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ON PINH TUYET POI MANG NORON MO

ABSOLUTE STABILITY FOR A FUZZY NEURAL NETWORK
TRAN LUU CUONG®

TOM TAT: Bai viét dua ra khai niém mang noron mo bat dinh mé rong trén co so phat trién mé
hinh mang noron Hopfield. Véi nhitng hé thong nay, phwong phép ddnh gid én dinh phi tuyén bén
vitng dwoc xdy dung duwa trén Iy thuyét vé tinh thy dong. Cdc wu diém chinh ciia phwong phép dé ra
la tinh t(fng quat cao co thé ung dung cho nhiéu 16p mang noron khac nhau, co thé hién do thi truc
quan va c6 biéu dién tuong minh cdc tiéu chudn.

Tir khéa: mang noron mo; én dinh tuyét doi; noron Hopfield.

ABSTRACT: This paper proposes the concept of extended uncertain fuzzy neural network based
on development of Hopfield’s model of neuron networks. With this system, sustainable nonlinear
stability assessment method is built on the theory of passivity. The main advantages of the proposed
method are the high generalization that can be applied to many different neural network layers,
which can display graphs visually and have explicit representations of standards.
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1. PAT VAN PE

Trong thdi gian gan diy, cac mang noron
nhan tao trd thanh dbi tuong nghién ctru hap
dan, thu hit dugc sy quan tim cta dong dao cac
nha khoa hoc. Trong s cac mang noron, mang
Hopfield [2], [5] 1a théng dung nhét, ciu tric
clia n6 bao gdm mang noron mdt ting véi cac
lién hé nguoc phi tuyén tong quat va tuyén tinh
gitra cac noron. M6 hinh mang Hopfield dugc
biéu din bang hé phuong trinh sau:

x, = —¢,x; + iaijuj +1,i=1,...,n, (1)
j=1
u;, =¢(x), j=1,..,n.

Trong do: n - s6 noron trong mang; X; - bién trang
thai ctia noron thir j; U; - tin hiéu ra ctia noron thit j; G -
hé s6 lién hé nguoc truc tuyén, 6> 0,1 =1, ..., n; (%),
j = 1,7 - ham phi tuyén thé hién lién hé gitia trang
thai x; ctia mang noron thir j v6i dau ra U; ciia nd; A =
(a3) - ma tran vudng béc n thé hién lién hé gitta cac
noron; l; - tin hiéu ngoai, l;= const; i =1, ..., n.

Dé6i voi cac ham ¢(x), j = 1,.., n, théng
thudng gia thiét ring, chiing 14 cac ham lién tuc
don tri thoa man diéu dién:

(0) = 0vaxgx) > 0; voi =0,j = 1,7 (2)

Mang noron Hopfield dugc sir dung rong rai
trong nhiéu linh vic, trong do c6 bai toan diéu
khién. Dé giai bai toan diéu khién ndi chung va cac
bai toan tdi tru noi riéng, doi hoi hé (1) c6 mot trang
thai cin bang duy nhét, tuong Gmg v6i nghiém bai
toan t6i wu, va trang thai nay 1a 6n dinh tiém cén
trong toan cue. Co thé dam bao r:flng nghién% hé (1) 1)
s€ tiém can v€ nghiém bai toan t6i uu vdi diéu kién
ban dau bt ky. Trong thuc t& xudt hién nhidu
truong hop khi cac ham ¢y(x), j = 1, ..., n, khdng
duoc biét chinh xac, chi biét ching thudc vao mot
trong nhiing 16p nao d6. On dinh clia mang noron
khi c6 lién quan gan giii dén khai niém quen thudc
vé 6n dinh tuyét d6i hé théng didu khién.
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Trong bai toan nay, 6n dinh tuyét dbi duoc
dé ra véi 16p mang noron Hopfield tong quat
hon: thir nhat, mbi quan hé tuyén tinh 1a mot
khau dong hoc tuyén tinh tong quat (khong chi
1a khau quén tinh nhu (1)): thir hai lién hé nguoc
phi tuyén la mét khau dong hoc mo dang:

Néuy laXivaylaY;thi ¢laz (3). Thucté
da chimg minh dugc réng, mot 16p khé rong rai cac
khau dong hoc mo (3) nhu vy biéu dién mot anh xa
phi tuyén c6 diic tinh théa mén gidi han:

a.y’ <o(y).y < By*, 90)=0,

y=y+y.

M6 hinh hé théng mang noron mo mé
rong thé hién qua cac phuong trinh sau:

(4)

x; =¢x, +b +u,

1
Yi =C1%,

Q)

w=I+% aij(Pj(yj)
=

voi:i =1,n.

Ham x;(t) 1a vecto c& n;, con ui(t) va yi(t) la
cac ham vo hudng.

Ham phi tuyén ¢(y;) thé hién ban than
khau dong hoc md véi gia thuyét:

ay; < 0;(y)y; < Biy5,

@;(0)=0.

