinh nghia 5: Cho hé thong tin quyét dinh 7S = (X, FU
D), mdt tap con thudc tinh diéu kién B C F dudc goi 1a
mot 7-rit gon ca F néu B thda man:

1) 7(B,D) =n(F,D),

2) VfeB, n(B\{f},D) #n(B,D).

Tiép theo, d€ ching minh tinh hiéu qua clia 77-rit gon,
chiing t6i sé dua ra mot mbi quan hé gilta 7-rit gon va
y-riit gon thong qua trudng hop hé thong tin 1a khong nhét
quan.

Pinh Iy 3: B la 7-rit gon clia F trén 7S néu va chi
néu B 1a y-rit gon ctia F trén I S.

Chitng minh: Vi B la mot y-rit gon cia F trén
I8 nén POS%(D) = POS%(D). Mit khic, theo Pinh
ly 1 thi POSL(D) = POSL(D). Do d6, POSL(D) =
POS%(D), = X'. Nhu viy, B ciing la 7j-rit gon cta F
trén 78'. Tuong ty, dé dang chiing minh véi trudng hgp
ngudc lai. [ |

Déi v6i cdc hé thong tin khong nhéit quan, tir Dinh ly 3
c6 thé dé dang nhan thy ring 7-rit gon ciing 14 mot y-rit
gon khi loai bd cic ddi tugng nam ngoai mién ducng lan
can md khdi tip hop vii tru. Do d6, vé& miit tdng quat, 1o
rang n-rdt gon hiéu qua hon so véi y-rut gon. Tir ddy, ching
t6i xdy dung mot cong thifc nhidm tinh toan do quan trong
ctia mot thudc tinh trén hé théng tin v6i mot tip thude tinh
cho trudc.

Dinh nghia 6: Cho hé thong tin quyét dinh 7S = (X, FU
D), mot tap con thudc tinh diéu kién B C F va mot thudc
tinh f € F\B, d0 y nghia cta thudc tinh f theo B, ky hiéu
la Sig (f, B) va dugc xac dinh nhu sau:

Sig (f.B) = (BU{f}.D) -7 (B.D) (15)

Do y nghia ciia mot thude tinh theo mdt tip con thude
tinh diéu kién dudc xdc dinh bing viéc danh gia su thay
d6i thong qua miic chic chin khi bd sung thudc tinh d6
vao. Tuy nhién, d6 y nghia c6 thé mang dau am do do chic
chin trong phan 16p khong thda mén tinh chit don diéu so
v6i kich thude cta tip thudc tinh. Trong truGng hgp nay,
thudc tinh dugc xét sé coi la chia nhiéu va mang vai tro
khong quan trong trong bang dit liéu. Ti dinh nghia nay,
chiing t6i sé thiét ké mot thuat todn nhim trich loc mot tap
con thudc tinh tir hé thong tin quyét dinh. Thuat toan véi y
tudng bat dau tit mot tap rdng cac thude tinh va sau d6 lan
lugt bd sung cic thude tinh c6 dd quan trong 16n nhit sau

mbi vong lip dén khi diéu kién ding xdy ra. Thuat todn
dudgc trinh bay cu thé trén biang ma gid 1.

Thuét toan 1: Lua chon thudc tinh dua trén do
chic chin trong phén 16p (ASFCC)
Input: hé thong tin 7S = (X, F U D), ngudng lan can A.
Output: mot riat gon red
I tinh todn (X/R{) va (X/R?JT}), VfeF.

2 tinh todn (X/Rf;) - fQF (X/R?7} )

3: red = {fp} théoa man: 7 ({fo},D) =
max {7 ((f}. D))
4: W =red
/I Giai doan loc: Tim kiém cic rit gon ting tuyén
5. while 7 (red, D) # 1 (F,D) do
6: for f € F\red do
7: tinh toan 7 (B U {fy}, D)
8 tinh toan Sig (f,red)
9: end for
10: lya chon fy thda man: Sig (fo,red) =

j d
f£§§ed{51g (f.red)}

tinh ¢6 do quan trong bing nhau thi uu tién Iua chon
thudc tinh c6 chi s§ thap nhét.

