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Tém tat: Bing cch thoa man cac diéu kién dé dong nhat cac ham dau ra ctia md hinh mo TSK (Takagi —
Sugeno — Kang) va méy hoc véc-to hd tro hdi quy, chiing ta c6 thé xay dung mot thuat todn cho phép trich
xudt mo6 hinh mo TSK tit mdy hoc véc-to hd tro. Nhitng nghién cttu trude day cho thady mo hinh mo trich
xuAt duoc van ton tai nhiing han ché chat dinh. Bai bdo nay dé xudt mot mé hinh mo dua trén sy tich hop
tri thitc tién nghiém v6i mo hinh mo TSK trich xudt tie may hoc véc-to hd tro cho bai toan du bao hoi quy.
Mo hinh nay tiép can theo hudng trich xuét cac tap luat mo “céd thé dién dich dwoc” cho hé dv bdo dya
trén su két hop cac md hinh may hoc thong ké. Bang céch tich hop tri thite tién nghiém véi md hinh mo
dua trén SVM (Support Vector Machine), hé thong luat mo trich xuét duoc sé giam tinh phtic tap. Hiéu
qua cua giai phap dé xudt dugc danh gia thong qua cac két qua thuc nghiém va c6 su so sanh voi mot s6
mo hinh khac.

Tt khéa: mo6 hinh mo; m6 hinh mo TSK; luat mo; may hoc véc-to hd tro; may hoc véc-to hd
tro hoi quys; tri thic tién nghém

1  Datvan dé

M6 hinh mo duoc biét dén nhu 1a mot mo hinh kha hiéu qua trong viéc xt ly nhitng
thong tin mo hd va khong chéac d6 chan, dong thoi né cling thé hién nhitng loi thé rd rang trong
viéc biéu dién va xi ly tri thire. Hoat dong cia mé hinh mo phu thudc chu yéu vao hé théng cac
luat mo va qud trinh suy dién trén tap luat mo d6. Da c6 nhiéu tac gia nghién ctru va dé xuat
cac phuong thitc d€ xay dung cac mo6 hinh mo hudng di liéu. Nhin chung cac giai phap nay
cht yéu dua trén ky thuat khai pha di liéu, cdc md hinh mday hoc thong ké nhu: Neural Net-
work [6][7][8], Support Vector Machine (SVM) [1][4][5][11][12][16], Self Organizing Map (SOM)
[8], Cay quyét dinh [15], Pai s0 gia ti [17], va cac thuat toan Phan cum, Phan 16p, Hoi quy,...
(3][6].

Viéc trich xudt tap luat mo ty dong tir dit liéu thong qua hoc may sé c¢é nhiéu khiém
khuyét do d liéu ngéu nhién c6 thé bi 16i (nhiéu), thiéu tinh dic trung, thi€u tinh bao phu. Vi
vay, viéc hiéu duoc tap luat d€ hiéu chinh, bo sung, t6i wu hoa la that sy can thiét. Cac nghién
cttu nham tich hop tri thitc chuyén gia véi mo hinh mo hudng dit liéu cé thé tim thay trong
[2]1[9][12][13]. Tuy nhién v6i mot tap luat c6 s& lugng 16n thi viéc hiéu va dién dich dugc ching,
dong thoi c6 thé phan tich va tich hop chiing véi cac tri thirc ¢d tinh chét tinh tay ctia chuyén
gia, qua that rat kho khan. Phan cum tap luat da dé xudt trong [16] la mot trong nhiing giai

phép cho véan dé don gian hoa tap luat ctia cac mé hinh mo hudng dir liéu.



Nghién cttu ly thuyét hoc dwa trén tri thire [14] cho thay cac kiéu khéc nhau cua tri thie
tién nghiém (a priori knowledge) c6 thé str dung dé cai thién hiéu qua cua mé hinh may hoc néi
chung va md hinh mo ndi riéng. Bai bao nay sé tap trung nghién cttu vé cac kich ban tich hop tri
thirc tién nghiém trong viéc hoc mo6 hinh mo dé€ cai thién mo hinh mo hudng di liéu trich xuét
duwoc.

Céc phan tiép theo ctia bai bdo bao gom: phan 2 tim hiéu vé cac nguodn tri thic tién
nghiém trong viéc hoc mé hinh mo. Trong phén 3, chiing t6i trinh bay nhitng kich ban khéac
nhau ctia véc tinh hgp tri thiee tién nghiém trong viéc hoc mé hinh mo. Phan 4 trinh bay mot s6
két qua thuc nghiém véi mot sd vi du tich hop tri thikc tién nghiém trong viéc hudn luyén mo
hinh mo. Cudi cung, trong phan 5, ching t6i néu 1én mot s6 két luan va dinh huéng nghién ctru

tiép theo.

