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TOI UU HOA SU' DUNG MANG NG’ RON
VA 'NG DUNG TRONG PIEU KHIEN TU DONG

CHU VAN HY

Abstract, This paper reviews the theoretical basis for using neural networks to optlmization, and
presents two applications in automatic control: on-line identification and pole assignment synthesis of
linear systems,

1. MO DAU

Khi nghién ctru tinh ch&t 8n dinh cda mang no ron Grosberg - dwge mé td bing cdc phuwong
trinh vi phin phi tuyén phy thudc chéo, Cohen v Grosberg (1983) di xdc 1gp diBu kign tBn tai mét
ham Liapunov - ddm bdo cho mang tién dén trang théi 8n dinh ti trgng théi ban diu bdt ki [5].
Lién h¢ véi mét 88 hé§ thdng vt If, him Liapunov ndy cdn dwge goi 1 hdm ning lwgng. Mét trudng
hop cda md hinh t8ng quét Grosberg di dwoc Hopfield d8c 18p nghién ctu, Hopfield khéng nhiing
di tim ra bi€u thitc cho him niing lwgng £ (1984), mA cdn ciing véi Tank (1985) nhfn thiy khd
ning st dyng vdo tfnh todn t8i wu. Bé&i vi mang no ron sé ti€n dén trang thédi 8n djnh - & 46 ham
niing lwgng dat cye ti€u, nén c6 thd thiét ké mdt mang dé cye tidu héa him myc tidu J, bing céch
dft J = E, vd thm méi lién h§ gifta céc bidn cda ching, Ngudi ta goi phwong phdp ndy 13 t8i wu
héa khéng thuft todn. Hopfield vd Tank di minh hoa mét 88 ing dyng: bAi todn tim dwdng di cho
ngudi ban hang, x& If tin higu, qui hoach tuyén tinh, Pén nay di c6 hang logt k&t qud trong nhidu
linh vye, nhw: nhin dang d8i twgng, t8i wu héa t8 hep, ditu khién t8i wu cdc h§ th&ng véi tham
88 thay d8i theo thdi gian v.v... Tuy nhién, st dyng mang no ron cho gidi cdc bii todn t8i wu trong
thye tién cdn gfp nhitng khé khin chinh sau diy:

1. Phuong phép khéng ddm bdo dat cye tifu todn cyc. D& gidi quydt vn dé ndy, ngudi dp
dyng ki thuft “d mé phéng” (Simulated Annealing). Y tudng bt ngudn tir kinh nghiém d cée vit
thé kim loai dugc nung néng ghn dén nhigt d néng chdy - trong luyén kim (4], Trudmg hep mang
Hopfield r&i rac véi lufit cip nhit nglu nhién 4p dyng & md phéng - goi 1a mdy Boltzmann, Mang
c¢6 khd niing thay d8i dén trang théi ning lvgng cao hon. Do dé ¢é thé thodt ra khéi didm cye tidu
cyuc bd dé dat cye tidu todn cuc. Hién nay, ta thudng st dyng ki thuft | mé phdng tién djnh [8] -
.don gidn vd higu qud hon. Méi diy di cé cdc cdng trinh nghién ciu “ctrng héa” & mé phédng [1].

2. Chon céc h§ 88 muc tidu vA hg s8 rang bude thich hgp A& nhin dwge mét 1o gidi t8t, gin
t81 wu - néi chung khé phién phic, chd yfu dya vdo thyc nghidm, cdn thifu mét phuong phép t8ng
quét, c6 higu qud [6].

DE gidi bai todn t8i wu héa, trye tuydn nhe cdc mang no ron, dén nay chi yéu st dung logi
mang Hopfield, Nhung, ham ning lugng gfc do Hopfield dwa ra cé dang song tuyén, nén trong mét
88 truwdng hgp chn phdi sta lgi, hofic thinh 1gp méi (7). Trong bdi ndy, ching t8i trinh bdy phwong
phdp co bdn cho cye tiu héa haim nhidu bién véi cde rang bude ddng thire. Sau &6 gidi thidu céc
tng dyng: nhin dang tryc tuyén (2], diéu khi€n t8i wu - d§t cyc hé théng tuyén tinh cé tham 88
thay d8i [9] - 14 nhitng vAn a8 khé cb thé gidi quyét bling cde phwong phép kinh dién.

