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TOM TAT: Béi bdo trinh bay ba thudt todn mdi: thudt todn cdt siéu hép lai (CSHL) va
hai thugt todn hudn luyén mang neuron — fuzzy (HLMI va HLM2), dwgc dimg dé téng hop hé
théng suy dién neuro-fuzzy xap xi ham chwa biét y=f(X) dién ta méi quan hé giita tin hiéu
vao va tin hiéu ra cua doi tiwong thong qua mot tdp dir liéu $6. Muc tiéu dat ra la gia ting do
chinh xdc ciia phép xdp xi. Thudt todn CSHL, dugc xdy dung trén co s ung dung mot céng cu
méi mang tén ham phat ©, ding dé phén chia khéng gian dit ligu thanh cdc bé dit liéu, lam co
s¢ xdc ldp cdc tdp mo ¢ khong gian vao. HLMI, duoc phat trién trén co s& két hop thudt todn
CSHL va thudt toan Hyperplane Clustering cua [1], la thudt todn hudn luyén mang bao ham
viéc dinh lugng mo ¢ input, thzet lgp cau tric mang neuron-fuzzy va giai mo ¢ output Thuat
toan HLM?2 la si phat trién tiép theo cia HLMI trong dé dé cdp téi viéc xdc dinh cdc tdp mo
16i weu & khéng gian vao béng phwong phdp hudn luyén mang neuron. Bai bdo trinh bay nhiéu
thi nghiém kiém chitng trén nhitng tdp dit liéu khdc nhau aé 50 sanh hi¢u qua cua cac thudt
todn mai so véi thudt toan [1] va mot 6 thudt todn da cong bé.

1. DAT VAN PE
Cho truéc mot tap T, gdém P cap dir liéu 6 (X, y,) X =[xx-%,] thé hién gia trj cla
m6t ham chwa biét £ tai cac diém X, (y, = f(%)), i=1..P. Viéc x4c dinh ham f'thong qua

T, c6 thé duoc thuc hién theo nhiéu phuong phap khac nhau. Mot trong nhiing phuong phap
thong dung la sir dung md hinh suy dién m& MI- SO cia Takagi va Sugeno [7], con dugc goi
12 m6 hinh T-S. Theo md hinh nay ham f dugc xap xi qua mot hé thdng suy dién mo gom M
luat mo T-S. Luét thir k c6 dang:

R® : nduxi1a B® va...vax,la B thi y, = Za”“x +al? (1)

Jj=1
trong d6: X, =[x,%,...x,,] 1a vector dif li¢u vao thir i; i=1...P. B™ 1a tap md & input; 4
j=1..n,lacdc trong sb thuc & output; y,, 1a dit liéu ra img v6i ludt mo thir £, k=1. .M.

Theo mé hinh T-S, phai thuc hién chia b6 dir liéu dé xay dtrng cac taip mo B & khong

glan vao. M6t trong nhiing phuong phap chia bé thuong duge sir dung 14 phuong phép chia bo
md ctia [5]. Gan ddy, mot nghién ctru phat trién phuong phap nay duogc trinh bay trong [1] va
[2], trong d6 sur dung giai phap chia 16p dir liéu ¢ khong gian dir liéu vao nhung quaé trinh phén
chia dwoc tién hanh trong moi lién hé rang bude qua lai giita khong gian dir liéu vao va khong
gian dir liéu ra. Theo phuong phép nay, tip dir liéu hudn luyén T, dugc chia thanh nhiéu 16p

nhan. Tap mau dugc gan nhin Tz , goi tt 13 tap mau nhin, 14 co so dé xay dung mot tap cic
b6 thudn ching pHB, trong do6 mdi pHB la mdt siéu hop chiém mét mién trong khong gian dir
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liu R" dugc gidi han béi hai diém cuc tri - diém min va diém max. Ham lién thuge clia timg
b6 duoce xay dyng dura vao cac diém cyc tri nay. Tap mo B® dugce xéc 1dp dua vao cic gia tri
min, max va ham lién thudc cia siéu hop tuong ung.

Phuong phdp chia b6 cia [1][2] phan énh quan hé rang bude vé di liéu giira khéng gian
vao va khong gian ra cia tip dir liéu huin luyén mang théng qua céc tap md duoc tao thanh,
do d6 da gia ting d9 chinh xdc cua phép xap xi him /' so véi cac thuat toan chia bé chi dua
vao thuan tay cac dic trung dir liéu cia timg mién: chi dua vio khong gian dir liéu vao [5]; chi
dua vao khong gian dir liéu ra [3]. Tuy nhién, han ché cua thudt todn chia b6 ARC cua [2],
dugc tmg dung dé tong hop mang ANFIS cua [1], boc 16 khi lya chon giai phap phin chia
khéng gian dit li¢u thanh céc bé dir liéu (s& duoc trinh bay chi tiét & muc III) da lam giam hiéu
qua cua [1]. Trong bai bao nay chung t6i trinh bay mét phat trién tiép theo ctia [1][2], trong d6
giai phap dinh huéng t6i vu cho qué trinh phén chia khéng gian dir liéu dé xay dung cac tap
mo BY duge dé xudt 1am co sé dé phat trién ba thuét todn maéi: thudt toan chia bé CSHL va
hai thudt toan téng hop mang neuro-fuzzy: thuit toan HLM1 va HLM2.

