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Abstract

This paper develops a new learning rule to be applied to the calculation of all weights of Second- Order
Cellular Neural Networks (SOCNNs) based on the Recurrent Perceptron Learning Algorithms (RPLA). By
integrating not only the First-order input and output signals but also the Second-order input and output signals into
a general input signal, the research team transformed the networks of SOCNNSs into an equivalent structure with the
traditional Perceptron Networks. From there, the parameters of SOCNNs can be determined by the supervised
learning method. The paper also simulates SOCNNs on MATLAB to check the correctness and efficiency of the
proposed algorithm.
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Ky hi¢u
Ky hiéu Mo ta
Al,B1, A2, B2, 1 Ma trén trong s6 dau vao, phéan
hdi bac nhit; ddu vao, diu ra
phan hoi bac 2 twong ting
Wi, Ukl U Tin hiéu dau vao cua té bao thu

Xij(t), Xia(t), Xmn(t)

Yii(®), yu(t), ymn(t)

(k, 1); (i, j); (m, n) tuong Gmg
Tin hiéu trang thai cta té bao thu
(k, 1); (i, j); (m, n) tuong Gmg
Tin hiéu dau ra cua té bao thi (k,
D); (i, ]); (m, n) tuong Ung

ij kL mn Bién x4c dinh vi tri cua timg té
bao trong SOCNNs

ain, ais, ars, ai, a;s - Toan hang ma tran phan hdi bac
nhat

b, b1z, bz, by, bis Toan hang ma tran dau vao bac
nhét

@z, ax: .., as.., Toan hang ma tran phan hdi bac

az94, 295 hai
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Tir viét tit

CNNs
HOCNNS

Cellular Neural Networks
High — Order Cellular Neural Networks

NNs Neural Networks
RPLA Recurrent Perceptron Learning Algorithm

SOCNNSs Second Order Cellular Neural Networks

SORPLA  Second Order Recurrent Perceptron
Learning Algorithm

CNNs Cellular Neural Networks/ Cellular Non-
liner Networks

RPLA Recurrent Perceptron Learning Algorithm

SOCNNSs Second Order Cellular Neural Networks

SORPLA  Second Order Recurrent Perceptron
Learning Algorithm

Tém tit

Bai bao nay phat trién mot luat hoc méi dugce ap
dung cho viéc tinh toan toan bd cac trong sb cua mang
no ron té bao bac hai (SOCNNs) dwa trén phuong phap
hoc Perceptron hdi quy (RPLA). Bang viéc tich hop cac
tin hiéu dau vao, dau ra bac nhit va bac hai thanh mot
tin hiéu ddu vao tong quat, nhém nghién ctru da bién doi
SOCNNS thanh céu trac twong duong véi mang
Perceptron truyén théng. Tu d6 cac tham sd cla
SOCNNs hoan toan c6 thé duoc xac dinh theo phuong
phap hoc co giam sat. Bai bao ciing tién md phong
SOCNNSs trén MATLAB dé kiém tra tinh dang dan va
hiéu qua cta thuat toan dé xuét.
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1. Ditvan dé

Ngay nay, mang no ron 1a mét linh vyc cua hoc may néi
riéng va cua tri tué¢ nhan tao néi chung. Mang no ron c¢6 tinh
thoi su va phat trién manh boi kha ning hoc, xir Iy song song
cling nhu giai cac bai toan co tinh phi tuyén Phan loai mang
no ron 1am hai nhém chinh: mang truyen thang va mang h01
quy (truy hdi). D& NNs hoat dong, dau tlen can xé4c dinh cu
tric va so no ron trong ting 16p (hoc céu trac), sau do xdce
dinh cac trong sb (hoc tham 56). Trong nhom mang truyén
thang, viéc tinh trong sb thuc hién bang phuong phap hoc co
giam sat véi mot s6 luat hoc dién hinh nhu : luat hoc Percep-
tron [1], ludt hoc Gradient Descent [2], luat hoc lan truyén
nguoc [3], ... va cac bién thé cua cac luat hoc d6. Nhoém mang
hoi quy hau hét str dung luat hoc Hebb [4].

Noi dung chu yéu cua bai bao nay 1a nghién ciru ludt hoc
cho mang no ron té bao (CNNs) — thuéc nhom mang no ron
hdi quy. Trong CNNs, luat hoc Hebb thuong duoc st dung
dé xac dinh b trong s6 phan hdi 4 1am bo nhd lién két [5].
Tuy nhién, trong cdu tric CNNs ngoai trong s phan hoi 4
con ¢6 tap trong s6 dau vao B, trong sb ngudng I cho nén luat
Hebb chua dap tng yéu cu dé tinh day du bo trong sb cia
mang. Lam thé nao dé tinh duoc bo trong sé day du [4 B I]
cua CNNs néi chung hay SOCNNs ndi riéng? Hién nay, co
nhiéu cong trinh vé cac luat hoc nham tinh bo trong s6 nay
cho mang no ron té bao bac nhét [4], [6], [7], [8], [9], [10],
[11]. Pac biét, C.GuKzelis [12], [13] d& dua ra RPLA dé tinh
b trong sb ddy du [4 B I] cho mang CNNs bac nhat. Thuc
chit RPLA 13 mot thudt toan hoc c6 tinh toan cuc. Diéu nay
6 nghia 1a myc dich cua thuét toan nay khong chi dung dé
hoc cho mot diém dau ra dat trang thai can bang 6n dinh ma
con dung dé hoc cho ca mot mién 6n dinh cua daura [14].

