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ON DINH TUYET DOI MANG NORON MO’

LE HUNG LAN

Abstract. The present paper develops the model of Hopfield neural networks with the concept of extended
uncertain fuzzy neural networks. The method for evaluating robust absolute stability of those systems is
derived based on theory of passivity. The main advantages of the method are: the high generalization,
included many various classes of neural network, the graphic interpretation and explicit expression of the
criteria...

Tém tdt. Bai bdo dua ra khdi niém mang noron md bat dinh mé réng trén co s& phét trién moé hinh mang
noron Hopfield. Véi nhitng hé théng nay phitong phép ddnh gid én dinh phi tuyén bén vitmg duoc xay dung
dua trén ly thuyét vé tinh thu déng. Cac uu diém chinh ctiia phuong phép dé ra 1 tinh téng quét cao, cé
thé tmg dung cho nhiéu lé6p mang noron khéc nhau cé thé hién d6 thi truc quan va ¢ biéu dién tudng minh
céc tiéu chuan.

1. PAT VAN PE

Trong thoi gian gan day cdc mang noron nhan tao tré thanh déi tuong nghién ctru hap dan,
thu hit dwoc sy quan tAm cia dong ddo cdc nha khoa hoc. Trong s6 cdc mang noron thi mang
Hopfield [2,5] 1a thong dung nhét, cau tric cia né bao gom mang noron mot ting véi cic lien hé
nguoc phi tuyén téng quat va tuyén tinh gitta cdc noron. M6 hinh mang Hopfield dwoc biéu dién
bang hé phirong trinh sau:

:Jbi:—cixi+2aijuj+fi7 i:17...77’L7
=1 1)
uj =pi(x;), 7=1,...,n

Trong d6: n - s6 noron trong mang; ; - bién trang théi cia noron thit j; w; - tin hiéu ra cia noron
thtt j; ¢; - hé s6 lién hé nguoc tuyén tinh, ¢; > 0,4 = 1,...,n; ¢;(z;), j = 1,n - ham phi tuyén thé
hién lién hé gitra trang thdi x; cia mang noron thit j véi dau ra u; cla né; A = (a;;) - ma tran

vuong bac n thé hién lién hé gitta céc noron; I; - tin hiéu ngoai, I; = const; i = 1, ..., n.
Dai véi cdc ham ¢, (x;), j = 1, ..., n, thong thuong gid thiét rang chiing 1a cdc ham lién tuc don

tri théa man diéu kién:

©;(0) =0 va x;9;(x;) > 0; véi x; £0, j=1,n. (2)

Mang noron Hopfield duoc stt dung rong rai trong nhiéu linh vuc g dung, trong dé c6 bai
todn didu khién. DéE gidi bai todn diéu khién néi chung v cdc bai todn t6i wu néi riéng, doi héi
hé (1) ¢6 mot trang thai can bang duy nhat, twong rng véi nghiém bai todn t6i wru, va trang thai
nay la 6n dinh tiém can trong toan cuc. Khi dé c6 thé ddm bdo rang nghiém hé (1) sé tiém can ve
nghiém bai todn t4i wu véi cac dieu ban dau bat k. Trong thuc té xuat hién nhiéu truong hop khi
cdc ham ¢;(z;), j = 1, ..., n, khong duoc biét chinh xdc ma chi biét ching thudc vao mot 1ép nao
dé. On dinh ciia mang noron khi dé lién quan gan giii dén khéi niém quen thuéc vé én dinh tuyét
dci hé théng diéu khién.

Trong bai bdo nay 6n dinh tuyét déi duoc dé ra véi 16p mang noron Hopfield téng quét hon:
thit nhat, mai lien hé tuyén tinh 1a mot khau dong hoc tuyén tinh tong quét (khong chi 1a khau
quén tinh nhw (1)): thit hai, lién hé nguoc phi tuyén 14 mot khau dong hoc mo dang:
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If y is X; and y is Y; then ¢ is Zj . (3)

Thuc té da chirmg minh dwoc rang mot 16p khé rong rai cdc khau dong hoc mo (3) nhu vay
biéu dién mét d4nh xa phi tuyén cé dic tinh thda man giGi han:
ay’ < e@y)y < By’ @0)=0,
N (4)
yi=y+y.
M5 hinh hé théng mang noron m& mé rong nhu vay thé hién qua cdc phurong trinh sau;
T = ¢ + by +uy,
Yi = C; Ly
"
w; =1 + Zaij 25 (Y5,
j=1

véii=1,n.
Ham =z;(t) 14 vecto co n;, con w;(t) va y;(t) 1a cdc hAm vo huéng.
Ham phi tuyén ¢;(y;) thé hién ban than khau dong hoc mo véi gid thuyét:

ajy; < 95y < By

Néu ki hieu ham truyeén ciia hé con tuyén tinh thi i 1a:
Yi(s) -
Gi(s) = —=L = (s — ;) b 7
()= g~ AT =) @

ta c6 so d6 cdu tric mang noron mé roéng trén hinh 1b. Dé so sédnh, trén hinh la biéu dién so do
mang noron Hopfield (1) twong tmg.