2. MOQT SO KHAI NIEM VA THUAT TOAN LIEN QUAN

2.1. Mt s6 khai niém

Tap mau huin luyén 7, gdm P cip dir liéu sb (x,5.), % =[x%,.%1i=1..P, taora
mét trudng khong gian dit ligu n chiéu & khong gian dir lidu vao.

- B6 siéu phing, nhan cia bo siéu phing va nhin ctia mau dir lidu. Néu st dung thudt todn
Hyperplane Clustering cia [1] cho tdp mau 7, v6i M luat mo ching ta s& nhin duge M bé
dang siéu phing & khéng gian dir lidu vao, goi tit 1 bé siéu phing, duoc gén nhan. Néu miu
X, =[X,x,,...x, ] thudc vé b6 siéu phing nhan k thi ta néi ring nhn cia X; 1a k, nghia la nhan
clia mot mAu dir liéu chinh 1a nhin ctia bé siéu phéng chira mau dé.

- Siéu hop (hyperbox HB): Trong truong khong gian dif liéu n ghiéu, siéu hop HB c6 céc
mit 1a cdc siéu phang, mdi siéu phing song song véi mot mit phang toa dé va di qua mot
trong hai dinh cuc trj min, max. :

Siéu hop thir t, ky hiéu HBt, ¢6 Tt 1a tdp hop ciia cdc miu thude né.

- Dinh cyc tri min, max (min-max vertexes): Mdi siéu hop HBt duoc dic trung bdi hai
dinh cyec tri - dinh max, @,, va dinh min, ¥, nhu sau:

@, =[0,@,..0,1; v, =[V,v,..,] (2)
trong do, @, = max(x; |X; €T}, j=1..n) va v, = min(x; |x, €T, j=1..n)

- Siéu hp thuan ching va siéu hop lai (pure hyperbox, pHB, va hybrid hyperbox, hHB): °
Siéu hop HBt duogc goi 1a siéu hop thuin ching nhan m (ky hiéu pHB™ ) néu tap hop Tt
chira toan b cac maiu ciing nhin m. Néu T, #@ va khong phai tap céc phén tir ciing nhan thi
HBt dugc goi la siéu hop lai (ky hiéu hHB,).

- Siéu hop khéng phu 1én mot siéu hop khic - thoa tinh phi (*) (overlap condition): Cho
trude siéu hop HBh . Xét mét siéu hop HBk  bét ky. Ta néi ring HBh khéng phu lén HBk
khi va chi khi:
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@, <V, hoic V,>a,

Goi L, va L, theo thir tyr 1 tdp chia tat ca cac siéu hop thuan ching va siéu hop lai duoc

tao thanh tir tp dif liu hun luyén ban dau 7;, nghia la L, VL, =T; . Néu HBh khong phu
- 1én bét ky mot siéu hop nao thude L, va L, thi ta n6i rang HBh thoa tinh phu.

- Siéu hép lién két (**) (fusion hyperbox): Cho truée hai siéu hdp cung nhan m
pHB™ va pHB{™ . Mt siéu hop pHB;™ cing nhan m duoc goi 1a siéu hop lién két cia
hai siéu hp trén néu thoéa min déng thoi ba ménh dé sau:

o T, =T, VI,

o @, =max(®,,®,); V,= min(v,,v,)

o pHB{" thoa man tinh phu.

trong 46, T,, T, va T, theo thir ty la céc tp mau cia pHB\™ , pHB" va pHB}" .

2.2. Thuét toan Hyperplane Clustering [1]

Str dung thuat toan Hyperplane Clustering ctia [1], khéng gian dir li¢u cua tap mau sé duoc
phin chia dé xéc 1ap cc bo siéu phing ¢ khong gian dif liéu vao, thiét 1ap céc sidu phing &
khéng gian dif liéu ra, va gan nhan cho tdp mau huan luyén 7, nham xéc 1ap mot siéu hop lai
(ky hiéu la hHB) chira toan bd céc mau di duge gan nhan trong T; . Thuét toan dua trén hai
nguyén tac: -

-S4 16p & input bing s siéu phing & output va bang s6 ludt mo M.