Dbong gép cua bai bao nay la phat trién mot luat hoc
SORPLA cii tién duogc xay dung trén dya [13] dé ap dung
cho mang no ron té bao bac hai. Mang no ron té bao béc cao
da duoc mot sb tac gia cong bd, ching minh tinh 6n dinh va
xac dinh bo trong s6 A theo luat Hebb [15]. Bé phat trién thuat
toan hoc SORPLA, chung t6i tich hop cac tin higu du vao,
dau ra SOCNNs vé mot ma trén tong, bao gﬁ)m ma tran tin
hiéu déu vao, dau ra. Tuong ty, bd ma trén trong s6 cung dugc
ghép thanh tong cac ma trdn gdm: ma trén trong so cua dau
vao bac nhét, bac hai; ma tran trong sb phan hdi dau ra bac
nhét, bac hai va trong s ngudng (diéu nay dugc lam 5 tai
muc 3). Uu diém cua thuat toan SORPLA nay 1a xac dinh
dugc toan bd cac trong sé cia mang SOCNNs bao gom [Al
Bl I A2 B2] ma [15] chua thyc hién. Nhuoc diém cua
SORPLA 14 yéu cau thyc hién nhiéu phép toan phirc tap, tuy
nhién may tinh hién nay cé kha nang hoan toan dap ung.

Noi dung ctia bai bao dugc chia 1am 5 phan, trong d6 phan
hai néu khai quéat vé cau tric mang no ron bac hai, phan ba
néu phuong phap hoc ¢6 giam sét sir dung cho SOCNNGs, phan
bon trinh bay ndi dung thuit toan SORPLA va cudi cung phan
nam 1a kiém nghiém tinh dung dén ciia thuat toan qua chuong
trinh tinh toan va mo6 phéng trén MATLAB.

2. Céu triic mang no ron té bao béc hai

Dau tién, chiing ta s& d& cap lai khai niém no ron té bao
cua Chua [5], [16] [17], [18]. Mot té bao trong CNNs duoc
dinh nghia 14 tong cua phép nhén chip gilra céc tin hi¢u dau
ra v cac tin hiéu diéu khién bét ky ddi voi cac té bao 1an cln

C(k, 1) va C(m, n) cua té bao C(i, j), trong d6 lan can cua té
bao 1a tap cac té bao quanh té bao trung tim C(i, j) v6i cac ban
kinh 7 twong tmg. Ban kinh & ddy duoc hiéu 1a s6 16p ké can
v6i té bao trung tim C(i, j). Khi r=1 tirc 13 16p ké can gan nhét
bao gom 08 té bao tuong tic cong v6i chinh nod tao thanh mot
b6 09 té bao goi 1a lang giéng (neighbour) hay lan can cta C(i,
J). (bang 1).

C(i-1, j-1) C(i-1, ) C(-1, j+1)
C(i, j-1) C(, j) C(i, j+1)
C(i+1, j-1) C(i, j+1) C(i+1, j+1)

Béng 1: Bang cac té bao lan can cua té bao C (i, j) twong ung » =/

Theo cong b tai [15], cau trac mang SOCNNs duogc xay
dyng dya trén CNNs [5] gdm bo trong s6 lién két dau vao béc
nhét, trong sb lién két phan hdi dAu ra bic nhit, trong sb lien
két dau vao béc hai va trong sb lién két phan hoi dau ra bac
hai va trong sé ngudng. Tir quan diém xay dung d6, phuong
trinh dong hoc cho mang no ron té bao bac hai [15] nhu sau:

Bt 1 Aliyjikd yy t +
o = Rx ij N sJiKsb Vi
C(k,)EN, (i,))
+ Z Bl i, jik, wyy +1 +
C(k,))EN, (i,)) (D
n Z A2 i, jikLman yig 8 Yy 4
C(k,1),C(m,n)eN, (i, ])

C(k,0),C(m,n)eN.,.(i,))
Ham tuong tac daura [6]:

vyt = gy o+ |y 0 @)

trong do:
C: Tudién tuyén tinh cia SOCNNS, thuong dugce chon 1pF;
R.: Dién tré tuyén tinh ciia SOCNNSs, thudng duge chon
1kQ hodc 1MQ;
i, j: Thé hién vi tri ciia té bao C(i, j) trong SOCNNS; 7, j& N*
r: Bankinh lan cin cia té bao C(i, j), chonr=1;
k, I; m, n: Thé hién vi tri cac té bao 1an cén cua C(i, j) tuong
ing voi ban kinh 1an céan, &, I; m, n < N*

