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2Truworng Pai hoc Bdch khoa thanh phé Ho Chi Minh

Abstract. Accuracy of approximation an unknown function from a numerical data set based on
neuro-fuzzy inference systems depends on efficiency of data space partition to build fuzzy sets. 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 the 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 tit. Do chinh xdc cia hé thdng suy dién neuro-fuzzy xap xi ham chwa biét dién td mdi quan
hé gitra tin hiéu vao va tin hiéu ra cia ddi twong thong qua mot tap dir lieu s6 phu thuoc vao mirc
do phu hop gifta cdc tap md dugce thiét 1ap va dic thu cia khong gian dir liéu. Trong bai bdo nay
ching t6i trinh bay mot gidi phdp vé phan chia khong gian dir lieu dé xay dung cic tap mo t6i wu
v6i tiéu chi dit ra 13 cdi thién do chinh xdc cda phép xap xi. Gidi phdp duwoc thuc hién dua trén
hai thuat todn méi: thuat todn chia b6 Min-Max (CBMM) va thuit toan cat siéu hop lai (CSHL).
CBMM thue hién hai qud trinh: phan 16p dir liéu & khong gian ra, chia b6 siéu hop Min-Max va
gan nhan cho cidc mau dir liéu & khong gian vao trong mdi quan hé rang budc qua lai gitra khong
gian vao va khong gian ra. Tiép theo, thuat todn CSHL tiép tuc phan chia cdc b6 siéu hop Min-Max
thanh mot tap céc bé siéu hop thuin ching déng vai tro 1a khung swon dé xay dung cic tap mo toi
wu & khong gian dir lieu vao. Trén co s& tip mo t6i wu da duoc xdc 14p, mot thuit todn méi ve
tong hop mang neuro-fuzzy, thuat todn huan luyén mang (HLM), duogc thiét 1ap dé xay dung mang
neuro-fuzzy tir mot tap dir liéu s6 cho trwéce. Bai bdo trinh bay nhiéu thi nghiém kiém chirng trén
nhitng tap dir liéu khdc nhau dé so sanh hiéu qué cla céc thuat todn méi so véi mot s6 thuat toin
da cong bé.

1. PAT VAN PE

Hé thong suy dién neuro-fuzzy da dwoc nghién ctru va ing dung c¢6 hiéu qud trong nhiéu
linh vic khéc nhau nhw do lwong, diéu khién, nhan dang va du bdo... Thong thuong, cic
ting dung trén lién quan téi viée xdp xi ham chwa biét y = f(Z) phan dnh quan hé vao-ra
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clia mot tap Ts, gom P cdp dir liéu s6 (T, ¥i), Ti = |[xi1Tio--Tin), i = 1...P. Viéc xdc dinh
ham f thong qua T c6 thé dwoc thue hién theo nhiéu phwong phép khéc nhau. Mot trong
nhirng phwong phap thong dung 14 sir dung moé hinh suy dién mo MI-SO [15]. Theo phwong
phép nay, khong gian dit liéu dwoc phan chia thanh cdc bé dir liéu lam co s& dé xay dung
cdc tap mo. C6 nhiéu phwong phdp chia bé diwr liéu. Néu dwa vao mién khong gian dir liéu
dwoc phan chia ta c6 thé phan ra: chia bé & khong gian dit liéu vao [1,6, 10, 11], chia b &
khong gian dir liéu ra [9], chia b6 trong khong gian lién két vao ra [14]. Néu dua vao phuwong
phép phan chia dit liéu ta c6 thé phan lam hai phwong phép chinh, d6 14 phwong phap chia
b6 cing (Hard C-Mean, HCM) [4] va phwong phap chia bé mo (Fuzzy C-Mean, FCM) [2, 11].
Gan day, mot nghién ciru phét trién phwong phap chia bé cia [11] dwoc trinh bay trong [7]
va [8]. Vé co ban, day 1a phwong phap FCM. Qu4 trinh chia b6 nham xay dung cdc bé dang
situ hop min-max trong khong gian dir liéu vao. Tuy nhién qud trinh phan chia cia [7, 8]
duoc thue hién trong méi lién hé rang buoc qua lai gitra khong gian vao va khong gian ra.
Theo phwong phép nay, T% dwgc chia thanh nhiéu lép nhan. Mo6i 16p nhan dwoc dinh bién
theo mot siéu phang & khong gian dir liéu ra. T&t cd cdc mau dir liéu trong mot 16p nhan deu
mang cling mot nhan 1a nhan cia 1ép. Tap mau dwoc gdn nhan T, goi tat 14 tap mau nhan,
14 co s& dé xay dung mot tap cdc bé thuan ching pH B & khong gian dir liéu vao, trong dé
moi pH B 13 mot siéu hop chiém mot mien trong khong gian dir lieu 2" dwoc gidi han bdi
hai di€ém cye tri - diém min va diém max. Ham lién thudc cla timg bé mo duge xay dung
dira vao cdc diém cure tri nay. Moi tdp mo dwroc xac 1ap dira vao cac gid tri min, max va ham
lién thuoc cua siéu hop twong tng.