- Néu mét mau X, & input thudc 16p thir k, '™ k=1.M thi (X,,y,) s& dugc gan cho

siéu phing cting nhdn Ak & output va ngugc lai.
3.HAM PHAT VA THUAT TOAN CAT SIEU HOP LAI (CSHL)

Trong phan nay ching t6i dé xudt mot thuat toan mdi, thuat toan cét siéu hop lai CSHL,
duoc sir dung dé cit cc siéu hop lai hHB, thiét 1ap mot tap cac siéu hop thuan ching phi lén
toan bo cac mau dir liéu trong tap mau huin luyén 7;, lam co s dé xay dung cac tdp mo O
khong gian dir liéu vao.

3.1. Ham phat

Xét viéc cit mét hHB trong khong gian R chira Pl méu (%,,5,), X, =[%%3- %] dé thiét
lap cac pHB chira tat ca cdc mau nay.

Goi nl 14 sé lugng cdc mau cing nhan nh_1 ¢6 s6 Tuong 16n nhét trong hHB - goi it 1
loai 1; n2 la s lugng c4c mau cung nhan nh_2 ¢6 s lugng 16n thit hai trong hHB - goi tit 1a
loai 2, (m, =n,). Goi C1 va C2 theo thir tyr ]a tam phén bd cua hai loai mau nay. Goi d; 1a
khoang cach gitta C1 va C2 do trén tryc toa dd tha j; Cj la trung diém khoang cach tdm phan
b6 C1 va C2 do trén truc toa dd thrj, j=1..1.
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. Str dung miit phing ct MCj di qua Cj va vudng goc véi truc j dé cit hHB. Nhu vy s€ co
n mit phing cit va tuong g & c6 n cich cit khac nhau trong mdi 1an cat hHB. Mit phing
MC;j s& phén chia hHB thanh hai siéu hop nho HB1 va HB2.
Goi n” va n/ 1a s6 mau loai i, i=1,2 nim trong HB1 va HB2 khi cit trén truc j, j=1...n.

- iy 25 qs , . . ~
Goi ' va w* 14 cac ham dwoc dinh nghia:
g
g’ |,
»
B n

2j 2
N _|h_n

w' =

€)

n o on
D& thay ring:  0<y" =y <1
Pat w! =y =y 4)
Ham y’, duoc goi 1a ham thuén chung, phan 4nh tinh trang phén bé cic méu loai 1 va
loai 2 trong HB1 va HB2. Vi du:
-Néu w/ =0, suy ra néu cit trén truc j, ty 18 cdc mau loai 1 va loai 2 trén HB1 va HB2 1a
bing nhau va bing 50%.
- Néu w =1, suy ra néu cét trén truc j, ty 1€ cac mau loai 1 va loai 2 trong HBI va HB2
12 0% va 100% hozc 100% va 0%.
- Tong quét, néu w’ = a thi ty 18 céc mfu loai 1 va loai 2 trén HB1 va HB2 s& hoan toan

tinh dugc theo a.

Y nghia ciia gia tri ham thuén chung: gia tri ciia ham thuan ching y’, duoc dinh nghia
nhu trén, phan 4nh mic d6 thudn ching ctia trang théi phén bé céc miu loai 1 va loai 2 trong
HBI1 va HB2 khi cit trén tryc thir J- Gia tri cia i/ cang cao thi mirc d6 thudn chung cang cao.
Mirc d§ thuan ching cao 1a co khi lua chon giai phép cit vi khi d6 thoi gian phén chia tip dir
lidu d€ xdy dung cac siéu hdp thudn ching s rit ngén lai,

Ham phat: Ham phat 7;,J=1..n duoc dinh nghia nhu sau:

0 if vy’ =g
T ={ +8), if  ylze, (5a)
L i g<y’<s
trong do:
[&,6,, A] (5b)

1a vector cac tham s6 dinh hudéng.

Trong céc thi nghiém kiém chimg & bai bao ndy, chiing t6i chon cac gia tri mic dinh nhu
sau:

£ =0,05 &, =0,95va Ae[0,35;0,5] (5¢)

Nhu véy, sir dung céc MCj dé ciit hHB trén cic truc j khéc nhau s& nhan duoc nhitng gid
tri khac nhau clia y’ do d6 gia tri ham phat ciing s& khac nhau.

Trang 8




TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 05 - 2008

3.2. Thuét toan CSHL

Su khéac nhau gitra thu tuc cét siéu hop lai (CSHL) dé xay dung mot tap cac siéu hop thuan
ching dugc d& xuat trong bai béo ndy voi thi tuc ARC cutting cua [2] thé hién & chd néu nhu
ARC cutting thuc hién ct trén truc thir k c6 khoang cach d . gitta Cl va C2 1on nht:

d, =max(d,), j=1..n. (6)

thi déi vai thuat toan CSHL viée chon truc k dé cit trong mbi 14n cit phai dya vao hai tiéu
chi wu tién: mét 1a gid tri ham thuan chiing !;/" 16n, hai 1a khoang cach tdm dk 1én. Két qua la
CSHL thue hién cit trén truc thir k sao cho:

r,d, =max(z,d,), j=1..n (7)

