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TOM TAT

Bang cach thda man cac diéu kién dé dong nhat cic ham dau ra ctia mo hinh mo
TSK (Takagi — Sugeno — Kang) va may hoc véc-to hd tro hdi quy, chung ta c6 thé
xay dung mdt thuat toan cho phép trich xuat mé hinh mo TSK tir may hoc véc-to
hd tro. Nhitng nghién ctru truedc day cho thdy mo hinh mo trich xuat duoc van ton
tai nhitng han ché chét dinh. Bai bdo nay dé xuat mot mé hinh mo dwya trén su tich
hop tri thitc tién nghiém véi mo6 hinh mo TSK trich xuét tir may hoc véc-to hd tro
cho bai toan du bao hoi quy. M6 hinh nay tiép can theo hudng trich xudt cac tap
luat mo “cé thé dién dich duoc” cho hé du béo dua trén sy két hgp cac mo6 hinh
may hoc thong ké. Béng cach tich hop tri thiic tién nghiém véi md hinh mo dua
trén SVM (Support Vector Machine), hé¢ thdng luat mo trich xuat dugc sé giam tinh
phtic tap. Hiéu qua ctia giai phap dé xudt duwoc danh gia thong qua cac két qua

thuc nghiém va c6 su so sanh v6i mot s6 mo hinh khac.

Ttwt khéa: mo6 hinh mo; m6 hinh mo TSK; luat mo; may hoc véc-to hd tro; may hoc

véc-to hd tro hdi quy; tri thiee tién nghém.

1 DAT VAN PE

M0 hinh mo dugc biét dén nhu la mot mo hinh kha hiéu qua trong viéc xt ly
nhiing thong tin mo ho va khong chic d6 chin, dong thoi nd ciing thé hién nhiing loi
thé rd rang trong viéc biéu dién va xtt 1y tri thitc. Hoat dong cia mo6 hinh mo phu
thudc cht yéu vao hé thdng cac luat mo va qua trinh suy dién trén tap luat mo d6. Pa
c6 nhiéu tac gia nghién cttu va dé xudt cac phuong thic dé€ xay dung cac moé hinh mo
hwéng dir liéu. Nhin chung cac giai phap nay chu yéu dua trén ky thuat khai pha da
liéu, cac mo6 hinh mdy hoc thong ké nhu: Neural Network [6][7][8], Support Vector
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Machine (SVM) [1][4][5][11][12][16], Self Organizing Map (SOM) [8], Cay quyét dinh
[15], Pai s6 gia ti [17], va cac thuat toan Phan cum, Phan 16p, Hoi quy, ... [3][6].

Viéc trich xudt tap luat mo tu dong tir di liéu thong qua hoc may sé c¢d nhiéu
khiém khuyét do dit liéu ngau nhién c6 thé bi 18i (nhiéu), thidu tinh dic trung, thiéu
tinh bao phu. Vi vay, viéc hiéu dwgc tap luat dé hiéu chinh, bd sung, tdi wu hoa la that
sw can thiét. Cac nghién cttu nham tich hop tri thitc chuyén gia véi mo hinh mo huéng
d@ liéu c6 thé tim thay trong [2][9][12][13]. Tuy nhién v6i mot tap ludt co s6 lugng 16n
thi viéc hiéu va dién dich dwoc chiing, dong thoi c thé phan tich va tich hgp ching
vi cac tri thire ¢d tinh chat tinh tay ctia chuyén gia, qua that rat khé khan. Phan cum
tap luat da dé xudt trong [16] la mot trong nhitng giai phap cho van dé don gian hoa
tap luat ctia cdc mo6 hinh mo hwdng di liéu.

Nghién cttu ly thuyét hoc dua trén tri thirc [14] cho thdy cac kiéu khac nhau ctuia
tri thirc tién nghiém (a priori knowledge) c6 thé sit dung dé cai thién hiéu qua ciia mo
hinh mdy hoc néi chung va mo6 hinh mo ndi riéng. Bai bao nay sé tap trung nghién cttu
vé cac kich ban tich hop tri thitc tién nghiém trong viéc hoc md hinh mo dé cai thién
mo hinh mo hudng d@ liéu trich xudt duoc.