Do chinh xdc cia ANFIS phu thudc vao mire dd phu hop gitra cdc tap mo duwoc thiét 1lap
va dac thit cia khong gian dir liéu. Viéc thuwe hién chia bé trong méi lién hé rang budc qua
lai gitra khong gian vao va khong gian ra cua [7, 8] da gia tang do chinh xdc cia phép xap
xi ham f vi cdc tap mo dugc tao ra phan anh tot hon quan hé hai chiéu trong khong gian
dir lieu. Trong bai bdo nay chiing toi trinh bay mot phat trién tiép theo cia [7, 8] vé phuwong
phép tong hop ANFIS dira trén tap dir lidu s6 cho truée, dwroc trinh bay trong thuat todn
mé&i mang tén thuat téan hudn luyén mang (HLM), trong dé chiing t6i bé sung thém diéu
kién dirng theo khong gian vao (input space) trong qua trinh phan chia khong gian dir liéu
dé xéc lap céc bé situ hop min-max, dwoc trinh bay trong thuat toan CBMM; dong thoi sir
dung giai phép dinh hwréng t6i wu cho qua trinh phan chia khong gian dit liéu dé xay dung
cdc tap mo duya trén tap cac siéu hop thuan ching & khong gian dir liéu vao, dwoc trinh bay
trong thuat toan CSHL.

2. MOT SO KHAI NIEM
Tap mau huén luyén T gom P cap dir lieu s6 (ZTi, vi), Ti = [Ti1, Tigy ey Tin), @ = 1...P,
tao ra mot trurdmg khong gian dir liéu n chiéu R™ & khong gian dir liéu vao.
B6 siéu phing (hyperplane). Trong khong gian dir liéu ", phwong trinh ctia mot siéu

phang c6 dang y = Zaj(.) + ap, trong d6 a;, j = 0...n la céc hé so.
j=1

s N [N x — N N ~ ~ o M 7
Ta néi rang, diém mau (Z;, y;) nam trong ving lan can [¢] cia siéu phang thit k néu:
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n

yi— > (@i +al)| < [, (1)

j=1

Tap céc diem mau (T;, y;) € T thda bat ding thitc (1) tao ra mot bé dir lieu nam trong
ving lan can [¢] clia siéu phang thit k duge goi 1a bé siéu phang thit k, va k dwgc goi 1a nhan
ctia bo.
Nhan cda mau dir lieu. Néu mau 7; = [x;1, Ti2, ..., Tin] thudc vé bé siéu phang nhan k thi
ta néi rang nhan cia T; 1a k, nghia 14 nhan cia mot mau dir liéu chinh 14 nhan cia bé siéu
phang chira mau doé.
Siéu hop (hyperbox HB). Trong truong khong gian dir lieu R", siéu hop HB la ving
khong gian duwrgc gigi han bdi cdc mat 1a cdc siéu phang, trong dé moi siéu phang song song
v&i mot mit phang toa do va di qua mot trong hai dinh cure tri min, max.

Hinh 1 thé hién mot siéu hop hyperbox trong khong gian 3 chieu (R3).

max vertex

min vertex
—

Hinh 1. Siéu hop trong R3
Siéu hop thit ¢, ky hiéu H By, ¢6 Ty 1a tap hop cia cdc mau dir liéu thude no.

Pinh cuc tri min, max (min-max vertexes). Moi siéu hop H B; dwoc dic trung bdi hai
dinh cuce tri - dinh max, @y, va dinh min, 7y, nhw sau:

wt = [wﬂwtg...wtn], ﬁt = [’Uﬂ'l)tg...'vtn], (2)
trong d6, wy; = max(x;;|T; € Ty, j = 1...n) va v; = min(z44|T; € Ty, j = 1..n).
Siéu hop thuan ching va siéu hop lai (pure hyperbox, pHB, va hybrid hyperbox,
hHB). Siéu hop HB; duwge goi 1a siéu hop thuan ching nhan m (kg hiéu pHB{™) néu tap
hop T} chita toan b cdc mau cing nhan m. Néu Ty # ¢ va khong phai tap cdc phan tir cling
nhan thi H B, dwoc goi 1a siéu hop lai (ky hiéu hH By).
Siéu hop khong phi 1én mot siéu hop khéc va siéu hop thdéa tinh phi (*) (overlap
condition). Cho truéc siéu hop H By. Xét mot siéu hop H By, bat ky, k # h. Ta néi rang
H By, khong phu 1én H By, khi gitra ching khong ¢6 ving khong gian chung.

Dé thay rang néu wy < vy hodc U, > Wy thi HBy, khong phi len HBy.. Do dé, trong
nghién ctru nay ching t6i st dung cic bat ding thirc nay dé kiém tra tinh phi cia céc siéu
hop thuan ching.

Goi Ly, va Ly, theo thi ty la tap chita tdt ca céc siéu hop thuan chung va siéu hop lai
dugc tao thanh tir tap dir liéu huan luyén ban dau T, nghia la L, U Ly, = Tx. Néu HBj,
khong phu 1én bat ky mot siéu hop ndo thude Ly, va Ly, thi ta néi rang H By, théa tinh phii.