> ais(as) > aiei(ys)

J#t J#t
Hinh 1a. Mang noron Hopfield Hinh 1b. Mang noron md mé rong

2. ON PINH TUYET BOI MANG NORON MO
Ki hiéu: Gi(s) = (14 s)Gy(s),
D(p, q) - dudng tron cé tam tai (p~! + ¢ 1)/2 va ban kinh (¢! —p~1)/2.
DPinh ly. Mang noron mé mo réng (3), (5) la 6n dinh tuyét @67 néu théa man cdc dieu kién sau:
1. V&1 cdc lién hé tuyén tinh:
a. néu G;(s) ¢6 cdc cuc dm théa man mét trong cdc didu kién sau:
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+ Pé thi Nyquist Gi(jw) khéng bao hodc cit dudong tron D(p;,qs), trong @6 0 < ps.qi, pi < gis
+ D6 thi Nyquist Gi(jw) nam bén trong ducng tron D(p;,q;), trong @6 p; < 0 < q;;
+ D6 thi Nuquist él(jw) nam bén trong mia mdt phing Res > ——, trong d6 0 = p; < q;;

K3
A . . -~ /- & A 2 9 o 1 ¢
+ Pé thi Nuquist G;(jw) nam bén trong nita mdat phang Res < —, trong @6 p; < q; = 0.
i

b. Néu Gi(s) ¢6 m cuc duong: @6 thi Nyquist Gi(jw) bao duéng tron D(p;,q;) m lin theo nguoc
chiéu kim déng ho, trong d6 0 < p; < ¢;.
2. Véi cdc lién hé mé phi tuyén:

Ma trdan khodng L = {lij}jj la xzdc dinh am vot mor t;, trong do

Qk_pk
pj c
al+_<t<5’b _72*‘77
Qg Qg (9)
o; <4 < By, 0 < < By, 1A

Dinh 1y trén ¢6 tinh tong quat cao nhung khé &p dung trong thure té do cin phai gidi quyét bai
todn xédc dinh tinh xdc dinh 4m clia mot ma tran c6 cdc phan tir thay doi trong khodng cho trude
(tinh x4c dinh am bén virng). Tuy nhién trong mot s trueong hop riéng, ¢é thé it ra cdc két luan
cu thé sau:

Tiéu chuin 1. On dinh tuyét déi mang noron mo suy bién:
Mang noron mo (3), (5) suy bién véi a;; = 0, i #£ j la 6n dinh tuyél d6i néu cdc mang tuyén
tinh théa man diéu kién 1 cida @inh lj va cdc mach phi tuyén théa man bat ddng thic saw:

0<az+_<ﬁz+&§%‘_pi7 1=1,n. (10>

2273 i1

Tiéu chuén 2. On dinh tuyét déi mang noron Hopfield mé:
Mang noron Hopfiled mo (1), (2), (3) la én dink tuyét @67 néu ma tran A = {a;;} la xdc dink

~

am.

Tiéu chuin 3. Diéu kién di 6n dinh tuyét déi mang noron md mé rong

Mang noron méo mé réng (3)—(5) la 6n dink tuyét @67 néu cdc mach tuyén tinh théa man dicu
kién 1 trong dinh b va cdc mach phi tuyén mo théa man deéu kién ma tran L = {l 1 zdc dinh am,
trong do:

n 2 n 2
l; = max {Oéi (CLM‘ + ) Bi (CL“ + 5 ) }
Yot >
i Qi Qi QA
I}, = max {a ; (Cm + ay 7j> (au + 5 —— )
j 7 ;qk_pk qu_pk (11>
n Ali Q5 Qi
B(az+al ) B (CL»L +B’L )}
i\ @i ;qk—pk Y qu—pk

i .
Tiép theo ta md rong thém bai todn véi khai niém mang noron md mé rong bat dinh, trong dé
& cde mach tuyén tinh, tham s cdc mo hinh ham truyén G;(s) khong biét dwoc chinh xde, ching
c6 thé thay ddi trong khodng xéc dinh cho trude.
Ki hiéu G,(s,q"), ¢: € @° C R™, i =1,...,n1& cdc ham truyén bat dinh nhu vay, trong dé ¢
1 vecto cdc tham s6 bat dinh, @ - hop. Khi dé theo 1y thuyét 6n dinh bén vimg [6] ta c6 thé xay
dung cdc dong mién gid tri Fi(w) = G(jw, @), Yw € R. Céc két qua vé dn dinh tuyét dSi mang
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noron dé ra trén day dé dang dwoc trién khai thanh 6n dinh tuyét déi mang noron bén virng cia
1é6p mang noron bat dinh nhu vay.

Tiéu chudn 4. On dinh tuyét d6i mang noron mdo bat dinh:
Mang noron bt dinh ld~5n dinh tuyét 6% bén vitng néu trong cdic dinh bj va tiéu chuin dé ra
néi trén cdc 6 thi Nyquist G(jw) duoc thay thé bang cdc dong mién gid tri F;(w).

