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Tém tit. M6 hinh mo TSK va mé hinh may hoc véc-to hd trg hdi quy co su
tuong duong nhau trong mot s didu kién nhét dinh. Bang cach thoa man cac didu
kién dé déng nhét cac ham dAu ra ctia md hinh md TSK va may hoc véc-to hd trg
hdi quy, chung ta c6 thé xay dung mot thudt toan cho phép trich xudt mé hinh
m& TSK tir may hoc véc-to hd trg. Bai bdo nay dé xudt mot giai phap trich xuét
tap ludt mo TSK tir may hoc véc to hd trg, trong d6 ¢ két hop giai phap phan
cum K-Means dé rat gon tap luat. Hiéu qua cia giai phap d& xuit dwoc danh gia
thong qua céac Kkét qua thyc nghiém va c6 sy so sanh véi Kkét qua ciia mot sb thuc
nghém trén md hinh khéc.

Tiwr khéa: M6 hinh m¢o TSK, May hoc Véc-to hd trg, M6 hinh mo hudng dir
liéu.

1  Patvan dé

M5 hinh mo dwoc biét dén nhu 1a mot mé hinh kha hiéu qua trong viée xir 1y nhiing
thong tin mo hd va khong chic d6 chin; dong thoi no ciing thé hién nhiing loi thé rd
rang trong viéc biéu dién va xtr 1y tri thirc. Hoat dong cia mé hinh m& phy thude nhiéu
vao hé thdng cac luat mo va qua trinh suy dién trén tap luat mo d6. D3 ¢ nhiéu tac gia
nghién ctru va dé xuét cac phuong thire dé xay dung cac mé hinh mo hudng dir lidu [3,
4,5,6,7,9,10, 11].

Vén dé trich xuit mé hinh mo tir may hoc Véc-to hd trg dwoc nhom tac gia J.-H
Chiang va P.-Y Hao nghién ciru va cong bd 1an dau tién trong [3]. Mot trong nhiing van
dé cua may hoc Support-vector 13 tinh chinh x4c cia mé hinh thu dugc ty 16 thuan véi
s6 luong Support-vector sinh ra; didu nay ddng nghia véi viée sb luong luat mo ciia mod
hinh m¢ trich xuat duoc s& tang 1én. No6i cach khac 1a khi tang hiéu suit cia mo hinh
thi ddng nghia v&i viéc 1am giam tinh “sang stia” (tinh “co thé hiéu dugc”) ciia mé hinh.
Nhu vay vAn dé dat ra 1a 1am thé nao c6 thé trich xuit duoc hé théng mo dam bao do
tin cdy cua két qua du doan, déng thbi han ché dugc sb lugng luat mo trong mé hinh.
Trong bai bao nay, chung t6i dé xuat g1a1 phap tich hop thuat todn phan cum k-Means
dé rt gon tap luat mo trich x4t duoc, dong thoi c6 thé dam bao duoc do tin cay cua két
qua du doan dya vao mo hinh trich xuét duoc.

Céc phan tiép theo ctia bai bao bao gdm: phin 2 trinh bay so lugc vé sy trong dwong
ctia mo hinh mé TSK va may hoc véc-to hd trg (SVM — Support Vector Machine) lam



co so cho viéc xay dung thuat toan trich xudt md hinh mé. Phan 3 gidi thi¢u thudt toan
fm-SVM* cho phép trich xuét tap luat mo rit gon tir SVMs, trong d6 c6 tich hop thuat
toan phan cum K-Mean. Phan 4 trinh bay nhing két qua thuc nghiém cta mé hinh dé
xuét, trong d6 c6 két hop so sanh véi mot sé két qua cia mo hinh d& xudt truge d6. Cudi
cling, trong phan 5 ching t6i néu 1én mot sé két luan va dinh huéng nghién ctru tiép
theo.