2 Céc nguon tri thirc tién nghiém trong viéc hoc mé hinh mo

Tri thitc tién nghiém vé hé thdng dugc nghién cttu ¢ thé & dudi nhiéu dang khac nhau.
Mot khéc biét dau tién vé tri thiec cia mot md hinh 1a tri thitc md ta co ché€ hoat dong ctia md
hinh va tri thitc tinh tay cé tit kinh nghiém cta chuyén gia. Ca hai kiéu khac nhau cta tri thiec

nay déu c6 thé két hop véi nhau trong mot mo hinh mo [9].

Tri thikc vé qui trinh sdn c6 c6 thé duco stru dung dé€ mo ta hé thdng phi tuyén phirc tap
nhu la mot b thu thap gian don, vi du nhw cac hé thdng tuyén tinh chi ¢é gia tri trong ché do
hoat d6ng nhat dinh nao d6. Nhitng thong tin nay cé thé ma héa dudi dang cac qui tic mo. Cac
bién déc trung cho sy thay ddi cac cac ché do hoat ddong tréd thanh mét phéan cua cac déi tuong
trong hé thdng cac qui tic mo, va ham thanh vién dwoc dinh nghia dé xac dinh cho mdi md
hinh thanh phan ctia m¢t mién nhat dinh.

DGi véi van dé mod hinh héa hé thong, cac kiéu khac nhau cua tri thic tién nghiém gom
co:

- Tam quan trong cta dit liéu: trong nhiéu tng dung thuc t& nhitng mau dit liéu nhat
dinh c6 thé la ngoai lai va mot s6 c6 thé bi nhiéu. Do vay, md hinh xdy dung dwoc tit dit liéu ¢
thé bi nhiéu hay mat 6n dinh.

- Hanh vi ctia cdc may hoc: trong mét qua trinh hoc tap, khong gian gia thuyét cua may
hoc can duoc han ché trede. Vi du, ddi véi mo hinh mang no-ron hoi quy, nguoi ta phai xac
dinh cdc nguyén mau ctia mot van dé hdi quy va thiét ké truedc cac cdu tric lién két mang cta

mot mang no-ron.

- Muc tiéu cta cac mday hoc: tiéu chi nhu sy 6n dinh, d bén viing, thoi gian khoi dong,

thoi gian thiét 1ap la cac kién thiee phai c6 trude cho mot nha thiét ké hé thong.



3 Cac kich ban hoc ¢ tri thitc tién nghiém

Trong phan nay ching ta sé chiing to vai tro cta tri thic tién nghiém véi viéc hoc mot
md hinh mo. O day ching ta can lam rd méi quan hé logic gifta gia thuyét (Hypothesis), nhiing
md td mau (Descriptions) (dudi dang cac thudc tinh), va két qua dy dodn (Predictions). Cho
Descriptions 1a hoi ctia tat ca cdc mo ta mau trong tap huan luyén, va cho Predictions 1a hoi cua
tat ca cac tién doan. Khi d6, Hypothesis “giai thich cac quan sat” phai thoa man diéu kién sau
(ky hiéu [ c6 nghia 1a ké thira logic) [14]:

Hypothesis A Descriptions f Predictions

Xét trong truong hop hoc mo6 hinh mo, ching ta c6 thé dinh nghia khai niém Hypothesis

nhu sau:

Dinh nghia 1 (Hypothesis). Cho D={X,Y} 1a mot tap d@ liéu huan luyén (cac quan sat),
mot md hinh mo M la dwgc goi la Hypothesis néu diéu kién sau thdéa man:
(VX € D) M(X)=Y)
O céc ndi dung tiép theo chiing ta sé giai thich va dinh nghia 3 phuong thitc hoc mé hinh
mo theo [14]: Hoc dua trén giai thich (EBL — Explanation-bassed learning), Hoc dwa trén suw
thich hop (RBL — Relevance-based learning) va Hoc quy nap dua trén tri thiec (KBIL —

Knowledge-based inductive learning).

