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1. PAT VAN PE

Cho truéc mot tap T, gom P cap dit lieu sd (X,Y,) X =[x,%,..x,] thé hién giatri cia mot
ham chua biét f tai cac diém X, (y, = (X)), i=1..P. Viéc xé&c dinh ham f théng qua T, c6
thé duogc thuc hién theo nhiéu phuong phép khac nhau. Mét trong nhitng phuong phép théng
dung la sir dung mé hinh suy dién mo MI-SO cua Takagi va Sugeno [ 7], con dugc goi [amo hinh

T-S. Theo md hinh ndy ham f duoc xap xi qua mdt hé théng suy dién mo gom M luat mo T-S.
Luat thir k c6 dang:

n
A Y BN PN N B o}

RY: néuxla BY va...vaxyla B thi y, =g al“x; +al (@)
j=1

trong do: X =[x,X,...X,] 1a vector dit liéu véo thir i, i=1...P. BY latap mo ¢ input; al
j=1..n, lacéctrong sb thuc & output; Yy, ladir ligu raung véi luat mo thir k, k=1...M.

Theo mé hinh T-S, phai thuc hién chia bé dir liéu dé x&y dung céc tap mo B® & khong gian
vao. Mot trong nhirng phuong phap chia b6 thuong duoc sir dung la phuong phap chia bé mo cua
[5]. Gan day, mot nghién ciu phét trién phuong phdp ndy duoc trinh bay trong [1] va[2], trong
do sir dung giai phap chialsép dir liéu ¢ khdng gian dit liéu vao nhung qua trinh phan chia dugc
tien hanh trong moi lién hé rang budc qua lai gitra khdng gian dir liéu vao va khong gian di li¢u
ra. Theo phuong phap ndy, tap di li¢u huin luyén T, duoc chia thanh nhiéu I6p nhan. Tap mau
dugc gan nhan T, goi tat 1a tap mAu nhan, 1a co s& dé x&y dung mot tap c&c bé thuan ching

pHB, trong d6 mdi pHB 1amot siéu hop chiém mot mién trong khong gian dit lieu A" duoc gisi
han boi hai diém cuc tri - diém min va d|em max. Ham lién thuoc cua tirng b6 dugc xéy dung
dwa vao cac diém cyc tri ndy. Tap mo B® duoc xéc 1ap dya vao cé&c giatri min, max vaham lién
thubc caa siéu hop tuong tng.

Phuong phap chia bo cua[1][2] phan anh quan hé rang bugc vé dir liéu giira khdng gian vao
va khdng gian racaatap di liéu huan luyén mang théng qua cac tap mo dugc tao thanh, do d6 da
giatiang do chinh xac cua phép xap xi ham f so véi cac thuat todn chia bo chi dya vao thuan tdy
céc dac trung dir li¢u cua tirng mién: chi dya vao khong gian dir liéu vao [5]; chi dya vao khong
gian dit li¢u ra [3]. Tuy nhién, han ché cua thuat toan chia b6 ARC cia [2], dugc ung dung dé
téng hop mang ANFIS caa[1], boc 16 khi lwa chon giai phép phan chia khong gian dit liéu thanh
céc b6 dir liéu (s duoc trinh bay chi tiét & muc I11) d&lam giam hiéu qua cua[1]. Trong bai béo
ndy ching toi trinh bay mot phét trién tiép theo caa [1][2], trong d6 giai phdp dinh huéng téi wu
cho qué trinh phan chia khdng gian dir liu dé x&y dung céc tap mo B* dugc dé xuat 1am co so
dé phét trién ba thuat toan mai: thuat toan chiabd CSHL va hai thuét todn tng hop mang neuro-
fuzzy: thuat toAon HLM1 vaHLM2.

2. MOT SO KHAI NIEM VA THUAT TOAN LIEN QUAN
2.1. Mt sb khéi niém
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Tap mau huan luyén Ts gom P cip dir ligu s6 (X, yi), % =X X1 =1..P tao ra mot
truong khdng gian dir liéu n chiéu & khong gian dit liéu vao.

- B0 siéu phing, nhan cia bd siéu phing va nhan cua mau dit liéu. Néu s dung thuat toan
Hyperplane Clustering cia [1] cho tap mau Ts Vv6i M luat mo chlng ta s€ nhan dugc M b6 dang
siéu phing ¢ khoéng gian dir liéu vao, goi tit 1a bo siéu phing, duoc gan nhan. Néu mau

% =1X:X2--%n] thugc vé bo siéu phang nhan k thi ta ndi ring nhan caa ™ & k, nghia |a nhan
X =[XXo- %] thuge vé b6 siéu phiing nhén k thi tandi ring nhan cia X 13 k, nghia 1 nha
ciamot mau dit liéu chinh 1a nhan caa bé siéu phang chira mau do.
- Siéu hop (hyperbox HB): Trong truong khong gian dix liéu n chiéu, siéu hop HB c6 cac mit

|a c&c siéu phang, mdi siéu phang song song véi mot mit phang toa do va di qua mot trong hai
dinh cyc tri min, max.