TONG HOP HE THONG THONG SUY DIEN NEURO-FUZZY THICH NGHI (ANFIS) 129

Siéu hop lién két (**) (fusion hyperbox). Cho truéce hai siéu hop cing nhan m pH B,(Cm)
va pH B}(Lm). Mot siéu hop pH B](»m) ctiing nhan m dwoc goi 1a siéu hop lién két cia hai siéu
hop trén néu thoa man dong thoi ba ménh de sau:

(i) Tf =T UTy,

(ii) Wy = max (W, W), v = min (g, Up),

(iii) pHB](»m) thoa man tinh phu (*),
trong d6, Ty, Tk, Ty theo thit tu 1a cdc tap mau cia pHB}(Lm), pHB,im), pHB}m).

3. XAC LAP SIEU PHANG BANG PHUONG PHAP BINH PHUONG
CUC TIEU (LMS) [12]

Cho tap mau hudn luyén 7% trong khong gian dir lieu 1" gom P cap dir liéu s6. Chia T
thanh cdc b6 dir lieu. Bé thit k ¢6 ¢, mau dir liéu:
(Ti, y,-), T; = [:1:,-1:1:,-2...:1:,-”], 1= 1...1. (3)
Phurong phap binh phurrong cure tieu LMS thuong duroc stt dung dé noi suy phirong trinh
siéu phang cho tap dir liéu (3). Céc heé s6 clia siéu phang phai ddm bao cho tong binh phuirong
gid tri sai léch gitra dir liéu ra thire té y; va dir liéu ra mo hinh g; = Z(ag.k))wij + a(()k) 13 nhéd
j=1

S = Z Z i + a2 = min, (4)
j=1

nghia la, diéu kién rang budc cdc hé s6 can tim la 85/&1( ) = =0, 7=0..n. Tir d6 ta c6 hé

nhAt:

phuong trinh sau:
““)Zw +a® Z*’”z(n b +a1)2x11+na()—§:yi
=
alP Z Tintit + ... +al) Z 74 + af” Z Tl = Z Yiil
o® mex,g + ot af? Z:z: 2, +al) Zxﬂx 2+ add Z i = Zy,x,g
>me+ +al )Zxﬂxm+a )me Zyzwm

(k)

Giai ra ta c6 cdc hé s0 a;

(1)

\

. 5 oA & “ \
, 7 = 0...n cua siéu phang can tim.

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

4.1. Thuat toan chia bé min-max, CBMM

Thuét todin CBMM diing dé xay dung céc bé dit litu dang siéu hop min-max & khong
gian dir liéu vao, situ phang & khong gian ra va gdn nhan cho tat cd cdc mau huan luyén.
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Thuét todn CBMM duoc xay dung trén co s& phét trién thuat toin Hyperplane Clustering
cta [7] va tmg dung thuat todn chia b6 Hard C-Mean (HCM) cta [4]. Trong dé, dé gia tang
mirc do rang budc vé dir liéu gitra khong gian vao va khong gian ra, ching toi dé xuat viéc
b6 sung thém diéu kién dirng cla thuét toan: khong chi thoa man rang buoc & khong gian
ra nhu thuat todn Hyperplane Clustering cia [7] (diéu kién (8)) ma con phai thoa man diéu
kién rang buoc & khong gian vao (dieu kién (6)). Su két hop dong thoi cd hai diéu kién (6)
va (8) nham ddm bdo rang néu mot mau dir licu da thude mot 16p dir lieu & khong gian ra
thi cling sé nam gan tam phan bd cia bé dir liéu twong ng & khong gian vao. Day 1a dieu
kién can thiét vi chi khi d6 méi ddm bao rang tap cdc bé siéu hop min-max dwoc tao thanh
sé pht lén tat cd cdc mau trong tap dir liéu T%, da cho.

Hai nguyén tac khi xay dung thuat toan CBMM

Nguyén tic 1: Néu s6 luat mo M xdc dinh thi s6 bé dir liéu & khong gian vao cing nhir s6
siéu phang & khong gian ra déu bang M.

Nguyén tdc 2: Néu mot mau z; & khong gian vao thuoc bé thi &, F(k), k = 1...M thi dap
ng vao_ra cia Z; cing duwoc gan cho siéu phang cing nhan A, & khong gian ra va nguoc lai.
No6i dung cia thuat toan CBMM

Chon s6 luat m&r M. Goi ma tran phan bd dir liéu [4] & vong lap thit 7 1a U™, Chon
U©,

Bude 1. Chia b6 & khong gian vao

- Néu & chu ky khdi tao cia CBMM (r = 1): Ap dung nguyén tic 1 va thuat todn HCM
cta [4] dé tim céc b6 T | k= 1...M & khong gian vio.

- Néu & chu ky r > 1: Str dung nguyén tiac 2 dé dinh bién méi cho tirng bé & khong gian
vao dira vao bién ché céc siéu phang cting nhan & khong gian ra. Str dung thuat todn HCM
dé sap xép, dieu chinh lai bién ché tirng bé. Tinh va kiém tra theo do sai léch cho phép [6;,]
& khong gian vao:

U(T) (T 1)|
kt_ingy = Z Z < [bin]. (6)
=1 j=1
Buéc 2. Dinh bién méi cho céc siéu phang & khong gian ra dua trén két qua ciia Bude 1 va
Nguyén tac 2: Cap nhat cac hé s6 a§k), j = 0...n, cia siéu phang Ay, k = 1...M, & khong
gian ra dwa vao LMS (Muc 3).
Buéce 3. Sap xép lai cdc bb va céc siéu phang

- Tinh khodng céch (,d\") tir diém mu 4,7 = 1...P, t6i siéu phing thit &, k = 1...M, tai

vong lap thi r:

n

yi — (O @My +af?)