11: red :=red U{fp}

12: W :=WUred

13: end while
/I Giai doan dong goi: Lua chon rat gon c6 do chinh
x4c phan 16p cao nhét

14: for w in W do

15: Tinh d6 chinh xac phén 16p trén w

16: end for

17: red = Wpest VO Wpesy € W ¢ d0 chinh xac phan
16p cao nhit.

18: return red

> Neéu c6 nhiéu thude

Tiép theo chiing t6i s& phan tich do phiic tap ctia thuat
toan ASFCC. D9 phc tap tinh todn cua thuat toan ASFCC
bao gdm hai giai doan 1a loc va dong g6i. Rat dé dé thiy,
giai doan loc ¢6 do phuic tap 13 O (|F|2|X|2), trong d6 |F|,
|X| tuong tng 1a s6 lugng thuodc tinh va dbi tugng trong hé
thong tin quyét dinh. Gia st rang, do phic tap ciia mo6 hinh
phéan 16p dugce st dung trong giai doan dong géi la O (7).
Khi d6, giai doan déng gbi c6 do phiic tap 1a O (T |F|). Nhu
vay, do phic tap ciia ASFCC 1a O (|F|2|X|2) +O(T|F)).
Tiép theo, d€ 1am 16 qua trinh xit 1y ctia thuit toan d& xuét,
chung t6i s€ trinh bay mdt vi du minh hoa.

Vi du 2: Dya trén Béang I, cic budc tién hanh thuat toan
ASFCC v6i A = 0.2 dudc thuc hién nhu sau:

Budc 1: Tinh cac phu 1an cin md tuong dng véi cac thudc
tinh trong hé thong tin quyét dinh:



- X/D = {{x1, x4}, {x2}, {x3,x5}}
1.00 0.00 0.00 1.00 0.00

0.00 1.00 0.00 0.00 0.00
= (X/Ré) =10.00 0.00 1.00 0.00 1.00
1.00 0.00 0.00 1.00 0.00
0.00 0.00 1.00 0.00 1.00
- Tinh phii 14n cidn md trén cdc thudc tinh diéu kién
+ Tinh cac 1an cdn md trén thudc tinh fi:
(a1, = fx1,72, %5}
= [xi]{4, = {1.00,0.85,0.00,0.00,0.80},

1y =, x2, x5}
= [31{;,, = {0.80,0.95,0.00,0.00, 1.00}.
Tir day, ta dé dang thu dugc phi 1an cin m& trén thudc tinh
l.
/ 1.00 0.85 0.0 0.00 0.80
0.85 1.00 0.00 0.00 0.95

(X/RL): 0.00 0.00 1.00 0.95 0.00

) o.00 000 095 1.00 0.00

0.80 095 0.0 0.00 1.00

+ Tuong tu, ta ciing tinh dudc cac phu 1an cdn mo trén cac
thudc tinh con lai.
[1.00 0.85 090 0.00 0.00]
0.85 1.00 0.00 0.00 0.00
(X/RL): 0.90 0.00 1.00 0.00 0.00

211000 0.00 0.00 1.00 0.00
0.00 0.00 0.00 0.00 1.00]
[1.00 0.90 0.00 0.00 0.80]
090 1.00 0.80 0.85 0.90
(X/RL): 0.00 0.80 1.00 0.95 0.90

U 10.00 0.85 0.95 1.00 0.95
0.80 0.90 090 095 1.00]
[1.00 0.90 0.00 0.90 0.00
0.90 1.00 0.00 0.80 0.00
(X/RL): 0.00 0.00 1.00 0.00 0.90

Y47 10.90 0.80 0.00 1.00 0.00
0.00 0.00 090 0.00 1.00]
[1.00 0.90 085 095 0.00]
090 1.00 095 085 0.85
(X/RL): 0.85 095 1.00 0.80 0.90

U 1095 0.85 0.80 1.00 0.00
0.00 0.85 090 0.00 1.00]

Dua trén do do khoang cach Chebyshev, thu dugc pha
lan can mo trén tép thudc tinh F.
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1.00 0.85 0.00 0.00 0.00
0.85 1.00 0.00 0.00 0.00
(X/R%) =10.00 0.00 1.00 0.00 0.00