3.1 Hoc dva trén sw giai thich (EBL)

Phwong phéap hoc EBL 1a mot phuong thirc trich xudt nhiing luat mo chung tit cac quan
sat riéng 1é. Y tudng co ban ctia EBL 1a st dung tri thtec tién nghiém d€ xay dung cau tric ban
dau cua Hypothesis, roi sau d6 xac lap Hypothesis chinh thitc dwa vao cdc quan sat thuc
nghiém. Cu thé theo dinh nghia cua [14] nhu sau:

Background | Hypothesis
Hypothesis A Descriptions f Predictions

Hinh 1 m6 ta phuong phap hoc EBL. Xét trong trieong hop hoc mé hinh mo, EBL dwoc
dinh nghia nhw sau:

Dinh nghia 2 (EBL). Cho B la mot tri thiic nén vé mot md hinh mo M. Khi d6, mot thuat

toan A duoc goi la moét thuéat toan hoc EBL néu thoa man diéu kién sau:
B EM,

(VXED)(M(X)=Y).



a priori knowledge

y

Explanation-based
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!

Observations ~ ————> Hypotheses — Predictions

Hinh 1: M6 hinh hoc EBL

Theo phuong phap hoc nay, ddi voi viéc hoc moé hinh mo thi viéc lwa chon trudce cac
nguyén mau vé phan 16p hay hdi quy cho mé hinh, réi sau d6 tién hanh huén luyén mé hinh,
dwoc xem la hinh thirc hoc EBL.

3.2 Hoc dua trén su thich hop (RBL)

Theo phuong phap hoc nay, tri thitc tién nghiém sé két hop voi nhiing quan sat thuc
nghiém d¢ cho phép may hoc c6 thé rit ra nhitng qui tdc méi giai thich cho cac thuc nghiém
trén [14]:

Background A Descriptions A Predictions F Hypothesis

Hypothesis A Descriptions f Predictions

a priori knowledge

v

Relevance-based
learning

v

Observations Hypotheses Predictions

Hinh 2. M6 hinh hoc RBL

Hinh 2 m6 ta phuong thitc hoc RBL. Xét trong trirong hop hoc mé hinh mo thi RBL duoc

dinh nghia nhu sau:

Pinh nghia 3 (RBL). Cho B la kién thttc nén vé mot mo6 hinh mo M. Mot thuét toan A

duoc goi la mot thuat toan hoc RBL néu diéu kién sau duoc thdéa man:



(VXED)(M(X)=Y),
BAY EM.

Theo phuong phéap hoc nay, d6i véi viéc hoc mo hinh mo thi viéc st dung nhiing tri thitc
lién quan vé viéc xac dinh cdu tric mo hinh, cac thudc tinh vé chiic nang cua mé hinh dé cai
thién d¢ viing chic ctia mo hinh.

3.3 Hoc quy nap dua trén tri thiec (KBIL)

KBIL 1a mot phuong thitc hoc theo kiéu gia tang, trong d6 tri thirc tién nghiém va gia
thiét mdi hoc duoc sé két hop voi nhau d€ giai thich cho cac thuc nghiém. Cu thé theo dinh

nghia ctia [14] nhw sau:

Background A Hypothesis A Descriptions f Predictions

a priori knowledge

|

khoi tao/tinh luyén

Hvpotheses
- Knowledge-based 9; Hypotheses da -
Observations > inductive learning huén luyén = Predictions

Hinh 3. M6 hinh hoc KBIL

Hinh 3 md ta phuwong phap hoc KBIL. Theo phuong phap nay, ban dau tri thitc nén va
nhitng quan sat thuc nghiém dwoc dung dé duwa ra Hypotheses ban dau. Sau d6, két hop cac
quan sat thyee nghiém va tri thitc nén dé€ cung c6 Hypotheses d€ c6 thé gia tang tinh chinh xac
cta dy dodn. Xét trong treong hop hoc moé hinh mo thi KBIL dwgc dinh nghia nhu sau:

Dinh nghia 4 (KBIL). Cho B la kién thttc nén vé mot mo6 hinh mo M. Mot thuéat toan A
duoc goi la mot thuat toan hoc KBIL néu diéu kién sau duoc thoa man:
(VXED)(BAM(X)=Y)

Cht y rang, bat ky Hypotheses nao sinh ra dwa vao KBIL ciing phai phti hop véi tri thiic
tién nghiém cling nhw voi nhitng quan sat thirec nghiém méi, pham vi ciia Hypotheses sé duoc
thu gon dé€ chi chita quy tic that su da biét. Do vay, trong trueong hop hoc mé hinh mo, viéc ap

dung cac thuat toan t6i wu héa mé hinh nhu gradient descent chinh la mot hinh thirc hoc dwa



vao KBIL, boi vi Hypotheses (m6 hinh) sé tang dan sy thich nghi theo qua trinh hoc va pham vi
cua Hypotheses sé thu gon d€ phu hop véi nhitng phan hoi tir quan sat thye nghiém.

