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Attribute reduction is an essential data preprocessing step widely
applied in pattern recognition, recommender systems, and decision
support. For attribute reduction with numeric decision tables according
to the granular computing approach, the traditional information
granular is often shaded or discretized to build measures to evaluate the
importance of the attribute. In this paper, we propose a new attribute
reduction method including the following steps: 1) discretize data to
increase the smoothness of the data after discretization; 2) determine
the dependency ratio of the decision attribute with the set of condition
attributes; 3) define a reduct and calculate the importance of the
attribute to build an attribute reduction algorithm. The experimental
results on the sample datasets from UCI show that our proposed
method is effective compared to the attribute reduction methods
following the traditional fuzzy computing approach.
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TU KHOA

Rut gon thudc tinh
Chon loc thudc tinh
Tap tho

Tép tho 1an can

Tap tho mo

Rut gon thudc tinh 1a budc tien xu 1y dir liéu quan trong va duoc (ng
dung rong rai trong cac linh vuc nhan dang mau, hé tu van va hd tro ra
quyét dinh. Dé rat gon thudc tinh cho cac bang quyét dinh mién gié tri
s6 theo tiép can tinh toan hat, cac hat thong tin truyén thong thuong
dwoc m& hoa hoac roi rac hoa dé xay dung cac do do danh gia d6 quan
trong cua thudc tinh. Trong bai bao nay chiing t6i dé xuat phuong phap
rit gon thudc tinh mgi bao gom cac bude sau day: 1) mo héa qua trinh
roi rac dir liéu nham tang d6 min dir liéu sau khi roi rac hoa; 2) xac dinh
ti 1& phu thudc cua thuge tinh quyét dinh véi tap thuge tinh diéu kién; 3)
dinh nghia tdp rat gon va phuong phap tinh toan d6 quan trong cua
thudc tinh dé xay dung thuat toan rat gon thudc tinh. Cac két qua thyuc
nghiém trén cac bo dir liéu mau tir UCI cho thiy, phuong phap cua
chung t6i dé xut 1 hiéu qua so v&i cac phuong phéap rit gon thudc tinh
theo tiép can tinh toan mo truyén théng.
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1. Giéithiéu

Mo hinh Iy thuyét tap tho (Rough Set - RS) cia Pawlack di duoc chimg minh 1a cong cu hiéu
qua, ttng dung cho cac bai toan phan tich dir li¢u no6i chung va bai toan rat gon thudc tinh noi
riéng. Trong mo hinh RS, phép toan xap xi dudi duge dung dé khang dinh tinh chic chin va phép
toan x4p Xi trén ding dé khang dinh tinh khong chic chan cta cac ddi tuong thudc vao mot phan
I6p. Do d6, md hinh 1y thuyét tap tho 1a céng cu hiéu qua dung dé phén tich cac 16p dit lidu
khong nhat quén, thiéu thong tin va khong chac chin [1]. P4i voi bai toan rit gon thudc tinh cho
cac bang quyét dinh, cac nha nghién ciru dé xuat dd do mién duong (mién khang dinh - POS) dé
danh gia d6 phu thudc cua thude tinh quyét dinh véi cac thudce tinh diéu kién [2] — [9]. Theo goc
nhin tinh toan hat cho bai toan rat gon thudc tinh, cac 16p twong duong trong mo hinh tip tho
truyén théng duoc xem nhu cac hat thong tin trong cdc md hinh tinh todn hat. Do d06, bén canh d¢
do POS cua mé hinh tap thd, d6 do khoang cach tri thirc ciing duoc dé xuat [10]. Theo tiép can
d6 do khoang cach, mot sé cac nghién ciru mo rong d6 do nay nham giai quyét cho cac truong
hop dit liéu nhidu duoc d& xuat [11] - [13]. Cac két qua nghién cltu cua bai toan rat gon thuoc
tinh da duoc ung dung rong rii cho cac linh vyc nhu: y té va cham séc sic khoe [14] — [16], hd
tro ra quyét dinh [17] va hé tu van [18], [19]. Bén canh cic mé hinh tip tho truyén thong di duoc
dung dé phan tich dit liéu cho cac bang dir liéu c6 mién gia tri phan loai, cac mé hinh tap thd mo
rong ciing duoc nghién ctru 1au nay cho cac bang dir ligu co mién gia tri s6/ lién tuc. Dé rat gon
thudc tinh cho cac bang quyét dinh mién gia tri s6, phuong phép ban dau duoc cac nha nghién
ctru dua ra 1a roi rac hoa di lidu, bién doi cac gia tri lién tuc Ve cac gia tri roi rac, sau d6 ap dung
mo hinh 1y thuyét tap tho va sir dung d6 do mién dwong dé tinh toan tap rat gon. Tuy nhién quéa
trinh roi rac hoa dit liéu c6 thé 1am mat mat thong tin ban ddu ciing nhu 1am mét di tinh ty nhién
cua cac luat thu duoc [2], [3], do d6 cac nha nghién ciu dé xuit cac cach mé rong mo hinh 1y
thuyét tap tho theo cic md rong cac khai niém hat thong tin 1an can [4], [5], hat théng tin md
[11], [13] va hat thong tin m& truc cam [12]. Sau day 1a hai huéng ma& rong chinh caa tap thod
duogc cac nha nghién ciru quan tam:

MG hinh tdp thé lan can: Trong mo hinh nay, hau hét cac nha nghién ctru chu yéu tap trung
vao dinh nghia lai quan hé tuong duong ctia mo6 hinh tap tho truyén thong dé xay dung céc 16p
tuong duong (cac hat thong tin), sau d6 ap dung d6 do mién dwong cuia md hinh ly thuyét tap tho
truyén thong dé tinh toan tap rat gon. Mot s6 cac nghién ciru dién hinh vé phwong phap rat gon
thugc tinh theo tiép can tap tho lan can nhu [4] — [6]. Tuy nhién viéc dinh nghia quan hé lan can
dé xay dung cac hat thong tin 1an can rat kho bao quat duoc diy du théng tin quan hé cua cac d6i
tuong trong mot tap, doi khi lam mat mat thong tin khi sir dung cac ngudng lan can khong phu
hgp cho tirng bo dit liéu thuec.

Mé hinh tdp thé mo : Trong md hinh ndy, cac 16p twong duong cua md hinh tap tho truyén
thdng dugc chuyén thanh cac 16p trong dwong mo thong qua cic dinh nghia méi vé& quan hé trong
duong mo hoac quan h¢ tuong tw. Trong d6 quan hé twong duong m¢ phai théa mén cac tinh chat
déi xtng, phan xa va bac cau (min-max). Trén co s¢ cac 16p twong duong mo, Dubois va cac cong
Sy xay dung lai cac phép toan xap Xi trén va xap xi dudi thong qua cac toan tir logic mo nhu T —
Chuan T — @i chuan va toan tir kéo theo mo. Khi d6 d6 do mién duwong dugc dinh nghia lai 1a d6
do mién dwong md, do do nay duoc ding dé tinh toan tap rat gon cho bang quyét dinh mién gia tri
s6. Mot s6 nghién ciru dién hinh theo tiép can mién dwong md nhu [11], [12], [15].