0.00 0.00 0.00 1.00 0.00

0.00 0.00 0.00 0.00 1.00
- Tinh d9 chéc chin trong phan 16p trén mdi thudc tinh:
+7({fi},D) =0.424, 7 ({/2},D) =0.686, n ({ f3}, D) =
0.359, 7 ({f4},D) = 0.750, 7 ({f5} , D) = 0.480. Nhu vay,
red = {fy} do 7 ({fs}, D) 1a 16n nhit.
+ Ta ciing tinh dugc 7 (F,D) = 0.816. Vi ij(red, D) <
17 (F, D), thuat toan tiép tuc chuyén sang budc tiép theo.
Budc 2: Xt ly loc v6i cac thudc tinh con lai:
+ Tinh d6 chic chin trong phan 16p cta mbi
thuoc tinh trong F\red: n(redU{fi},D) = 0.816,
n(redu{f,},D) = 0.816, n(red U {f3},D) = 0.690 va
n(red U {fs},D)=0.750.
+ Tu day, thu dugc dd quan trong cla cac thudc tinh con
lai:
Sig (fi,red) =0.816 — 0.750 = 0.066,
Sig (fa,red) =0.816 — 0.750 = 0.066,
Sig (f3,red) = 0.690 — 0.750 < 0.000,
Sig (fs,red) =0.750 — 0.750 = 0.000.

C6 thé thay Sig(fs,red) < 0 nén f; dudc coi la
thudc tinh mang thong tin nhiu. Vi Sig (fi,red) 16n
nhit vad fi c6 chi s6 nhd nhit nén red = {fy, fi}. Vi
7 (red U{fi},D) =17 (F,D), nén thuit toan két thic.

Chiing ta nhan thdy ring, v6i Dy = {x|,x4}, D2 = {x2}
va D3 = {x3,xs5}, cdc x4p xi 1an can duéi cla thudc tinh
f1 1a N{fl} (Dl) = N{fl} (Dz) = N{fl} (D3) = 0. Do do,
trén mot s6 do do nhu ham phu thudc hay mién duong thi
thudc tinh f; s€ khong dugc xét t6i. Mdc du thudc tinh f;
la mot thudc tinh dong vai tro quan trong trén hé thong tin
va dugc lua chon theo thuat todn dé& xuit. Do d6, d6 chic
chan trong phan 16p dugc chiing toi d& xuét 1a hiéu qua
trong viéc danh gid cac thudc tinh quan trong.

V. THUC NGHIEM
1. Qua trinh so sanh cac thuat toan

Trong phan nay, ching t&i sé chiing minh hiéu qua ctia
thuat todn dé xuét trén mot sb thuc nghiém. Thuat toan dé
xuét dudc so sanh véi hai thuit toan theo tiép cin tho mo
12 HANDI [22] va AFNRDE [23] theo ba tiéu chuén: Kich
thuéc rdt gon, do chinh xac phan 16p SVM (RBF) véi kiém
dinh chéo 10-fold va thoi gian thyc thi (gidy). Cac bo du
liéu dugc st dung dudc mo ta trong Bang II dugc iy tir
hai kho dit liéu 12 UCI [24] va OpenML [25]. D6i v6i mbi
bd dit liéu, chiing t6i tién hanh chuin héa min-max dé dua
mién gia tri clia tiing thudc tinh vé doan [0, 1] va sau d6
chia thanh mudi phan x4p xi. O mdi phan, cac thudt toan sé
dugc thuc hién dé tim ra mot rit gon. Két qua cudi cung
s€ dugc dua trén hiéu qua trung binh khi thyc hién trén
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toan bo mudi phan tir dif liu. TAt ci thuc nghiém dudc
thuc hién trén mot may tinh cd nhan véi bd xi ly Xeon(R)
E3-1545M v5, 2.90 GHz va 16GB b0 nhd.