2 Su twong dong ciia mdé hinh mo TSK va may hoc véc-to hd
tro

Hé théng mo TSK bao g6m mot tap cac luat mo “IF — THEN”, véi ph?ln két luan cta
mdi lut nay 1a mot ham (khong mo) anh xa tir cac tham s du vao téi tham sb dau ra
cua mé hinh [3,4,5,6,11].
Gia stir ¢c6 mot hé théng mé& TSK véi m ludt m& duoc biéu dién nhu sau:
R;: IF x4 is Aj1 and x, is Aj2 and ... and x,, is Ajn
THEN z = gj(x1,X, ..., Xp) ,V6ij = 1,2,...,m
Trong d6 x;(i = 1,2, ....n) 1a cac bién diéu kién; z 14 cac bién quyét dinh cua hé
thdng md dwoc x4c dinh boi ham khong mo g(); Aji la nhitng thuat nglr ngén ngi xac
dinh béi ham thanh vién twong ting p A (x)). Luuy, n A (x;) dugc dinh nghia nhu sau:
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Qua trinh suy ludn dugc thuc hién nhu sau:
1) Kich hoat cac gia tri thanh vién.
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2) Két qua dau ra ciia suy ludn dugc tinh nhu sau:
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Trong d6, Z 1a gié tri dAu ra ciia ham g().

Bén canh dé, vdi vai tro giai quyét vin d& t6i wu hoéa hdi quy, 1y thuyét co ban cua
SVM c6 thé dwoc vén tit nhu sau [2,3,6,9]:

Cho moét tap dit liéu huan luyén {(X4,y1), .., (X1, ¥1)} € X X R, trong d6 X xéac dinh
mién dir liéu ddu vao. Vi e-Support Vector Regression, bai toan tdi uu hoa rang budc
can giai quyét 1a:
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Sao cho: (WT.®(x) +b) —y; < e+,
yi— (WL.d(x) +b) <e+E,
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Va dua dén bai toan Quadratic Programming:
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Trong d6, C 1a tham s6 chuén tac, € 1a sai so6 cho phép, &, & 1a nhitng bién 16ng, va
a;, of 1a nhitng nhan tir Lagrange.
Véc-to w c6 dang:
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Sao cho:

Va ham quyét dinh 1a:
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Goi K(Xi, Xj) = d(x)". CD(X]-) 1a ham nhéin cua khéng gian dAu vao; va ham quyét
dinh (7) dwoc viét lai nhu sau:
1
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Nhirng diém dau vao x; voi (a; — o) # 0 duge goi 1a nhitng véc-to hd trg (SVs).
Xét ham dAu ra ctia mé hinh mo TSK (3) va ham quyét dinh ctia mé hinh may hoc
Véc-to hdi quy (8). Pé (3) va (8) ddng nhét véi nhau, trudc tién chung ta phai dong
nhét gitra ham nhan trong (8) va ham thanh vién trong (3). O day, dé thoa mén diéu
kién Mercer [1] ham thanh vién Gauss dugc chon lam ham nhan; dong thoi gia tri cua
b trong (8) phai bang 0.
Khi ham Gauss dugc chon 1am ham thanh vién va ham nhén, dong thoi s6 luat mo
bang véi s6 véc-to hd tro (m = 1) thi (3) va (8) tré thanh:
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Nhu cach bién doi trong [8], ham suy luan md (10) c6 thé viét lai nhu sau:
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Va chung ta chon: Z = (o — af) 12)

va

f(x) = (10)




Nhu vy, trén co sé thoa méan cac diéu kién dé dong nhit ham diu ra cia SVMs va
hé¢ thong mo TSK, ching ta c6 thé trich xuat dugc mé hinh mo TSK tir may hoc Véc-
to hd trg.

3 Thuit toan trich xuét tip luit mo rat gon tir SVM bang cach
tich hgp thuit toan phian cum K-Means

Ttr nhitng phén tich trén, ching t6i di d& xudt thuat toan fm-SVM* cho phép trich xut
md hinh md TSK tir may hoc véc-to hd trg gdm cac bude nhuru sau:

Bude 1: huan luyén SVMs véi tap dit liéu huan luyén dé trich xuét ra cac véc-to hd
trg tuong (mg vai cac gid tri x; = sv;, phuong sai g, va (a; — a]) = B

Buée 2: ding thuat toan K-Means dé phan cum céc (o;, sv;) thanh k cum

Buée 3: chon céc (o;, sv;) la trung tm cua cac cum dé thiét 1ap cac ham thanh vién
Gauss cho cac luat mo TSK; trong d6 sv; 1a trung tm ctia ham thanh vién va g; la bién
d0 mo. Tap cac luat mo TSK trich xuét duoc sé ¢o dang:

IF x; is Gaussmf (o;, sv;) THEN y; is B
So db thuat toan fm-SVM* dugc thé hién ¢ hinh 1.