Phan gigi thiéu vé tng dung va cac nghién ctru lién quan duoc trinh bay bén trén cua bai bao
cang khang dinh vai tro quan trong ciia bai toan rit gon thudc tinh trong cac mé hinh tién xir ly
dix liéu hién nay va nhan dugc nhiéu quan tAm cta cong dong cac nha nghién ctru ly thuyét vé tap
tho. Tuy nhién cac tiép can mé rong tép tho hién nay chua xet dén yéu t6 mo cua cac quan hé lan
can. Trong bai bao nay, chung t6i xét dén yéu té mo cua cac quan h¢ lan can de xdy dung phuong
phap rit gon thugc tinh mai. Phan con lai ctia bai bao bao gdm cac phan c¢6 ciu triic nhu sau: Phan
2 trinh bay céc dinh nghia dé xay dung cong cu danh gia d6 quan trong cua thudc tinh, trén co sé d6
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dinh nghia tap rat gon va dé xuét thuat toan rit gon thudc tinh. Phan 3 trinh bay mot s két qua thuc
nghiém trén cac b dir lieu thue duoc tai ve tir kho dir liéu cua UCI [20], cac ket luan va hudng phat
trién tiép theo trong tuong lai dugc trinh bay trong phan cuoi cung cua bai bao.

2. Phwong phap nghién ciru
Pinh nghia 2.1. Cho bang quyét dinh DT :(U ,C, D). Trong d6, U la tap khac rong cac ddi
tuong, C 1a tap khac rdng cac thudc tinh diéu kién, D 1a tap khac rdng cic thude tinh quyét dinh
va CNnD=¢. Khi d6, quan h¢ 1an can mo cua hai doi twong X,y €U trén thudc tinh aC
duoc xac dinh nhu sau:
sim_(x,y)if sim_(x,y)>J
NS (x,y) = | e ()T sim, ()
0 other
Trong do, sim, =1—[a(x)—a(y)| véi a(x)va a(y) la céc gid trj twong Gng cia dbi tugng X
va y trén thudc tinh a. Pai lugng ¢ 1a ngudng 1an can dugc chon theo kinh nghiém cta nguoi st
dung dix liéu. Trong noi dung chi tiét cua thuat toan, chung toi s€ dé xuat cong thie tinh ty dong
gid tri & nay. Khi d6, cap (U,N;) duoc goi la khong gian x4p Xi 1an can mo, dung dé mo ta lan

)

can mo cua moi X €U trén thudce tinh a e C hay con dugc goi la phu 1an can mo cac dbi tuong
cua U trén thudc tinh a.

Pinh nghia 2.2. Cho khong gian x4p xi lan can mo (U N? )xéc dinh trén bang quyét dinh
DT =(U,C,D), véi ac C. Khi d6, phu lan cdn mo cac ddi twong cua U trén a c6 thé bicu dién
dudi dang ma tran quan hé 1an can mo nhu sau: M =[af_)} . Trong @6, af__) 1a d6 tuong tu

) Juxu i

cua hai d6i tuong i, j €U trén thudc tinh a.

Pinh nghia 2.3. Cho bang quyét dinh DT =(U,C,D), va hai ma tran quan hé lan can mo
M va M. véi a,bec. Khi do, ma tran quan hé lan can mo caa tap thudc tinh {a,b} dugc xac

dinh nhu sau:
s _| minfad he
Miapy _[mm(a(i,i) ’b(ivj) )JUxU (2)
Pinh nghia 2.4. Cho hat thong tin lan céan m(‘y[x]jxéc dinh trén bang quyét dinh

DT =(U,C,D) véi xeU vaaeC . Khidé xac sudt ciia xthugc vé X véi X < U duogc xac dinh

nhu sau:

p pif p>¢
00 0 e @
xamX
Trong do, p—‘[‘]a—é‘vé gzﬁ.

a
Pinh nghia 2.5. Cho bang quyét dinh DT =(U,C,D) va ma tran quan h¢ 1an can mo 9, véi

aeC . Khi d6 xac suit phu thudc cua thuge tinh D theo thudc tinh a duoc xac dinh nhu sau:

5,6 1 o,¢
%%ijZ%”MW) 4)

xeU

Pinh nghia 2.6. Cho bang quyét dinh DT =(U,C,D) va B<C. D$ quan trong cia thudc
tinh ae€ C —Bvé6i B duoc xac dinh nhu sau:

http://jst.tnu.edu.vn 94 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology

228(07): 92 - 99

Sig, () =P\, (D)— Py (D)