Néu ky hiéu ham truyén ctia hé co tuyén
tinh thar i la:

(6)

Yi(s) _

Ui(s)
Ta c6 so do cdu tric mang noron mg rong

trén hinh 1b. Dé so sanh, trén hinh la biéu dién

so d6 mang noron Hopfield (1) twong tmg.

(")

G.(s) = c' (sl — )b

"J Xi

1
s+C

a;y

2 a;9,(x;)
WES

Hinh 1a. Mang noron Hopfield
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li Vi
Gi(s) 1+s >

> aply;)
Hinh 1b. Mang noron md mé rong

2. NOI DUNG
2.1. On dinh tuyét d6i mang noron m&

Ky hidu: G,(s) = 1+ 5)G.(s),

D(p,q) duong co
(pt+q™")/2 vabankinh (pt —qg*)/2.

Dinh ly: Mang noron mé mé rong (3), (5) 6n

tron tam

tai

dinh tuyét d6i néu thoa min cac diéu kién sau:

1) Vi cac lién hé tuyén tinh:

a) Néu Gi (s) cb cac cuc am thoéa man mot
trong cac diéu kién sau:

D6 thi Nyquist éi( jw) khong bao hodc cat
duong tron D(pj, qi), trong d6 0 < pi.Qi, Pi< gj;

D6 thi Nyquist Gi( jw)nim bén trong
duong tron D(pi, 0i), trong d6 pi< 0 < g;

D6 thi Nyquist C~¥i( jw)nam bén trong nira
mit phing Re s > L , trong d6 0 = pi< qj;

1

D6 thi Nyquist C}i( jw)nam bén trong nira

mit phing Re s < l, trong d6 pi< gi = 0.

b) Néu G~'—i (s)c6 m cyc duong: do thi
Nyquist G,(jw) bao dudng tron D(pi, ¢), m lan
theo ngugc chiéu kim dong hd, trong d6 0 < pi< q.

2) Véi cac lién hé mo phi tuyén:

Ma tran khoang L = {lij}:j:l la xac dinh

|

am véi moi ti, trong do:

(aij +t
k=14 — Py,

I =t ;i Qy;
/RS
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o+ Picr <pPiio ]
a

it il

a; <t <Bha; <t <, 1% ]

Dinh 1y trén c6 tinh tong quat cao nhung
kho 4p dung trong thuc t& do can phai giai
quyét bai toan xac dinh tinh xac dinh am cia
mot ma trdn cd cac phan tir thay doi trong
khoéang cho trudc (tinh xac dinh 4m bén viing).
Tuy nhién, trong mot sé trudng hop riéng, co
thé rut ra cac két luan cu thé sau:

Tiéu chudn 1. On dinh tuyét d6i mang
noron md suy bién:

Mang noron mo (3), (5) suy bién véi aj =
0, i #j 1a 6n dinh tuyét d6i néu cic mang tuyén
tinh thoa man diéu kién 1 coa dinh Iy va cac
mach phi tuyén thoa man bat ding thirc sau:

OSai+%Sﬂi+%Sqi—pi, izl,in (20)
12 122

Tiéu chudn 2. On dinh tuyét ddi mang
noron Hopfield md: Mang noron Hopfield mo
(1),2),3) 6n dinh tuyét d6i néu ma tran
A = {a,} laxdc dinh am.

Tiéu chudn 3. Piéu kién du 6n dinh tuyét
d6i mang noron mo md rong: Mang noron md
mé rong (3) — (5) 1a 6n dinh tuyét dbi néu cac
mach tuyén tinh théa méan diéu kién 1 trong dinh
1y va cac mach phi tuyén mo théa mén diéu kién

matran L = {ZU} xac dinh Am, trong do:
n o a2
a; | a; +a > ki ,
. ‘k=lap ~
as.
Bilag +p ¥ —k_
‘k=lay -~ py,
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n Qp-Qy.-
aj +al2—kl k] ,
. k=laj = pp,
lLJZmaX N
no Opi%;
ajlag + B X ——
n Qp-.Qy.-
pilay e X M ,
A E ]
n i%%;
Bi| o+ B X ——
k=lay, = Py

Tiép theo ta m& rong thém bai toan voi
khai niém mang noron md md rong bat dinh,
trong d6 cac mach tuyén tinh, tham s6 cac mo
hinh ham truyén Gi(s) khong biét duoc xéc
dinh, ching co thé thay doi trong cac khoang
xac dinh cho trude.

Ky hiéu Gi(s, ), gie Q<R", i=1, .., nla
cac ham truyén bat dinh nhu vay, trong d6 ¢ la
vecto cac tham s bat dinh, Q' — hop. Khi do, theo
Iy thuyét 6n dinh bén vimg [6] ta c6 thé dung cac
Gl w,@),VweR.
Cac két qua vé 6n dinh tuyét d6i mang noron dé
ra trén dy dé dang duoc trién khai thanh 6n dinh
tuyét d6i mang noron bén ving ciia 16p mang

dong niém gia tri F,(w) =

noron bat dinh nhu vay.