- Trng cap (Ti, i), ¢ = 1...P trong tap mau huan luyén duwgce gan vé cdc siéu phang thir
q, Ag, VA b6 thit g, T c6:

49 — : (k)
nd; (kgll.lflM)[(T)di ]
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va do d6 mang nhan q.
- Tinh va ki€ém tra theo gid tri cho phép [6o.] & khong gian ra:

(T)dg') —(r-1) dz(-')

1 | <& 2
kt_out () = 2 ; < (T,l)d(-') ) < [Oout]- (8)

Budéc 4. Kiém tra dieu kién dirng
Gi4 tri sai lech trung binh & khong gian vao va ra tai vong lap thit r va r — 1 dwoc xdc
dinh dya vao (6) va (8).
- Néu kt_in < [0;,] va kt_out < [0,u]: Dirng
- Néu it nhat mot trong hai bat dang thitc (6) va (8) khong thoa man:
+ Néu s6 vong lap r < [r] thi quay lai buée 1.
+ Néu s6 vong lap » = [r] thl qua trinh khong hoi tu. Tang s6 luat mo M = M + 1,
quay lai buée 1.
([r] 1a s6 vong lap cho phép).

4.2. Thuat toan cit siéu hop lai, CSHL

Thuét todn cat siéu hop lai, CSHL, duwroc sit dung dé cat céc siéu hop lai hH B, thiét 1ap
mot tap cde siéu hop thuan ching phi l1én toan bo cdc mau dir liéu trong tap mau huan luyén
Ty, 1am co s& dé xay dung cac tap mo & khong gian dir liéu vao.

4.2.1 Ham phat

Xét viee cat mot siéu hop lai hH B trong khong gian R" chita P, mau (T, y;), T; =
[241242...24,], A€ thiét 1ap céc siéu hop thuan ching pH B chita tat ci cdc mau nay.

Goi nq 1a s lrong cdc mau ciing nhan nh; c¢é s6 lwong lén nhét trong hH B - goi tat 1a
loai 1; ng 1a s6 lwrong cdc mau cting nhan nhy c¢é s6 lwrong 1ém thit hai trong hH B - goi tat
la loai 2, (n1 > ng). Goi C; va Cy theo thir ty 14 tdm phén bd cia hai loai mau nay. Goi d;
la khoang céch gitra C; va Cy do trén truc toa do thit j, C; la trung diém khodng cach tam
phan bo €7 va Oy do trén truc toa do thi j, j = 1...n.

Str dung siéu phéng cat MC; di qua C; va vuong géc véi truc j dé cat hH B. Nhu vay sé
6 n siéu phang cit va twong tng sé ¢6 n cach cit khdc nhau trong moi lan cat hHB. MC}
sé phan chia hH B thanh hai siéu hop nhé HB; va HBs.

Goi n;j va n?j 14 s6 mau loai 7, i = 1,2 nam trong HB; vd HB, khi cat trén truc
j, j=1l.n.

Dé thiy rang:

VY 2 2j
n . n .

OS‘_I_L‘:‘_I_L‘SL 9)
n ng n ng

Ham thudan ching: Ham thuan ching ¢/, j = 1...n dwoc dinh nghia nhuw sau:

) nd oy
w]z‘_l_L‘_ (10)
ni ng

Ham 7 phan 4nh tinh trang phan bé cdc mau loai 1 va loai 2 trong HB; va HBy. Vi du:
- Néu 97 = 0, suy ra néu cat trén truc 7, ty 1& cdc mau loai 1 va loai 2 trén HB; va HDB,
14 bang nhau va bang 50%.
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- Néu ¢’ = 1, suy ra néu cit trén truc j, ty 1é cdc mau loai 1 va loai 2 trong HB; va HBs
14 0% va 100% hoac 100% va 0%.

- Téng quét, néu ¢’/ = a thi ty 1& cdc mau loai 1 va loai 2 trén H By va H By sé hoan toan
tinh duogc theo a.
Y nghia ciia gid tri ham thudn ching: gid tri cia ham thuan ching ¢7, dwoc dinh nghia nhw
trén, phan 4nh mirc do thuan ching cia trang thai phan bo cédc mau loai 1 va loai 2 trong
HB; va HB, khi cat trén truc thir j. Gié tri ciia 7 cang cao thi mitrc do thuan ching cang
cao.
Ham phat: Ham phat 7;, j = 1...n dwoc dinh nghia nhwr sau:

0 if P <e
7= (W HA) if ¢ > e
1 if e1 <Yl < ey
trong do, [e1,€9, A] (11b)

14 vector cdc tham s6 dinh huéng.
Trong cac thi nghiém kiém chitng & bai bdo nay, chiing téi chon céc gia tri mac dinh nhw
sau:
e1=0,05, 69 =0,95 va A €][0,35, 0,5]. (12)

Nhur vay, str dung cac MC} dé cat hHB trén céc truc j khéc nhau sé nhan dwgc nhirng
gi4 tri khéc nhau cia 17 do dé gid tri ham phat ciing sé khac nhau.