Siéu hop th t, ky hiéu HBt, ¢d Tt latap hop caa cac mau thuoc no.
- Binh cyc tri min max (min-max vertexes): Mdi siéu hop HBt duoc dic trung béi hai dinh

cuc tri - dinh max, Wi , vadinh min, tnhu’sau:

t_[ Weo- tn]; V [ Vo tn] (2)
wong do, W =MaXC% 1T T, j=1om) oy =min(x 1K1 T, j=1.n)
- Siéu hop thuan chung va siéu hop lai (pure hyperbox, pHB, va hybrid hyperbox, hHB):

‘ m
Siéu hop HBt dugc goi 1a sidu hap thuin ching nhan m (ky hicu PHB ) nu tap hop Tt chira
todn bo cac mAu cling nhan m. Néu "t #E va khong phii tap cAc phn tir cling nhan thi HBt
duoc goi lasiéu hop lai (ky higu MHB),

- Siéu hop khong phu 1én mot siéu hop khac - thoéa tinh phu (*) (overlap condition): Cho
trudc siéu hop HBh . Xé& mot siéu hop HBK  bat ky. Tandi rang HBh khong pha 1én HBK  khi
vachi khi:

W, <V, 5 Vv, >W,

L TP S A A
Goi P va Ly theo thu tu latap chiratat ca cac siéu hop thuan ching va siéu hop lai dugc tao

T, L EL=T

thanh tir tap dit liéu hudn luyén ban diu 's, nghiala S . Néu HBh khéng phu |én bat

ky mot siéu hop nao thudc L va b thi tanai rang HBh thoa tinh phi.

. m)
- Siéu hop lién két (**) (fusion hyperbox): Cho trudc hai siéu hop cung nhdn m PHB, va
pHB™ . . . pHBM™ . e A
] - Mot sieu hop cung nhan m duoc goi lasiéu hop lién két cua hai siéu hop trén
néu thoa man dong thoi ba ménh dé sau:

o T, =T,ET,
0 W, =max(w,,w,); V, =min(V,V,)
o pHB{™

thoéa man tinh phu.

T, T, va PHB™

(m) (m)
trong do, k va T theo thir tw |a cac tap miu cia PHB, pHBk

2.2. Thuéat toan Hyperplane Clustering [1]

Str dung thuat toan Hyperplane Clustering cua [1], khdng gian dir li¢u cua tap mau s8 dugc
phan chia dé x&c 1ap cac bo siéu phang ¢ khong gian dir li¢u vao, thiét 1ap céc siéu phang & khdng
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gian dit liéu ra, va gan nhan cho tap mau hudn luyén Ts nhim xéc 1ap mot siéu hop lai (ky hiéu 1a
hHB) chiratoan by cac mau da duogc gan nhan trong Ts, Thuat todn dyatrén hai nguyén tac:
- S5 16p & input bang sb siéu phing & output va bang sb luat mo M.

. « X 0o (XY , .
- Néu mot mau X & input thugc 16p thir k, G k=1.M ¢ (X ¥) & duoc gan cho siéu
phang cung nhan Ak & output va nguoc lai.

3.HAM PHAT VA THUAT TOAN CAT SIEU HOP LAI (CSHL)

Trong phan ndy chlng toi dé xuit mot thuat toan méi, thuat toan cit siéu hop lai CSHL, duogc
sir dung dé cit cac siéu hop lai hHB, thiét 1ap mot tap cac siéu hop thudn chung pha 1én toan bo

c&c mau dir liéu trong tap mau huin luyén 's Ts

dit liéu vao.
3.1. Ham phat

, lam co s dé xay dung céc tap md & khong gian

X &t viéc cit mot hHB trong khong gian A" chira Pl mau (X ¥ X =06 X0l g thiée
lap c&c pHB chiratit ca cac mau nay.