¢ : Tin hiéu trang thai cua té bao C(i, j);
vy t : Tinhigu dau ra cia té bao C(i, j);
uy; - Tin hiéu dau vao cua té bao C(, j);
v t : Tin hiéu dau ra cia SOCNNGs;
uy, : Tin hiéu dau vao cia SOCNNSs;

Al i,j;k,] : Ma tran trong ) phan hdi thanh phﬁn bac nhéit,
kich thude (3x3);
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A2 i,j;k,l;mn : Ma tran trong sb phan hdi thanh ph?m bac
hai, kich thudc (9x9);

Bl i,j;k,l :Matrin trong s6 ddu vao cta thanh phén bac nhét,
kich thude (3x3);

B2 i, j;k,l;m,n : Ma tran trong sb dau vao cua thanh phén bac
hai, kich thudc (9x9);

M, N: Kich thuéc cua mang SOCNNs, M, N € N*

I: Ma tran trong sb ngudng SOCNNS, kich thude (1x1);
U: Ma trén tin hidu ddu vao lan can cua té bao C(i, j);

Y: Ma tran tin hiéu d4u ra 1an c4n cua té bao C(i, j) ;

I
. dx;(t)
i O =] 1y
)) I
U \ z
X B(,j; k,I; m,n)
A(ij; k1) Y
A(isj; k15 m,n) X
Hinh 1. Ciu tric tdng quat SOCNNs
Céc diéu kién rang budc ban dau:
[ 0] <1
3)

Céc diéu kién dam bdo SOCNNSs 6n dinh 1a céc ma trén
ma trdn phdn hoi 47(.), A2(.) phai doi xting.

Al @, jik,d = Al ki, j
A2 i, jk,mn = A2 i, jymonsk,l; = A2 ki, j;mom =
= A2 k,m,nyi,j = A2 mn;k, i, j = A2 m,ni, jik,l 4)
1<ik,m<M;1<jl,n<N
R.>0,C>0

Ghi chu: Ry va C tai (1) dugc xac dinh trong mach di¢n
tr ding nham thir nghiém mo hinh dong hoc CNNs [5]. V&
mit toan hoc, trong nhidu céng bd [5], [14], [19], néu coi
R.=1MQ va C=1yF thi R, va Ckhi d6 c6 thé dugc bo qua.

Dé tién tinh toan b trong sé cho SOCNNSs (hinh 1), véi
r=1, ta ¢ thé chuyén cac ma tran trong sb phan hdi bac hai
A2 thanh 09 bo trong s6 421, A22, A23, A24, A25, A26, A27,
A28, A29; ma tran B2 twong tng thanh 09 by B21, B22, B23,
B23, B25, B26, B27, B28, B29. Mbi mot bo trong sd nay di
kém véi tich cua cac tin hiéu dau vao hodc dau ra bac hai, va
dugc mo ta trong phuong trinh (6). Khi d6, vé mat hinh thirc
cac ma tran trong $6 bac hai tuong déng v6i cac ma tran trong
s6 bac nhat va co kich thude 3x3. Cac didu kién rang budc bac
hai d6i voi (4) dugc viét lai nhu sau:

A21 4, jyr,s = A21 r,850,)
A23 i, jir,s = A23 1,850,
A25 i, jir,s = A25 r,s50,]

A22 i, jir,s = A22 1,530,
A24 i, jir,s = A24 r,s850,) 5
A26 i, jir,s = A26 r,s;50, ] ;

A27 i, jirys = A27 rysiiyj 5 A28, jirys = A28 rusiij
A29 i, jir,s = A29 1,850, ] ;
Ry >0,C>0
1<i,r <M;1<j,s <N

(6))

Véi cach dit d6, phuong trinh (1) c6 thé viét lai nhu sau:

dxij ! 1 Xt +
— =X
dt R, C(k,)EN, (i,))

Al l,_],k,l Vi t +

+ Z Bl i, jik,l upy+1+
C(k,)EN, (i,))
+ Z A2V 0, jsr,s Yiqjq b Vs €+
C(r.5)eN, (i) (©6)
+.ot A29 i, j;r,s Yit1j41 b Vrs r+
C(r,s)EN,(i,])
+ z B211i,j;r,s Uj_jylys +
C(r,$)eN, (i,))
+...+ B29 (j;i’,S D+1j+lurs
C(r,$)EN, (i,))
Tur (6), SOCNNS ¢6 thé dugc mo ta bang mé hinh hinh hoc
twong Gng nhu sau:

I
wi doxy(t) dx(t)
A du(t) it
Wi . |B1 (iis k) WXU(U £y -
-1
Wit j+1 )
1 -1/Rx
i xH
...... B21 (iyj; 1ys)
i Y ()
...... A1 (if; k1) Y inj(t)
L] '—| X
------ B29 (ijs r,s) Azt bl ne) T —
X
o
A29 (ij; r,s) | o
o

