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Abstract. Accuracy of approximation an unkn(‘mru function from a numerical data set based on
neuro-fuzzy inference systems depends on efficiency of data space partition to build 'f'uzzy scts. In
this paper we propose a solution to data space partition to build optimal fuzzy sets. The focus of
interest in proposed approach is to increase accuracy of approximation by adjusting degree of fit
between the given numerical data set and the established fuzzy sets, which are used to approximate
it. The solution is based on two new algorithms. The first, named CBMM, is used for building Min-
Max clusters, and the another one, named CSHL, is used for direction for the partition of Min-Max
clusters into a set of pure Min-Max clusters in input space. Result of thie use of these algorithms is a
optimal fuzzy set in input space, which is used to build a new algorithm, named HLM, establishing
adaptive neuro-fuzzy inference systems. A series of numerical experiments are performed to assess
the efficiency of the proposed approach.

Tém tdt. D6 chinh xdc cia hé théng suy dign neuro-fuzzy xdp xi haim chura biét dién td méi quan
hé gitra tin higu vio va tin hiu ra cia déi twgng thong qua mot tip dir lieu 55 phuy thuoe vio mire
dd phil hop gitra cdc tip mé duge thiét lap va dic thii cia khong gian dir ligu. Trong bai bio nay
chiing téi trinh bay mét gidl phdp vé phin chia khéng gian dir liéu -dé xay dung cdc tap me tdi wu
voi tiéu chi dat ra la cai thién dd chinh xdc cia phép xap xi. Gidi phdp dugce thyc hién duya trén
hai thuat todn mé&i: thudt todn chia bé Min-Max (CBMM) va thudt todn cdt siéu hop lai (CSHL).
CBMM thuc hign hai qud trinh: phan lép dir liéu & khong gian ra, chia bé siéu hop Min-Max va
gan nhin cho cdc mau dir lidu & khéng gian vao trong mdéi quan hé ring budc qua lai gitta khéng
gian vao va khong gian ra. Tiép theo, thuit todn CSHL tiép tuc phan chia cic bd siéu hép Min-Max
thanh mot tap cic bé siéu hdép thuin ching déng vai tro 13 khung suén dé xiy dung céc tip mo t6i
wu & khong gian dir liéu vao. Trén co s& tip mo téi wu da dugc xdc ldp, mot thuit todn madi ve
téng hop mang neuro-fuzzy, thuit todn huin luyén mang (HLM), dugce thiét lip dé xay dung mang
neuro-fuzzy tir mét tap dir liéu s6 cho trude. Bai bdo trinh bay nhigu thi nghiém kiém chiing trén
nhitng tip dir lidu khac nhau dé so sdnh hiéu qua cla cdc thuit todn méi so véi mot s8 thuit todn
da cong bo.

1. DAT VAN BPE
Hé thdng suy dién neuro-fuzzy da duge nghién cru va g dung ¢é hiéu qua trong nhiéu

linh viyc khéc nhau nhw do lwdmg, digu khién, nhan dang va du bao... Théng thudmg, cic
tng dung trén lién quan t&i viée x&p x{ ham chwa biét y = f(T) phdn dnh quan hé vio-ra
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cua mot tip Tx gdm P cdp dir liéu s6 (T, %), T = [TaTig-..Zin), 1 = 1...P. Viée xdc dinh
ham f thong qua Ty ¢6 thé dwge thye hién theo nhigu phuong phép khac nhau. Mot trong
nlimg phwong phap théng dung la st dung mé hinh suy dién m& MI-SO [15]. Theo phwong
phdap nay, khong gian d liéu dirge phian chia thanh céc bé dir liéu lam co sé dé xay dung
cdc tdp m&. C6 nhigu phwong phip chia bo dir hiéu. Néu dira vho mién khéng gian dit liéu
diroe phan chia ta cé thé phan ra: chia bé & khong gian dir lidu vao [1, 6, 10, 11], chia b &
khong gian dir liéu ra [9], chia bo trong khong gian lién két vao ra [14]. Néu dira vio phuong
phap phan chia dir liéu ta cd thé phan lhm hai phwong phdp chinh, d6 13 phuong phép chia
bo citng (Hard C-Mean, HCM) [4] va phuong phap chia bé mé (Fuzzy C-Mean, FCM) {2, 11].
Gan ddy, mét nghién ciru phdt trién plarong phap chia bé cia [11] duroc trinh bay trong [7)
va [8]. Vé co ban, day la phuong phdp FCM. Qua trinh chia bé nhim xiy dung cdc bé dang
siéu hop-min-max trong khong gian dir liéu vao. Tuy nhién qué trinh phan chia cia {7, §]
duwge thyue hién trong maéi lien hé rang budc qﬁa lai giita khdng gian vao va khéng gian ra.
Theo phuong phép nay, Ts dwoc chia thanh nhigu 16p nhan. Mbi 16p nhan duoc dinh bién
theo mot siéu phang & khéng gian dir héu ra. T&t ca cde mau dir liéu trong mot 1ép nhan déu
mang cting mot nhan 13 nhan cia lép. Tap mau dwgce gan nhan 7%, goi tit 1a tAp mau nhan,
4 co s& dé xAy dung mét tap cdc bé thuan ching pH B & khong gian dit litu vio, trong dé
moi pH B 14 mot siéu hép chiém mét mién trong khéng gian dir lidu R™ duoe giéi han béi
hai di€m cie tri - difm min va diém max. Ham lién thuée cia timg bé md dwoe xay dung
dira vao cac diém cue tri nay. Méi tdp mér dugce xac 1ap dia vao cic gid tri min, max va ham
lién thuéc cia siéu hop tuong tng.