Goi n1 lasd lugng cac mau ciing nhan nh_1 ¢6 sb lwong [on nhat trong hHB - goi tit 1aloai
1; n2lasd lwong cac miu ciing nhan nh_2 ¢6 sb lwong 16n the hai trong hHB - goi tit |a loai 2,

(" ® M) Goi C1 va C2 theo th t 14 tam phén bb caa hai loai mau ndy. Goi d; |akhoang c&ch
gitaClvaC2 dotréntructoado thirj; Cj latrung diem khoang cach tdm phén bo C1vaC2 do

trén truc toadd thij» ) =1+,

Str dung mat phang cit MC] di qua Cj va vudng goc Véi truc j dé Cat hHB. Nhu vay s co n
mit phing cit va twong tng S5 ¢6 n céch cit khéc nhau trong mdi 14n cit hHB. Mit phing MCj
s& phén chiahHB thanh hai siéu hop nho HB1 vaHB2.

1j

n

Goi 1 van |aSO mau loai i,i=1,2 nim trong HB1 vaHB2 khi cit trén trucj, j=1...n.

Goi y' vay la cadc hdm dugc dinh nghia:

Li Li 2j 2j

ylj:nl__n_z;yZJ:nl__nL
I‘]1 n2 nl nz (3)
Dé thiy ring:  C£Y U=y ? £l
U TRTT
Bﬁt y . _y . _y : (4)

i . . X
HamY , duoc goi & ham thuan chung, phan anh tinh trang phén bé cac mau loai 1 valoai 2
trong HB1 vaHB2. Vi du:

. i = L N
_ -Néu y a O, suy ranéu cat trén truc j, ty 1¢ cac mau loai 1 valoai 2 trén HB1 va HB2 la
bang nhau va bang 50%.

Ly = L. X
-NéuY _1, suy ranéu cat trén truc j, ty I¢ cac mauloai 1 valoai 2 trong HB1 vaHB2 la
0% va 100% hodc 100% va 0%.

, . i = o . . . R . . o
- Tong quét, néu Y Tayy ty 1€ cac mau loai 1 valoai 2 trén HB1 va HB2 s¢ hoan toan tinh
dugc theo a
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. 5 5 i
Y nghia cua giatri ham thuan chung: giatri cua ham thuan chung y-, dugc dinh nghia nhu
trén, phan anh mirc @6 thuan chang caatrang thd phén bo cac mau loai 1 valoa 2 trong HB1 va
. i ;
HB2 khi cat trén truc tht j. Giatri ciaY cang cao thi muc do thuan chung cang cao. Mirc d6
thuan chung cao la co khi lya chon gidi phap cat vi khi do thoi gian phan chiatap dix li¢u dé xay
dung céc siéu hop thuan chang s& rat ngan lai.

Ham phat: Ham phat 4 J=1en 40 dinh nghia nhu sau:

io if y'fe
t,=iy ' +D) if yi%e,
}1 if e<yl<e, (59)
trong do:
[%%2, D] (5b)
|& vector c&c tham sb dinh hudng.
Trong céc thi nghiém kiém chirng & bai béo ndy, chiing téi chon céc giatri mic dinh nhu sau:
e =0,05e,=095, 5 DI [0,35;0,5] (50)

Nhu vay, sir dung cac MCj dé cit hHB trén céc truc I khéc nhau s3 nhan dugc nhirng gia tri
khac nhau cia Y J do d6 giatri ham phat ciing s¢ khac nhau.

3.2. Thuét todn CSHL

Sir khéc nhau giita thii tuc cit siéu hop lai (CSHL) dé xay dyng mot tap cac siéu hop thuan
ching dugc dé xuat trong bai béo nay vai thu tuc ARC cutting cia [2] thé hién ¢ ché néu nhu
ARC cutting thyc hién cat trén truc thir k c6 khoang céch d gittaC1 vaC2 16n nhat:

d, =max(d;), j :1...n. ©)

thi d6i voi thuat todn CSHL viéc chon truc k dé cit trong méi 1an cit phai dwa vao hai tiéu

A k . Y P 7 ~ 4 Y
chi wu tién: mot la giatri ham thuan chung Y " I6n, hai 1a khoang céch tdm dk 1on. Két qua la
CSHL thyec hién cat trén truc thir k sao cho:

t,d, =max( d;), j=1.n @
Uu diém cua thii tuc lya chon tryc dé cat (trong mdi vong 13p) cua thuat todn CSHL so voi
thia tuc ARC cutting cia [2] dugc thé hién ¢ tinh wu tién, mirc d6 wu tién hodc bi mat quyéen tham

L s . Ki Lo f " s t :
giavao qua trinh Iya chon truc cat cia moi giai phap cat - thdng qua gia tri ham phat '. Cu theé
nhu sau:

. , . j i .
- Néu giai phap cat trén truc thir j cd gia tri ham thuan chung Y " 16n ¢ ? e2) thi ham b