Cac phan tiép theo cua bai bao bao gom: phan 2 tim hiéu vé cac ngudn tri thirc
tién nghiém trong viéc hoc mo hinh mo. Trong phén 3, ching t6i trinh bay nhiing kich
ban khac nhau ctia véc tinh hop tri thirc tién nghiém trong viéc hoc md hinh mo. Phan
4 trinh bay mot s két qua thuc nghiém véi mot s6 vi du tich hop tri thike tién nghiém
trong viéc hudn luyén md hinh mo. Cudi cung, trong phan 5, chting t6i néu 1én mot sd
két luan va dinh hudéng nghién ctru ti€p theo.

2 CAC NGUON TRI THUC TIEN NGHIEM TRONG VIEC HOC MO HINH MO

Tri thic tién nghiém vé hé thdng duoc nghién cttu ¢6 thé & duwdi nhiéu dang
khac nhau. Mot khéc biét dau tién vé tri thiec ctia mot mo hinh 13 tri thttc mo ta co ché
hoat dong ctia mo hinh va tri thitc tinh tiy cd tit kinh nghiém ctia chuyén gia. Ca hai
kiéu khac nhau cua tri thitc nay déu c6 thé két hop véi nhau trong mot moé hinh mo [9].

Tri thitc vé qui trinh s&n c6 c6 thé duco stru dung dé mod ta hé thdng phi tuyén
phtic tap nhu 1a mét b thu thap gian don, vi du nhu cac hé thong tuyén tinh chi c6 gia
trj trong ché do hoat dong nhat dinh nao d6. Nhiing thong tin nay c6 thé ma hoa dudi
dang cac qui tic mo. Cac bién dic trung cho sy thay doi cac cac ché€ do hoat dong tro
thanh mot phan ctia cac d6i teong trong hé thdng cac qui tic mo, va ham thanh vién
duoc dinh nghia dé xac dinh cho moi mé hinh thanh phéan ctia mot mién nhéat dinh.

Doi voi van dé mo hinh hda hé thdng, cac kiéu khac nhau cua tri thic tién
nghiém gom co:
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- TAm quan trong cua dit liéu: trong nhiéu ting dung thuc t& nhitng mau di
liéu nhat dinh c6 thé 1a ngoai lai va mot s c6 thé bi nhiéu. Do vay, md hinh xay dung
duoc tir dit liéu c6 thé bi nhiéu hay mat &n dinh.

- Hanh vi ctia cdc may hoc: trong mot qua trinh hoc tap, khong gian gia thuyét
cua may hoc can duoc han ché trude. Vi dy, d6i véi mo hinh mang no-ron hoi quy,
nguoi ta phai xac dinh cac nguyén mau ctia mot van dé hoi quy va thiét ké trude cac
cdu truc lién két mang ctia mot mang no-ron.

- Muc tiéu ctia cac mdy hoc: tiéu chi nhu s 6n dinh, d6 bén virng, thoi gian
khoi dong, thoi gian thiét 1ap la cac kién thirc phai c6 trude cho mot nha thiét ké hé
thong.

3 CACKICH BAN HOC CO TRI THUC TIEN NGHIEM

Trong phan nay ching ta sé ching to vai tro cta tri thitc tién nghiém voi viéc
hoc mot mé hinh mo. O day ching ta can 1am rd mdi quan hé logic gitta gia thuyét
(Hypothesis), nhitng mo ta mau (Descriptions) (dudi dang cac thudc tinh), va két qua
du doan (Predictions). Cho Descriptions 1a hoi ctia tat ca cdc md ta mau trong tap huén
luyén, va cho Predictions 1a hdi cua tdt 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  Predictions

Xét trong treong hop hoc md hinh mo, chung ta ¢ thé dinh nghia khai niém
Hypothesis nhuw sau:

Pinh nghia 1 (Hypothesis). Cho D={X,Y} la mot tadp d@ liéu huan luyén (cac

quan sat), mot mo hinh mo M la duoc goi la Hypothesis néu diéu kién sau thoa man:
(VX € D) (M(X)=Y)

O cac ndi dung tiép theo chiing ta s& giai thich va dinh nghia 3 phuong thic
hoc m6 hinh mo theo [14]: Hoc dwa trén giai thich (EBL — Explanation-bassed learn-
ing), Hoc dua trén su thich hgp (RBL — Relevance-based learning) va Hoc quy nap dwa
trén tri thitc (KBIL — Knowledge-based inductive learning).