3. KET LUAN

Trong bai bédo da phat trién mo hinh 1é6p mang noron Hopfield véi cdc khéi niém vé 16p mang
noron md mé rong va mang noron mé rong bat dinh, cling céc khéi niém vé 6n dinh tuyét ddi va
6n dinh tuyét doi bén virng twong ting. Trén co s& 1y thuyét tinh thu dong, mét phirong phép dénh
gid on dinh cdc lép mang nhu vay da dueoc dé ra. Uu diém ciia phwong phép dé ra duwoc thé hién
rd nét & nhiéu mit nhw tinh téng quét cao, chita dung nhiéu lép mang noron théng dung va cé thé
hién d6 hoa tién loi...

PHU LUC

Chitng manh dinh ly:

Dé dua ra két luan vé tinh 6n dinh cla hé théng c¢6 thé dua trén 1y thuyét vé tinh thu doéng
[1,4]. Theo dé, dé hé thong kin c6 lién hé ngwroc am 1a 6n dinh thi hé théng con & mach thing va
mach phan héi phai ¢é tinh thu déng.

Truée tién ta dua so do ciu tric hé théng trén hinh 1b vé so db cau triic tuong duong trén

hinh 2.

Hinh 2. So do cau tric trrong dirong hé théng

Dé dang chirng minh duoc mach tuyén tinh théa man tinh thu dong [1]. Con lai, can tim diéu
kién dé mach phan héi cling théa méan tinh chat dé, néi cich khic, cin ddm béo diéu kién sau:



ON PINH TUYET HOI MANG NORON MO 139

u;y; > 0. (12)
i=1

Theo so d6 cau tric ta cé:

Uy = Z —QijPi — QisPi — PiYfi = Z —QijP; — PiYi

J#t
~ I
Yi = Yi — Usg
qi — Di
Xét tong:

len;mng{(Z —aijpy = plyzﬂz (Z IR pl%)“

zi:{yizj:—aijQOj_ 41 4(;—6&1;‘@;’)2

qi — Pi

2,2
DiYi Pl PiY;
s E —QiL5 — pzyl ) s ( E —Qi505 — 41 £ }

qi — Pi qi — Pi

i 2p; 1 2
;{—pl<1+q€pl> +<1+ Pi )yzz a”(pj qi_pi<zj:—aijg@j> }

K

Dat: a9 = asps = Pils, Q505 = a5, tF# J. Khi dé:

2 " -
Q= Z{ Pi oy 24ipi > —aijp; - : (Zaijwﬂ +2_ (ol + v > i)
‘ J

iy Ldi — DPi qi — Pi ; qi — Pi P j
-3 (D) - 3 et
i TP i=1 j=1

Bién déi tirng thanh phan cia téng trén:

" "
Z Z%‘%% Z Zau yzyg )

i=1 j=1 i=1 j=1
- 1 ©i 0j AgiG
- killkj
> (Y —eu) ZZ%% Ei g et
i i P ; P — b1 dk — Pk
Nhu vay cuéi cling
" "
Qi
Q=-3"3t;(ass +1 z —
vt Gk — Ph
—1 5=
T
trong d6: t; = —, j=1,...,n.
Yj
Chu ¢ rang t; 1a cdc bién thuc thay doi trong khodng xéc dinh véi cdc gid tri bién khéc nhau
" "
tly ¥ theo cdc gid tri cla ¢, 7. Do Q@ = — Zzlijyiyj nén dé @ > 0, Yy;,y; thl ma tran L phéi 1a
i=1 j=1

xdc dinh am, dé 1 diéu phai chitng minh.

Chitng minh Tiéu chudn 1:

Khi a;; =0, ¢ # j (cdc noron doc lap véi nhau) thi theo (8)
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a2
li =1 (Cm +i—= ) (13)
4i — Pi

2
A, N s ~ 2 ;. N RN PN ~ 9 ~
be ¥ rang 7 >0 nén dé l;; <0 véi VE; thi dieu kien (10) can thoéa man.
qi — Pi
Chitng minh tiéu chudn 2:

Lic nay, mot mat & cdec mach tuyén tinh G;(s) = nén p = 0, ¢ = oo, mat khic & cdc mach

s+tec
phén héi mo phi tuyén ¢é tinh chdt 0 < a; < t; < $; nén dé ma tran L, véi

lij =t ai (14)

14 x4c dinh am thi chi can ma tran A = {a;;} xdc dinh am 14 du.
Két qua nay tuong duong véi két qua nghién ciru trong [3].

. . A )
Chitng manh Tiéu chuan 3.
Véi cac ki hieu trén ta luon 6 l;; < 17 v6i moi ¢5, 7 = 1,..., n, trong giél han cho truéc nen
An N ~ , . ~ N ~ ~ , . ~
diéu kién ma tran L* xdc dinh dm 1a di dé ma tran L xdc dinh am.
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