{auB

()

Pinh nghia 2.7. Cho bang quyét dinh DT =(U,C,D) vaB<C . Khi d6B duoc goi la tap
rat gon cua C khi va chi khi:
(1) P (D)—P(D)=0 véimoi acC-B

(2 PY(D)-Py%)(D)>0 véimei beB

{B-b}

Duya trén cac dinh nghia vé do do do guan trong cda thudce tinh va dinh nghia vé tap rat gon
theo ti 1€ phan 16p cua hat thong tin 14n can mo, sau day la thuét toan rat gon thudc tinh theo tiép
can filter thudc tinh duwoc dé xuat.

Algorithm F_GNF (Filter based on Fuzzy Neighbhoot Granular):
1 m|n(|C| D)
o] max(cl,u)

Input: Bang quyét dinh DT =(U,C,D) véi & =
Output: Mat tap rat gon B cua DT
Begin
[/ init phase
B=¢ ; Khei tao M, =[1],, ;
// Giai doan loc (Filter)
1 foreach ceCuD
2 Tinh %’ sir dung cong thic (1);
3 end for
4 while (true)
5: foreach ceC-B
6: calulate Sig, (c) su dung cong thuc (5);
7 end for
8 Cm :—1
9 chon c, eC—B‘SigB(cm)zMca_é{SigR(c)};
10: if ¢, #—1thenB=Bu{c, }
11; else break;
12: update M, dua trén cong thirc (2);
13: end while;
14: return B;
End.

3. M@t sb két qua thuc nghiém

Viéc thyc nghiém nham danh gia tinh hiéu qua cua thuat toan dé xuat bang cach so sanh thuat
toan dé xuat F_GNF véi cac thuat toan F_FPOS [13], F_FE [19], va F_FD [11] Tat ca cac thuat
toan trén déu duoc xay dung theo tiép can Filter thuge tinh va st dung tap nén FS dé xdy dung
cac hat thong tin md. Mbi trudng thuc nghiém cho cac thuét toan duoc thuc hién trén nén hé didu
hanh Window 10, CPU core i5 Processor — RAM 8Gb. Tt ca cac thuit toan déu duoc cai dat
bang ngén ngir lap trinh Python va thyc nghiém véi 6 bo dit ligu thuc tir UCI [20]. Chi tiét vé cac
tap dir liu dugc mo ta trong Bang 1 trong do6 [U| cho biét s6 luong dbi tuong, |C| cho biét s6
lwong thudc tinh diéu kién, |D| cho biét sb lugng phén 16p cua thuge tinh quyét dinh. Bé danh gia
cac thuat toan, chiing toi sir dung ba tiéu chi dé danh gia d6 1a: 1) kich thudc cua tap rat gon (s6
thudc tinh); 2) d6 chinh xac phan 16p %; 3) thoi gian thuc hién caa thuat toan (s). Trong do6 d6
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chinh xac phan 16p dugc théng ké trén hai m6 hinh phan lop SVM va KNN (K=10, p=2), d6 do
d6 chinh xac accuracy két hop véi phuong phap danh gia chéo 10-fold dugc sur dung trén ting
mo hinh. Céc tap dit liéu trudce khi rat gon dugc chuan hoa vé mién gia tri [0,1].

Bang 1. M6 ta dir liéu thuc nghiém

ID Data Mo ta [U] IC]| D]
1 Wine Wine 178 13 3
2 Heart Statlog (Heart) 270 13 2
3 Wdbc Breast Cancer Wisconsin (Diagnostic) 569 30 2
4 Wpbc Breast Cancer Wisconsin (Prognostic) 198 33 2
5 lono lonosphere 351 34 2
6 LVvB Voice Rehabilitation (Binary) 126 310 2