Uu diém ctia tht tuc lya chon truc dé cit (trong mdi vong 1dp) cia thuét toan CSHL so voi
tha tuc ARC cutting cua [2] duoc thé hién & tinh wu tién, mirc d6 uu tién hoic bi mat quyén
tham gia vao qua trinh lra chon truc cit ciia mdi giai phip ciit - thong qua gia tri ham phat t i
Cu thé nhu sau:

- Néu giai phap cit trén truc thir j c6 gia trj ham thuad ching y/ lon (y’ 2 £,) thi him
T, dugc “thudng” mot lugng A. Khi do, 1, =y' +A>1, vado dq 7 d > d Piéu nay lam
gia ting kha ning dugc chon cta giai phap cit trén truc thi j (so véi tha tuc cit ARC cutting
ciia [2]) vi thuat toan CSHL dya vao ménh dé (7) dé lya chon.

- Nguoc lai, néu gia tri ham thudn ching y”/ nho (y’ < &) thi t,=0,do d6 7,d, =0.
Nghia I giai phép cét trén truc thir j bj loai khoi céc giai phép cét duge tham gia vao qud trinh
chon lua giai phap tot nhat.

- Néu gia tri ham thuin ching y’ khong ndm & hai phén cuc néu trén (& <y’ <&,) thi
t,=1,vadod6 7,d, =d,. Nghia la trong mién nay thu tuc cat cua thuat toan CSHL va ARC
cutting ctia [2] 12 nhu nhau vi cdc ménh dé (6) va (7) 1a ddng nhat.

Két hop véi y nghia clia gia tri ham thuan chiing i,t/j ta c6 thé thiy ring: trong mdi vong
lip, thu tuc cit ctia thuat toan CSHL thyc hién chon lya cdc giai phap cét tao ra do thuin
chung cao trong hai siéu hop HB1 va HB2 dugc tao thanh. Diéu nay that sy cin thiét dé ting

hiéu qué cuia qua trinh phén chia khong gian dir liéu vi muc tiéu cua qua trinh nay 1a xay dung

mot tap cac bo dir liéu siéu hp thuan chiing pHB phu toan bd cic mau cia tap dir liéu da cho
T, . Khac vdi ARC cutting cta [2], thu tuc cit ciia thudt toan CSHL khai thac triét dé hai mién

phén cuc cia ham thuan ching (y’ <& va y’ 2¢&,): vu tién cac truong hop thudc mién ¢6
w’ > &, va loai, khong xét céc trudng hop thuéc mién cé y/ <&, . Dinh huéng nay nhim rit
ngin qué trinh phén chia khéng gian dir liéu.

Ta c6 thé dinh lwong rd hon két luan mang tinh dinh tinh néu trén qua vi du sau:

Cét hHB trong khong gian R* chira 3 loai miu voi sé luong: o n, =20; e n,=20;

x n,=12.Cac miu o va ® co sb lugng 16n nén duge chon dé thyc hién quy trinh cét. Xeét
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hai trudong hop & hinh 2 véi gia thiét khoang cach tim d,,d, trong hai trudng hop di duoc dinh
trude.

Truéng hop 6 hinh2a 4, =3<d, =11

Dé dang tinh duge: 7,d, =0,21>7,d, =0

Do d6 ARC cuia [1] cét trén truc 2; CSHL cit trén truc 1.

Trudng hop 6 hinh 2b  d,=5<d, =5,5

Tuong ty, ta tinh dugc: 7,d, =6,425 > 7,d, =5,5

Do d6 ARC ctia [1] cit trén truc 2; CSHL cét trén tryc 1.

Nhur vdy, ca hai truong hop CSHL chon truc cit 1a truc 1 (cét theo 1-1) mic du co d, < d2;
ARC cit trén truc 2 (cét theo 2-2). Xét phan bé cac mAu trén hai hinh ta thiy ring viéc cit trén
truc 1 hop 1y hon vi s& tao ra HB1 va HB2 c¢6 dé thuin ching cao hon va do dé lam gia ting
toc do hoi tu cua qua trinh chia bo.

=i

(2a) (2b) -

Hinh 1. Chon giéi phap cét theo ARC [1] va CSHL

Thuiit toan CSHL:

Goi box_number 1a s6 siéu hdp lai trong tap hop tit ca cac siéu hop lai da c6. Qua trinh cit
bit dau véi on_number=l, nghia 14 toan bd cic miu nhin trong tip miu 7, déu thuéc hHB
xuat phat.

Buoce 1.