4 Mot s6 két qua thyc nghiém va ban luin

O nghién cttu nay ching ti thuc nghiém xay dung mo hinh mo TSK trén co sé trich xuét
tap luat mo tir may hoc véc-to ho tro hoi quy (kich ban EBL); trong d6 c6 t6i wu héa cac tham s&
ham thanh vién Gauss ctia md hinh bang phuong phép Gradient descent (kich ban KBIL), va t&i
uu héa cdu tric mod hinh bang cach thay ddi tham s§ e va rat gon cac luat mo twong tu (kich
ban RBL). So d6 khéi cia m6 hinh thure nghiém duoc biéu dién 6 hinh 4.

Environment

Support Vector Structure Learning
determining the suitable support vectors

\ 4

Support Vector Parameter Learning
for nomalization

|

I

|

|

|

|

| . .
I incremental design
|

|

|

|

|

I

|

|

Optimization

J optimized structure & parameters
y

TSK fuzzy model

Hinh 4. M6 hinh thwe nghiém trich xudt mé hinh mo TSK tir SVM

41 Vi du mdt mé hinh héi qui phi tuyén

Dé chiing to hiéu qua cta tri thikc tién nghiém trong viéc hudn luyén moé hinh mo, ching
toi da tich hop tri thirc tién nghiém vé cu tric mo hinh vao mé hinh mo TSK trich xuét tit may
hoc véc-to ho tro (SVMs) [16], cu thé 1a thong qua viéc diéu chinh tham s8 ¢ chiing ta c6 thé gidi
han s6 lwgng SVs; va day cting chinh 14 s6 lwgng luat mo trich xudt dwgc. Ching t6i tién hanh
thuc nghiém giai quyét bai toan hoi quy phi tuyén sau:

sin(x)
Sinc(x) =1 x
1 ifx=20

ifx+#o (1)



Tap d@ liéu huan luyén duoc xac dinh trong pham vi ttt -37t dén +37.

Trong qua trinh xac dinh cdu trac SVM, ching tdi st dung tham s ¢ dé€ diéu chinh s&
lwong SVs. Chung t6i ¢ dinh tham s C =10. Khi gid tri €=0.0, sé c6 50 SVs nhan duoc tit mo
hinh, d6ng nghia véi viéc ching ta nhan duoc 50 luat. Sau d6 chung toi tang gia tri tham so ¢
1én, khi €=0.1, thi c6 6 SVs nhan duoc twong tng véi 6 luat mo duoc trich xuat. Hinh 4 thé hién
két qua cua mo hinh thuc nghiém. Nhu vay chiang ta c¢6 thé diéu chinh gid tri tham s0 e, tic
diéu chinh s luong SVs d€ t6i wu hoa vi tri cua SVs, dong nghia véi viée t6i vu hoa phan b va
s0 luong luat mo.
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Hinh 4. Két qua md hinh da t8i wu hoa (RMSE = 0.0183)

42 Vi dumo hinh dy doan chudi hdi qui hon loan Mackey-Glass

Véi thue nghiém nay chting t6i mudn chiing té rang, mé hinh mo dua trén SVMs véi sy
tich hop tri thitc tién nghiém that sy mang lai hiéu qua. Dit liéu dwoc lwa chon dé thit nghiém la
dit liéu chudi thoi gian Mackey-Glass (Mackey-Glass time series). Dit liéu chudi thoi gian
Mackey-Glass dwgc sinh theo cong thirc sau [10]:

B ax(t— 1) 5
X_“-Xb—(t—‘lf)_CX(t) ( )

Trong d6 ta chon 1=30, a=0.2, b=10, va c=0.1. Vi 1000 mau dit liéu sinh ra, 800 mau di
liéu duoc st dung d€ hudn luyén cho may hoc Véc-to hd tro va sinh ra cac luat mo, 200 mau dit
liéu con lai duoc sit dung dé thir nghiém suy luan dua trén tap luat mo trich xuat duoc. Thude
tinh dau vao duwoc lya chon la cac gia tri x(t-1), x(t-2), thudc tinh dau ra can du doan la gid tri
x(t). Nhu vay md hinh ¢6 02 dau vao va 01 dau ra.