D¢ chinh xdc ciia ANFIS phu thudc vao mire do phit hop gitra cde tap mé dwoc thiét lap
va didc tht cia khong gian dir iéu. Viéc thue hién chia bd trong méi lién hé rang bude qua
lai gitta khong gian vao va khong gian ra cia {7, 8] da gia ting dd chinh xde ¢ia phép xép
xi ham f vi cdc tdp m& dwge tao ra phan dnh t6t hon quan hé hai chiéu trong khéng gian
dir litu. Trong bai béo ndy ching tai trinh bay mét phét trién ti€p theo cia [7, 8] vé phuong
phip téng hop ANFIS dua trén tip dir liéu s6 cho trude, dwgd trinh bay trong thuit todn
méi mang tén thuat téan huin luyén mang (HLM), trong dé chiing tdi bd sung thém digu
kién ding theo khéng gian vao (input space) trong qué trinh phan chia khong gian du lieu
d¢é xdc 1ap cdc bé siéu hop min-max, dwgc trinh bay trong thuit todan CBMM,; dong theri st
dung giai phap dinh huémg téi ru cho qué trinh phan chia khéng gian dir liéu d€ xay dung
cac tdp md dya trén tip cdc siéu hop thuin ching & khong gian dir liéu vao, dugc trinh bay
trong thudt toan CSHL.

2. MOT SO KHAI NIEM
Tap mau huén luyén Ty gom P cip dir liéu s6 (Zi, 1), Ti = [Ti1, Tig, s Tin), § = 1P,
tao ra mot trurdrng khong gian dir lidu n chiéu R" & khong gian dir liéu vao.
B6 siéu phing (hyperplane). Trong khéng gian dir liéu R”, phwong trinh cia médt siéu
n

phiing ¢6 dang y = Zaj(.) + ag, trong d6 aj, j = 0...n la cdc hé sb.
=1 :

Ta néi ring, diém mau (T;, 1) ndm trong ving lan can [¢] cia siéu phing thit & néu:
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v 3@z + ol < e (1)

=1

Tap céc di€m mau (T, y;) € Tx thoa bt ding thire (1) tao ra mot bé dir liéu nam trong
ving lan cén [¢] cla siéu phing thir k dwge goi 14 bé siéu phang thit k, va k dugc goi la nhan
cua bd.

Nhan cda miu dir lidu. Néu mau T; = [zi1, Zi2, --., Tin) thudc vé bé siéu phing nhin k thi
ta n6i rang nhan ctia 7; 1 k, nghia 1a nhan cda mét mau dir lidu chinh 1a nhan cba bé siéu
phing chira mau dé.

Siéu hop (hyperbox HB). Trong trwéng khong gian dir iéu R", siéu hép HB la ving
khong gian dwoc gidi han bdi céac mat 1 cée siéu phing, trong dé moi siéu phang song song
véi mot mét phing toa do va di qua mét trong hai dinh cuce tri min, max.

Hinh 1 thé hién mét siéu hop hyperbox trong khéng gian 3 chiéu (R3).

]

max vertex

min vertex

Hink 1. Siéu hép trong R3
Siéu hop thut ¢, ky hiéu H By, ¢6 Ty 1a tAp hop cia cdc mau dit lidu thude né.

Pinh cyc tri min, max (min-max vertexes). Mi siéu hop H B, duge déc trung bot hai
dinh cue tri - dinh max, @, v dinh min, 7, nhue sau:

wl = [wﬂwtg...wm}, ’Ut = [’Uﬂ’vgz...’i)tn], (2)
trong dé, wy; = max(zy|Ti € Ty, 7= 1..n) VA vy = min(zy|%; € Ty, § = 1..m).
Siéu hop thuin ching va siéu hdp lai (pure hyperbox, pHB, va hybrid hyperbox,
hHB). Siéu hép H B, dwoc goi la siéu hop thudn ohing nhan m (ky hiéu pH B}m)) néu tap
hop T; chnta todn bd cdc mau ciing nhan m. Néu T; # ¢ va khong phai tip cdc phén tir cling
nhan thi H B, duoc goi 1a siéu hop lai (ky hiéu hH By).
Sidu hop khéng phd 1én mét siéu hop khéc va siéu hdp thda tinh phd (*) (overlap
condition). Cho triréc siéu hép H By, Xét mot siéu hép H By bat ki, k # h. Ta néi rang
H Bp, khong phu lén H By khi gita ching khéng ¢6 ving khong gian chung,.

Dé thdy rang néu @y < ¥y hodic Ty > Wi thi HB;, khong phu lén HBi. Do d6, trong
nghién ciru nay ching t6i sir dung cdc bat dang thitc nay dé ki€m tra tinh phd ctia cdc siéu
hép thuan ching.

