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TOM TAT

Bai bao nay dé& xuét rng dung mé hinh két hop may hoc véc-to twa va hé théng mo trong viéc trich xuét luat
mo tlr di¥ liéu didm sinh vién. May hoc Véc-to twa (SVMs) va hé thdng luat me co sw twong dwong nhau véi mét sb
didu kién nhét dinh. Trén co s& phan tich sw twong duong gitka md hinh may hoc Véc-to twa véi md hinh me
(Fuzzy model), chiing t6i d& xuét mét mé hinh tich hop SVMs va Fuzzy model dé trich xuét luat mo tr két qua huan
luyén SVMs. Thuat toan f-SVM cho phép san xuéat dwoc cac luat me tir di¥ liéu huén luyén. D liéu diém thuc té cla
sinh vién dwoc str dung dé kiém tra kha nang thuc hién ctia mé hinh dé xuét. Tap luat mo trich xuét dwoc tr tap div
liéu huan luyén bang thuat toan f-SVM, sé duwoc str dung dé suy luan trén tap di liéu thtr nghiém.

T khéa: May hoc véc-to tya; mé hinh mo; khai pha luat két hop; khai pha di¥ liéu; luat mo

ABSTRACT

This paper proposed an application of a combining model based on the support vector machine and fuzzy
system to extract fuzzy rules from the student score data. The support vector machines and fuzzy rule systems
are functionally equivalent under some conditions. Based on the discussions about the equivalence between
SVMs and the Fuzzy model, we proposed a combining model for extracting fuzzy rules from the trained SVMs.
The f-SVM algorithm allows us to extract the fuzzy rules from the training data set. The real data sets of student
scores were used to examine the performance of the proposed model. The fuzzy rules obtained from the training
data using f-SVM algorithm is tested on the testing data.

Key words: support vector machine; Fuzzy model; Association Rule Discovery / Association Rule

mining;data mining; fuzzy rules

1. Pit van dé

Khai pha tri thie tir dir liéu (Data mining)
la mét linh vuc ing dung ctia Tri tué nhan tao da
va dang duoc rat nhiéu nha khoa hoc, to chirc
trén thé gioi nghién ctru va phat trién tmg dung.
Nhiéu k¥ thuat méi da dugc nghién ctu va dé
xuat nhu Neural Network, M6 hinh m¢d (Fuzzy
modeling), Support Vector Machine (SVM), Self
Organizing Map (SOM), Ly thuyét tap tho
(Rough Sets), cac thuat toan Phan cum, Phan
16p, Hoi quy,... [2], [3], [5], [9], [10]. Pic biét
gan day xu huéng nghién ctru cai tién va tich
hop nhiéu cong cu khic nhau nhiam nang cao
hiéu ning cua cac giai phap dang dugc nhiéu nha
khoa hoc trén thé gi6i quan tim; vi du nhu vige
két hop giita SVM va Fuzzy modeling, SOM va
SVM, Rough Sets va SVM, hodc Kkét hop Giai
thuat di truyén (GA) véi cac thuat toan Phan

cum, Phan 16p,... [6], [11]. M6 hinh trich xuét
luat mo tor SVMs duoc gidi thiéu nhu la mot
trong nhitng hudéng nghién ciru moéi cuia mo hinh
mo - mdé hinh mo hudng dir liéu (data-driven
model) [2], [3], [5]-

Dbi voi mo hinh dao tao theo hoc ché tin
chi, cong tac ¢d van hoc tap, tu van cho sinh
vién chién lugc lya chon mon hoc hop 1y, s6 tin
chi ding ky phu hop,... 1a nhing yéu cau kha
buc thiét hién nay. Nhing kinh nghiém, qui tic
theo suy nghi chu quan ciia C6 van hoc tap c6
thé khong phu hop, hoidc 1a chua khach quan va
day du; vi vay viéc tim ra nhitng qui tic dwa vao
nhitng dit liéu lich sur 1a mot bd sung rat can thiét
cho viéc dwa ra nhitng qui luat tu van cho sinh
vién. Trong nghién ctru ndy, chung toi dé& xuét
mot mo hinh két hop SVMs véi Fuzzy model dé
san xuét cac luat mo tir di liéu diém sinh vién.
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2. Trich xuit luat mé tir may hoc véc-to twa —
Thuat toan F-SVM