Trong thuc nghiém nay ching ti cling gitt ¢6 dinh tham s& C=10 va diéu chinh gid tri
tham s6 €=0.1, s6 luong SVs twong ting ciia mo hinh 1a 3. Hinh 5b thé hién phéan bd ctia cac ham
thanh vién twong tng voi bién dau vao x(t-2).
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Hinh 5. Két qua dw doan trén 200 mau dit liéu the nghiém (RMSE = 0.0092)

Bén canh viéc thuc nghiém dw doan gia tri x(t) b dit liéu thir nghiém (500 mau dit liéu)

stt dung tap luat mo san xudt duoc tit mo6 hinh dé xudt (md hinh {-SVM¥), ching t6i cling tht

nghiém dy doan trén cung bo dit liéu d6 véi cdc mo hinh duoc dé xudt boi cac tac gia khéac, bao

gom mod hinh ANFIS, RBF va SVM. Hiéu qua ctia cdc md hinh dugc so sanh va danh gia dua

trén thong s6 RMSE, thong s6 nay do luong d6 léch gitra gia tri x(t) thuc t&€ va gia tri du doan

dugc. So sanh cac gia tri cia RMSE trong Bang 1 ta c6 thé nhan thdy rang mo hinh f-SVM* cho

két qua du doan tuong dwong v6i mo hinh ANFIS va t6t hon so véi cac md hinh RBF va SVM.

5 Kétluan

Bang 1. So sanh két qua cac mo hinh qua thong s6 RMSE

S6 luat MO hinh ap dung

mo ANFIS RBF SVM f-SVM*

170 <1010 0.0042 0.0540 <1010
6 0.0034 0.0082 0.0509 0.0076
5 0.0041 0.0086 0.0635 0.0090
4 0.0050 0.0091 0.0748 0.0091
3 0.0074 0.0141 0.1466 0.0092
2 0.0087 0.0191 0.1955 0.0088

Trong bai bao nay chting t6i nghién ctru moét hudng tiép can tich hop tri thitc tién nghiém

v6i viéc hoc mo hinh mo d€ c6 thé trich xuat duoc hé thong mo t6t hon tir dit liéu huan luyén.

Vi cac kich ban khac nhau cta viéc hoc m6 hinh c6 sy két hop cua tri thic tién nghiém, ching

ta c6 thé xay dung cdc md hinh mo hudng dit liéu trong d6 cd su tich hop cac kiéu tri thirc tién

nghiém d€ cai tién hiéu qua ctia mo hinh.



V6i mot s6 két qua thwe nghiém trén mo6 hinh mo hudng dir liéu trich xuat tir may hoc

véc-to hd tro; dong thoi két hop voi mot so tri thire tién nghiém thich hop dwgc lwa chon da

ching t6 duoc tinh kha thi va hiéu qua cta viéc tich hop tri thic tién nghiém cai tién hiéu qua

mo hinh mo hudng dix liéu.

Trong dinh hudng nghién ctru tiép theo, chung t6i sé xay dung cac mé hinh mo tich hop

d€ giai quyét mot s6 bai toan duw bao trong thuc t€. Cac mo hinh mo tich hop nay c6 thé duoc

xay dung dua trén co s& lwa chon céc tri thiee tién nghiém thich hop véi m6 hinh d€ ¢é thé trich

xuat dugc tap luat mo “tot”; dong thoi tir d6 ¢d thé t6i wu hoa tap luat va lwa chon b8 sung mot

s0 luat thu thap duoc tir cac chuyén gia.
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IMPROVING DATA DRIVEN FUZZY MODELS WITH A
PRIORI KNOWLEDGE
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Abstract. By uniformly satisfying these conditions between TSK fuzzy models and
Support vector machines for regression, we can construct an algorithm to extract TSK fuzzy
model from Support vector machines. The previous study showed that the extracted fuzzy
model still exists certain limitations. This paper proposed a fuzzy model based on the
intergartion of a priori knowledge and Support vector machines-based TSK fuzzy model for
regression prediction. The extraction of intepretable fuzzy rules from data based on the
combination of statistical machine learning models is the foundation of this proposed
approach. By integrating a priori knowlegde with a SVM-based fuzzy model, the extracted
fuzzy set is optimized and reduces the complication. The effectiveness of the proposed
solutions is evaluated through experimental results and a comparison with the results of
some other models.

Keywords: fuzzy model; TSK fuzzy model; fuzzy rules; support vector machine; support
vector machine for regeression; a priori knowkedge