/ Input: Training data set /

J

Initialize parameters of SVMs

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

Cluster (a;, sv;) using k-Means

extract fuzzy rules from SVM

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

/ Output: TSK fuzzy model /




Hinh. 1. M6 hinh thuét toan trich xuét tap luat m¢ TSK.

4 Két qua thwe nghiém

Dé danh gia thuat toan fm-SVM* da d¢ xuét, chung toi xdy dung mot hé thong thir
nghiém dua trén bg cong cu Matlab. Trong thuét todn fm-SVM* ching t6i c6 sir dung:
1) Thuét toan hoc SVM cua thu vién LIBSVM duge phat trién boi nhom caa Chih-
Chung Chang [12], duoc sir dung dé san xuat ra cac SVs, lam co s¢ dé trich xuét cac
luat mo,

2) Ham cong cu kmeans trong Matlab [14] duoc sir dung dé phan cum céc SVs.

Ngoai ra, chting t6i st dung ham AVALFIS trong thu vién cong cu Matlab Fuzzy Logic
dé thuc hién suy luan dya trén cac luat mo trich xuét dugc. Bén canh do, trong thuc
nghiém chiing t6i c¢6 két hop sir dung thuat toan trich xuét luat mo f-SVM* da nghién
ctru dé xuét trong [13] dé so sanh va danh gia két qua.

4.1  Vidu hoi quy phi tuyén tinh
V6i trudng hop thue nghém nay, chung t6i tién hanh xay dung bo dit lidu dua trén bai

toan hdi quy phi tuyén sau:
sin(x)

. 1 ifx=20 )

Tap dir liéu huan luyén dugc xac dinh trong pham vi tr —31 dén +3m. Vi 1000
mau dit liéu sinh ra, 800 mau dir liéu dugc st dung dé huan luyén cho may hoc Véc-to
hd trg va sinh ra cac luat mo, 200 mau dir liéu con lai duoc sir dung dé thur nghiém suy
luan dya trén tap ludt mo trich xuét duoc.

Két qua dy doan v&i 200 mau dir liéu, dya trén tap luat trich xuét duoc véi sb luong
luat khac nhau, danh gia qua thong sé RMSE (Root Mean Squared Error), thé hién &
bang 1. Tap luat mo trich xudt dugc trong trudng hop gom thanh cum, twong ng véi
6 luat thé hién ¢ bang 2.

Sinc(x) =

Bang 1. So sanh két qua cac mé hinh qua théng s6 RMSE — 4.1

S6 luat mo M hinh 4p dung
f-SVM* fm-SVM*

50 <100 <100

10 0.0011 0.0015

8 0.0010 0.0014

6 0.0183 0.0122

4 0.0553 0.0586

Bang 2. Tap luat trich xuit dugc trong truong hop gom thanh 6 cum - 4.1

Thir ty Luat
R1 if x is Gaussmf(0.69, -2.502) then y = 0.425




R2 if X is Gaussmf(0.73, -1.820) theny = -1.732
R3 if X is Gaussmf(0.70, -0.582) theny = 1.25
R4 if X is Gaussmf(0.75, 0,580) theny = 1.27
R5 if X is Gaussmf(0.72, 1.815) theny =-1.721
R6 if X is Gaussmf(0.74, 2.861) then y = 0.412

4.2 Vidu md hinh dy doan chudi hdi qui hdn loan Mackey-Glass

Véi trudng hop thue nghiém nay, chiing ti lya chon thir nghiém trén dit liéu chudi thoi
gian Mackey-Glass (Mackey-Glass time series). Dir liéu chudi thoi gian Mackey-Glass
duoc sinh theo cong thuc sau:
ax(t—1)
gy =D —cx(t) (14)

trong d6 ta chon t =30, a = 0.2, b = 10, va c = 0.1. Vi 1000 mau dir liu sinh ra,
800 mau dit lidu dwoc sir dung dé huin luyén cho méay hoc Véc-to hd trg va sinh ra cac
luat mo, 200 mau dit lidu con lai dwoc sir dung dé thir nghiém suy luan dua trén tap luat
mo trich xuat duoc. Thudc tinh dau vao duoc lya chon la gié tri x(t—=1), x(t = 2),
thudc tinh dau ra can du doan 1a gié tri x(t). Nhu vay mé hinh c6 02 dau vao va 01 dau
ra.