Goi L, va Ly theo thir ty la tap chta tat cd cdc siéu hop thuan ching va siéu hop lai
dugce tao thanh tir tap dir lidu hudn luyén ban dau Ty, nghia la L, U L), = Tx. Néu HB),
khong phi 16n bat ky mét siéu hép ndo thude L, va Ly, thi ta néi ring H By, thda tinh pha.
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Sidu hép lién két (**) (fusion hyperbox). Cho trwde hai siéu hop cliing nhan m pHB‘Em)
va pH B,(Em). Mat siéu hop pH B”_(,.m) ciing nhan m dwoe goi 1 siéu hop lién két cua hai siéu
Lop trén néu thda man déng thei ba meénh dé sau:

(1) Tf =T U T,

(i) Wy = max(Wg,wy). Ty = min(Tg, Ty ),

(iii) pHBg-m) thdéa man tinh phi (*),
trong db, Ty, Ty, Ty theo thii tar 13 cde tap mau cua })Hfj’f(lm). pHB,Ef”), pH BJ(‘.m).

3. XAC LAP SIEU PHANG BANG PHUONG PHAP BINH PHUONG

CUC TIRU (LMS) [12]

Cho tip mau hudn luyén T trong khong gian dir ligu R® gom P cap dir lidu s6. Chia Ty,
thanh cac bo dir lidu. Bé thit & b £ miu div lidu:

(i yi), T = [T i, 1= 1. (3)

. - N ] . ; N A 5
Plureng phap binh phuong cre tieu LMS thudmg dwece st dung dé noi suy phwong trinh

siéu phang cho tip dir lieu {3). Céc he sd eia situ phiang phai dim bdo cho tong binh phuong
. n

e e s . © s 1es k k) s 1
gia tr;‘sm lech gitra dir ligu ra thare té y; va dir liéu ra md hinh 3 = E (05 ))rij + n.g ) la nho

=1
- nhat;

S = Z[yl Z(a JTi +ag )]‘2 = niin, | (4)

nghia la, diéu kién rang budc cac hé s6 cin tim la db/aag ) = 0, j=0.n Trddta cd he
phtmng trinh sau:

th
(Ln L Lin JFGT, 1 Z‘It(ﬂ 1t )L i+ ”“() = Z?}i
i—1
f,( !
MY ,
”EI)LI‘EHII] + . +a1 qu"{"a[} Z"E?] :ZTJI'”: _
1—1 i=1 (5)

(1,,") L TinZi2 T ..+ az z T+ a] Z Tyl + ag )Ll‘lg = Z Yiti2
an)zxm+ +G1 )LI11$171+00 me—Lyz-rm

\ i=1]
(%)

Gidi ra ta ¢d cac hé s a;", j=0.n ctia siéu phang cin tim.

4. XAY DUNG CAC TAP MO TOI UU & KHONG GIAN DU LIEU VAO

4.1. Thuét tedn chia bé min-max, CBMM

Thuat toan CBMM ding d& xay dung céc bé dit lidu dang siéu hop min-max & khong
gian dir litu vho, situ phing & khong gian ra va gan nhan cho tdt ¢4 cde miu hudn luyén.
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Thuét todn CBMM duwgc xay dung trén co sé phét trién thuat toin Hyperplane Clustering
cia [7] va tng dung thuat todn chia bé Hard C-Mean (HCM) ctia [4]. Trong d6, dé gia tang
mite d§ rang budce vé dir liéu gitra khéng gian vho va khong gian ra, ching téi &8 xudt viée
bé sung thém ditu kién dirmg cda thudt todn: khong chi théa man rang bude & khéng gian
ra. nhw thuéat toin Hyperplane Clustering cua [7] {diéu kién (8)) ma con phéi thda man diéu
kién rang bude & khéng gian vao (diéu kién (6)). Su két hop déng thdi ci hai digu kién (6)
va (8) nhdm ddm béo ring néu mot mau dir liéu da thudc mot 16p dir hiéu & khéng gian ra
thi cling s¢ ndm gin tim phéan bé cia bé dit liéu twong vimg & khogg gian vao. Pay la diéu
kién cAn thiét vi chi khi dé méi dam béo ring tip céc bé siéu hép min-max dwoc tao thanh
sé phu lén tat cd cdc mau trong tap dir libu Ts da cho.

Hai nguyén tAc khi xay dung thuit todn CBMM

Nguyén tdc 1. Néu s6 luat md M xdc dinh thi s6 bé dit liéu & khong gian vho ciing nhur 8
siéu phang & khong gian ra déu bing M.

Nguyén tdc 2. Néu mét miu T; & khong gian vao thude bé thit &k, TW) | & = 1..M thi dap
trng vio.ra clia T; ciing durge gén cho siéu phang cting nhan Ay & khéng gian ra va nguoc lai.
Nbi dung cda thuit toan CBMM

Chon 86 ludt m&r M. Goi ma tran phan bd dir liéu [4] & vong lap thi » 1a U™, Chon
U
Bude 1. Chla b6 & khéng glan vao )

- Néu & chu ky khdi tao cla CBMM (r = 1): Ap dung nguyén tdc 1 va thuit todn HCM
cta [4] dé tim céc bé I'*)| k = 1...M & khéng gian vio.