Bang II
DU LIEU SU DUNG TRONG THUC NGHIEM

ID [ Diliéu [ |X| [ |F| [ [D| [ Nguén

1 Leaf 340 15 30 UCI [24]

2 Sonar 208 60 2 UCI [24]

3 Movement 360 90 15 UCI [24]

4 Urban 675 147 9 OpenML [25]
5 Spectf 349 44 2 UCI [24]

6 Mfeat 2000 76 10 OpenML [25]

Dau tién, ching toi tién hanh thuc thi cic thuit toan
thong qua qua trinh duyét cdc tham sb d€ tim mot rit gon
¢6 do chinh xdc phan 16p cao nhit. Céc tham s6 ctia ca ba
thudt toan dudc duyét trong khoang gia tri [0, 1] véi bude
nhay cho mdi lan duyét 1a 0.05. Qud trinh duyét tham s6
duge mo ta trong Hinh 2 véi viée biéu dién d6 chinh xdc
phan 16p cla céc rut gon thu dudc tif moi thuat todn theo
tiing gid tri tham s6. V6i mdi gid tri tham s6 khéc nhau,
céc thuat todn déu dua ra cic két qua rit gon khac nhau.

Bang TIT

KIiCH THUGC RUT GON VA THOI GIAN XU LY
~ ren ASFCC HANDI AFNRDE
ID | Duliew 71y | K [ T | Kii | Tlg
1 Leaf 5.6 0.25 6.6 0.24 5.8 0.25
2 Sonar 5.8 0.16 7.3 0.07 | 11.2 | 0.14
3 Movement 12 0.36 12 0.55 17 1.76
4 Urban 94 1.48 18.7 1.70 18 2.40
5 Spectf 8.8 0.15 9.8 0.13 9.4 0.19
6 Mfeat 139 | 7.63 17.5 16.9 16.4 19.7
Trung binh [ 925 [ 1.67 [ 11.9 | 326 | 129 [ 4.07

Tiép theo, ching tdi trinh bay vé kich thuéc tap rit gon
va thoi gian thuc thi cia mdi thuat todn khi thu dugc rit
gon tot nhat. Bang III md ta kich thudc rit gon (K/t) va
thai gian thuc thi (T/g) cla cac thuit toan. R rang, ca ba
thuat toan déu thu dugc cic rit gon c6 kich thudc nhd hon
rit nhiéu so véi tip thudc tinh gbc. Trén toan bo cac bo dit
liéu, thuat todn dé xuit déu trich chon dudc mdt tip con
thudc tinh nhod hon. Chéng han, trén bo dit liéu Sonar, thuét
toan ctia ching toi giam dugc 97.2% s lugng thudc tinh,
trong khi v6i HANDI la 96.5% va cia AFNRDE la 94.6%.
Bén canh do6, kich thude trung binh cia ASFCC ciing nhd
nhét v6i 9.25, trong khi hai thuit toan con lai 12 HANDI
vi AFNRDE lan lugt 12 11.9 va 12.9. Diéu nay chi ra ring,
thuat toan c6 hiéu qué rit cao khi thuc hién trén cic bo dit
liéu c6 sb luong thudc tinh 16n.

Chiing t6i tiép tuc phan tich vé thoi gian thuc thi ctia
thudt toan. Trong sau trudng hgp, c6 ba trudng hgp thuéat
todn cta chiing t6i c6 thoi gian thuc hién nhanh hon. Thoi
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gian trung binh khi thyc hién trén toan b cac thudt toan la
1.67 gidy, nhanh hon rét nhiéu so vé6i hai thuat todn con lai.
Diéu nay c6 thé dudc hiéu ring, uu diém cia tap tho lan
can mg giup thu hep khong gian tinh todan va c6 kha nédng
tinh toan nhanh trén cac bo di liéu c¢6 sb chiéu 16n. Bén
canh d6, do chic chan trong viéc phan 16p dugc ching toi
dua ra ciing c6 tinh don gin. Didu nay gitip cho thuat toan
c6 thé tim kiém thudc tinh mot cach nhanh chéng trong
ting vong 1ap tai giai doan loc.