2.1. May hoc véc-to twa — SNM

May hoc véc-to tya SVM dugc Vapnik
gidi thi€u nam 1995, day 1a mo hinh hoc dua
trén 1y thuyét hoc thong ké (Statistical Learning
Theory) [1] va 1a mét k¥ thuat duge dé nghi dé
giai quyét cho cac bai toan phan 16p. Mot sd
nghién ciru gan day [2], [4], [6] d& dé xuat st
dung SVM giai quyét bai toan téi wu hoa hoi
quy; dong thoi SVM ciing dugc str dung dé khai
pha luat mo tir dir liéu s6 [2], [3], [5]. Vi vai tro
giai quyét van dé téi wu hoa hoi quy, 1y thuyét co
ban ctia SVM c6 thé duoc vén tit nhu sau:

Cho mot tap dir liéu huan luyén
{x1,y1), -, Xy} € X X R, trong d6 X Xac
dinh mién dit liéu dau vao. Muyc tiéu cia e-SV
hdi quy (e-Support Vector Regression) la tim
mot ham quyét dinh phang nhat ¢6 thé, dong thoi
d6 sai 1éch trén cac y; cua ca tip dir liéu huin
luyén 1a khong 16n hon . Trong truong hop hoi
quy phi tuyén, ham quyét dinh f(x) co thé xac
dinh nhu sau:

f(x) = ¥ioq (o5 — o) Kxp,x) +b (1)
Sao cho:

1
Z(ai —af) =0,and C > o, 0f > 0,Vi, (2)
i-1

Trong do, C la héng s6 xac dinh su can
bang cua bién do 156i gitta do phang cua f va
luong sai 1éch vuot qua & duoc ch:flp nhén, a;, of
la nhirmg nhan tr Lagrange; va K(x;,x) la ham
kernel dugc dinh nghia nhu sau:

K(x,%5) = (@(x), @) ®3)
void 1a anh xa thudce tinh cho kernel K.

Nhitng diém dau vao x; voi (o — o) # 0
goi 1a nhitng véc-to tya (SVS).

2.2. M6 hinh mo - Fuzzy model

Ta biét rang cac luat mo (fuzzy rules)
duoc biéu dién ¢ dang IF — THEN, la co sé cua
phép suy luan mo [2]. Giad su c6 m ludt mo duge
biéu dién nhu sau:

Rj: IF x4 is Aj1 and x, is Aj2 and ... and x,, is Ajn
THENyis B, forj = 1,2,..,M (4)
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Trong d6 x;(i = 1,2, ...n) 1a cac bién diéu
kién; y 1a cac bién quyét dinh cua hé théng mo;
A va BJ 1a nhing thut ngit ngit nghia x4c dinh
boi cac ham thanh vién (membership functions)
twong Ung p,j(x))va ugi(y). Luu y, p,i(x;)
dugc dinh nghia nhu sau:

IJ‘Aj (Xi) = H?:l IJ‘A] (Xi) (5)

Qua trinh suy ludn dugc thyc hién nhu
sau: 1) Kich hoat céc gia tri thanh vién.

Iy (%) ©6)

2) Két qua dau ra cua suy ludn dugc tinh
nhu sau:

Zj f"(n?=1 b (xﬂ)

Z]‘I\gi H{I=1 HA] (Xi)
i

f(x) = (7

Trong d6, Z 14 gia tri ddu ra khi ham
thanh vién pg; (y) dat gia tri cuc dai.

Dé (1) va (5) bang nhau, trude tién chung
ta phai dong nhat giita ham kernel trong (1) va
ham thanh vién trong (7). O day, dé théa man
diéu kién Mercer [7] ham thanh vién Gaussian
duoc chon lam ham kernel; dong thoi gia tri
ctiabtrong (1) phai bang 0.