Hinh 2. So db céu triic mang CNNs béc hai tuong dwong
trong do:
r, s: Thir tu cua té bao twong tmg vé6i cac bo trong sb dau
vao, du ra béc hai
A21(ij;r,s), .., A29(i,j;r,s): Ma tran trong s6 phan hoi dau
ra bac hai SOCNN:S, kich thuéce (3x3)

B21(ij:r.s), .., B29(i,j;r.s): Ma tran trong s6 dau vao bic
hai SOCNN:Ss, kich thude (3x3)
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3. Hoc co6 giam sat cho SOCNNs

Nam 1999, C. GuKzelis da hoan thién thuét toan Percep-
tron hoi quy (RPLA) cho CNNs béc nhét [13], trong do, trong
sO W bao gom cdc trong sO phan hoi bac nhat 41, trong s6 dau
vio bac nhit B1, va trong s6 ngudng 1, tirc 1a:

- [A1T ) 1]T (7)

Khi d6, CNNs héi quy chuan dugc chuyen sang dang
Perceptron truyén thiang va viéc tinh toan trong sé méi dugc
quy ddi W clia CNNSs c6 thé thyc hién theo thuat toan Percep-
tron hdi quy (RPLA).

Y(’ri cach tiém cén tuong tu, ching ta hoan toan c6 thé
chuyén mang SOCNNs sang mang truyén thang voi cach st
dung mot thuat toan Perceptron hoi quy c6 cai bién. Trong
truong hop nay, b trong s6 méi dugce xac dinh nhu sau:

T
B29" 1|  (8)

w=la" 4217 .. 4297 BT 27 .

trong do:

5 BI' = by by by by bs

T
AV =y ap a3 ay a

T T

A2V =ayy aypy ayz ayy ays B2 = by bypy bypz byg byys
T r -

A2 = ay) ayy aypy ayy aps B2 =y by by by bys_
T r h

A3 = ay) ay apy apy aps B2 =y by bz by byss
T r -

A4 = ayy Gy ays Gy s B2 =y buy bagz g bus
T r h

A5 = sy ay5y aysy sy dyss B2S = sy bysy bysy basy boss
T T

426" = ayg) gy gy toes ags B26T = by byy bagz bags Drgs
T T

A2T = ay @y @y dyyy ayys B2T = by by bygs bygy bygs
T T

A28 = agy apgy gy gy dngs B28 = bogy bygy bugy bogy bigs
T T

429" = ayy a9 a3 dro4 dros B2 = by by brg3 bygs bros
Vi :

ain, an, ais, a4, ajs: Toan hang cua ma tran phan hoi dau ra
bac nhat;

bi1, b1z, b1z, b1y, bis: Toan hang cua ma tran dau vao bac nhat;

aji, a2‘12, azs, .., A294, 617295.' Toan hang clia ma tran déu ra
phan hoi bac hai quy doi;

b211, b212, b213’4 . b294, b2gs: Toan hang clia ma tran déu vao
béc hai quy doi;

R0 rang (8) c6 do phirc tap hon (7). D6 1a ndi dung bai
toan can giai quyét.

Mb hinh (6) la mot hé dong hoc phan hdi c6 thé gy tw
kich dao dong lam mat 6n dinh cua h¢ thong. Chung toi da
chiing minh tinh 6n dinh [15] dya vao cac di€u kién rang bude
(4) hodc (5). Khi SOCNNs dat trang thai 6n dinh thi x;t la

. o dx;; t . .
hang so, dan téi /A 0, phuong trinh (5) c6 thé dugc viet

lai nhu sau (chon R, =1 MQ):

yt= Z
Ck,1)EN, (i, ))
9
+Z Z A2p i, jik,Lmn yig & Yy, t +
p=1 C(k,l;m,n)eN, (i,))
9
+Z Z B2p i, jik,,m,n uyguy, +1
p=1C(k,lsmn)eN, (i, )

Al i, jik, yy t +

>

C(k,1)eN,.(i,))

Bl i,j;k,l Upy -+

©)
Dit ma tran dau vao téng nhu sau:
=i oo bt oo b | ] et ]

(10)

trong d6 bd ma tran y;* 00 , ufj* duge dinh nghia nhu sau:

S S
. Yi-1j-1 00 + Vigj41 0
i
S S
" Yij 00 + Vi, 00
Sk S S
_)/l] o0 == yi-1j+1 o0 +yi+1j—1 o0 (11)
7, § s
4 Yij-1 00 +Yijj41 00
s
S
Yij 00
) s
s Ui 11 T U141
1 S + s
55 Upj T UL
Sk |, s
Ujj =83 | = |Ujg j11 + Uiy o1 (12)
N Ky s
! Ujj-1 Uiy
S5 s
U
Sk Sk S% S
Vi 0 :[yi—lj#l 00 Vi1 00 - Vitljl OO] (13)
S% S* 5% S*
U :[“ifljfl Uiy - “i+1j+1]

Phuong trinh trang thai CNNs bac 2 6n dinh (10) duoc
xac dinh nhu sau:
T
W

S S
X 00 :[Y[j

(14

Tu phuong trinh (11) Yljs dong vai tro dau vao tong cia
tin hi¢u dau vao bac nhat, tin hi¢u dlu vao bac hai va tin hiéu
daura béc nhat, tin hiéu dau ra bac hai. Khi do, viéc tinh toan
trong s6 cia SOCNNSs dugce thyc hién theo phuong phap hoc
Thi—Sai—Chinh.