4.2.2. Thudt todn cat siéu hop lai, CSHL

Thuat todn CSHL thuc hién cat trén truc thir k sao cho:
Trdy = max(7jd;), j = 1..n. (13)

Uu diém cia thd tuc lira chon truc dé cat (trong moi vong lap) ctia thuat toan CSHL
dwroc thé hién & tinh wu tién, mirc do wu tién hoac bi mat quyén tham gia vao qué trinh Ira
chon truc cit cia moi gidi phdp cit - thong qua gid tri ham phat 7;. Cu thé nhur sau:

- Néu gidi phap cit trén truc thir j ¢ gid tri hAm thuin ching ¢7 16m (17 > e5) thi ham
7; dwge “thwdng” mot lwong A > 0. Khi dé, 77 = ¢/ + A > 1, va do d6 7jd; > d;. Dieu nay
lam gia ting kha nang dwoc chon cia gidi phép cat trén truc thit j vi thuit toan CSHL dua
vio ménh dé (13) dé hra chon.

- Nguoc lai, néu gié tri hAm thuan ching ¥7 nhéd (17 < &) thi 7; = 0, do d6 7;d; = 0.
Nghia 14 gidi phép cat trén truc thit j bi loai khdi cdc gidi phép cat dwoc tham gia vao qué
trinh chon Iira gidi phép tot nhat.

- Néu gia tri ham thuan ching ¢¢ khong nam & hai phan cuc néu trén (e; < ¥/ < &) thi
7; =1, viudo d6 7jd; = d;. Nghia la trong mién nay gidi phép cat trén truc j van dugc xem
xét, tuy nhién khong dugc wu tién.

Két hop véi v nghia cia gid tri ham thuin ching 17 ta c6 thé thiy rang trong moi vong
lap, thi tuc cat cia thuat toan CSHL thue hién chon lra cic gidi phap cat tao ra do thuan
chiing cao trong hai siéu hop HB; va HBsy dwoc tao thanh. Diéu nay that sy can thiét dé
tang hiéu qua cua qud trinh phan chia khong gian dir liéu vi muc tiéu cia qué trinh nay 1a
xay dung mot tap cdc boé dir liéu siéu hop thuan ching pH B phi toan bd cdc mau cia tap
dir liéu da cho Tx..
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Thuat toan CSHL

Goi box_number 1a s6 siéu hop lai trong tap hop tat ca céc siéu hop lai da c6. Qué trinh
cat bat dau véi box_number = 1, nghia 1a toan bo cdc mau nhan trong tap mau Ty déu thudc
hH B xuat phat.

Budgc 1.

- Néu box_number = 0 : qua bude 4;

- Néu box_number > 0 : x4c dinh siéu hop lai hH B ¢ s6 thit tur 14 box_number trong tat
ca cac hH B. Ky hiéu siéu hop lai nay 1& hH Bpow_number -

Buéc 2. Cat hH Byoy number thanh HBy, H Bs.

- Chon truc k théa man (13). Xéc dinh diém cat Cy.

- Cat trén truc k tai Cy theo nguyén tac: doi véi tat cd cdc mau T; = [xi1240...74,) thudc
hH Bpox_number :

Néu x;, < C) thi 7; € HBy;

Néu x;, > Cy thi z; € HBs.

Budc 3. Kiém tra va phéan loai HBy, HB,.
- Néu trong H By vaH By ¢6 mot siéu hop thuan ching:
+ Luu siéu hop thuan ching qua tap cac pH B, liru siéu hop lai qua tap cdc hH B. X6a
hH Bbow_number, HB1, H Ba;

+ Gitr nguyén box_number.

Quay lai Buée 1.

- Néu H By vaH By 14 hai siéu hop thuan ching:
+ Lwru cd hai qua tap cdc pH B. X04 hH Byog number, HB1, H Bo;
+ box_number := box_number — 1.

Quay lai Buée 1.

- Néu HB; vaH By 1a cdc siéu hop lai:
+ Luu cd hai qua tap cdc hHB. X6a hH Bpog number; HB1, H Bo;
+ box_number := box_number + 1.

Quay lai Buée 1.

Buéc 4. Kiém tra tinh phi (*) dé lién két cac pH B, xac lap cac pH Bfusion 16m hom.

D& don gidn, tir phan nay vé sau cic pH Bjysion cling duwrge ky hiéu pHBY). Ky hiéu nay
¢6 nghia la siéu hop thuan ching mang nhan j.

4.3. Xay dung cac tap mo & khong gian dwr liéu vao

Két qua cia thuat toan CSHL la tao ra mot tap cdc siéu hop thuan ching pH B & khong
gian dir liéu vao. Moi pHB déng vai trdo 1a mot “khung swon” dé xay dung mot tap mo &
khong gian vao.

- Gi4 tri lién thuoc cia mau vao T; vao tap mo nhan k (dwge xay dung trén co s&
pHBﬁk), r = 1...Ry) dwoc tinh theo phwong phép Simpson [11]:

1

Hopr p ) (Ti) = — > 1= f@ij — wrjyy) = forj — 235, 7)], (14a)

n

j=1
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1, xy>1
fl,y)=<Say, 0<ay<1
0, x<0y (14b)

trong dé, pH Bf,k), r = 1...Ry 1a siéu hop thuan ching thit r trong Ry siéu hop thuan ching
cung mang nhan k; va @, = [wriwro...Wrn|, Tp = [Up10p2...0:,] 1& cde dinh cyre tri max-min cia
pHBW, ~ 13 hé 56, & day ldy v = 0, 5.