2.3. Thudt todn trich xudt ludt mé tic SVMs

Khi ham Gaussian dugc chon lam ham
thanh vién va ham kernel, dong thoi sb luat mo
bang véi s SVs (Support vectors) thi (1) va (7)
tr¢ thanh

1

09 = Tl - adep(-2(22)) @)

Oj

2

sl 45
y— ©)

e 57

Nhu cach bién doi trong [2], ham suy luan
md c6 thé viét lai nhu sau:

. T 2
f() = ¥j-; Zexp (—;(;—i) ) (10)

Va trung tam cua ham thanh vién
Gaussian dugc chon la

va

f(x) =

(11)

7 = (04— o)
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Mot cach tiép can khac 1a thiét 1ap ham
kernel cia SVMs:

= — (12)
e (52) )
Nhu vay dau ra cia SVMs trd thanh
Zhes(mai)exn(3(52))
fGx) = 1(xj-x\?
Teyenn-4(42) )

Khi d6 chung ta chi can thiét lap trung tam
ctia ham thanh vién bang v&i (o — of), thi chic
chin rang dau ra cia SVMs (13) va dau ra cta
hé théng mo (9) 1a bang nhau. Luu ¥ ring biéu

thirc (12) chi ¢o thé co néu sb luong Support-
vector | duge biét trudc.

Khoi tao cac tham s cia SVMs

(13)

Centers:c;,i=1..m
Variances :g;,i = 1..m

Trich xuat luat m& tir SVMs

IF x is Gaussmf(a;, sv;) THEN y is B

Tbi wu hoa

o (t+1)
— )2 _ )2
= 0;(t)8e; [(x J;) exp (— G-9 )] c(t+1)

20?

= c(t)6ey, [%exp (_ (x— c)z)]

20?

End

Hinh 1. So' do khéi thudt todn f-SVM
Trén co s& su tuong tu cua SVMs va h¢
théng mo, thuat toan f-SVM dé xuét & Hinh 1
cho phép trich xuét cac luat mo tir SVMs.
Nhiing tham s6 ctia ham thanh vién c6 thé
dugc toi wu hoa dung nhimg thuat toan gradient
descent hodc thuat toan di truyén (GAs). Trong
truong hop nay, dé nhan dugc tap mo tbi wu,
chiing t6i cap nhat gia tri cac tham s6 ctiia ham
thanh vién theo cac ham thich nghi sau day:

(x—c)? (x—c)?
oi(t+ 1) = 0;() ey [ Xc: exp (— XZUCZ )] (14

ci(t+ 1) = ¢;(t)dey; [_(X_C) exp (— (X_C)Z)] (15)

o? 202

3. Ung dung khai pha luat mé tir dir liéu diém
sinh vién dua trén f-SVM

3.1. Bai todn tim kiém cdc ludt thé hi¢n suw lién
quan giita cdc mén hgc

Mot trong nhimmg vin dé dugc quan tim
cua cac nha quan ly dao tao l1a viéc xac dinh su
lién quan that sy khach quan gitta cdc moén hoc
trong chuong trinh dao tao. Bén canh do, sinh
vién cling can sy tu van dé lya chon cic mon hoc
nham dat duge két qua hoc tap cao nhét. O day,
chung t6i dé xuat sir dung thuat toan f-SVM dé
khai pha cac luat thé hién su lién quan giita cac
mdn hoc tir dit liéu diém hoc tap cuia sinh vién.

Gia str can tim lut thé hién sy lién hé cia
moén Lap trinh C++ véi cac moén Lap trinh C,
To4n r10i rac va Cau trac dir lidu & giai thuat.
Trong trudng hop nay ta chon cac thudc tinh dau
vao va dau ra nhu Bang 1.

Bdng 1. Cac thudc tinh lya chon

ky hiéu Thudc tinh
X Diém mon hoc Lap trinh C
X, Diém mon hoc Toan rai rac
X Piém mén hoc CTDL & GT
y Diém mon hoc Lap trinh C++

3.2. Két qua thuc nghi¢m

Dir liéu két qua diém cac mon hoc cia gan
1000 sinh vién nganh Cong nghé thong tin —
Truong Cb Coéng nghé Thong tin, dugc xur ly
bang cach:

- Trich loc cac thugc tinh twong Gng nhu
trong Bang 1.