-Néu box _number =0 : qua budc 4;

- Néu box_number >0 : xac dinh siéu hdp lai hHB c6 sé thir ty 1a box_number trong tét
ca cac hHB. Ky hiéu siéu hp lai nay la hHB,,, ... -

Bude 2. Cat hHB thanh HB,, HB,:

box _number
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- Chon truc k théa mén (7). Xéc dinh diém cat C, .
. Cét trén truc k tai Ck theo nguyén tic: dbi véi tht ca cac mau X, =[x, X;,...x;,] thude

hHB

box _number *
© Néu x, <C, thi X, € HB,;
© Néu x, >C, thi X; € HB, .
Bude 3. Kiém tra va phén loai HB,, HB,:
- Néu trong HB, va HB, ¢6 mdt siéu hop thuan ching:
© Luu siéu hop thudn ching qua tép cdc pHB, luu siéu hop lai qua tap cac hHB. Xoa
hHBbox_rmmber ,HB,, HB, ;
© Giir nguyén box_number.
¢ Quay lai budc 1.
-Néu HB, va HB, la hai siéu hop thuan chiing:
© Luu ca hai qua tap cac pHB. Xod hHB,, ,..ue>HB;, HB,;
© box number = box _number—1.
© Quay lai budc 1.
- Néu HB, va HB, 1a cic siéu hop lai:
© Luu ca hai qua tip cac hHB. Xéa hHB, HB,,HB,;

ox _number *
° box _number = box _number +1

© Quay lai budce 1.

Buée 4. Kiém tra tinh pha (*) dé lién két cac pHB, xac 14p cac pHBfusion 16n hon.

Pé don gian, tir phan nay vé sau cdc pHBfusion ciing dugc ky hi¢u pHBY . Ky hiéu nay

¢6 nghia la siéu hop thuan ching thir i, mang nhan j.

4.THUAT TOAN HUAN LUYEN MANG NEURO-FUZZY THU NHAT, HLM1

4.1. Chu tric mang neuro-fuzzy ciia HLM1

Céu tric mang neuro-fuzzy cia HLM1 tuong tu nhw ciu tric ANFIS cua [1], tuy nhién
¥,»i =1...P dugc tinh theo phuong phép diém trong tam (hinh 3a).

- Gia trj lién thudc ctia mau vao X,, i=1..P vao tdp m¢ nhin k, k =1..M (dugc xdy

dung trén co so pHBf“, r =1...R, ) dugc tinh theo phuwong phap Simpson [5]:

n

|
H Haf“(xf) :;Z[l_f(xjj —ijﬁy)_f(vyj —Xy-,}f)] (8a)

p
J=1
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l, xy>1;
fx,pr)=3xy, 0=xy<l; (8b)
0, xy<0.

trong d6, pHB™ ,r = 1...R, 1a siéu hop thuan ching thi r trong R, siéu hop thuan ching
cung mang nhan k; va @, =[0,@,,..0,], v, =[v,v,,..v,,] la cic dinh cuc trj max-min cia
PHBY . y 1a hé s6 dbc, & day ldy y=0.5.

B ETOR vy [ O

P i _- s
i@\ Hopqn (%) e T Rn®  FERIR)
ym el

. 5 ; -

Lty R i i=l.p H-li‘ & | e (T) |

Rttt E Y : /.’ ‘,\ : max ’“E‘,“’(i) :r

HBR.) e E PHED 8, . ®) n

: i 5 - L N B

: : : . : i i

. s : d . - . |

,' ¥ e { . HE - l“,m{m(-".-) i i

: | d L . ﬂgtu)(-",) :
max 1

\ : . — ; X . it " :
T’@(tﬂ‘”ﬁ} =) Output Layer ; — G | : i
- | =

6, b :
AT ‘pﬂﬂ‘g’("f) Output Layer i

Hinh 3. Ciu tric mang Neuron-fuzzy
a/ Ciu tric mang Neuron-fuzzy ctia thudt toan HLM1;
b/ CAu triic mang Neuron-fuzzy ctia thuét todn HLM2

- Gia tri lién thudc cia méu X, vao cac tdp mo cing nhan k, k=1...M duogc tinh theo
Max:
Mg (6) = WXV ALy (st (3 o Hg (x) ©)
k=1.M,i=1.P,r=1.R, '
- Dir liéu ra ciia mang (mg v&i mau thi i:

M
2 50 @)y (%)
= k=1

5, - , (i=1..P) 9
Zﬂi‘ll'(ff)
k=1
Y =2,a0x, +ai? (11
j=l :

4.2. Thuit toan huén luyén mang thir nhit, HLM1

HLMI1 la thuat toan dung xac dinh mang t6i vu cho mét tap mau T; cho trudce trén co s&
sir dung cac thuat todn Hyperplane Clustering ctia [1] va thuat toan CSHL dugc ching téi dé
Xuét trong nghién ctru nay. Do d6, wu diém cua thut toan HLM1 1a s két hop va phat trién tir
cac wru diém cua hai thuat toan nay.

Goi Mmin va Mmax 1a sé ludt mo cue tiéu va cuc dai duoc sir dung cho khao sat.