Gia thuyét tin hiéu dau vao, dau ra phén cuc (gia i +1
hodac -/) nén ham tuong tac dau ra cuia SOCNNSs la ham dau
sgn(.), tac la:

T

s s s
yij(oo)zsgn x; 00 =sgn||V; W (15)

Tai khoang gid tri dau vao x&(-1;+1), theo Chua va
Thiran [20], gia tri dau ra ¢ trang thai on dinh dugc tinh nhu
sau:
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9
¥j oo =sgn|B+pl+ Y p2q+1 (16)
g=1

trong 46 S3,¢1,021,.....029 1a cac hé sé dugc tinh toan nhur
cac cong thuc sau:

viy(o0) @ gid tri déu ra thuc té 6n dinh mang SOCNNs;
D*, D-: mién gia tri d4u ra sai léch tinh toan dya theo nguyén
tic sau:

- V(o) =1 e yj(o0)=—1
dj=—1 dj =+1

D+

B=(as 0 -1/ AJ*y; 0 +[ays 0 -1/ A]* 3111 0 +..+[aggs 0 -1/ A]* iy 0

pl= s1%by1 + D15 +53013 +54b14 +55bi5

P21= syxby11 + 53 xby1o +53xby13 + 54 xby1g +85xbyys KUy
P22 = 1% byy1 + 3 xbyxy +53 % byp3 454 % bypg + 5% byys x4y
P23 = 5% by3) +59 *by3p +53 % b3z +54 % byzg +55xby3s KUy ;4
P24 = 51 xbog) +5p by +53 % byg3 454 %bygg +S5 xbogs xuy_y

P25 = 51%bys) +55 xbysy +53%brs3 +54 ¥bysy +55 % byss * Uy

P26 = 51 xbyg) +57 #bagy +53 b3 +54 % by +5 xbogs * Uiy
P27 = 51 xby71 +53 xbygy +53 xbyy3 + 546 byzg +55%byzs x5
P28= 51 xbrg| + 57 bogy +53 % bog3 +54 % bygy + 55 xbogs ¥y

P29 = 51 xbyg) +52 xbygy +53 % byg3 + 54 xbrog +55xbros ¥4

4. Thuét toan Perceptron hdi quy cho mang
CNNs béc hai (SORPLA)

Thuét toan Perceptron hdi quy cho SOCNNs duogc xay
dung dya trén phuong trinh (10) khi mang 6n dinh v6i dau ra
phan cuc. Gia tri dau ra 6n dinh duoc xac dinh theo (16).

Pé tinh toan bd trong 6 cho mang SOCNN s tai trang
thai 6n dinh, dé xuit phuong phap SORPLA c6 luu do thuat
toan nhu hinh 3.

Sai 1&ch gitra dAu ra thuc té va diu ra mong mubn duge
tinh nhu sau [13]:

W] =23 (00X (05 00) )

g 17)
=3 3= >y
i,jeD" i,jeD™

trong do:
5. s6 tap mau hudn luyén ciia mang
5[w n } : téng vec to sai 1éch dau ra mang SOCNNs;

d,j- . gia tri ddu ra mong mubn mang SOCNNSs;

BAT bAU

- Cho ma trdn miu bao gf‘)m (xii(0), uij, dij)
- Chon téc d6 hoc alpha
- Chon Thoi gian 14y mau steptime
- Chon bd ma tran trong s6 ban dau:
A1[0], B1[0], I[0],
A21[0], .., A29[0];
B21[0], .., B29[0];
1)

A

Tinh toan gia tri déu ra thuce té
CNNss bac hai
(2)

y

Tinh toan bg cac gia tri bac 2
cua SOCNNs
3

y

Tinh tong sai léch giira d4u ra
thyc t€ va dau ra mong muon

“)

Kiém tra dap tng
& [wln]]=y-d =0
)

\
Hién thi bd ma tran
trong s0 SOCNNs va
gia tri dau ra thuc té

(8)

Tinh gia tri trang thai ma&i
cua SOCNNs
(@]

Hinh 3. Luu dd thuat toan hoc cho mang CNNs béc hai

Tinh toan bg ma tran trong sb
moi cua SOCNNs
(6)

Viéc tinh toan gia tri trong s6 cua mang CNNs bac hai
khi @6 duoc thuc hién nhu sau:
W n+1 :[W n — AW n}