- Néu & chu ky r > 1: Sit dung nguyén tic 2 d& dinh bién méi cho titng bé & khong gian
vao durra vao bién ché céc siéu phing cling nhan & khong gian ra. Sit dung thuat toan HCM
d& sip xép, didu chinh lai bién ché tirng bé. Tinh va kiém tra theo dé sai léch cho phép [6;,]
& khéng gian vao:

U(T) U(’" 1)1

kt_ m(,ﬂ) = Z Z Y < {Bin]- (6)
i=1 j=1

Buéc 2. Pinh bién méi cho cdc siéu phang & khéng gian ra dura trén két qua cia Bude 1 va
Nguyén tic 2: Cap nhat cic hé sd agk), j = 0...n, cta siéu phang Ag, & = 1...M, & khéng
gian ra dyga vao LMS (Muc 3).
Budc 3. SAp x€p lai cdc bé va cac siéu phéng

- Tinh khodng céch (\dt tir diém miu 4,7 = 1... P, t6i siéu phéng th &k, k= 1...A, tai
vong lap thi r: :

- Ting cap (%, ), ¢ = 1...P trong tip mau huin luyén duoce gan vé cic siéu phing thit
g, Ag, va bo thit g, T 6

4 _ k)
()} (k= I?IDM)[(T d ]
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va do d6 mang nhan q.
- Tinh v& kiém tra theo gia tri cho phép [#s] & khéng gian ra:

P () ()
o " == di’\2
koutiy = | 22 ( 1ydl) ) < ol )

Budc 4. Kiém tra ditu kién dimg
Gi4 tri sai léch trung binh & khong gian vao va ra tai vong lap that » va r — 1 duoc xéc
dinh dya vao (6) va (8).
- Néu kt_in < [0in] va kt_out < [fo,): Dirng
- Néu it nhat mét trong hai bat dang thite (6) va (8) khong théa man:
+ Néu s vong lap r < [r] thi quay lai biede 1.
+ Néu s6 vong lap r = [r] thi qua trinh khong héi tu. Tang s& ludt mor M = M + 1,
quay lai bude 1.
([r] Yo s vong lap cho phép).

4.2. Thuat todn cit siéu hop lai, CSHL

Thuat todn cit siéu hop lai, CSHL, duge sir dung dé cit cac siéu hop lai hH B, thiét lap
mot tap cdc siéu hdp thuan ching phii 1én toan bé cdc mau dir lidu trong tap mau huén luyén
Ty, lam co s& dé xay dung cdc tdp mir & khong gian dir hiéu vao.

4.2.1 Ham phat

Xét vide cat modt siéu hop lai hH B trong khong gian R™ chiva P, man (Ti, y), Ti =
[:1%42...T4,], A& thidt 1ap cdc siéu hop thuin ching pH B chita tit cd cdc mau nay.

Goi ny 14 s lwrgng cde maAu cling nhan nhy ¢6 s8 lwong 16n nhit trong RHB - goi tit 1a
loai 1; ng 1 88 lugng cdc mau cing nhan nhy ¢ 56 lrong lém thit hai trong hH B - goi tat
1a loai 2, (nq > no). Goi Cy va 5 theo thtr tr 1a tAm phan bd ciia hai loai mau nay. Goi d;
14 khodng céch gitta C) va Co do trén truc toa dé thi j, C; 1a trung diém khodng céch tam
phéan bo Cp va Ca do trén truc toa dd tht 7, 7 = 1...n.

Str dung siéu phiang cit AC; di qua C; va vudng goc véi truc § dé cit hHB. Nhu vay sé
¢6 n siéu phing ct va suong ung sé ¢d n cich cit khéc nhau trong méi lin cdt hRHB. MCj
s& phéan chia AH B thanh hai siéu hoép nhé HB; va HB;.

Goi nij va nfj 12 86 mau loai 4, 1 = 1,2 ndm trong HB, vi HDB; khi cit trén truc
i j=1..n.
Dé thay riing:
1j 15 2j 27 ‘ '
Ogl_l_ilz’—l _L|§1_ : (9)
ny N m g S

Ham thudn ching: Hhm thuin ching 7, j = 1...n dwoc dinh nghia nhur sau:

15 15 o
j:|n_1j_ﬁ) . (10)
L2 n2 '

Ham v phédn 4nh tinh trang phan bé cdc mau loai 1 va loai 2 trong HB) v HB5. Vi du:
- Néu ¥ = 0, suy ra néu cit trén truc j, ty 1é cdc miu loai 1 vi loai 2 trén HB, va HB,
la bing nhau va bing 50%.
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- Néu ¢ = 1, suy ra néu cit trén truc 7, ty 16 cdc méu loai 1 va loai 2 trong H By va H B
14 0% va 100% hodc 100% va 0%.

- Tong quét, néu ¢’ = a thi ty 1¢ cic mau loai 1 va loai 2 trén H B; vi H By sé hoan toan
tinh duge theo a.
Y nghia cia gid tri ham thudin ching: gid tri clia ham thuin ching ¥, dwoc dinh nghia nhu
trén, phan dnh mitc d¢ thuan ching cia trang thdi phan bé cdc mau loai 1 va loai 2 trong
H B, va H B, khi cat trén truc thi j. Gid tri clia ¢/ chng cao thi midce do thun ching cang

€ao. -
Ham phat: Ham phat 75, j = 1...n duge dinh nghia nhw sau:
0 if ¥ < e
T E @A) i e
1 cifer <yl < e
trong do, [£1, 82, A] (11b)

la vector cdc tham s6 dinh hwémg.
‘ ’ [ . At , . N\ . , N ’ -~ , .’ - - -
Trong cdc thi nghiém kiém clning ¢ bai bao nay, ching t6i chon cdc gid tri mac dinh nhwr
sau:

e1=0,05, c2=0,95 va A €[0,35, 0,5]. (12)

Nhu véy, st dung cdc MC; dé cit hH B trén cdc truc j khéc nhau s& nhin duge nhirng
gid tri khac nhau cia 47 do d6 gid tri ham phat ciling sé khdc nhau.