3.1 Hoc dua trén su giai thich (EBL)

Phuong phép hoc EBL la mot phuwong thikc trich xuat nhiing luat mo chung tie
cac quan sat riéng 1é. Y twong co ban ctia EBL la st dung tri thitc tién nghiém d€ xay
dung cau truc ban dau caa Hypothesis, roi sau d6 xac 1ap Hypothesis chinh thac dya
vao cac quan sat thuc nghiém. Cu thé theo dinh nghia cua [14] nhu sau:

Background F Hypothesis
Hypothesis A Descriptions [ Predictions
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Hinh 1 m6 ta phuwong phap hoc EBL. Xét trong trieong hop hoc m6 hinh mo,
EBL duogc dinh nghia nhu sau:

Pinh nghia 2 (EBL). Cho B 1a mét tri thitc nén vé mot mo6 hinh mo M. Khi d6,
mot thuat toan A duoc goi 1a mot thuat toan hoc EBL néu thoa man diéu kién sau:

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

a priori knowledge

v

Explanation-based
learning

!

Observations 4 Hypotheses — Predictions

Hinh 1. M6 hinh hoc EBL

Theo phwong phap hoc nay, doi véi viéc hoc mo6 hinh mo thi viéc lua chon
truedc cac nguyén mau vé phan 16p hay hoi quy cho md hinh, r6i sau d6 tién hanh huan
luyén mo hinh, duwoc xem 1a hinh thitc hoc EBL.

3.2 Hoc dua trén su thich hop (RBL)

Theo phuong phép hoc nay, tri thic tién nghiém sé két hop véi nhitng quan sat
thiee nghiém dé cho phép may hoc c6 thé rit ra nhitng qui tic méi giai thich cho cac
thiec nghiém trén [14]:

Background A Descriptions A Predictions | Hypothesis

Hypothesis A Descriptions [ Predictions

a priori knowledge

y

Relevance-based
/ < learning ; \
Observations Hypotheses Predictions

Hinh 2. M6 hinh hoc RBL

42



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 12, S8 1 (2018)

Hinh 2 md ta phuong thitc hoc RBL. Xét trong trieong hop hoc m6 hinh mo thi
RBL duoc dinh nghia nhuw sau:

Pinh nghia 3 (RBL). Cho B la kién thirc nén vé mot moé hinh mo M. Mot thuat

toan A dugc goi la mot thudt toan hoc RBL néu diéu kién sau dugc thoa man:
(VXED)MOQ)=Y),
BAY M.

Theo phuwong phap hoc nay, doi véi viéc hoc mo6 hinh mo thi viéc st dung
nhiing tri thitc lién quan vé viéc xac dinh cdu triic mo hinh, cac thudc tinh vé chic
nang cua mo hinh dé cai thién do ving chic ctia md hinh.

3.3 Hoc quy nap dua trén tri thtec (KBIL)
KBIL 1a mot phuong thiic hoc theo kiéu gia tang, trong do tri thic tién nghiém

va gia thiét mdi hoc dwgc sé két hgp véi nhau dé€ giai thich cho cac thue nghiém. Cu
thé theo dinh nghia cua [14] nhu sau:

Background A Hypothesis A Descriptions [ Predictions

a priori knowledge

|

khoi tao/tinh luyén
Hypotheses

!