2. CU'C TIEU HOA HAM 86 NHIRU BIEN SU' DUNG MANG NO' RON
Ta xét mang Hopfield lidn tyc gdm n no ron

AU, U, n ,
(of oy = _1—2; + ;wﬁ' Vit L. 4 (1)
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Trong dé: U; 1& mutc kich hogt, C; 1a difn dung mang, R; 1 tr& khéng, w;; 1A trong s8 néi gitta no
ron thi ¢ véi no ron thi 7, I; 1a dRu vdo ngodi, V; 14 dBu ra:

Ham kich hogt a;(') dom difu t¥ng, trudmg hgp di€n hinh 1A hAm xfch ma, A 1 tham s& khudch dai.

Dé dénh gid tfnh 8n djnh cda hé théng (1), Hopfield & phét hign hAm Liapunov - cdn goi 1a him
ning legng (4):

V,
n n
E=Y[-(Yuwv V,-)/z ~ ¥+ /(a[l(V)/.«\R.-)dV]. (3)
i=1 =1
i 0
Theo céc céng thic trén, ta tinh dwge:
dE - dE dV, . dU; 4V, B, s (AVi\D
I—gm-ﬁ'-——gﬂw"ﬁ—-“gaai (Vi)('T) /A<o0. (4)

Suy ra mang no ron sé 8n djnh. Liic d6 dV;/dt = 0, hdim niing lvgng E dat cyc tidu (dE/dt = 0), v}
E luén gidm (dE/dt < 0) trong mi¥n 1&n cn (dVi/dt # 0). Nhu vy, vEn d¥ tim cyc tidu cla ham
E c6 thé thay bing vigc xdy dyng mang Hopfield twong ing.

D& E bao gdm mét 16p réng hon céc ham 88 thudng gip, ta tién hainh mét s8 mé réng sau:

1. Truwéc hét, ta thiy cdc cdng thirc trén vAn gitt nguyén gid tri cho trudmg hop mang Hopfield
c6 chc vong ty phdn hBi: wy # 0.

2. 88 hang chita d&u tfch phén trong (3) rit hiém khi th&y trong thyc t&, D& cé thé bd qua,
ta cin chon khudch dai A dd 1én, HAm E 88 c6 dang twong ty trudmg hgp mang Hopfield rdi rac

E=f:[— (Z":w;,-wv,-)/z—fm]. (5)

f=1 J=1

Béy gidr ta lién h§ dén bai todn cyc ti€u héa haim myc tidu n bi€n J(X) véi m rang bude ding
thic Cy(X) =0, k = 1,2,...,m. Blng céch dwa vio h§ s& ring budc y, ta chuyén v8 tim cye ti€u
cla ham J*:

= I(X) 4 3 Cu(X), (0)
k=1

Trudng hgp d& nhét 1a: hAm myc tiéu vA cde ring bude cé dang song tuyén

J(X) = Zn: [- (iwtf°°’xixr)/2 =~ K™ Xy), (7)
=1 i=1

Cy = i [-- (iw;,'kx;x,')fz - Ik Xi]. (8)
fml J=1

Thay vao (8), ta dwge

P i (- (i (g 4 f:w”.) XX,) /2= (5 + u f 1*)x). )

i=1 r=1 k=1 k=1



20 CHU VAN HY

Tir (5) nhin thiy: ndu d§t X; = V;, ta cé thé gidi bai todn t8i wu trén nh¥ mang Hopfield
dU U" n s m l . m ;
A (w1 o+ 1Y i)V (5% 4 ) BF) (10)
J=1 k=1 k=1

cho trudmg hgp hdm myc tiéu 1d mét da thic da tuyén J(X) : [0,1]* — R, X € {0,1}", ta xfy

dyng mang hdi qui [6):
dU; U 6J(V!
el R ol SN ] 11
a " w T (1)
Sau d6, dya vdo hdm n#ing lugng Liapunov

s ol (v)
E=J(V)-V+), Tdv (12)
=1 0 i

¢6 thé khdo st tinh 8n dinh cda mang, v tim dwge didm cyc ti€u cda J(V). Trudmg hep tong
quét: J(X) cé dang b&t K\ di dwge nhidu téc gid nghién ciu; nhwng dén nay vén 48 vAn cdn mé;
mdt 88 két qud cé thé xem & (6],

8. NHAN DANG TRU'C TUYEN P61 TUQNG PIRU KHIEN TUYEN TINH
BANG MANG NO RON :

V&n 48 ndy di dwge thye hidn trong cdec h§ thdng didu khi€én thich nghi- theo mé hinh ARMA.
O day, 46i tuwong dwge mb.t4 bing phuong trinh trang théi

o'(t) = Ax(t) + Bult). (1)