—v J
duoc “thuong” mot luong D. khi d6, 11 =Y P> vadoas 1% > 91 pidu nay 1am gia
tang kha nang dugc chon cua giai phép cat trén truc thir j (so véi tha tuc cat ARC cutting caa [2])
vi thuat todn CSHL dyavao ménh dé (7) dé lyachon.
- Nguoc lai, néu gid tri ham thuan ching ¥ nhe ¢ €y thi 70, go g6 1idi 70,
Nghia la giai phdp cit trén tryc thir j bi loai khoi cac giai phép cit dugc tham gia vao qué trinh
chon lyagiai phép tt nht.
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A s pa A Y i o S, A ~ A (€, <y ' <e N
- Néu gia tri ham thuan chung khong nam ¢ hai phan cuc néu trén (™ 2) thi

b _1, vado 6t id =4, . Nghia la trong mién ndy thi tyc cit ciia thuat todn CSHL va ARC
cutting cia[2] 1anhu nhau vi cac ménh dé (6) va(7) Iadéng nhat.

Két hop véi ¥ nghia cuagiatri ham thuan chang y' ta co thé thay rang: trong mdi vong lap,
thii tuc cat caa thuat toan CSHL thyc hién chon lya céc giai phéap Cat tao ra do thuan ching cao
trong hai siéu hop HB1 va HB2 duoc tao thanh. Piéu ndy that sy can thiét dé ting hiéu qua caa
qua trinh phéan chia khéng gian dir liéu vi muc tiéu caa qua trinh nay [a xay dung mét tap cac bo
dit lidu siéu hop thuan chang pHB phii toan by cac mau caatap dir liéu d& cho Ts Khéc véi ARC
cutting caa [2], thu tuc cit cua thuat todn CSHL khai théc triét dé hai mién phan cuc caa ham

. i i . . Ly L
thuan chiang (y Ee vay ’ ez): uu tién cac truong hop thudc mién co Y 28 valoai, khéng
. i . .
Xét c&c trudng hop thuoc mién co ¥ £e binh hudng ndy nham rdt ngan qué trinh phan chia
khong gian di liéu.
Taco thé dinh luong rd hon két luan mang tinh dinh tinh néu trén qua vi du sau:
0o n=20. - n,=20,

Cit hHB trong khéng gian A? chea3 loai mau véi sd luong:
* —_ , 5 ’

N, = 12. Céc mau 0 va - ¢d so luong I6n nén dugc chon dé thyuc hién quy trinh cit. Xét hai
truong hop & hinh 2 vi gia thiét khoang cach tam S d
Truong hop & hinh2a & =3<d, =11
D& dang tinh dugc; 110 =0:21>1,d, =0
Do d6 ARC cua[1] cit trén truc 2; CSHL cit trén truc 1.
d,=5<d, =55

Tuong ty, tatinh duoc: ¢ 10, =6,425>1,d, =55
Do d6 ARC cua[1] cit trén truc 2; CSHL cit trén truc 1.

2trong hai treong hop da dugc dinh truéc.

Truong hgp ¢ hinh 2b

Nhu vay, ca hai truong hop CSHL chon truc cit |a truc 1 (cit theo 1-1) mic du c6 d, <d,.
ARC cit trén truc 2 (cat theo 2-2). Xét phan bb cac mau trén hai hinh ta thiy rang viéc cat trén
truc 1 hop ly hon vi s& tao ra HB1 va HB2 ¢d d¢ thuan chiing cao hon va do d6 lam gia tang téc
d6 hoi tu caaquatrinh chiabd.

cee o 11 =20 L
- | —
DO: . i, = 20 - | o }?1—_0
oo =l
== - Fip =12 : ® i, =20
-
i
- | o
= kel .ca 7 =12
-k - e H
1 |
! - - .i.
I -
2 i * 2 2 & i 2| =
[ D S - = “ - s - e
H I = | R =
l 1o f
e i -1 o w! o o0 WO '“é?
olso b [
= 1 Cz e e iq/
e o 3k Ty Y i o coo
[ -xnkio oo
1 = !
[ I !
i i
-
> 1: Tt o FO
4 |- - - [
2 . :
o 2, = 3 2 1
1 g =5
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(2a) (2b)

Hinh 1. Chon giai phép cit theo ARC [1] vaCSHL
Thugdgt toan CSHL.:

Goi box_number 1a sb si@éu hop lai trong tap hop tat ca cac siéu hop lai d& co. Qua trinh cit
bit diu véi box_number=1, nghia |4 toan b cac mau nhan trong tap miu 's déu thusc hHB xuét

phét.
Buoc 1.
_ Ny Pox_number =0, o 3 e 4:
_ Néu Pox_number >0. 4 4inh sigu hop lai hHB ¢6 S5 thir tw 12 box_number trong tt ca
hHBnox number

céc hHB. Ky higu sidu hop lai ndy 1&

Bucc 2. Cit 1Bbox_mmber yrany HBLHB, .