(18)
AW n =ax z Yin— z Yion

i,j,s €D¥ i,j,s €D

trong do:
a : toc d§ hoc ciia mang, thuong dugce chon 1a mot gia tri hang
s0 duong;
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Trong qua trinh thuc hién thuit toan SORPLA, bd véc to
trong s6 dugc didu chinh khi xét anh hudng cua timg té bao
cho tat ca cac mau huédn luyén. Khi sai sé gitra dau ra thyc té
va du ra mong muén tai mdi té bao béng khong, thi bo qua
cap nhdp trong s0 tai té bao d6 va chuyén sang té bao tiép theo
nguyén tac tir trai qua phai va tir trén xuong dudi. Thudt toan
chi két thuc khi tong céc sai 1éch ciia tit ca cac diém anh trong
tap mau dat gia trji bang 0.

5. Thir nghiém SOCNNs dua trén SORPLA

Khi dé xuat cau tric SOCNNs hdi quy ching ta can tién
hanh ba pha: i) pha mét: kiém tra tinh 6n dinh cta ciu triic
truy hdi nay do tin hi¢u phan hdi dau ra c6i thé gy tu kich
dao dong (da chimg minh [15]); ii) pha hai: pha hoc dé xac
dinh cac gié tri bo trong s6 [4 B 1j: s& tién hanh & muyc 5.1;
iii) pha ba: pha chay thtr bo trong s da xac dinh trén cau triic
d6 va sé thuc hién tai muc 5.2.

5.1. Tinh trong s6 SORPLA véi bd dnh méu cho truéc

Hién nay, c6 03 bai toan xir 1y anh cht yéu ma thuét toan
SORPLA c6 kha nang ap dung nhu sau: Do bién, do dinh va
phu déu ving anh [13]. Trong bai bao nay, chung 4p dung cho
bai toan do bién.

Vai tro cua thudt toan SORPLA ¢ ddy ding dé xac dinh
b6 trong sé dua trén bd anh miu cho trude nhu 1a mau hoc.
B6 miu hoc cho mang SOCNNs gém 03 thanh phan: i) mot
anh tin hiéu dau vao uj, 1) mot anh trang thai ban dau x;(0),
va iii) mot anh dau ra mong mudn d;. Ca ba anh d6 déu co
kich thudc 16x16. Trong thuc té cin c6 nhiéu b6 mau anh hoc,
tuy nhién dé don gian chiing t6i thir nghiém cho 01 bo mau
(hinh 4). B9 trong sb nay ding nhu 1a mét cira s6 dé do bién
anh.

Thudt toan va trinh tw thuc hién SORPLA nhu sau:

Input: Cho {uy, x;0), dy }; =0.001; thoi gian cap nhép
trang thai méi: Steptime=0.1s

Output: Bé trong so {Al, Bl, I, A21.. A29, B21..B29}
Buwoce khoi tao: Chop bo vec to ma tran trong sb SOCNNS
cho tin hiéu dau vao, dau ra lam gia tri khoi tao. BO trong so

khoi tao dua ra dya trén bo trong s6 tai [5], [15].
Da6i vai tin hi€u bac nhat:

010 0.5 0.5 0.5
Al=|1 2 1|; Bl=|0.5 0.5 0.5); I=0
010 0.5 0.5 0.5

Déi voi tin hiéu bac hai:
010
A21=A22=..=A429=[1 2 1
010
0.5 0.5 0.5
B21=B22=.=B29=05 0.5 0.5
0.5 0.5 0.5

- Tinh gia tri diu ra thyc té cia SOCNNS theo (17). (Tai
vong tinh toan dau tién do  x;(0) phan cuc nén gia tri dau ra
;(0) bang trang thai ban dau x;(0)).

- Tinh tong sai léch gitra tin hi¢u déu ra thuc té va tin
hiéu dau ra mong mudn:
i,jeD" i,jeD™
Do sai s6 g{w 0 } —100 = 0 nén phai tinh b trong s6 theo

céc vong lap tiép theo.

Tin hiéu
dau vao

wij

Tin hiéu
trang thai
ban diu

xii(0)

0

Tin hiéu

daura

mong mudn

djj

Hinh 4. Tap mau huan luyén SOCNNs
Vong lap dau tién: ) .
~ Buoc I: Tinh b0 trong so cho vong ldp dau tién theo (19).
Két qua vong 1ap dau tién nhu sau:
0.1480 0.1480 0.1480
A1 =]0.1480 0.076 0.1480
0.1480 0.1480 0.1480

0.1449 0.1449 0.1449
B11 =|0.1449 0.1449 0.1449 11
0.1449 0.1449 0.1449

=—-0.0043

—0.0321 —0.0218 —0.0321
A211 =A4221 =..= 4291 =|-0.0218 0.0139 —0.0218
—0.0321 —0.0218 —0.0321

—0.0359 —0.0359 —0.0359
B211 =B221=..=B291 =|-0.0359 —0.0359 —0.0359
—0.0359 —0.0359 —0.0359

Budc 2: Tinh trang thai méi x;; (f)o) 1 dua trén bd vec to
trong s6 méi theo (10).