Tiéu chudn 4. On dinh tuyét d6i mang
noron md bat dinh: Mang noron bét dinh 1a 6n
dinh tuyét d6i bén vimg néu trong cac dinh ly
va tiéu chuin dé ra néi trén cac dd thi Nyquist
G(jw) duoc thay thé bang cic dong mién gia
tri Fi(w).

2.2. Chirng minh cac dinh ly

Pé dua ra két luan vé tinh 6n dinh cta hé
thong, c6 thé dua trén 1y thuyét vé tinh thu
dong [1, tr.339-344], [4, tr.337-382]. Theo do,
dé hé théng kin c6 lién tuc nguoc 4m 1a 6n
dinh thi hé thdng con & mach thing va mach
phan hdi c6 tinh thy dong. Trude tién, ta dua
so d0 ciu triic hé théng trén hinh 1b vé so d6
cdu trac tuong duong trén hinh 2.

9)
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Hinh 2. So d6 c4u trac twong dwong hé thong

D& dang chimg minh dugc mach tuyén tinh
théa man tinh thy dong [1, tr.339-344]. Con lai,
can tim diéu kién dé mach phan hdi ciing thoa
man tinh chat d6, néi cach khic, can dam bao
diéu kién sau:

L ~ o~
% u;y; >0 (12)
i=

Theo so @0 cau truc, ta co:

n

u, = Z_aijq)i —Q;¢, — Py, = Z_aij% — DY
J#i Jj=1
- 1 .
yz = yi - uz
qz - pi
Xét tong
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n
-2

p.y. 2
it z —QP; — Py

+
g -p;J Y

yi % _aij@j

. 2
qi—pi[J utJ

@GP = D> WPy = @y, LF J.

I
~.M
+
—
+

bat: 0,0 =
Khi do:

2

P 9, 2P
i+ 2.-a

i ij%j
q9; —Db; J

n 1 2
Q: )3 _ (z —a. J

o ) .Q .

=g -p \T VY

PO y"J

2
)

Bién d6i timg ph?m clia tong trén:

I 2
+ 2Py YR
1 J

121 JZl Y00

i:]. ql -

n ?;
ZZ = Yoatyy.,
zljllj lejluyl]

2
. R
i=lq;-p;\j Y/

P P n %
Zzz s B
i=1j=1 Jyyquk by

Nhu véy cubi cung:

Q= ZZt (a +tz By Jylyj,
=1 j=1 p
. P .
Trongdo: ¢, = —,j =1,...,n.
Yj
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Chu y rang tj 1a cac bién thic thay déi
trong khoang xac dinh vdi cac gia tri bién
khé&c nhau tuy y theo céc gia tri cua I, j. Do
Q=->1yy, nén d& Q> 0, vy y; ma

i=1 j=1
tran L phai 1a xac dinh am, d6 1a diéu phai
chting minh.

Chitng minh tiéu chuan 1:

Khi a; = 0,7 # j, (cac noron doc 1ap vdi

nhau) thi theo (8)

2
L =t, [aﬁ ‘1, a—j (13)
q - D
2

—%i_ >0 néndé 7, <0 voi
q; — Db;
Vt; thi diéu kién (1) can théa man.

Chitng minh tiéu chuan 2: Luc ndy, mot
1

s+c¢

bé y rang

mit & cac mach tuyén tinh G.(s) = nénp =

0, g = o, mit khac & cac mach phan hoi mo phi
tuyén c6 tinh chat 0<a, <t < f, nén dé ma

tran L, voi lij =t;q; (14)

TAI LIEU THAM KHAO

la x4c dinh Am thi chi cdn ma tran
A ={a;} xac dinh 4m la di.

Két qua nay twong dwong véi két qua
nghién ctru trong [3, tr.33-40].

Chitng minh tiéu chudn 3: Vi cac ky hiéu

trén ta ludn c6/; <. voi moi tj, j = 1, .., n,

trong gidi han cho trudc nén diéu kién ma tran
L™ x4c dinh 4m 14 du dé ma tran L x4c dinh 4m.
3. KET LUAN

Bai viét da phat trién mo hinh 16p mang
noron Hopfield véi cac khai niém vé 16p mang
noron md rdng va mang noron mo rong bt
dinh, cung cac khai niém vé 6n dinh tuyét dbi
va On dinh tuyét ddi bén ving tuong tng. Trén
co s6 1y thuyét tinh thy dong, mot phuong phap
danh gia 6n dinh cic 16p mang nhu viy da
dugc dé ra. Uu diém cia phuong phap dé ra
duoc thé hién rd nét & nhidu mit nhu tinh téng
quat cao, chira dyng nhidu 16p mang noron
thong dung va c6 thé hién do hoa tién loi...
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