Cudi cuing, chiing tdi sé phan tich vé hiéu qua phan 16p tir
cdc rit gon thu dudc ctia mdi thuit todn. Nhu két qua biéu
dién trong Bang IV, trén hau hét cic bd di liéu, rit gon
thu dudc cua ching tdi ¢6 do chinh xac cao hon. Pac biét,
trén cac bd di liéu nhiéu, thuit toan dé& xuét chitng minh
dudc hiéu qua vugt trdi trong viéc cai thién do chinh xac.
Chéng han, trén bd dit liéu Movement, rit gon ciia chiing
toi cai thién dudc 6.45% do chinh xac so véi tap thudc tinh
gbc, trong khi v6i HANDI va AFNRDE lan lugt 1a 4.65%
va 1.81%. Pidu nay nhin manh ring, d6 chic chan trong
viéc phan 16p c6 kha niing lua chon rét hiéu qua cic thudc
tinh quan trong. Tir cac két qua dudc trinh bay, c6 thé néi
rang thudt toan dé xuit dat hiéu qua vuot troi so véi cac
thuat todn theo cich tiép can tap tho md. Tuy nhién, dé€ c6
céi nhin o nét hon, ching tdi ciing trinh bay mot s6 uu
nhudc diém cla thuit todn nhu sau:

Uu diém:

1) Thut toan tdn dung wu diém cda tap tho 1an cin véi
viéc st dung mot ngudng ban kinh A d€ loai bd cac dbi
tugng c6 su phan bd khic biét so véi phan 16n cic dbi
tugng trong tap vi tru. V& mit truc cam, cdc dbi tugng nay
l1a nguyén nhan lam giam hiéu qua trén cac mo6 hinh phan
16p. Do d6, khi xt ly trén cac bd dit liéu c6 do chinh xac
phan 16p gbc thip, thi thuét todn sé dat két qua rat tot trong
viéc tim kiém mot rit gon t6i uu, chin han trén cic bo dit
liéu nhu Leaf, Sonar hay Movement.

2) Két hop véi viéc rit gon khong gian tim kiém khi
loai bd cac dbi tuong thong qua mot ngudng ban kinh A,
d6 chic chin trong viéc phan 16p cac dbi tuong ma nghién
cifu dé xuit dudc dp dung trén cic hat thong tin lan cén
md da cho thdy su hiéu qua trong viéc cai thién ci vé thoi
gian tinh toan ciing nhu c6 kha ndng danh gid d6 quan
trong cda tiing thudc tinh trén cdc hé thong tin nhit quan
va khong nhit quan. Ngoai ra, v6i viéc do luong rat tot
lugng thong tin trong cac hat thong tin 1dn cdn md thude
vao cdc 16p quyét dinh, thuit todn d& xuit ciing c6 kha
ning xit Iy hiéu qua trén cac bd dit liéu da 16p, chang han
nhu Urban, Movement, Leaf va Mfeat.

Han ché:

1) Thuit todn can phai duyét trén tiing gid tri ban kinh
A d€ lya chon mot rit gon t6i wu. V& co ban, gid tri A sé
pht hgp véi dédc trung cia tiing bo dit liéu. Mic du, trong
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Hinh 2. Qua4 trinh duyét tham sb trén cédc thut toan.
Bang IV
DO CHINH XAC PHAN LOP TREN CAC THUAT TOAN
ID | Dit licu Du liéu goc ASFCC HANDI AFNRDE
: SVM (RBF) SVM (RBF) | A SVM (RBF) | € SVM (RBF) | )
1 Leaf 0.435+0.114 | 0.559+0.112 | 0.75 | 0.544+0.122 | 0.60 | 0.435+0.088 | 0.15
2 Sonar 0.793 £0.099 | 0.913+0.054 | 045 | 0.899+0.084 | 0.50 | 0.875+0.072 | 0.40
3 Movement | 0.775+0.077 | 0.825+0.074 | 0.65 | 0.811+£0.082 | 045 | 0.789 +0.062 | 0.35
4 Urban 0.837+£0.045 | 0.877+0.042 | 0.35 | 0.876+0.032 | 0.60 | 0.858 £0.033 | 0.30
5 Spectf 0.831 +£0.073 | 0.868 +0.049 | 0.20 | 0.857+0.071 | 0.20 | 0.871 £0.079 | 0.20
6 Mfeat 0.836 +0.035 | 0.877 £0.026 | 0.60 | 0.870+0.024 | 0.50 | 0.872+0.026 | 0.50
Trung binh | 0.751 £0.074 | 0.820£0.059 | 0.50 | 0.809 =0.069 | 0.47 | 0.783+0.060 | 0.32

thuc nghiém, qud trinh so sianh déu dudc tién hanh trén cac
thuat toan theo huéng tiép cin mic hat (c6 tham sb duyét).
Tuy nhién, trong tuong lai, nghién ciu sé tiép tuc dugc md
rong dé dua ra mot cong thic xac dinh gid tri ban kinh A
cho tliing bd dit lidu cu thé.