- Chon truc k thoaman (7). X4c dinh didm cit Cx.
- Cit trén truc k tai Ck theo nguyén tic: déi voi tit ca cc mau =X %z %al thuoc

hH Bbox_ number

0 Néu % ECiqm X1 HBy,
0 Néu Xk ™ G X1 HE,
Budéc 3. Kiém travaphan loai HB,, HB,.

- Néu trong HB, \aHB: mot siéu hop thuan chung:

0 Luu siéu hop thuan chung qua tap cac pHB, luu siéu hop lai qua tap cac hHB. Xoéa
hHBDox_number ! HBl' HBZ .

0 Giir nguyén box_number.

0 Quay lai busc 1.

-Néu TBva HB2 14 hai sigu hop thuan ching:

0 Luyuci hai quatép cac pHB Xoa hHBDox_number ’ HB,U HBZ;

o box_ number :=box_ number - 1
0 Quay lai budc 1.

-Néu B vaHBe 15 cac sieuhop lai
0 Luwu ca hai quatap cac hHB. X6a MHBo._nmver HBL, HBZ;
o box_ number :=box_ number +1

0 Quay lai budc 1.
Buoc 4. Kiém tratinh pha (*) dé lién két cac pHB, x&c 1ap cac pHBfusion I6n hon.

. . . ()
bé don gian, tir phan nay vé sau cac pHBfusion ciing dugc ky hiéu PHB' . Ky hiéu nay co

nghialasiéu hop thuan ching ther i, mang nhanj.
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ATHUAT TOAN HUAN LUYEN MANG NEURO-FUZZY THU NHAT, HLM1

4.1. Céu trc mang neuro-fuzzy cia HLM 1
Cau tric mang neuro-fuzzy cia HLM1 tuong ty nhu ciu tric ANFIS caa [1], tuy nhién

Yot = 1.P dugc tinh theo phuong phép diém trong tam (hinh 3a).
- Gid'tri lién thuoc cia mau vao % L 1=1.P vy tap mo nhan k, k=1.M (duoc xay dung
. pHBY,r =1..R ] o
trén co so v " X)) duoc tinh theo phuong phap Simpson [5]:

-,_1¢
Mo (F) =1 AL F04 - ,,0)- 14, - %, 0)

(8a)
il xg>L
f(xg)=ixg, OE£xgEL
%O, xg <0. (8b)

0 = . .
pHB™.r=1..R, la siéu hop thuan chang tht r trong R siéu hop thuan chung

trong do,
Wy =[WWopn Wil -V =[ViVio- Vil 13 cae dinh cye tri max-min caa

cung mang nhan k; va W
(k) -y . a=
PHB™ 9 1ahe s déc, o day 14y 9705,

_— ) .
BT 7T LTI - 4 B g PR £
L N e T B
e . W N o -
el e —% -~ 4, (- ! —_— 'I'I.-IE"'-»._."r' ! lh-f el
. PHE i R it (] M
S K I R & =
5, = - SRETAT —
W — {3, 8
* A \:‘\ - A— - v
P R iy T AT RPN . | 1
"'Kul‘%:___.‘\":_ “:-.H;' K;_\rf-’ e ,—'JP;:'"' )
Y - # ma
""\.\_‘l\a M T e - -‘"f-"':* [ |
Tupur Taver '-.'-"»'-"-""'iti}{'”""""f#'"""' upas Ly AN Y
Dupus Tesver Conlpmi Ty

) Hinh 3. Cau trc mang Neuron-fuzzy
al Cau tric mang Neuron-fuzzy cuathuit toan HLM1; b/ Cau tric mang Neuron-fuzzy cia thuat toan
HLM2

- Giatri lién thugc cia mau S vao céc tap mo cung nhan k, k=1...M dugc tinh theo
Max:
M (%) = MAXY M, (), (R, Mg (X)
k=1.M,i=1.P,r=1.R ©)
- Dit lidu ra cia mang rng véi mau thi i

a My (%)Y (%)
g=t ———  (i=1..P)

éM. (k) (X )
A (10)
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A e
= (1)
4.2. Thuat toan huén luyén mang thé nhat, HLM 1

HLM1 |& thuat todn dung xé&c dinh mang ti wu cho mot tap mau Ts cho trudc trén co so Sir

dung céc thuat toan Hyperplane Clustering cia [1] va thuat toan CSHL duoc chiing toi dé xuat
trong nghién ciru nay. Do d6, uu dieém cuathuat toan HLM1 la sy ket hop va phat trién tir cac uu
diém cua hai thuat toan nay.