Trong dé: z(t) € R™ 1A véc to trang théi - gid thift 1A do dwec; u(t) € RY 1a véc to diéu khi€n. Ta
‘kf higu A4, B 1 wée lwgng cia cdc ma trin A, B. C6 thé thanh 1§p sai 88 wéc lwgng e(t) sinh ra do
thay d8i tham 88 cda h§ théng va sai 88 tfnh todn nhu sau [2]:

e(t) = 2'(t) — Ax(t) - Bu(t). (14)

Ta cin xAy dyng mét mang no ron d¢ tinh A va B sao cho cye tidu héa hAm myc tidu

7= fn "0 e &) /2T, (15)

trong 46 T 1A thdi gian wée lwong. Ta thiy: J cé dang binh phwong, nén cé thé st dyng mang
Hopfield gdm (n X n + n X r) no ron dd tinh cdc phin ti cda A, B. DE don gidn, ta xét d8i twong
bfic 2 véi 1 dfu vao, 1 diu ra, va dit

A=Wy, A=Wy, Aay=Vs, Aia=Vy, Bi=Vs, By =V, (16)

Vi, 1=1,2,..,,6 1& d%u ra céc no ron. Theo (3), ta cé hAm n¥ng lwgng

E=-

0
f=

Vv,
IEIAS SIS 3y s 4P (1)

i & i=1 =1 Al
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Biy gid, thay (14) vio (15) ta cé

J = (/;T[c;,eg][el,ag]r dt)/ZT. (18)
b e = xi - An ) — ‘313 Zq — ﬁ( u, (19)
eg = .'.v’, -~ 4391 z - Ja-;g 9 — Bg u. (20)

Sau khi tinh todn, thyc hign d8i bién theo (16), ta d§t J = F vA so sénh céc 88 hang 8é nhin dwge
quan h§ cho céc trong o8 w;;, che dBu vio ngodi J; vd khudch dpi A

T
o = = ( [ (M1ae) 1, (21)
0
2} may O 0 =zu O
Lo a:g 0 0 Zoau 0
. 0 0 w? zmzg 0 a2u
M= 0 0 a2y a3 zau |’ (22)
uTy  uzg 0 0 w0
0 0 wuzy wuzg 0 u?
T
(4] = ( fo (o1}, @2t 210}, 22, ush, ahde) /7, (28)
L Vi =1 T
A= (2T 3 f Ei—RgldV)/ f (242 + 232)dt. (24)
] 0

Ta thfy: khi V' — V;, th tich phén f;‘ a7 }(V)dV — oo, vh & trang théi 8n djnh: 2} = z} =0, nén
cé thé 16y ) bing h&ng s8 dd 1én ma khéng gy nén sal 86 déng ké.

4. DIBU KHIEN T6I UV - BAT CU'C TRY'C TUYEN CAC HE THONG
TUYEN TINH BANG MANG NO' RON

Muyc dfch cia bai todn didu chinh d¥t cyc 1A: tim didu khign
u(t) = K z(t) (25)

A8 céc gid trj ridng cda ma trfn ddng lyc cila h§ théng kin (18), (25) - goi 1a cdc cye - ¢b gid trj cho
trwéc. Phuong phép & diy dya vao gidi h§ phwong trinh ma trén [9]:

AZ - Z\ = -B@ (26)
KZ=G (27)

cho A € R"*" ¢& &jnh, vd G € R"*" bt kI, Ngu¥i ta di chitng minh ring: nfu A 12 ma trgn véng
(cyclic), cé cc gid trj ribng cho trwée oy(A) = X, ¢ = 1,2,...,n - khdc véi gid trj ridng cda A, vA cip
(A, G) 1A quan sét dwge:

Rank[GT |ATGT |- |(AT)*1GT|] = n » (28)

thl nghi§m duy nhft cda phuong trinh Silverster (26) khéng k) dj, va ta cé: o(A + BK) = o(A). Ta
thfy ma trin khuéch dai phdn hdi K - nghigm cda h§ phwong trinh trén c6 thé khéng duy nh&t,
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phy thudc vdo vige chon G. Véi G khéc nhau, ¢é thd tim dwge cdc K khéc nhau ma vin ddm bio
chc cyc cida h§ th8ng kin khéng d8i. Do 46, vidc dng th¥i t8i wu héa hdm myc tidu J - 1 him 88
cda K, nhdm néng cao chft lwong didu khién - 1a cBn thidt v cé thé. Néu myc dfch thidt kd 1a cyc
ti€u héa bién 48 trung binh cda tinh hifu diéu khién, ta chon J = || K||?, trong dé ||. || 1& mét chufn
ma trfn. D& bién 48 trung binh cda céc bidn trang théi dat nhd nhét, ta st dyng J = |4 + BK|.
Thich hgp hon cd, & dy ta chon chuén Frobenius:

IK|r = /KT K] = /33 Kif?. (20)