Gia tri khéi tao: gan M=Mmin -1;
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Budc 1. Phén 16p va gan nhﬁn,rxéc 1ap tip mau nhan T :
M:=M+1. Goi thudt toin Hyperplane Clustering
Bude 2. Xy dung tap céc siéu hop thuin ching pHB: goi thuit toan CSHL
Buée 3. Xéac dinh sai sb theo chuin L2
- Tinh gi4 tri lién thudc theo (8) va (9);
- Tinh p, theo (10) va (11);
- Tinh sai sb binh phuong trung binh

R -
E=220=5) %

Bude 4. Kiém tra diéu kién dimg
-Néu M <M, quay lai buéc 1.
-Néu M=M

max ?

qua budc 5.

Bude 5. Chon mang tdi wu c6 sai s6 E <[E] va cé M nho.

5. THUAT TOAN HUAN LUYEN MANG NEURO-FUZZY THU HAL HLM2

5.1. CAu triic mang neuro-fuzzy cia HLM2

Céau tric mang neuro-fuzzy cua thuét toan HEM2 thé hién trén hinh 3b. Céc 16p input va
output cia mang nay hoan toan gidng cac 16p twong Umg cua mang & hinh 3a cua thudt toin
HLMI1. Su khic nhau giita hai mang thé hién & 16p 4n, trong d6, mang cta thudt toan HLM2
sur dung ham Gauss voi duong tam va do rong ciia mdi dic tinh Gauss dugc quyét dmh boi hai
tham s6 0,,,0,,,i=1..M . Nhu véy, néu sir dung M luédt mo (1) ta s& c6 2M tham ) 6, dong

vai trd 1a bd trong s6 W ciia mang. B9 trong s6 toi wu cua mang, ky hiéu Wop, tinh theo chuén
L2 1a tip hop céc 9 sao cho ham tdng binh phuong sai s6 (12) dat cuc tleu

:FZ(_}’,'T_)I},') _>Inin (13)

Wop dugc xac dinh bing phuong phip huin luyén mang neuron theo nhirng thuat toan
quen thudc. Trong céc thi nghiém kiém chimg trinh bay trong bai bao ndy ching tdi sir dung
thudt todn Conjugate Gradient [4] dé tim Wop.

Bo trong s6 Wop c6 tac dung dam bao viéc xac 1ap mét tap cac tip mo t6i wu & input khi
da c6 moét tip cac pHB 1a két qua cia thuéat toan CSHL. Gia trj lién thude cia mau vao X
i=1...P vao tip mo nhan k, k =1...M dugc tinh:

2

Z[xf'j "%ekl (@ +vy; )]

=l

o ®)=e " (14)
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trong do, pHB™®

r

,#=1...R, 14 siéu hop thuén ching thir r trong R, siéu hop thuin ching
cung mang nhin k; va @, =0, 0,,..0,], v, =[v,v,..v,] la cic dinh cyc tri max-min cla
pHB" .

- Gia tri lién thude cia méu X, vao cac tdp mo cung nhan k, k=1...M dugc tinh theo
(9).

- Dir liéu ra ctia mang (mg véi mau thi i duge tinh theo (10) va (11).

5.2. Thuit todn hudn luyén mang neuro-fuzzy, HLM2

HLM2 la thuat todn ding xic dinh mang neuro-fuzzy t6i wu cho mét tdp mau T. cho trudc
trén co so sir dung cac thuat toan Hyperplane Clustering cua [1], thuét toan CSHL, va ky thuét
giai bai toan cuc tri bing mang neuron. Cling nhu HLMI1, uu diém cua thudt toan HLM1 14 su
két hop va phit trién tir cdc wu diém cua hai thuat todn nay. Ngoai ra, b trong sb ti uu Wop
co tac dung dam bao viéc xac ldp mot tdp cac tdp md toi uu & khong gian dir liéu vao khi da
xdy dung dugc mét tap cic sidu hop than ching pHB (la két qua cta thuit todan CSHL). Piéu
nay di lam lam gia tang mic d6 chinh xac cua thudt toan HLM2.

Goi Mmin va Mmax 1a s6 ludt mo cuc tiéu va cuc dai dugc sir dung cho khao sat.

Khéi tao: gan M=Mmin -1;

Bude 1. Phan 16p va gan nhan, x4c 1ap tip mAu nhan = -

M:=M+1; Goi thudt todn Hyperplanr Clustering.

Butc 2. Xay dung tap céc siéu hop thudn ching pHB: goi thuét todn CSHL;

Budc 3. Xac dinh céc tdp mo t6i vu & input théng qua bd trong s6 t6i uu Wop bing céch
huan luyén mang 3b dé cuc tiéu ham sai s6 (13). Trong do:

- Tinh gia trj lién thudc theo (14) va (9);

- Tinh p, theo (10) va (11);

Budc 4. Kiém tra diéu kién dimg

-Néu M <M,_,_, quay lai budc 1.