Goi Mmin vaMmax 1asb luat mo cuc tiéu va cuc dai dugc st dung cho khao sét.

Gi&tri khai tao: gdn M=Mmin -1;

Buwéc 1. Phan [6p vagan nhan, xac 1ap tap mau nhan Ts.

M:=M+1. Goi thuat todn Hyperplane Clustering
Buoc 2. Xay dung tap cac siéu hop thuan ching pHB: goi thuat toan CSHL
Bugc 3. Xé&c dinh sai s theo chuan L2
- Tinh giatri lién thudc theo (8) va (9);
-Tinh ¥ theo (10) va(11);
- Tinh sai sb binh phurong trung binh
=5 a (vi- 9)°

= (12)
Budc 4. Kiém tradiéu kién dirng
M <M

M=M

- Néu mac, quay lai budc 1.

- Néu mac | qua budc 5.

Buéc 5. Chon mang t6i wu co sai s6 E£[E] vaco M nho.

5THUAT TOAN HUAN LUYEN MANG NEURO-FUZZY THU HAI, HLM2

5.1. CAu triic mang neuro-fuzzy cia HLM 2

Céu tric mang neuro-fuzzy ciia thut todn HLM2 thé hign trén hinh 3b. Céc lop input va
output ciia mang nay hoan toan giong c&c I6p tuong ung cua mang ¢ hinh 3a cua thuat toan
HLM1. Sy khéc nhau gitra hai mang the hién ¢ [6p an, trong d6, mang cua thuat toan HLM2 st
dung ham Gauss véi duong tm vado rong cia méi dic tinh Gauss dugc quyét dinh boi hai tham
sb Ghas Ozl =1..M . Nhu vy, néu sir dung M ludt mo (1) ta s c6 2M tham sb G dong vai tro la
bo trong sd W cia mang. Bo trong sb téi wu caa mang, ky hiéu Wop, tinh theo chuin L2 1a tap

hop céc % sa0 cho ham téng binh phuong sai s6 (12) dat cyc tiéu:

E——a (¥, - %)’ ® min

i=1 (13)

Wop duoc xé&c dinh bing phuong phap huan luyén mang neuron theo nhirng thuat toan quen
thuoc. Trong cac thi nghiém kiém chirng trinh bay trong bai bao nay chting toi su dung thuat toan
Conjugate Gradient [4] dé tim Wop.

Bo trong sd Wop ¢ téc dung dam bao viéc xac [ap mot tap cac tap mo tdi wu & input khi da
6 mot tap cAc pHB 1akét qua caa thuat todn CSHL. Giatri lien thuoc caamau véao X, 1 =1...P
vao tap my nhan k, K =1..M  gyoc tinh;
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n o, N
oé 1
a SXH Gj - E%(er Vi )E

v ) = ! n( k1)2
mPHBr(k) ()ﬂ) =€ ! ’ (14)

0 = 5 5
pHB™.r=1..R, la siéu hop thuan chang tht r trong R siéu hop thuan chung
Wr =[Wr1Wr2"'Wrn]' vr =[Vrlvr2"

trong do,

cung mang nhan k; va Vool & cac dinh cuc tri max-min caa

pHBY

- Giatrj lién thuoc caa méu X vao céc tap mo cung nhan k, k=1...M dugc tinh theo (9).
- Dit lidu ra cia mang rng v6i mau thit i duoc tinh theo (10) va (11).

5.2. Thuét toan huin luyén mang neuro-fuzzy, HLM2

HLM?2 |a thuat todn dung xéc dinh mang neuro-fuzzy ti wu cho mot tap mau Ts cho trudc
trén co s sir dung cac thuat toan Hyperplane Clustering caa [1], thuat todn CSHL, va ky thuat
giai bai todn cuc tri bang mang neuron. Ciing nhu HLM1, vu diém cua thuat todn HLM 1 1& s két
hop va phét trién tir c&c wu diém cua hai thuat toan ndy. Ngoai ra, bo trong sd toi wu Wop c6 téc
dung dam bao viéc xéc |ap mot tap cac tap mo t6i uu & khéng gian dir liéu vao khi dd xay dung
dugc mot tap c&c siéu hop than chiang pHB (la két qua cua thuat todn CSHL). Didu ndy da lam
lam giatang muc d6 chinh xac cua thuat todn HLM 2.