Buéc 3: Tinh dau ra thye € yji(c0) 1 theo (17).

Burée 4: Tinh téng sai 1éch |e[w 1] theo (18).

Buée 5: Khi sai 1éch |5[W 1 ]| ~ 0, thuc hién tiép tuc vong
lap tiép theo. Nguoc lai, khi Hw 1 ]’ —0, dung.
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Vong ldp tiép theo:
Lap lai cac buoc 1, 2, 3, 4, 5 nhu vong 1ap tha nhét.

Trong chuong trinh tinh toan, sau 55 vong lap, tong sai
1éch |5[W 55 ]| — 0, thut toan dimg. Pay chinh 1a dau ra cubi
cung cua bo trong s6 cho SOCNNGs:

~0.0290 —0.1059 0.0142

A155 =|—0.1606 —0.1516 —0.1606

0.0142 —0.1059 —0.0290

0.1202 0.1906 0.1237

BI[55]=[0.2475 0.1639 0.2475| I1[55]=—3.8775
0.1237 0.1906 0.1202

1.4029 1.4325 1.3147
A2155 =(1.4479 0.6631 1.4479

1.3147 1.4325 1.4029
—0.0462 0.0282 —0.0586
A2255 =| 0.0342 0.0786 0.0342
—0.0586 0.0282 —0.0462
0.1149 0.1911 —0.0586
42355 =| 0.0342 0.0789 0.0342
—0.0586 0.1911 0.1149
0.0253 0.1883 0.0127
A24 55 =[0.0461 0.1687 0.0461
0.0127 0.1883 0.0253
—1.2172 —1.3127 —1.2183
A2555 =|—1.1835 —0.6149 —1.1835
—1.2183 —1.3127 —1.2172
—0.5511 —0.6042 —0.5141
A26 55 =]—0.5985 —0.2410 —0.5985
—0.5141 —0.6042 —0.5511
—0.5511 —0.6042 —0.5141
A27 55 =|—0.5985 —0.2410 —0.5985
—0.5141 —0.6042 —0.5511

—0.2327 —0.2804 —0.2141
A28 55 =[—0.1922 —0.1645 —0.1922
—0.2141 —0.2804 —0.2327

1.0956 1.0968 1.0842
429 55 =|1.1640 0.5636 1.1640
1.0842 1.0968 1.0956

1.4253 1.4849 1.4256
B2155 =|1.4654 0.7987 1.4654
1.4256 1.4849 1.4253

—0.3936 —0.2356 —0.3872
B22 55 =|—0.5009 —0.1746 —0.5009
—0.3872 —0.2356 —0.3936

0.0570 —0.0445 0.0101
B23 55 =]—0.0508 —0.0235 —0.0508
0.0101 —0.0445 0.0570

—0.4399 —0.5134 —0.4185
B24 55 =|-0.2747 —0.1777 —0.2747
—0.4185 —0.5134 —0.4399

—0.6549 —0.9667 —0.6511
B2555 =|—0.8818 —0.6073 —0.8818
—0.6511 —0.9667 —0.6549
—0.6525 —0.7205 —0.6754

B26 55 =1—0.5635 —0.3127 —0.5635
—0.6754 —0.7205 —0.6525

—0.6525 —0.7205 —0.6754
B27 55 =|-0.5635 —0.3127 —0.5635
—0.6754 —0.0445 —0.6525

0.4513 0.1292  0.4563
B28 55 =]0.1365 —0.1132 —0.0508
0.4563 0.1292  0.4513

0.9910 1.0094 0.9357
B2955 =|0.8012 0.4265 0.8012
0.9357 1.0094 0.9910

5.2. Thir nghiém bd trong s6 trén SOCNNs

Str dung két qua tinh todn by ma tran trong s trén, chung
t6i tién hanh mo phong hoat dong SOCNNs trén MATLAB
v6i bo dit lidu mau dau vao nhu hinh 4; Ap dung chuong trinh
nhu dé xuat & [15] dé thir nghiém hoat dong SOCNN s véi hai
b trong sb khac nhau, cu thé:

Thir nghiém I: md phong cho trang thai x;(?) tai hai té
bao C(3,3), C(6,7) cho bd trong s khai tao ban dau (dd cho
tai muc 4: Budc khai tao).

Két qua thu dwoc trang thai x33(¢) cho té bao C(3,3) minh
hoa hoi tu vé gia tri +3 (hinh 5). Trang thai niy qua ham twong
tac dau ra thu dugc gia tri +1. Tuong ty, trang thai xs7(2) cho
té bao C(6, 7) minh hoa theo hoi tu vé gié tri -4 (hinh 5). Trang
thai nay qua ham tuong tac dau ra y=sgn(xs(t)) thu duoc gia
tri -1.