- Loai bo céc dong dir liéu bi thiéu (khong
c6 diém).

- Scale toan b¢ dir liéu trong [-1,1].

Pé trich xuit cac luat mo tir dir liéu huén
luyén, ching t6i xdy dung mot hé thong thir
nghiém dua trén bo cong cu Matlab. Thuat toan
hoc SVM cua thu vién LIBSVM duoc phat trién
bdi nhom ciaa Chih-Chung Chang [8], dugc sir
dung dé san xuét ra cac Support vector (SVs),
lam co s& dé xay dung thudt toan trich xut cac
luat mo, f-SVM.
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Bdng 2. Tap cdc ludt san xudt dwoc

Luat Chi tiét

R1 | IF x1=Gaussmf(0.35,-0.97) and
x2=Gaussmf(0.35,-0.29) and
x3=Gaussmf(0.16,-0.33) THEN y=-0.05

R2 | IF x1=Gaussmf(0.45,0.88) and
x2=Gaussmf(0.32,-0.36) and
x3=Gaussmf(0.19,0.34) THEN y=0.96

R3 | IF x1=Gaussmf(0.32,0.28) and
x2=Gaussmf(0.21,-0.36) and
x3=Gaussmf(0.29,-0.32) THEN y=0.07

R4 | IF x1=Gaussmf(0.30,-0.29) and
x2=Gaussmf(0.27,-1.01) and
x3=Gaussmf(0.31,-1.00) THEN y=-0.05

R5 | IF x1=Gaussmf(0.46,0.31) and
x2=Gaussmf(0.29,-0.34) and
x3=Gaussmf(0.14,0.30) THEN y=-0.34

Két qua mot phan tip luat mo san xuit
dugc tir 600 mau dit lidu hun luyén, dugc thé
hién trong Bang 2.

Bing cach sir dung ham AVALFIS trong
thu vién cong cu Matlab Fuzzy Logic, chdng toi
da thir nghiém suy luan dua trén tap luat san xuat
duge ddi v6i 200 mau dir lidu test. Két qua so
sanh gia tri suy ludn dugc voi gia tri thuc, dugc
thé hién qua hai thong s6 NMSE=1.0746 va
MAE=0.5827. Trong d6, NMSE (normalized
mean squared error) va MAE (mean absolute
error) 1a hai thong s6 do luong d6 1éch giita gia
tri thuc té va gia tri suy luan duoc.

4. Két luan

Trong nghién ctu nay, dua trén co so
phan tich sy tuong duong gitta mdé6 SVM va
Fuzzy model, ching toi dé xuit mot thuét toan,
f-SVM, cho phép san xuét luit mo tir SVMs.
Mot mo hinh tng dung thudt toan f-SVM dé san
xudt cac luat mo thé hién su lién quan gitra cac
mon hoc trong chuong trinh dao tao ciing dugc
dé xuat trong phan 3. Két qua thuc nghiém trén
dir liéu thir nghiém cho thay kha ning tng dung
thuét toan dé xuét cho san xuit cac luat mo tir dix
liéu diém sinh vién.

Ngoai ra, mot van dé ton tai dang luu ¥ 1a
d6i v6i mé hinh may hoc SVM, néu ting tinh
chinh x4c ctia mé hinh thi s lugng SVs ciing
tang 1én, ddng nghia voi sb lwong ludt mo ciing
tang 1én. Didu ndy 1am cho tinh phtc tap ciia hé
thdng ting 1én va dic biét 1a “tinh sang sta” ciia
tap luat mo giam di, gdy nén sy kho khan cho
chuyén gia con ngudi dé c6 thé hiéu va phan tich
cac luat nay.

Trong dinh hudng nghién ciru tiép theo,
chung toi s€ tap trung tim gidi phap cai thién
“tinh sang sua” cla tap ludt mo trich xuét dugc
tir SVMs. Giai quyét dugc van dé nay sé& 1a co so
dé co thé ngir nghia hoa va phan tich tap luat thu
duogc, qua do6 co thé tdi uu hoa tap luat nhim
nang cao hiéu qua st dung ching.
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