Goi Mmin vaMmax 125 luat mo cuc tiéu va cuc dai dugc st dung cho khao sét.

Khai tao: gagn M=Mmin -1;

Buéc 1. Phan I6p vagan nhan, xéc 1ap tip mau nhan Ts.

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

Buoc 2. X&y dyng tap cac siéu hop thuan chang pHB: goi thuat todn CSHL;

Budgc 3. Xéc dinh céc tap mo tdi uu & input thong qua bd trong s téi uu Wop bing cach huan
luyén mang 3b dé cuc tiéu ham sai s6 (13). Trong do:

- Tinh giatri lién thudc theo (14) va (9);

-Tinh ¥ theo (10) va(11);
Buoc 4. Kiém tradiéu kién ding

“Néu M <Moo quay 1ai busc 1.

“Néu M =Moo quabuscss.

« E£[E]

Buéc 5. Chon mang ti uu véi bo trong sb toi uu Wop c6 sai sb vacod M nhé.

6. THi NGHIEM KIEM CHUNG
6.1. Thi nghiém 1: sir dung tap mau ngau nhién

Sir dung tap mau tr_set1 15 mau, 3 bién vao mot bién rala nhirng gia tri ngau nhién xac dinh
theo Matlab. Str dung thuat téan [1] va hai thuat téan mai, HLM1 (c6 cac hé so dinh hudng (5.b)

13 & =005 € =095 D=0.35) yaHLM2 d& huin luyén mang x&p xi ham Y1 = f06, %, %)
Két qua duoc thé hién trén bang 1 cho thay téc do hoi tu cia HLM1 vaHLM2 cao hon [1] .
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Bang 1
S luat Céc thuat toén
mo [1] HLM1 HLM2
M=5 0,02760 0,0213 0,0246
M=6 0,02561 0,0107 7,1148.10"
M=7 2,8576. 10°° 1,0199.107 7,3906.10°
M=8 7,0300. 10°° 1,7844.107 8,6461.10°°
M=9 5,6341. 10°° 4,2997.10” 1,1859. 107
Bang 2
S5 luat mo Céc thuat toan
(1] HLM1 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: xap xi ham Y2[1]

Ham Y. = f(%%) cua[1] duoc sir dung dé xay dung tip mau tr_set2 gom 100 mau.
Y, = (5- %,)°/[3(5- %)* +(5- %,)°]

X=[x,%] dugc 14y ngau nhién trong khoang [0,20]

Céc gia tri nho ham random caa
— 2 2 2
Matlab. Dit lieu raduoc tinh theo Y2 = (8- %) /[3(5- %)"+(5- %)°].
Két qua khao s& duogc thé hién trén Hinh 4, hinh 5 va bang 2. O hinh 4 thé hién sai sb dép

ing ETTON =Y~ ¥y 1=1..100 yagiatri sai s binh phuong trung binh E (12) ciathuat téan [1],

HLM1 (c6 céc h¢ sb dinh huong e =005 e,=095 p= 0.35) va HLM2 tng véi s5 lugt mo
M=30. O Hinh 5, biéu dién chung trén mét hé truc dix liéu ra cia tdp mau huan luyén tr_set2,
¥i1=1..100 (n¢ lién) vatin hieu racoamang ¥ (nét dat) ¢ng véi hai thuat toan [1] vaHLM2
voi 5 luat mo M=20. Trén hinh 5a cho thay sir khéc biét gitta hai dusng % va % ; nguoc lai &
hinh 5b, hai duong nay gan nhu tring nhau, chirng t6 ¢ hinh b gia tri ra cia mang ti¢ém can téi

gia tri mong muén. Bang 2 va hinh 5 cho thiy d¢ chinh xéc ctia céc thuat toan méi cao hon do
chinh x&c cuathuat toan [1].
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002 . . . . . L . . .
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Hinh 4. So sénh sai sO dap ting Error,

=y -V, i=1.100 vagia

tri sai sb binh phuong trung binh E (12) cuathuat téan [1], HLM1 va
HLM2 Gng véi tap mautr_set2 véi so luat mo M=30
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1.2

M=30

V(=) ¥(--);M =20 f2a|gor|thm HLM 2

0.6
0.4k =
0.2 H

ol .

L L
o 10 20 30 AD EiD 70 EED j=in]

100
(b)
Hinh 5. Tin hi¢u raciiatap mau tap tr_set2 y; vaciiamang ¥,,i =1...100 tng véi hai thuat toan [1] va
HLM2

6.3. Thi nghiém 3: x4p xi ham tir tap dix liéu [3]
Sir dung tap dit ligu gdm 100 mAu, 10 bién vao mot bién ra (%% %], Y) trong phu luc
IV “Daly Data of Stock A” cua [3] lam tap huan luyén mang cho [1], HLM1

(& =005€,=0.95D=05y 3 4 M2. Két qua thé hien trén hinh 6 va bing 3 cho thy do chinh
xéc ctaHLM2 vaHLM1 cao hon d6 chinh xéc cua[1].