- Gi4 tri lién thudc cia mau Z; vao cac tap mo ciing nhan & dwoc tinh theo max:

fis() (Ti) = max {“pHBY“) ()5 wvos b gy g0 () o MPHBge>(Ti)} (15)
7 r k

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

Trong phan nay ching toi trinh bay mot thuat todn méi, thuat toan HLM, tmg dung
trong tong hop mang Neuro-Fuzzy xap xi ham f tir mot tap dir liéu s6 cho trwée. Thuat todn
HLM dwoc ching t6i xay dung trén co s ttng dung cdc thuat toan CBMM va CSHL (Muc
4). Uu diém co ban ciia HLM i cdi thién do chinh xdc va téc do hoi tu so véi [7] va mot s6
thuat todn dwoc khao sat va kiém ching.

Goi Mpin V& Myay 12 6 luat mo cuc tiéu va cuc dai dwoc stt dung cho khao sét; M 1
s6 luat mo hién tai dang sir dung dé huén luyén mang Neuro-Fuzzy.

Gi4 tri khdi tao: gan j = My — 1;

X4c 1ap gié tri sai s6 cho phép [E].

M
— k=l

‘fi = [-xil""xm]"f: =1...7

Input Layer

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

Buwée 1. Phan 16p va gdn nhan, x4c 1ap tap mau nhan T,
J=j+1L M=j;
Goi thuat toan CBMM;
Qua budc 2.
Buée 2. Xay dung mang Neuro-Fuzzy tng véi s6 luat mor dwoc sit dung 1a j, N — F@)
- Xay dung tap cdc siéu hop thuan ching pH B: goi thuat toan CSHL;
- Xay dung mang Neuro-Fuzzy theo cau tric & Hinh 2;
Qua bude 3.



TONG HOP HE THONG THONG SUY DIEN NEURO-FUZZY THICH NGHI (ANFIS)

Budée 3. Xéc dinh sai s6 E) theo chuan Ly ciia mang N — F@)
- Tinh gid tri lién thudc theo (14) va (15);
- Tinh §; theo (17);
- Tinh sai s6 binh phwong trung binh:
1k
) — — )2
E - N ;(y’l yl) )
trong do, dir liéu ra cia mang tmg véi mau thir @ dwge tinh (Hinh 2):
k) — _
) Z]kw:1 M(Ei)(ivz')yki(wi)
Yi = k) —
L ) ()

, (i=1..P),

"~k k
Yki = Za§ ).iljij +a(() ).
j=1

- Kiém tra s6 luat mor:
Néu j < Mpyax: quay lai bude 1.
Néu j = Myax: qua bude 4.
Buée 4. Chon mang t6t nhat, N — F(9, sao cho:

E(g) = min(E(j)), ] = Mmin--'MmaX‘

Qua budc 5.
Budc 5. Kiém tra dieu kién dirng
- Néu EW < [E]: két thic. (Két qua tong hop ANFIS 1a mang N — F(9));
- Néu EW > [E]: qua buéc 6.
Budc 6. Kiem tra kha nang hoi tu téi [E] cia 1o giai
Xét chi s6 ¢ trong (18):
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(17)

- Néu g = Mpax: xac 1ap lai My 1= Mpmax, Mmax := Mmax + AAimax|AZ\4max €N, J=

Myin — 1, quay lai buéce 1.

- Néu g = Mmin: Xac lép lal Mmax = Mmina Mmin = Mmin - A]\4min|A]\4min € N7 .7 =

Myin — 1, quay lai buéce 1.
- Néu My < g < Mupax: 101 gidi khong hoi tu t6i [E]. Két thic.

6. THI NGHIEM KIEM CHUNG

6.1. Thi nghiém 1: xdp xi ham y, [7]

Ham yo = (5 — 22)2/[3(5 — 21)% + (5 — 12)?] cta [7] dwge st dung dé xay dung tap mau
tr_set gom 100 mau. Céc gid tri T = [z1, 22| durge 1lay ngau nhién trong khodng [0, 10] nho
ham random ctia Matlab. Dit liéu ra dwgce tinh theo yo = (5 — 22)2/[3(5 — z1)% + (5 — x2)?].
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Error -

(

-0.005 | 0.005
0.01 B 0.01
function f2 M=30
. function f2
0.015 | algorithm [7] b DO algoritlun HLIM )
Error=2.099e-5 Error=1.4543e-5
o e . f ) .

NGUYEN SY DUNG, NGO KIEU NHI
S6 luat mo Sai s& E(18) tmg v6i tirng thuat toan
(71 HLM
M=10 2,000. 103 1,650. 103
M=15 2,200.10-3 2,100.10-3
M=20 25,000.104 1,338.10*
M=25 3,545.10°5 2,326.10°
M=30 2,099.10° 1,4543.10°5
0.o1s 0.015
0.0t A oo
0.005 - — 0.005
P a] ﬁl /\ MI\/\/\,\ A/\ Iy 4 (/\ A M /\ M P o
g AR |

30 40 50

Data Set

=1]

7o

40 a0 B0 70 a0
Data Set -—->

a0 10 20 30

Hinh 3. So sénh sai s6 ddp trng Error; = y; — 9;, = 1...100 va gid tri sai s6 binh phuong
trung binh E(= Error) cia thuat todn [7] va HLM tng véi tap mau tr_set
véi s6 luat mo M = 30.