Béng 3 thé hién két qua dy doan trén 200 mau dir lidu thir nghiém, danh gia thong
qua thong s6 RMSE. Két qua 9 luat hoc duoc tir 800 mau dir liéu huén luyén trong
truong hop gom thanh 9 cum, twong ting véi 9 ludt, thé hién trong bang 4.

Bang 3. So sanh két qua cac mé hinh qua thong s6 RMSE - 4.2

S6 luat mo M hinh 4p dung
f-SVM* fm-SVM*

170 <100 <100

9 0.0073 0.0078
6 0.0080 0.0082
5 0.0090 0.0082
4 0.0091 0.0095
3 0.0091 0.0103
2 0.0188 0.0205

Bang 4. Tép luét trich xuit duoc trong truong hop gom thanh 9 cum — 4.2

Thir tu Ludt

R1 if X(t-2) is Gaussmf(0.54,0.40) and x(t-1) is Gaussmf(0.50, 1.11) then x(t) is 1.08
R2 if X(t-2) is Gaussmf(0.52,0.44) and x(t-1) is Gaussmf(0.56, 0.53) then x(t) is 1.12
R3 if X(t-2) is Gaussmf(0.55,0.50) and x(t-1) is Gaussmf(0.55, 1.50) then x(t) is 0.95
R4 if X(t-2) is Gaussmf(0.56,1.02) and x(t-1) is Gaussmf(0.55, 0.51) then x(t) is 1.22
R5 if X(t-2) is Gaussmf(0.60,1.05) and x(t-1) is Gaussmf(0.58, 1.14) then x(t) is 0.98
R6 if X(t-2) is Gaussmf(0.63,1.10) and x(t-1) is Gaussmf(0.54, 1.43) then x(t) is 1.05

R7 if X(t-2) is Gaussmf(0.51,1.27) and x(t-1) is Gaussmf(0.55, 0.53) then x(t) is 1.14



R8 if X(t-2) is Gaussmf(0.56,1.34) and x(t-1) is Gaussmf(0.62, 0.99) then x(t) is 0.98
R9 if X(t-2) is Gaussmf(0.55,1.38) and x(t-1) is Gaussmf(0.57, 1.36) then x(t) is 1.02

5 Két luan

Bai béo nay ching t6i d& xuat mot hudng tiép can tich hop thuat toan phan cum k-
Means vao qua trinh trich xut hé théng mo tir may hoc Véc-to hd tro hdi quy. May
hoc Support-vector cung cip mot framework dé trich xuat ra cac Véc-to hd trg 1am co
s& dé hinh thanh cac luat mo. Trong bai bo, chdng tdi da phan tich mbi quan hé twong
duong gitra md hinh méay hoc Véc-to h trg hdi quy va mo hinh mo TSK, dé 1am co s&
cho viéc xay dung thuat toan trich xut md hinh m& TSK tur may hoc Véc-to hd trg hdi
quy. Bén canh d6, dé c6 thé trich xuit duge tap uat rat gon, chiing t6i da d& xudt thuat
toan fm-SVM* duya trén giai phap tich hop thuét toan phan cum k-Means véi qua trinh
trich xudt tap luat mo tir tip Véc-to hd tro. Két qua thuc nghiém trén dit liéu thir nghiém
cho théy duogc hiéu qua cua mo hinh d& xuat. Mat khac, voi tap luat rat gon trich Xuét
dugc, s& gop phan 1am giam d6 phirc tap cua qua trinh du doan dua trén tap luit hoc
duogc. Ngoai ra, tap luat rt gon cling lam tang tinh “sang sua” mé binh md, cac chuyén
gia con ngudi c6 thé doc hiéu va phan tich duogc tap ludt nay, va tir 46 c6 thé danh gia
tap ludt mo va co thé c6 giai phap dé tdi wu hoa tap luat.

Trong dinh hudng nghién ciru tiép theo, chiing t6i s& ing dung thuat toan trich xuét
luat mo fm-SVM* dé xay dung cac mé hinh mo tich hop giai quyét mot s bai toan dyr
doan, dy bao. Cac md hinh mo tich hop nay c6 thé duogc xay dung dua trén co s& phan
tich ngir nghia cac luat mo “co thé hiéu dugc” hoc duoc tir dit lidu dé tir d6 tbi uu hoa
tap luat va lya chon bd sung mot s6 luat thu thap duoc tir chuyén gia con nguoi.
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