-Néu M= M_,. ,quabudcS.

Budc 5. Chon mang t6i wu véi b trong s6 tdi wu Wop c6 sai s E <[E] va c6 M nho.

6. THI NGHIEM KIEM CHUNG
6.1. Thi nghiém 1: sir dung tip miu ngiu nhién
Str dung tdp mau tr_setl 15 mau, 3 bién vao mot bién ra la nhitng gia tri ngéu nhién xac

dinh theo Matlab. Str dung thuét téan [1] va hai thuit téan méi, HLM1 (cé cac h’é s6 dinh
huéng (5.b) 1a g, =0.05; €, =095 A=0.35) va HLM2 dé huan luyén mang xap xi ham

N =50 %,x) .
Két qua duoc thé hién trén bang 1 cho thy tbe do hai tu cia HLM1 va HLM2 cao hon [1] .
Bing 1
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S6 luat Céc thuat todn
mo& 1 HLM1 HLM2
M= 0,02760 0,0213 0,0246
M= 0,02561 0,0107 7,1148.10°
M= 2,8576. 10°° 1,0199.107 7,3906.10°
M= 7,0300. 10 1,7844.107 8,6461.10°
M= 5,6341.10° 4,2997.107 1,1859. 107
Béng 2
S6 ludt mor Cac thudt toan
[1] HLMI HLM2
M=10 2,000. 10-3 /1,700. 10-3 2,769.10-4
M=20 25,000.10-4 1,477.10-4 1,233.10-4
M=30 2,099.10-5 | 1,704.10-5 1,669.10-5

6.2. Thi nghiém 2: x4p xi ham y, [1]
Ham y, = f,(x,,x,) cia [1] dugc sir dung dé xay dung tip méu tr_set2 gém 100 mAu.
¥, =(-%) /[3(5-x) +(5-x,)°]
Céac gia tri X =[x,,x,] dugc liy ngau nhién trong khoang [0,10] nh& ham random ciia
Matlab. Di¥ liéu ra dugc tinh theo y, =(5-x,)*/[3(5-x,)" +(5-x,)].

Két qua khao st dugc thé hién trén Hinh 4, hinh 5 va bang 2. O hinh 4 thé hién sai sb dap
tmg Error,=y,—p,, i=1...100 va gia tri sai s0 binh phuong trung binh E (12) cta thut téan
[1], HLM1 (c6 cic hé sé dinh huéng &, =0.05; &, =095 A=0.35) va HLM2 {mg v6i s6
luat m&é M=30. O Hinh 5, bi‘éu dién chung trén mot hé truc dir liéu ra cta tip mAu huén luyén
tr_set2, y, i=1...100 (nét lién) va tin hiéu ra cia mang j, (nét dit) img v6i hai thuét toén [1]
va HLM2 véi sb ludt md M=20. Trén hinh Sa cho thiy sw khac biét giita hai duong y, va ;
nguoc lai ¢ hinh 5b, hai dudng nay gan nhu tring nhau, chimg t6 & hinh 5b gia trj ra ciia mang
tiém can t6i gia tri mong mudn. Bang 2 va hinh 5 cho thdy do chinh x4c cia céc thudt todn méi
cao hon d§ chinh xac cua thuét toan [1]. )

Trang 15



Science & Technology Development, Vol 11, No.05- 2008

=2,099.10°

function 2
algorithm [1]

E=1,704.107

E=1,6686.10"

M=30
fimction £2
algorithim HLM1

Hinh 4. So sanh sai sO dép tng Error, = y, - §,, i=1...100 va gia
trj sai s6 binh phuong trung binh E (12) ciia thuit téan [1], HLM1 va
HLM2 g v6i tap mu tr set2 vai sb luat mo M=30
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M=30

¥i(=), $,(===); M =20; f2;algorithm_ HLM 2

hall ¥

(b)

Hinh 5. Tin hiéu ra ciia tip mAu tap tr_set2 y; va chamang 3,,i =1...100 (mg v6i hai thudt todn [1] va

HLM2

6.3. Thi nghiém 3: xAp xi ham tir tip dir liéu [3]

Sir dung tap dir liu gdm 100 méu, 10 bién vao mot bién ra ([x,,X;,...,X,,],») trong phu

luc IV “Daily Data of Stock A” clia [3] lam tap hudn luyén mang cho [1], H’LMl
(g, =0.05;8, =0.95,A=0.5) va HLM2. Két qua thé hién trén hinh 6 va bang 3 cho thay do
chinh x4c ctia HLM2 va HLM1 cao hon dé chinh xéc cua [1].