O Hinh 3 thé hién sai s6 ddp tmg Error; = y;— i, i = 1...100 vi gid tri sai s binh phrrong
trung binh E cia thuat téan [7] va thuat toin HLM (c6 €1 = 0,05, 5 = 0,95, A = 0, 35)
trng véi s6 luat mo M = 30. Hinh 3 va s6 liéu cu thé timg véi cée gid tri M dwoc thé hién
trén Bang 1 cho thay hiéu qué cia thuat todn mdi, thuat toan HLM.

6.2. Thi nghiém 2. X&p xi ham tir tap dw liéu [9]

Ermor >

Ermar -

I T R I |

a

2.5
L
2r I=12
155 Setlooxloxl
o , L aleorithen HIII
Firor=0.1526
= . 95F
4 @
o M=12 =
a4l i
Set 100x10x1 -
&l Algorithm [7] B 2
Error=1.7446 L.l (@2)
sl
e
o 2.5
o 10 20 30 40 50 B0 7o 80 [0 100 o 10 20 30 40 S0 {=u] 7O 80 a0
Data Set —-- = Data Set —--- =
* 1D-” o % 10 1z
F Set 100x10x1 4
M=18 Set 100x10x1 1
r . b =18
| Algorithm [7] i Algorithm HLM i
Error=8.7387e-23 Eiror=1.1737e-24
[ T ~ .
| i fis;
10 20 20 40 s0 (=u) 7o =1u) =lu) 100 75!3 10 20 30 40 s0 =) 7o a0 i=ln) 100
Data Set > Data Set -—->

Hinh 4. Gié tri sai léch va gié tri sai s6 binh phwong trung binh E(= Error)
cla céc thuat todn [7] va HLM khi s6 luat mo M = 12 (al, a2) va M = 18 (b1,b2),
tap mau “Daily Data of Stock A” cia [9]
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St dung tap dir lieu gom 100 mau, 10 bién vao mot bién ra ([z1, z2, ..., x10), y) trong
phu luc IV “Daily Data of Stock A” cia [9] lam tap huén luyén mang cho [7] va HLM
(1 = 0,05, eo = 0,95, A = 0,5 ). Két qua thé hién trén Hinh 4 va Bang 2 cho thay do
chinh xac cia HLM cao hon do chinh xéc cua [7].

6.3. Thi nghiém 3

Str dung ham y cta [13], y = (1 + 272 +x;1’5)2, x1, 29 € [1,5] dé xay dung tap mau gom
50 mau twong tir tap mau da dwoc sir dung trong [13]. Thyc hién huan luyén mang xap xi
ham y v6i thuat todn HLM, [7] va cdc thuat todn dwgc trinh bay trong [13,16,17]. Céc két
qua nhan dugce cho trong Bang 3 cho thiy do chinh xdc cia HLM cao hon rat nhiéu so véi
d6 chinh xac cia [7,13,16,17].

Bdng 2
S6 luat mo Sai s6 E ung véi timg thuét toan
[7] HLM
M=10 13,4148 0,5222
M=12 1,74460 0,1526
M=14 3,5028. 10° 1,2971.10°
M=18 8,7387.1023 1,1737.102
M=20 0,0028 1,1006.10-13
Bdng 3
S6 | BL Sai s6 E tmg véi ting thudt toan
ludt mo [13] [16] [17] [71 | HLM
M=6 | E |0,0589 | 0,0572 | 0,0599 | 0,0221 | 0,0167
M=8 | E |0,0500 | 0,0499 | 0,0499 | 0,0220 | 0,0198
M=10 | E |0,0148 | 0,0149 | 0,0149 | 0,0188 | 0,0244.10!

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

Khéo sdt mot dam cau nhw trén Hinh 5. Sir dung mo hinh phan tir htru han (FEM) [3]
cho dam véi s6 mit N = 30. Luc tap trung F = 200.000N dwoc thay doi diem dat tai nhiéu
vi trf khéc nhau trén dam. Tién hanh do do vong cia dam tai céc nit dé xay dung hai tap
mau: tap TrainingSet c¢6 s6 mau P = 900 va tap TestSet c¢6 s6 mau P = 100 sao cho mot
mau bat ky thudc tap nay sé khong thudce tap kia.

l F = 200.000N
[ ] Dam co tiét dién ngang la
hinh ch{r nhat
E = 35.982 MPa
| 24,703 m |
|

Hinh 5. M6 hinh thi nghiém do do vong ciia dam cau trén hai gdi khi tai thay doi



138

3

10

=

NGUYEN SY DUNG, NGO KIEU NHI

(=] T
I—=<40
= Set D00xTx]
Adooritlhon FIT.TWE
Fizxor—2 S7T99e &
a4
T = |
= o UL AL L L g AL T | e
S 1 G o AT L
=
-4
Ciata Set ——-—- =
w1077
= T
D=0
Set 200x2x]l
= Alcovithina [1]
Firror=2 97 T7de-G
A
-~z |
| | i
i |||||' ||||| |||- AT T ||| || |||"” ||| L R N ""|I| 'l.l |i
=
a4
5 L L L L L L L L
(] a0 =00 300 00 SO0 [=1m]m] Foo [=Im]m] i=Imm]

Hinh 6. Sai léch Error; = y; — 4; va sai s6 binh phuong trung binh E (18)
ing voi tirng thuat toan

- St dung hai thuat todn, thuat todn [7] va thuat todn HLM, d€ tong hop mang Neuro-
Fuzzy nhan dang dam trong quan hé luc - do vong thong qua tap dir liéu TrainingSet. Sai s6
Error; = y; — ; va sai s6 binh phwong trung binh E tng véi tirng thuat toan dwoc thé hién
trén Hinh 6. Két qua cho thay do chinh xdc cda thuat todn HLM cao hon do chinh xdc cia
[7].