4.2.2. Thudt todn cdt siéu hop lai, CSHL
Thuit toan CSHL thi;c hién cit trén truc thit & sao cho:
Tedi = max(7;d,), § = 1..n. (13)

Uu diém cia thd tuc lya chon true dé cdt (trong mdi vong lip) cta thudt toan CSHL
dwoce thé hién & tinh wu tién, mic d6 wu tién hofic bi mat quyén tham gia vio qué trinh lira
chon truc cit cla moi giai phép cit - théng qua gid tri ham phat 7;- Cu thé nhu sau:

- Néu gidi phép cdt trén truc thit 7 ¢6 gid tri him thuin ching 7 1én (37 > £5) thi hdm
7; duge “thudng” mét lwong A > 0. Khi dé, 77 =47 + A > 1, va do d6 73d; > d;. Diéu nay
lam gia tdng kha nang dwoce chon cla gidi phap cat trén truc thit 7 vi thuat toan CSHL dua -
vao ménh dé (13) dé lua chon.

- Nguroc lai, néu gid tri ham thudn ching %7 nhd (¢9 < ;) thi 7; = 0, do d6 7;d; = 0.
Nghia la gidi phap cat trén truc thit j bi loai khdi cdc gidi phap cit duge tham gia vio qué
trinh chon lirra gidi phép t&t nhat.

- Néu gid tri ham thuin ching v khong ndm & hai phan cire néu trén (g; < ¥/ < &2) thi
7; = 1, vd do d6 7jd; = d;. Nghia la trong mién nay giai phap cit trén truc j van duge xem
xét, tuy nhién khéng dwoce wu tién.

K&t hop véi ¥ nghia ctia gid tri haim thun ching ¥/ ta ¢d thé thiy ring trong mdi vong
Ep, thil tuc cit cia thuat toan CSHL thyc hién chon hra céc gidi phdp cit tao ra do thuian
ching cao trong hai siéu hép H By va HB; dirge tao thanh. Didu nay that sur cin thiét dé
tang hiéu qui cua qué trinh phan chia khong gian dir liéu vi muec tiéu cia qud trinh nay la
xay dung mot tap cdc bd dir héu siéu hop thuin ching pH B phi toan bé cdc méiu cla tap
dir liéu da cho Tx.
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Thuat todn CSHL

Gol box_number 13 s6 siéu hop lai trong tip hop tat cd cic siéu hop lai da cé. Qud trinh
ciat bat dau véi box_number = 1, nghia 13 toan bd cdc mAu nhan trong tip mau Tx déu thudc
hH B xuit phat.

Buge 1.

- Né&u boxr_number = 0 : qua budc 4;

- Néu box_number > 0 : xac dinh siéu hop lai hRH B c6 s6 thit tu 13 boxr _number trong tat
cd cic hH B. K¥ higu siéu hop 1ai nhy 1 AH Bioz_number-

Bude 2. Cit hH Bpoz _numver thanh HB,, HB,.

- Chen truc k théa man (13). Xéc dinh diém cit Cy.

- Cét trén truc k tai Cj theo nguyén tic: d6i véi tat cd cdc mau F; = [T T0..-Tin) thude
hH Bpoz_number

Néu xie < Cp thl T; € HBy;

Néu z > Cy thi T; € HB,.

Budge 8. Kiém tra vi phén loai HB,, HB;.
- Néu trong H By vaH By ¢6 mdt siéu hdp thuin ching:
+ Luru siéu hop thulin ching qua tap céc pH B, luu sidu hdp lai qua tap cdc hH B. Xéa
hH Byox_number, H By, H Ba; ’
+ Gilr nguyén box_number.
Quay lai Budéc 1.
- Néu H By vaH Bj 1a hai siéu hop thudn ching:
+ Luwru ¢ hal qua tdp cic pH B. Xod hH Brog_number, HB1, H Ba;
+ box_number := boxr_number — 1.
Quay lai Buée 1.
- Néu H By vaH By 1A ¢éc siéu hop lai:
+ Luu cd hai qua tap cic hH B. Xéa hH Byoz_numeer, HB1, HB>;
+ box _number := box_number + 1.

Quay lal Bude 1.

Budc 4. Kiém tra tinh pha (*) dé€ lién két cac pH B, xéc lap cic pHB fusion 161 hon.

D& don gidn, tir phan ndy vé sau cdc pH Byysion ciing dwoc ky hidu pH BY), Ky hidu nay
c6 nghia 14 siéu hop thuan ching mang nhan j.

4.3. Xay dung cac tap md & khéng gian dir liéu vao

Két qué cia thuit toan CSHL 13 tao ra mét tip cdc siéu hdp thuiin ching pH B & khéng
gian dir lidu vao. Mbi pHB déng vai tro 1A mot “khung swdm” dé xdy dung moét tap mo &
khéng gian vao.

- Gi4 tri lién thudc cia mau vio Z; vio tdp mer nhan k (dwge xay dung trén co sé
pH B,(»k), r = 1...Ry) duoc tinh theo phwong phdp Simpson [11]:

w5 (Ti) = %Z[l — f(®@ij —wrjy ) — florg — @15, 7)), (14a)
i=1
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1, zv>1
fla,y)=qay, 0<ey<]
0, =<0y {14b)

trong 4o, pH B,(.k), r = 1...Ry. 1a siéu hép thudn ching thit  trong Ry siéu hop thuan ching
cung mang nhan k; va @y = [Wyiwya...Wral, Tr = [Up10r2... 0] 14 cde dinh cure tri max-min cia
pHB® ~1ahé ss, & day ldy v = 0,5.