2) Thuat toan s€ khong hiéu qua khi xu ly trén cac bd da
liéu c6 mat do phan bd thip. Cu thé, trong cic 16p quyét
dinh c6 su phan b6 mat do thip, néu sit dung ngudng ban
kinh nhd, cic 16p 1an cin khong thé chita dii cac d6i tuong
thudc ciing mot 16p quyét dinh.

2. Panh gia hiéu qua tham sb

Trong phan nay, ching t6i sé d4anh gia hiéu qui ctia mo
hinh khi ¢6 su thay d6i clia tham s6 lan can 6. Dua trén
Hinh 2 va Bang V, rat dé dé thdy rang, véi mdi mot gid tri
lan can &, thuat toan sé déu thu dugc mot két qua rit gon
khéc nhau. Do d6, céc tiéu chi vé dd chinh xac phan 16p,
thdi gian xt ly va kich thude rit gon sé déu cé su khic
nhau. Cu thé, su thay ddi nay dudc trinh bay nhu sau:

1) Thoi gian thuc thi: Khi ngudng A cang nhé, sb lugng
dbi tuong bi loai bd cang nhiéu, diéu nay lam cho khong
gian tinh toan cang thu hep va dan t6i qua trinh xd ly clia
thuat todn sé cang nhanh. Diéu nay dudc thé hién rat ro
trong Bang V. Ngudc lai, khi A cang 16n, khong gian tinh
toan sé cang 16n, diéu nay 1am cho thdi gian tinh todn trén
ca hai giai doan loc va dong goi s€ cang cham.

2) Kich thuéc rit gon: P6i v6i thuit toan dé xudt, c6
thé thiy ring trén hau hét cic b dit liéu, kich thudc rit
gon c6 sy tang dan tir 0 dén 0.6 va sau d6 giam dan. Véi
A nhd, cic phii 1an cin md sé cang tho. Diéu nay lam cho
diéu kién ding ctia thuat toan dé dang xay ra. Do d6, thuat
toan s€ hdi tu sém va thu dugc mot rut gon c6 kich thude
nhd.

3) Po chinh xdc phan 16p: Dua trén két qua Bang V,
do6 chinh xac phan 16p s€ ¢ su giao dong & miic cao khi
ngudng A nam trong khoang tir 0.4 dén 0.7. Ngudng A trung
binh d€ thuit toan thu dugc mot rit gon tdi wu tinh dugc 1a
0.5. V& mit truc cam, viéc Iya chon mot ngudng & sé phu