Knowledge-based 9; Hypotheses da

inductive learning huén luyén = Predictions

Observations >

Hinh 3. M6 hinh hoc KBIL

Hinh 3 md ta phuong phéap hoc KBIL. Theo phwong phap nay, ban dau tri thirc
nén va nhitng quan sat thuc nghiém dwoc dung dé€ dua ra Hypotheses ban dau. Sau
do6, két hop cac quan sat thuc nghiém va tri thitc nén d€ cang c6 Hypotheses dé€ co thé
gia tang tinh chinh xdc ctia dy dodn. Xét trong treong hop hoc mé hinh mo thi KBIL
duoc dinh nghia nhu sau:

Dinh nghia 4 (KBIL). Cho B la kién thttc nén vé mot mo6 hinh mo M. Mot thuat
toan A dugc goi la mét thuat toan hoc KBIL néu diéu kién sau dugc thdoa man:

(VXED)(BAM(X)=Y)
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Cht y rang, bat ky Hypotheses nao sinh ra dwa vao KBIL ciing phai phtt hop
voi tri thite tién nghiém cting nhw véi nhitng quan sat thuc nghiém mdi, pham vi cta
Hypotheses sé& duoc thu gon d€ chi chita quy tac that sy da biét. Do vay, trong truong
hop hoc md hinh mo, viéc 4p dung cac thuat toan t6i vu héa mo hinh nhw gradient
descent chinh 1a mot hinh thitc hoc dwa vao KBIL, boi vi Hypotheses (md hinh) sé tang
dan su thich nghi theo qué trinh hoc va pham vi ctia Hypotheses sé thu gon dé phu
hop véi nhitng phan hoi ttr quan sat thye nghiém.

4 Mot s6 két qua thuc nghiém va ban luan

O nghién ctru nay ching toi thuce nghiém xay dung mo hinh mo TSK trén co s&
trich xudt tap luat mo tir may hoc véc-to hd trg hoi quy (kich ban EBL); trong dé c6 toi
uu héa cac tham s6 ham thanh vién Gauss ctia md hinh béang phuong phap Gradient
descent (kich ban KBIL), va t8i wu héa cdu triic md hinh bang cach thay d6i tham s6 &
va rat gon cac luat mo twong tu (kich ban RBL). So d6 khdi ctia md hinh thuwe nghiém
duoc biéu dién 6 hinh 4.

Environment

Support Vector Structure Learning
determining the suitable support vectors

incremental design

\ 4

Support Vector Parameter Learning
for nomalization

Optimization

J optimized structure & parameters
y

TSK fuzzy model

Hinh 4. M6 hinh thie nghiém trich xudt mo hinh mo TSK tir SVM
41 Vidumét mé6 hinh hoéi qui phi tuyén

Dbé chiing to hiéu qua caa tri thitc tién nghiém trong viéc hudn luyén md hinh
mo, chung t6i da tich hop tri thic tién nghiém vé cdu trac mo6 hinh vao md hinh mo
TSK trich xudt tt mdy hoc véc-to hd tro (SVMs) [16], cu thé la thong qua viéc diéu
chinh tham s6 & ching ta c6 thé gidi han s6 luong SVs; va day ciing chinh 1a s6 luong
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luat mo trich xuat dwoc. Ching t6i tién hanh thiee nghiém giai quyét bai toan hoi quy
phi tuyén sau:
sin(x) |
Sinc(x) =1 « ifx # o (1)
1 ifx=0

Tap dit liéu hudn luyén duoc xac dinh trong pham vi tit -37 dén +3.

Trong qua trinh x4c dinh ciu trac SVM, ching t6i st dung tham s6 & dé diéu
chinh s6 luwong SVs. Chung tdi ¢ dinh tham sd C =10. Khi gia tri e=0.0, sé c6 50 SVs
nhéan duoc tit mod hinh, dong nghia vdi viéc chiing ta nhan dwgc 50 luat. Sau d6 chung
toi tdng gia tri tham s6 € 1én, khi €=0.1, thi ¢6 6 SVs nhan duoc twong tng voi 6 luat
mo duoc trich xudt. Hinh 4 thé hién két qua ctia m6 hinh thye nghiém. Nhu vay chung
ta co thé diéu chinh gia tri tham s ¢, tiec diéu chinh s luong SVs dé t6i wu hoda vi tri
cua SVs, dong nghia véi viéc t6i wu hda phan bd va s6 luwong luat mo.
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Hinh 5. Két qua mo hinh da t6i wu hoa (RMSE = 0.0183)
4.2 Vi dumd hinh du doan chudi héi qui hon loan Mackey-Glass