Nhu chiing ta c¢6 thé quan sat thay tai Hinh 1, thuat toan dé xuat F_GNF c¢6 thoi gian tinh toan
nhanh hon cac thuat toan khac trén hau hét cac bo dir liéu, diéu nay c6 thé dugc ly giai do do do
tinh toan d6 quan trong cua thudc tinh chi dugc tinh toan trén cac lan can cua tip mo ma khong
phai trén toan b tdp mo cua khong gian cac quan hé. Hon nira, kich thudc tap rat gon nhé hon
cling dong nghia vai diéu kién dung cua thuat toan dé xuat dén sém hon so véi cac thuat toan
khac. Ngoai ra, hau hét cac thuat toan rat gon hién nay déu sir dung tinh chat bao toan thong tin
cua tap rat gon so vai tap thudc tinh gbe nén do phuc tap thuong 1a 0(|C|2 |U |2) . Trong khi d6, do
phtic tap cua thuat toan dé xuat phu thudc vao kich thudc cua tap rat gon thu dugc, do d6 do phuc
tap cua thuat toan dé xuat 1a o(|R||c - R||U|2) trong d6 |R| 1a kich thudc cua tap rat gon, |C| 1a kich

thudc cua tap thudc tinh ban dau va |U| 1 kich thuéc cia tap dit liéu.

w5 o FoNF | L5 ST F o *
—e— F_FPOS -
0] e 40 —e—F_FPOS
N F_FE

54— F.FY | 35 124—~—F_FD F12
T 30 L0 T
2 g
2 251 L2s 9
g @a 8 8
=20 20 @ v
o £ L

15 15 /

104 L 10 41 Ty e

)
5 Ls /o — \\.
p .
_c"/ - I
0 T T T T T T 0 0 . -Fr“_ T “1, ' . U
13 13 30 33 34 310 13 13 30 33 34 310
|C| (attribute) |C| (attribute)

Hinh 1. Méi quan hé vé kich thuéc cua tdp rit gon va thoi gian tinh todn véi |C|

Céc Hinh s6 2 va sé 3 mé ta mdi quan hé gitra kich thudc cua tap rat gon thu duoc tir cac thuit
toan va do chinh xac phan 16p. Trong d6, hinh s6 2 mé ta cac tap dir liéu dugc danh gia trén mo
hinh phén 16p KNN va hinh s 3 mé ta cac tap dit liéu duoc danh gia trén mo hinh phan 16p SVM.

Céc két qua phan tich trén ca hai mo hinh cho thay thuat toan dé xuét 1a hiéu qua twong dwong
V6i cac thuit toan duoc sir dung dé so sanh. Tuy nhién trén cac bo dit liéu t6t nhu Wine hay
WDBC, thuét toan dé xuét cho ra tap rut gon c6 kich thudc nhd hon so véi cac thuét toan khac.
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Hinh 3. D¢ chinh xdc phdn 16p va kich thuéc ciua tdp rit gon thu dioc tir mdi thudt todn
trén tung bg dit liéu dwoc danh gia véi mé hinh phdn l6p SVM
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4. Kétluan

Trong bai bio nay chung t6i dé xuat phuong phap tinh toan tip rit gon méi dua trén phuong
phap tinh toan ti 1¢ phan 16p cua hat thong tin 1an cdn mo. Trong d6 dé xuat cong thirc xay dung
hat thong tin 1an c4n mo, dé xuat phuong phap tinh ti 1¢ phan 16p ciia hat thong tin va cong thic
tinh d¢ phu thudc cua thudc tinh. Trén co s do, dinh nghia lai ¢ quan trong cua thugc tinh va
tap rat gon. Cac két qua thuc nghiém cho thiy phuong phap dé& xuét 1a hiéu qua hon véi cac
phuong phap rat gon thude tinh khac vé thoi gian tinh toan va cac bd dir lidu tdt cho ra tap rat
gon c6 kich thudc nhé hon. Nghién ciru tiép theo trong tuong lai ching t6i tip trung nghién ciru
van dé xur ly nhiéu trén cac bo dir liéu xAu.
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