- Gia tri hien thu(jc cia mau T, vao cac tip md clng nhan k dwoc tinh theo max:

"

ppw (Ti) = max {#pHBg) (i) voos by g0 (T oy MPHB;kA?(Ti)} (15)

5. THUAT TOAN HUAN LUYEN MANG NEURO-FUZZY, HLM

Trong phan nay ching t6i trinh by mdt thudt todn mdi, thuit toan HLM, wing dung
trong t‘c")’n»g hop mang Neuro-Fuzzy x&p xi ham f tir mét tap dir lidu s6 cho trude. Thuat todn
HLM duoc ching téi xay dung trén co s& ving dung cdc thuat toan CBMM va CSHL (Muc
4). Uu difm co bén ciia HLM 1 cai thién dé chinh xdc va tdc do hoi tu so vai [7] va mot s6
thuat todn dugce khao sat va kiém chimg. .

GOt Muin v& Mipay 12 58 luat mo cye tidu va cre dai dwoc st dung cho khio sat; M 1a
56 luat mo hién tai dang sit dung d€ hudn luyén mang Neuro-Fuzzy.

Gid tri khéi tao: gan j = My, — 1;

Xac lap gid tri sai s0 cho phép [E].

i)

X o=[x, x,]i=1 P 7 Gy = Sy (B)ye(E)
R P S F=tty——
_ : . S Hy (X))
—’{x , %=1
g . T T i ’ =18

.“g;u{T})

Input Lavex

Hinh 2. Cau tric mang Neuron-fuzzy cia thuat todn HLM

Budc 1. Phan 16p va gdn nhan, x4c 14p t4p mau nhan Tx
J=3+1 M=j
Goi thuat toan CBMM;
Qua birde 2.
Bude 2. Xay dung mang Neuro-Fuzzy tng véi s6 luat mé duge sit dung 1a j, N — FU)
- Xy dung tap cac siéu hop thuin ching pH B: goi thuit todn CSHL;
- Xay dung mang Neuro-Fuzzy theo ciu tric & Hinh 2;
Qua burde 3.
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Dude 3. Xéc dinh sai 86 EY) theo chudn Lo cda mang N — FU)
- Tinh gid tri lién thude theo (14) va (15):
- Tinh §; theo {17);

- Tiuh sai 56 binh phuong trung binl:

P
EU) — Z (16)

trong da, dir liéu ra cda mang tng v&i maun thi ¢ duge tinh (Hinh 2):
ZL 1 MB (i) ynei (T:)

Yi = a7

ZL—l L—I( i)

Z a(k)mu + aok).

, (i=1...P), (17)

- Kiém tra s& luit mér:
Néu J < Mnax: quay lai bwée 1.
Néu 7 = Muyax: qua budc 4.
Bude 4. Chon mang tét nhat, N — F9 sao cho:

E(g} — nlin(E(j))J J‘ = A/[min--'j\/‘{nla)(' (18)

Qua bude 5.
Budce 5. Kiém tra digu kién dirng

- Néu E@ < [E]: két thiie. (K&t qua t8ng hcrp ANFIS la ang N — F);

- Néu EW@ > [E]: qua budc 6.
Budc 6. Kiém tra kha nang hoi tu téi [E] cia 1o gidi

Xét chi s6 ¢ trong (18):

- Néu g = Mnax: xéac 1ap lai Miypin := Mmax, Mmax := Mmax + AMmax|AMmax € N, 7=
Muin — 1, quay lai bwde 1.

- Néu g = Miin: xdc 18p lai Mumax := Minin, Mmin 1= My — AMpin|AMyin €N, j=
. Muyin — 1, quay lai bude 1.
- Néu Muin < g < Max: 101 gidi khong hoi tu téi [E]. Két thuc.

6. THI NGHIEM KIEM CHUNG
6.1. Thi nghiém 1: xap xi ham y, {7]

Ham y2 = (5 — 22)%/[3(5 — z1)? + (5 — x2)?] ctia (7] duoc st dung d€ xdy dung tip maiu
tr_set gdbm 100 mau. Céc gid tri T = [r1, x9] dwge 1y ngiu nhién trong khodng {0, 10) nhor
ham random ctia Matlab. Dir liéu ra dwoc tinh theo yo = (5 — £2)2/[3(5 — z1)? + (5 — z2)?].
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36 luat mey Sai sé E(18) ing vei timg thudt 104n
171 HLM
M=10 2,000. 10-? 1,650. 107
M=15 2,200.10 2,100.10*
M=20 25,000.10 1,338.10-
M=25 3,545,103 2,326.10°
M=30 2,099.10-5 1,4543.10-
0.015 0.015 .
001 . 1 oot {
0.O05) E [ 457 I
S
.o Wﬁj\ Uur\l\l\u fﬂ . VA ot i b obadty X\/ ) WM\ ;
i /
LTI 4 |
-0.0% 4 * +0.01
function £2 M=20
0016} algorithm [7] 4 oo} Z‘:::l":f HLAI 4
. Error=2.099¢-5 Emor=1.4543e-5
'Qmp L] x 20 40 50 %0 o W 80 100 'D‘mt 1:3 ﬁ EY) ] %0 B0 7680 ) 100
" Data Sat > Data Set ~-—=

Hinh 3. So sénh sai s& dép ing Error; = y; — i, 1 = 1...100 vi gi4 tri sai s& binh phuong
trung binh E(= Error) cta thuit todn [7] v HLM tng v&i tip mau tr_set
véi 6 ludt mo M = 30.