- D€ kiém tra kha nang nhan dang va dir bdo cia mang Neuro-Fuzzy duwoc tong hop bdi
thuat todn HLM chiing téi str dung tap TestSet lam dir liéu vaora cho mang da dwoc tong hop
bé&i thuat todn HLM véi tap dir liéu khéc: tap TrainingSet (goi tat 1a mang N-F/TrainingSet).
Cu thé, str dung tap TestSet va N-F/TrainingSet chiing t6i da tinh va kiém tra hai noi dung
sau. Thir nhét, tinh sai léch gitra dir liéu ra cho trong tdp mau TestSet va dir liéu ra twong
ing cua mang N-F/TrainingSet (khi sit dung tin hiéu vao cho mang la tin hiéu vao cua tap
TestSet), Error; = y; — ;. Thit hai, tinh sai s6 binh phwong trung binh E gitra tin hiéu ra cua
mang N-F/TrainingSet (khi sir dung tin hiéu vao cho mang la tin hiéu vao cua tap TestSet)
va tin hiéu ra cia tap TestSet. Két qua thé hién trén Hinh 7 cho thdy kha ning nhan dang
déi twong va du béo cila mang Neuro-Fuzzy dwoc tong hop bdi thuat toan HLM khé tot.
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Eitor -z

I=30
-5 - TestSet 100x2x1
Firror=7.392 Te-G

. . . . L . ' L .
(m] 10 =20 =0 40 =0 [=1m] O =0 S0 100

Hinh 7. Kha nang ddp tng cia mang Neuro-Fuzzy dugc hudn luyén bdi
thuat toan HLM

7. KET LUAN

Trong céc bai todn nhan dang, dir bdo, do lwong va dieu khién, thong thuomg dé c6 thé
tac dong vao doi twrong ta can phdi xay dung mo hinh toén cia doi twong. Doi véi céc doi
twong phitc tap, khi ma cdc qué trinh tir nhién dién ra bén trong chwa thé x4c dinh dwroc thi
khong thé xay dung duwrge mé hinh todn theo cdch mo6 hinh héa hé théng (hay con dwoc goi
14 m6 hinh hop trang) ma phai st dung phwong phép nhan dang hé thong dya vao dir liéu
vao-ra thire nghiém va cdc thong tin biét trude vé doi tuwgng (néu ¢6). Thong tin biét trude
c6 thé 1a nhirng hiéu biét khong day di vé céc quy luat vat 1y, hoac cdc phat biéu ngon ngir
mo ta dac tinh cia doi twong... Ty theo mire dd thong tin biét trude dwoce sir dung ma ta
¢6 moO hinh hop xdm hoac mo hinh hop den.

O bai bdo nay ching t6i trinh bay mét gidi phép tong hop hé théng suy dién neuro-fuzzy
thich nghi ANFIS, thuat toan HLM, la mot cong cu cho cac bai toan nhan dang, du bédo, do
lrong va diéu khién theo mo hinh hop xdm va hop den. Pac diém cia HLM 1a: véi mot tap
dir liéu da cho, HLM c6 thé tir dong xac 1ap cau hinh mang neuro-fuzzy, bao gom tu dong
xdc dinh s6 lwong cac tap mo, tr dong xdc 1ap cdc ham lién thuoc, tir dong xéc dinh s6 luwong
neuron trén lép an phit hop véi do chinh xac yéu cau; dong thoi HLM cé kha ning nhan ra
va cho biét mirc do chinh xdc ma ANFIS khong thé dat téi tmg véi tap dir lieu hudn luyén
da cho.

Viéc gia tang do chinh xac trong giai doan chia b6 dir liéu min-max cia thuat toan CBMM
va trong giai doan xay dung cdc bé siéu hop thuan ching cia thuéat todn CSHL c¢6 tac dung
gia tang mirc do rang budc gitra cac tap mo & khong gian vao va céc 16p dir liéu dang siéu
phang & khong gian ra, nghia 13 lam gia tang mitc do phit hop trong maéi lién hé gitra khong
gian nén cia cdc tap mo (1a khong gian cia céc dai lwong vat ly cho trong tap mau) véi chinh
cac tap mo duge xay dung trén né, va do dé lam gia tang do chinh xéc cua thuat toan HLM.
Ngoai ra, viéc dinh hwéng hop Iy trong qué trinh chia cat cdc siéu hop cé tadc dung lam gia
tang toc do hoi tu, gidm s6 lwgng tap mo (gidm s6 hwong bo duge tao thanh) va do dé gidm
mitc do phitc tap cia mang.
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