97



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

i Bang V
ANH HUGNG CUA THAM s TOI MO HINH
o ren 2 R Tham s6 md hinh A
ID | Dirliu | Ket qua 00 [ 01 | 02 [ 03 [ 04 [ 05 | 06 [ 07 [ 08 [ 09 [ 10
Kich thudc 1.0 13 6.6 77 71 6.0 53 49 56 53 52
1 | Leaf Thdi gian 0.02 0.05 0.09 0.12 0.14 0.19 0.21 0.23 0.27 0.29 0.32
B6 chinh xde | 0-163% | 0477 [ 0541 | 0.547+ | 0.521x | 0.532% | 0.529% | 0.550 | 0.556% | 0.550% | 0.550%
; 0.087 0.121 0.113 0.091 0.109 0.117 0.120 | 0.130 0.122 0.124 0.124
Kich thudc 1.0 13 I8 29 5.9 40 46 37 34 29 29
2 | Sonar Thdi gian 0.01 0.06 0.08 0.11 0.14 0.17 0.20 0.25 0.28 0.30 0.30
6 chinh xdc | 0-380% | 0.832% | 0.861 | 0.870+ | 0.909+ | 0.889 | 0.875+ | 0.875 | 0.880x | 0.880% | 0.880%
¥ 0.097 0.088 0.052 0.044 0.058 0.057 0.040 | 0.060 0.064 | 0.060 | 0.060
Kich thudc 1.0 10 6.7 3.0 1.0 1.7 104 115 116 95 9.1
3 | Movement | Thoi gian 0.02 0.05 0.07 0.16 0.19 0.21 0.30 0.41 0.47 0.51 0.59
B6 chinh xde | 0-138% | 0.586x | 0.728+ | 0.800+ | 0.808% | 0.808+ | 0.814x | 0.820x | 0.797= | 0.797x | 0.794%
’ 0.054 0.110 | 0.065 0.060 0.069 0.077 0.075 0.077 0.091 0.095 0.094
Kich thudc 1.0 35 5.6 21.7 152 10.9 157 76 10 23 23
4 | Urban Thoi gian 0.03 0.16 0.87 1.24 1.86 227 2.68 3.39 3.67 451 4.89
B6 chinh xdc | 0-486% [ 0.723% [ 0.836x | 0.876x | 0.868% | 0.868+ | 0.874x | 0.844x | 0.776x | 0.701x | 0.699%
: 0.109 0.059 0.041 0.046 0.024 0.036 | 0.037 0.062 0.099 0.050 | 0.050
Kich thudc 1.0 a1 38 19 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5 | Spectf Thdi gian 0.04 0.09 0.15 0.24 0.55 0.58 0.61 0.61 0.66 0.67 0.67
B6 chinh xde | 0-731% | 0-825% [ 0.868 | 0.776x | 0.73[= | 0.728+ | 0.728% | 0.728% | 0.728% | 0.728% | 0.728%
’ 0.087 0.052 | 0.049 0.095 0.087 0.085 0.085 0.085 0.085 0.085 0.085
Kich thudc 2.0 6.3 10.1 185 8.1 175 139 7.0 33 238 28
6 | Mfeat Thoi gian 0.56 1.21 2.38 497 5.58 6.37 7.63 8.64 9.66 10.71 10.87
D6 chinh xde | 0-432% | 0.758% | 0.822% | 0.859+ | 0.873x | 0.872& | 0.877x | 0.812% | 0.688% | 0.642% | 0.642x
; 0.076 0.050 | 0.036 0.027 0.021 0.021 0.026 0.050 0.063 0.061 0.061

thudc vao dac trung cua tiing dit liéu. Trén cac bd dT liéu
¢6 d6 chinh xdc phan 16p thip, chang han nhu Leaf hay
Movement, cé thé st dung mdt ngudng A > 0.5 dé loai bd
nhiéu d6i tuong nhiéu va gitip cho cic do do dat hidu qua
cao trong viéc dua ra cac thudc tinh quan trong.

VI. KET LUAN

Cac phuong phap Iua chon thudc tinh theo huéng tiép
can tap thd md va tap thd 1an cn gidi quyét tot trén cac hé
thong tin quyét dinh gbc ma khong can tién trinh rdi rac
héa dit liéu. Tuy nhién, cic phuong phap nay con gip nhiéu
kho khén khi xit 1y trén cac hé thong tin nhiu. Trudc thach
thic d6, nghién ciu nay ban dau da dua trén mot md hinh
méi dudc goi 12 md hinh tap thd lan cAn md véi mong mudn
han ché tim anh hudng cda cic dbi tuong nhiéu trong hé
thong tin. Tiép theo, nghién ctiu ciing dé xuit do do phan
16p chic chin lam co sé cho viéc xay dung mot rit gon
hiéu qua. Cudi cling, nghién cifu thiét k& mot thuat todn
theo hudng tiép can lai ghép d€ tim kiém mot riit gon t6i
uu trén hé thong tin quyét dinh. Cac tinh chit, vi du va két
qua thuc nghiém ciing dudc trinh bay chi tiét trong bai bdo
dé thiy dudc tAm quan trong ma nghién ciu niy mang lai.

LOI CAM ON

Cic tac gia cam on phong m6 phong va tinh toan hiéu ning
cao (SHPC) thudc Vién Cong nghé HaUI, Truong Dai hoc Cong
nghiép Ha Noi da hd tr¢ trong qud trinh trién khai nghién ciu
nay.
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