& Hinh 3 thé hién sai s6 dép Gng Error; = y; — i, 1 = 1...100 va gia tri sai s6 binh phiong
trung binh E cia thudt téan [7] va thuét todn HLM (c6 £y = 0,05, 2 = 0,95, A = 0,35)
ng véi 6 ludt mo M = 30. Hinh 3 vi s6 liéu cu thé ving véi cdc gid tri M duoc thé hién
trén Bang 1 cho thay hiéu qua cia thudt todn mdi, thust todn HLM.

6.2. Thi nghidém 2. X&p xi ham tir tap dir lidu [9]

4 26
| of
2r RI=12
SWEY  Ser l0oOxlOoxl -
o AN M P91 nlgoritian HIND
A Eiror=0, 1816
=2} o a OFF
1 [
E oLl w2z |
Set 100x10x1 os}
Algorithm [7] _ b
By
Error=1.7446 (a1) . sl (@2
E-2d B
af
1 . —_— 26 .
WG 20 36 40 80 80. 70 B0 50 100 o 10 @0 a8 40 S0 B0 70 80 80 1m0
Data Set ——z Data Sat ——>
s-m"‘ a"m‘“
a Set 100x10x1 4
3 M=13 & Ser LOOx1OxL b
| B NI=1%
5 Algorithm [7] | Al Algorithun HLM i
2t Evror=8.7387e.23 Erioi=1 1"%7e-14
i i
“ ~ 2f i
I gl ]

E .l ] R Iy FOR— | e s R, -
2t E al i
= (b1) 1 {b2)

a i
A 4
Se e 20 =0 40 80 &3 78 B0 80 i00 b (T N R B S RN TP i~ R - T}
Date Set ~lr N B Data Sat e

Hinh 4. Gid tri sai léch va gid tri sai s¢ binh phuwong trung binh E(= Error)
clia céc thuét toan [7] va HLM khi s6 luat m& M = 12 (al, a2) va M = 18 (b1,b2),
tap mau “Daily Data of Stock A” cia [9]
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Str dung tap dir liéu gom 100 mau, 10 bién vao mét bién ra ([z1, 2, ..., 210, %) trong
phu luc IV “Daily Data of Stock A" cida [9] lam tdp hudn luyén mang cho [7] vi HLM
(e, = 0,05, g2 = 0,95, A = 0,5 ). K& qua thé hién trén Hinh 4 v Bdng 2 cho thay dé
chinh x4c cia HLM cao hon d§ chinh xéc cia [7].

6.3. Thi nghiém 3

Su dung. ham y cda [13], vy = (1 +:rf2 + m2—1’5)2, x1, 9 € [1,5] d€ x4y dyng tap mau gdm
50 mau twong ty tap mau da duoc st dung trong [13]. Thuye hién hudn luyén mang xap xi
ham y v&i thudt todn HLM, [7] va cdc thudt todn dwoc trinh bay trong {13, 16, 17]. Cdc két
qud nhan duge cho trong Béng 3 cho thay do chinh xdc ciia HLM cao hon rat nhidu so véi
d6 chinh xéc cia (7,13, 16, 17].

Bdny 2
$6 ludt md Sai s& £ trng v4i timg thudt toan
(7] HLM
M=10 13,4148 0,5222
M=12 1,74460 0,1526
M=14 3,5028. 105 1,2971.10
M=18 8,7387.10-23 1,1737.10°%
M=20 0,0028 1,1006.10°13
Bdng 3
sé | BL Sai s6 E (mg vi timg thudt todn
luat m&s [13] [16] [17] [7] | HLM
M=6 | E | 0,058 |0,0572 | 0,0599 | 0,0221 | 0,0167
M=8 | E | 0,0500 | 0,0499 | 0.0499 | 0,0220 | 0,0198
M=10 | E | 00148 | 0,0149 | 0,0149 | 0,0188 | 0,0244.10"

6.4. Thi nghiém 4. Nhan dang dam cau trong quan hé tai - do vong

Khao sét mot ddm ciu nhwr trén Hinh 5. St dung md hinh phin tir hitu han (FEM) [3]
cho dam vé&i s6 nit N = 30. Luc tap trung £ = 200.000N duge thay déi diém dit tai nhigu
vi trf khdc nhau trén ddm. Tién hanh do d6 vong cia dim tai céc nit dé xAy dung hai tap
mau: tap TrainingSet c6 sd mau P = 900 vi tap TestSet ¢ s6 miu P = 100 sao cho mot
mau bat ky thudc tip niy sé khéng thudc tap kia.

l F = 200.000N
L ] DAm co tiét dién ngang 1a
hinh chi® nhat
E = 35.982 MPa
1 24,703 m

< >|
! |

Hinh 5. M6 hinh thi nghiém do d§ vong cia dim ciu trén hai géi khi tdi thay déi
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s » 10 .
IhI—=40

s L HeroOOx2x1
Algorithaa LT
Finor1=2 S7Ode-G

Fan

Enor —»
c
el

- d
-4 |
ey N N N L L N . '
a 100 200 300 <400 S00 &00 oo 200 200
Data St ————>
3
a x 10 2 i
D=0
s L .oy . Ner D00 xXx 1

Adgorithan [1]
Firo1=2 7 Tde-&

Erar—>
o
i ™

-2

-a |

-5

N . L ' L L L i
n] 100 =200 300 400 S00 s00 oo 500 200
} Data S@t ——-- =

Hinh 6. Sai léch Error; = y; — §; va sai s6 binh phuong trung binh E (18)
irng véi tirng thuat toan

- Str dung hai thudt todn, thudt todn [7] va thuat toain HLM, dé téng hop mang Neuro-
Fuzzy nhdn dang dam trong quan hé lyc - 6 vong théng qua tip dir lidu TrainingSet. Sai s8
Error; = y; — 4; va sai 86 binh phuong trung binh E tmg v&i ting thuat todn duroc thé hién
trén Hinh 6. Két qua cho thdy d¢ chinh xédc cia thuit toan HLM cao hon dé chinh xdc cla

7).