Véi thuc nghiém nay chiing t6i mudn chimg to rang, moé hinh mo dua trén
SVMs vdéi su tich hop tri thitc tién nghiém that sy mang lai hiéu qua. D liéu duoc lyra
chon dé thir nghiém 1a di liéu chudi thoi gian Mackey-Glass (Mackey-Glass time se-
ries). Dit liéu chudi thoi gian Mackey-Glass dwoc sinh theo cong thikc sau [10]:
ax(t— 1)

X = be—(t—‘f) - CX(t) (2)

Trong d6 ta chon =30, a=0.2, b=10, va c=0.1. Véi 1000 mau dir liéu sinh ra, 800
mAau di liéu dwoc st dung d€ hudn luyén cho may hoc Véc-to hd tro va sinh ra cac luat
mo, 200 mau di liéu con lai dwoc s dung dé€ thtr nghiém suy luan dua trén tap luat
mo trich xuat duoc. Thudc tinh dau vao duoc lua chon la cac gid tri x(t-1), x(t-2), thudc
tinh dau ra can dy doan la gia tri x(t). Nhw vay mo hinh ¢6 02 dau vao va 01 dau ra.

Trong thuwc nghiém nay chung t6i cling gitt ¢4 dinh tham s& C=10 va diéu chinh
gia tri tham s6 €=0.1, sd luong SVs twong ting ctia mo hinh 1a 3. Hinh 5b thé hién phéan
bd cua cac ham thanh vién tuwong tng véi bién dau vao x(t-2).
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Hinh 6. Két qua dy doan trén 200 mau dir liéu tht nghiém (RMSE = 0.0092)

Bén canh viéc thuc nghiém du doan gia tri x(t) bd dit liéu thit nghiém (500 mau
d@t liéu) st dung tap luat mo san xudt duoc tiv moé hinh dé xuat (mo6 hinh f-SVM?¥),
chung t6i cling thit nghiém dy dodn trén cung b dit liéu d6 véi cac mo hinh duoc dé
xuat boi céac tac gia khac, bao gom md hinh ANFIS, RBF va SVM. Hiéu qua ctia cdc md
hinh duogc so sanh va danh gia dua trén thong s6 RMSE, thong sd nay do luong do 1éch
gitra gia tri x(t) thuwc t&€ va gia tri dg doan duoc. So sanh cac gid tri cia RMSE trong
Bang 1 ta c6 thé nhan thdy rang md hinh f-SVM* cho két qua du doan tuong duong véi
mo hinh ANFIS va t6t hon so véi cac mo hinh RBF va SVM.

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

5 KET LUAN

SO luat M6 hinh ap dung
MO ANFIS RBF SVM f-SVM?*
170 <10 0.0042 0.0540 <10-10
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 bdo nay ching t6i nghién cttu mot hudng ti€p can tich hop tri thirc
tién nghiém véi viéc hoc mo6 hinh mo d€ c6 thé trich xuat duoc hé thong mo tot hon tir
d@ liéu hudn luyén. Véi cac kich ban khac nhau ctia viéc hoc mé hinh ¢6 sy két hop cua
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tri thirc tién nghiém, ching ta c6 thé xay dung cac mo6 hinh mo huéng di liéu trong do
o su tich hop cac kiéu tri thiec tién nghiém d€ cai tién hiéu qua ctia mo hinh.

Vi mot s6 két qua thwe nghiém trén mo6 hinh mo huéng dir liéu trich xuat tie
may hoc véc-to hd tro; dong thoi két hop véi mot sO tri thire tién nghiém thich hop
duoc Iya chon da ching to dugc tinh kha thi va hiéu qua cua viéc tich hop tri thitc tién
nghiém cai tién hiéu qua mo6 hinh mo hudéng di liéu.

Trong dinh hudng nghién cttu ti€p theo, chung t6i sé xay dung cac moé hinh mo
tich hop dé giai quyét mot sd bai toan du bao trong thuc t&€. Cac mod hinh mo tich hop
nay c6 thé duoc xay dung dua trén co so lua chon cac tri thitc tién nghiém thich hop
véi mo hinh d€ c6 thé trich xuat duoc tap luat mo “tot”; dong thoi tir d6 cd thé toi uwu
hoéa tap luat va lya chon bo sung mét s6 luat thu thap dwgc 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.
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