Trang thai ciia té bao C(3, 3) va C(6, 7) cia SOCNNs

4 T T T T

Trang thi caa té bao Trang thai cia t bao
C(3, 3) sir dung b trong C(3, 3) sir dung bb trong
sb tinh todn SORPLA s6 ban diu

Trang théi cua t

bao C(6, 7) sir dung
b trong sb tinh tosn
SORPLA

Trang thai x(t)

Trang thai cia té
bao C(6, 7) sir dung b
trong s6 ban dau

10 I I I I I I I I I
0 100 200 300 400 500 600 700 800 900 1000

Thei gian (ms)

Hinh 5. Qua trinh qué do ciia x(t) tai t& bao C(3, 3); C(6, 7) trong SOCNNs
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Thir nghiém 2: md phong trang thai x33(2), xs7(2) tai té bao
C(3, 3) va C(6, 7) cua SOCNNSs cho bo trong s tinh toan tir
SORPLA. Két qua thu duoc trang thai x33(2), xs7(t) hoi tu vé
gia tri x33()=+3, trang thai ctia té bao C(6, 7) hoi tu vé gia tri
X67(t)=-4 (hinh 5), twong rng.

Danh gia va so sanh:

1) Haibd trong s6 khoi tao ban dau va bo trong $b tinh toan
tir SORPLA déu cho SOCNNSs dat trang thai 6n dinh;

2) Tuy nhién bd trong s6 sau khi sir dung SORPLA c6
nhing vu diém nhu sau:

- Védo qua diéu chinh: Bo trong s6 str dung SORPLA
khong xay ra tinh trang d6 qua diéu chinh. Cu thé d6i voi bo
trong s6 khoi tao, bién d trang thai x33(2) ctia té bao €5, 3)
c6 do qua diéu chinh ting khoang 20% roi giam dan vé gia tri
on dinh x33(1)=3; tuong tu, tai té bao C(6, 7), 46 qua diéu chinh
vuot khoang 120% roi giam dan vé gia tri 6n dinh x33(2)=-4;

- Vé thoi gian qua do: D6i voi trang thai xs3(2) cua té
bao C(3, 3), sau khoang 400ms, trang thai x33(2) st dung hai
b trong so néu trén déu tién dén gia tri 6n dinh. Tuy nhién,
tai té bao C(6, 7), thoi gian qua do cia SOCNNS sir dung bd
trong sb tinh toan SORPLA (400ms) giam khoang 2,5 lan so
v6i thoi gian qua do cuia SOCNNS sir dung bo trong sé khai
tao ban dau (1000ms).

3) Thu nghiém ciing duoc tién hanh cho cac trang thai con
lai ctia anh c6 kich thudc 16x16 trén SOCNNSs, va thu dugc
két qua twong tu.

Tir quéa trinh md phong trén ¢6 thé khang dinh mang
SOCNNSs sir dung bo trong s tinh theo thuat toan SORPLA
¢6 dic tinh cua qué trinh qua do c6 chét lugng cao hon so véi
st dung bd trong sb khoi tao.

6. Kétluan

Pong gop 16n nhat cua bai bao 1a xay dung mot thuat
toan SORPLA cho mang no ron bac hai. Pay c6 thé coi 1a su
phat trién ciia thuét toan RPLA [13] 4p dung cho mot ciu tric
méi la SOCNNSs — dai dién cho mang no ron bac cao.

Bai bao da trinh bay chi tiét thuat toan SORPLA ding
cho SOCNNSs, véi cdc budce trinh tu thuc hién theo luu d6
chwong trinh. Chung t6i ciing tién hanh thir nghiém trén phan
mém MATLAB v6i hai bo trong s6 cho SOCNN s va thu dugc
mot sb két qua nhur sau:

1) Trang thai ctia mang dam bao 6n dinh bén viing. Trang
thai d6 khong xay ra trudng hop qua diéu chinh. Mot sb
truong hop thi cho thoi gian 6n dinh nhanh hon (nhanh gip
2.5 14n so v&i b trong lya chon tuy ¥).

2) Viéc tinh toan trong s6 SOCNNs hién nhién phirc tap
do phai thuc hién nhiéu phép tinh cho timg té bao (diém anh)
trong mot ma tran anh 16n.

3) Tir thir nghiém anh 16x16 cho thdy mang no ron té
bao béac hai c6 kha nang ung dung cho cac bai toan xu 1y anh
[21], [22]. Do SOCNNSs la mang hdi quy tuong duong voi
mang nhiéu 16p truyén thing va dir liéu dau vao hai chiéu
thich hop cho cac bai toan xir 1y anh (ciing hai chiéu) doi hoi
tde do cao, dit lidu 16n.

Thuat toan SORPLA tai bai bao nay co thé coi 1a mot
cong cy tim kiém bd trong s6 cia SOCNNs dam bao anh dau
ra thyc t€ twong dong véi anh dau ra mong muon.

Huong nghién ciru tiép theo cuia bai bao 1a sir dung thuat
toan da phat trién ap dung cho cac bai toan xur ly anh trong
thuc te [23] [24].
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