Bang 3
S5 luat mo Céc thuat 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 J>VA-—«

Ermor 3

al M=12

Set 100x10x1
algorithm [1]
Eror=1.7446

L L L L L
o 10 20 30 A0 S0

Data Set - =

DI=12

et 100x10x1
algoritlnn FT M1
E=0.2070

14“ M 'lhrh v

Error -
[m]

L ' ' L
BO i) 80 a0 100

0.8 DI=12

Set 100x10x1
algoritinn HL DI
0.4 H E=0.0352

o 10 20 30 40 S0

Data Set —-—-

Hinh 6. Giatri sai léch Error, =, -

(={u] rin 80 a0 100

=

Y. vagiatri sa sb binh phwong trung binh E (12) cua céc thuat

toan [1], HLM1vaHLM2 khi s6 luat mo M=12, tap mau “Daily Dataof Stock A” cua[3]

6.4. Thi nghiém 4
Sir dung ham y cia[6]: Y= A+X7 X"

%, %1 [15]

dé xay dung tap mau gdom 50

MAu tuong tu tap mau d& duoc sir dung trong [6] Thyc hién huan luyén mang xap xi hamy voi
thuat toan HLM1, HLM2, [1] va cac thuat toan dugc trinh bay trong [6][8][9] (dé don gian, cac
thuat toan ndy duoc goi tit 1a [6][8][9]). Céc két qua nhan dugc cho trong bang 4 cho thiy do
chinh xé&c trung binh cia HLM1 va HLM2 cao hon rat nhiéu so vai d¢ chinh x&c trung binh cua

[1el[8][9].

Bang 4
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$6 Céc thuat toan
luat | DL [6] 8] [9] [1] HLM1 HLM2
mo

M=6 E 0,0589 0,0572 | 0,0599 | 0,0221 0,0182 0,0196.10°

M=8 E 0,0500 0,0499 | 0,0499 | 0,0220 0,0218 0,0185.10

M=10 E 0,0148 0,0149 | 0,0149 | 0,0188 | 0,0260.10" | 0,0198.102

7.KET LUAN

Két qua thi nghiém cho thdy hi¢u qua t&c dong cua ham phat Y Ham b thong qua bo tham

s6 dinh huéng (&€ 0] d6ng vai tro dinh hudng qué trinh phan chia khong gian dit ligu dé xac
l4p céc tap mo, lam gia tang toc do hdi tu, giam s6 lwgng tap mo (giam so luong bd dugc tao

thanh) va do dé giam mac d6 phuc tap cia mang. Ham b con lam gia tang mic d¢ phu hop
trong méi lién h¢ gitra khong gian nén cia céc tap mo (1a khdng gian caa céc dai lwong vat ly cho
trong tap mau) véi chinh cac tap mo dugc x8y dung trén nd, va do d6 lam gia ting do chinh xéac
cuathuit toan HLM1 vaHLM2.

Céc tap dit liéu khéc nhau s3 ¢ nhitng dic diém phan bé di liéu khéc nhau. Do dé, khi thay

ddi tap dir liéu, néu cin tac dong vao do chinh xéc ciia phép xap xi tathay dbi dai luong &, S2va

D trong vector (€301 g (5b). Hien nay ching téi dang nghién ciru quy luat téc dong cia
vector tham s6 (€€ Dl i cau trac mang neuro-fuzzy va do chinh xéc cua phép xap xi, trén co

s d6 tim ra phuong phép chung dé xéc dinh vector tham sb [&;€,;0]

Sai s6 cia HLM2 nho hon HLM1 tuy nhién han ché co ban caa HLM2 1a thoi gian huan
luyén mang va yéu ciu dung luong nhé cia méy tinh cao hon nhiéu so véi st dung HLM 1.

Phuong phép téng hop mang neuro-fuzzy duoc dé xuat trén c6 thé duoc sir dung rat hiéu qua
trong nhiéu Iinh vuc khéc nhau: c&c bai todn vé do luong, nhan dang, du béo va diéu khién theo
mo hinh black-box. Hién nay ching téi dang nghién ctru tng dung phuong phap ndy cho bai toan
nhan dang dong luc hoc co hé; b toan xac dinh vi tri hu hong va du bao mirc ¢ hu hong cia
cau duong bo.
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