‘V§y, bAi todn df¥u khién t8i wu binh phuong - a4t cyc dwge phét bidu nhy sau:
Cyc ti€'u hda:

IKlle?, (hode | A+ BK|?) (30)

vés cde rdng buge (28), (27), (28).
Ta 88 sita lpi ring bude (28) dwéi dang twdng minh, D& don gidn, ta xét trwdmg hep cde cye
A¢ < 014 nhitng 88 thyc, phin bigt. Ta cé A = diag{);}. D8 ding thfy: digu ki¢n (28) thda méin khi

va chi khi GT # 0, Dibu 46 twong dwong véi vide tim vécto h = [hy, ..., hyy... ) hy)T, 0 < by < o0,

sao cho
Gh=9, (31)

Trong 46: ’
9=[1,1,.,1]7, &= diag{‘zljai,ﬂ}, i=12...,n (32)
Biy gi¥ ta x8y dyng mang no ron véi ki thuft | mé phéng d€ ham n¥ng lugng E cé thé dat
cye ti€u tuy§t 48i khi mang & trang théi 8n dinh [9):
E = T(t) | K| r® (hofc T(t) | A+ BK|®) + Duxn(AZ(t) - Z(t)A + BG(t)
* + Dpxn (K (t)Z(2) = G(t) + Dux1(G(t)A(2) ~ 9). (33)

Trong dé T'(t) > 0 1a tham 88 “nhidt 48", ¢6 vai trd tao ra “higu dng 4” « 1a mét ham gidm theo thei
-glan, vd T'(t) = 0 khi K(t), Z(t), G(¢t), h(t) 1A nghiém cda (30), (28), (27), (81);

P4
Dpxe = 2 z Dy, . (34)
=] =1

Dij : R — R 1 m§t ham I8i, bj giéi han. M8t vf dy cho Dpx,(.) 1o hdm binh phuong cda chuén
Frobenius ||. || #?. Vé&i hdm ning lwgng khé phirc tap (38), khé cé thé &p dyng phwong phép thidt
k& mang no ron Hopfield d& néu & trén, Dwéi diy, phuong trinh ddng hoc cda mang dwge thanh 1§p
theo di8u ki¢n t8ng quét: dE/dt < 0. Dt dao ham theo thoi gian cla céc bién K (t), Z(t), G(t), h(t)

t{ 1§ (nhung mang dfu &m) véi dgo him riéng cda E theo bién twong tng, ta dwge [9):

) i Foen (K(O)2) = G0 27(1) - ur TOK ), (554)
hojc:
d.':tt = —pie Frxn (K(8)2(t) - G(t)) 27 (t) = urT(t) BT (A + BK(t)), (35b)

B o — s[4 (Fasen(AZ(0) ~ Z()A + BG() + Facn (AZ() - Z()A + BG()AT
+ KT (t) Foen (K (0 2(8) - G(1)], (36)
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%ﬂ- = - pa[BT(F,.x.,(AZ(t) - Z(t)A + BG(t)) + Foxn (K(t)2(t) - G(t)))

+ G(t)T1(t) Fxcn (G(8)TI(¢) - 1)), (37)
i’%ﬂ = —un P (B(6) h(e) - 9). (38)

Trong 46: ux, pur, B3, ba, pn 18 cde 88 dwong; H(t) = diag{hy(t)}; Fpxq kf hifu ma trdn cdc ham
kich hogt khéng gidm. Mang no ron h8i qui gdm 4 16p lién quan véi nhau, Céc ma trfn A, B dugc
xéc dinh nh® mang Hopflied cho nhén dang d8i twgng digu khi€n d& mé td & phin 3.

5. KET LUAN

. Trong thyc t€, mang no ron nhén tao dwee st dyng theo hai céch:

1. Ta coi mang no ron nhw m8t mé hinh tinh todn: theo dé viét ra chwong tinh d€ thyc hién
trén mdy tinh. Cdch ndy thich hg'p cho céc ng dung khéng ddi héi thdi gian xi If nhanh.

2. Nh¥ ¢8ng nghé tién tifn, ngudi ta chd tao cde mang gdm kh&i lwgng 16m céc no ron trong
mét vi mach, Uu di€m 1ém & diy 1a dép img duwgc yéu cBu tinh todn theo thid gian thyc trong didu
khién céc qué trinh cdng nghf, rd b8t v.v.,

Mgt vi mach mang Hopfield - ¢6 nguyén If tinh todn d& trinh bdy & trén, chinh 1 mach dign
c6 khd niing gidi-tryc tuyén mét 16p khé réng céc bai todn t8i wu héa trong thyc tiln.
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