Bang 3
S6 luat mo Céc thudt toan
(1] HLM1 HLM2
M=10 13,4148 0,5618 0,0675
M=12 1,74460 0,2070 0,0352
M=14 3,5028. 10” 2,1013.10° 1,2101.10°
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o ‘V\M wL

Set 100x10x1
algoritlun [1]
Error=1.7446

M=12

set 100x10x1
algoritiun HILM1
E~=0.2070

=12
Set 100x10x1
algorithm ITLNI2Z

E-~0.0352

=l

Hinh 6. Gid tri sai Iéch Error, = y, — J, va gié tri sai sb binh phuong trung binh E (12) ctia céc thuft
todn [1], HLMI va HLM2 khi 56 luat m& M=12, tap mu “Daily Data of Stock A” ctia [3]

6.4. Thi nghiém 4

Strdung ham y cua [6]: y=(1+x~ +x°)*, Xx,x, €[1,5] déxay dung tap mau gdbm 50
méu tuong tw tdp mau da dugc sir dung trong [6). Thuc hién huén luyén mang x4p xi ham y
véi thudt toan HLMI, HLM2, [1] va céc thuat todn dugc trinh by trong [6][8][9] (dé don
gian, céc thuat toan nay duoc goi tit 12 [6][8][9]). Cac két qua nhan duge cho trong bang 4 cho
thdy d6 chinh xc trung binh ciia HLM1 va HLM2 cao hon rat nhiéu so véi d6 chinh x4c trung

binh cita [1][6][8][9].
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Bang 4
Sé Céc thuét todn
luat DL (6] [8] [9] (1] HLMI HLM?2

mo

M=6 E 0,0589 0,0572 | 0,0599 | 0,0221 0,0182 0,0196.107

M=8 E 0,0500 0,0499 | 0,0499 | 0,0220 0,0218 0,0185.107

M=10 | E 0,0148 0,0149 | 0,0149 | 0,0188 | 0,0260.10"" 0,0198.10°

7. KET LUAN

Két qua thi nghiém cho thay hiéu qua tac dong cia ham phat t,. Ham t; thong qua bd
tham sb dinh huéng [g,;€,;A] déng vai trd dinh huéng qué trinh phan chia khong gian dir li¢u
dé xac lap céc tip mo, 1am gia tang téc d6 hoi tu, giam s luong tp mo (giam sb luong bo
duoc tao thanh) va do d6 giam mirc d§ phirc tap cia mang. Ham t; con lam gia tang muc do
phu hop trong moi lién hé giita khong gian nén cia cac tip mo (la khong gian cua cic dai
luong vat ly cho trong tép mau) véi chinh cac tip mo duoc xdy dung trén no, va do do lam gia
tang do chinh xdc cua thuét toan HLM1 va HLM2.

Cac tap dir liéu khac nhau s& c6 nhitng déc diém phin b6 dir liéu khac nhau. Do do, khi
thay déi tap dif liéu, néu cén téc dong vio do chinh xac ciia phép xap xi ta thay dbi dai luong
€,, €,va A trong vector [g,;€,;A] cua (5b). Hién nay ching toi dang nghién ctru quy ludt tic
dong cua vector tham 56 [g,;€,;A] t61 c4u tric mang neuro-fuzzy va do chinh xac cia phép xép
xi, trén co s& do6 tim ra phuong phap chung dé xéac dinh vector tham s6 [B58534] .

Sai s6 ctia HLM2 nho hon HLM! tuy nhién han ché co ban ciia HLM2 la thoi gian huin
luyén mang va yéu ciu dung lugng nhé clia may tinh cao hon nhiéu so véi str dung HLM1.

Phuong phéap téng hop mang neuro-fuzzy dugc dé xuit trén c6 thé duoc str dung rat hiéu
qua trong nhiéu linh vuc khac nhau: céc bai toin vé do luong, nhan dang, du béo va diéu khién
theo mé hinh black-box. Hién nay chiing tdi dang nghién ctru img dung phuong phép nay cho
bai toan nhin dang dong luc hoc co hé; bai toan xac dinh vi tri hu hong va du bio murc dé hu
hong cua ciu duong bd.
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BUILDING NEURO-FUZZY INFERENCE SYSTEMS BASED ON INPUT-
OPTIMAL-FUZZY-SET ESTABLISHMENT

Nguyen Sy Dung”, Ngo Kieu Nhi @
(1) University of Industry of HoChiMinh City
(2) University of Technology, VNU-HCM

ABSTRACT: This study presents an approach for approximation an unknown Junction
y=f(X) from a numerical data set based on a neuro-fuzzy inference system modeling. The

Jocus of interest in proposed approach is to increase degree of accuracy of the degree of this
approximation. New algorithms named CSHL, HLMI and HLM2, which are used Jfor this
target, are presented. The first new algorithm, CSHL, which uses Junctions named pure
Junction y and penalty function t effecting as direction Jor input data space partition, is used

to build data clusters. The second and the third algorithm based on the Hyperplane Clustering
algorithm of [1] and the CSHL algorithm are used to establish adaptive neuro-fuzzy inference

systems. A series of numerical experiments are performed to assess the efficiency of the
proposed approach.
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