- D€ ki€m tra kha nang nhan dang va du bdo cta mang Neuro-Fuzzy dirge téng hop bdi
thudt todn HLM ching téi sir dung tap TestSet lam dir liéu vaora cho mang da dugce téng hop
béi thudt todn HLM véi tap di liéu khdc: tdp TrainingSet (goi tit 1a mang N-F/TrainingSet).
Cu thé, str dung tap TestSet va N-F/TrainingSet ching téi da tinh va kiém tra hai noi dung
sau. Thir nhét, tinh sai léch gitra dir lidu ra cho trong tdp mau TestSet va dit lidu ra turong
g cia mang N-F/TrainingSet (khi sit dung tin hidu vao cho mang 13 tin hidu vao cia tap
TestSet), Error; = y; —§;. Thit hai, tinh sai s§ binh phurong trung binh E gifra tin hiéu ra cia
mang N-F/TrainingSet (khi stt dung tin hiéu vao cho mang la tin hiéu vio cia tap TestSet)
va tin hiéu ra cia tap TestSet. K&t qua thé hién trén Hinh 7 cho thay kha ning nhan dang
déi tuong va dy bao cia mang Neuro-Fuzzy duwgc téng hop bdi thuat todn HLM khé tét.
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a »x 10
Sl
of ) A Ao At
N A - i
l ~2J I| '
5 !
1wl
1
-4+ .
™ E=30 -
-8B TestSer LOOxTx 1 ]
Fraoi=" ZI2 "G
) N L . L . N N . s
a 1Q 20 30 40 50 &0 7o j={m} a0 100

Data Set ----—- =

Hinh 7. Kha ning ddp 1tng cia mang Neuro-Fuzzy duoc hudn luyén bdi
thuat todn HLM

7. KET LUAN

Trong cac bai todn nhéin dang, di bdo, do ludmg va didu khién, thong thwdmg dé ¢d thé
tac dong vao doi tuong ta can phai xay dung mo hinh todn cia déi twong. PG véi cic déi
tuwgng phire tap, khi méa cac qué trinh ty nhién dién ra bén trong chwa thé xac dinh dwge thi
khéng thé xiy dung dwge md hinh todn theo céch mé hinh héa hé théng (hay con duwge goi
b mo hinh hop tring) ma phai st dung phuwong phap nhan dang hé théng duwa vao dir liéu
vao-ra thye nghiém va cde théng tin biét trude vé déi turgng (néu ¢é). Théng tin biét trudc
6 thé 13 nhitng hidu biét khoéng day di vé cdc quy ludt vat Iy, hodic céc phéat bidu ngon ngit
mo ta dac tinh eda déi twong... Tly theo mire do thong tin bidt trude duoe sir dung ma ta
¢6 mo hinh hép xadm hodc mo hinh hop den.

(¥ bai bio nay chiing t6i trinh bay mét gidi phép téng hop hé théng suy dién neuro-fuzzy
thich nghi ANFIS, thuat toin HLM, la mdt ¢dng cu cho cdc bai todn nhan dang, dir bao, do
lrémg vi digu khién theo mé hinh hép x4m vi hop den. Pic diém cia HLM la: véi mot tap
dir libu da cho, HLM c6 thé ty déng xdc lip cdu hinh mang neuro-fuzzy, bao gém tir déng
xdc dinh s6 luong cdc tAp mo, ty dong xdc 1ap cdc ham lién thude, tv dong xac dinh sé hrong
neuron trén lép an phi hop véi dd chinh xdc yéu ciu; dong theoi HLM 6 khd néng nhin ra
vi cho biét mitc dd chinh x4c ma ANFIS khéng thé dat t&i ng véi tap dir Liéu huin luyén
da cho.

Viéc gia ting do chinh xdc trong giai doan chia bé dir liéu min-max cia thuit toan CBMM
vA trong gial doan xay dung cdc bé siéu hop thuin ching cia thuit toin CSHL c6 tac dung
gia tang mirc d6 rang budc gitta cdc tap m& & khong gian vao va cac 1ép dir iéu dang siéu
phing & khong gian ra, nghia la lam gia ting mirc dd phit hop trong méi lién hé giira khong
gian nén cia céc tip mo (1a khong gian cla céc dai lugng vit 1y cho trong tdp mau) véi chinh
cac tap mo duge xay dung trén nd, va do doé lam gia tdng do chinh xdc cida thuat toan HLM.
Ngoai ta, viée dinh hidng hop Iy trong qué trinh chia cit cdc siéu hdp ¢é tde dung lam gia
tang tdc dd hoi tu, gidm 88 hrgng tip md (gidm s6 lrgng bd duge tao thanh) va do do gidm
mire do phite tap cla mang,
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