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Tém tit: Bai bao trinh bay vé huéng nghién cau méi tng
dung mang noron t& bao tuong tac bac hai (Cellular order
Cellular Neural Networks - SOCNN) lam b nhé lién két. Nhém
tac gia dd nghién ctu phét trién cdu tric mang noron té bao
tuong tac bac hai va chuyén déi ciu tric mang CNN bac nhit
(Cellular Neural Networks — CNN) thanh c4u tr(ic mang mai chi
chira ma tran A dya theo luat Hebb dé xay dung cong thuc tinh
tham sb. Trong mé hinh thiét ké duoc dé xuét ¢ day co ma tran
b6 tham sb A la bo nhé lién két (bo nhé lién két su dung mang
noron té bao tuong tac bac hai - SOCBAM) va duoc tinh toan
(hoc) theo luat hoc khdng cé tin hiéu chi dao Hebb.

Dé khéng dinh tinh ding din cia md hinh mang dwoc dé xuit,
nhém tac gia da s dung ba mau dugc gan cho ba mau ngudi
(Men Pattern) goi tit 1a mau gdom Y1, Y2, Y3, mdi miu véi 81
dic diém dé nhan dang nhu: Mt hai mi, miii cao, tay dai, chan
dai, giong ndi trong, mat trai xoan, mdi trai tim, toc den, da vang
.., c&c mau duoc ma hoa bang 1. Nguoc lai (Vi du: Miii khong
cao la -1, ..., va c6 81 dic trung kiéu nhu vay cho mang noron
duoc dé xuit va két qua thir nghiém di cho thdy kha nang chiu
13i t6t va kha ning nhé cao hon nhidu so véi cac mé hinh mang
trude do.
Tir khoa: SoCNN, SCBAM, CNN

l. MO BAU

Mot cau hoi dat ra 1a, mang noron nhan tao cé kha
ndng nhé nhu ngudi duoc khong? Cau tra loi 1a c6. Mang
truyen thang ciing c6 kha nang nhd, nhung thé hién ro
nhat khd nang nhé la mang noron hoi quy. Trong mang
noron hdi quy ton tai mot loai bo nho gol 12 b nhé lién
két [5, 6]. Bo nh¢ lién két c6 thé nhé cac dic trung cua
nhung mau dugc hoc theo cach dia chi hoa ndi dung; khac
Vvé6i bo nhé ding trong may tinh s6 hién nay 1a dia chi hoa
theo dia chi. Khi mot h¢ théng c6 kha nang nhg mau, nay
sinh van dé ap dung kha ning nhé cia nd dé nhan dang
(giéng kha ning con nguoi). Tir kha ndng nhé theo mo
hinh lién két cua CNN chuén [1], nhém tac gia nghién ctu
kha nang nhé va nhan dang ctia SoCNN (dai di¢n cho
mang no ron té bao twong tac bac cao).

A. B4 nhé lién két ciia CNN chudn )

Trong CNN, hoc 14 tim bd tham s6 cua cac mang phan
hoi A, mang dleu khién B va mang ngudng |. Bai toan
tim bo tham s6 A, B, | kha phtrc tap, hién nay da va dang
¢6 nhiéu coéng trinh nghién ciru [4]. Trong pham vi bai
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bdo, v6i muc dich m& rong kha ning 1’rng dl_mg cla
SoCNN lam bo nhé lién két, nhém tac g1a xac dinh A
bang luat hoc Hebb [3], luat hoc khong co tin hiéu chi
dao. Hai ma tran diéu khién B va ma trdn ngudng | duoc
cho bang 0. V&i gia thiét trén thi mo hinh cia CNN trong
[1] tré thanh dang nhu sau:

dx (t)
= X OF A KDY, © @)

dt
Cho R =1 (mot don vi nao do). Khi X, () dugc xé&c dinh

mot gid tri, n6 tr¢ thanh hing s6. Luc nay, dao ham cua
hang so bang 0, va phuong trinh (1) ¢6 dang:

CO=3 )+ = Al ikDy, O &)
tir (2), co thé viét lai:
X;j ®= (kzl) Adl, ;K Dy, (© 3)
% (1) = 2 A, Jik Dy (t)
(k1) (4a)
yi () = £ (% (1)

Gia st X; (t) on dinh, tic 12 X; (t) tién t6i gia tri nao
do, vi du: X (t) tién toi 0 thi y; (1) tién téi 1. LGc nay,
ham tuong tac dau ra (quan hé giita X; () va y;(t) o
(2b) trong [1] tr& thanh ham déu. Khi CNN 6n dinh, Y
chi nhan gia trj (+1 va —1), do d6 c6 thé thay cong
thire (2b) trong [1] bang cong thire 4b:

f(x) =san(x, ®)) = 0> (4b)

y; (1) = -1 khi x,(t)<0

1. MANG NORON TE BAO TWWONG TAC BAC HAI

Ciu tric clia mang noron té bao da twong tac bac hai
[7] c6 thé dugc mo ta bang phuong trinh sau:
- Phuong trinh trang thdi

dx;(t) 1 . .
c =-—%; O+ X Al jik, 1)y, ®) + 2 B(i, jik,Du, +1
dt R, ) (kD)
+> Z A, jik mn)y, )y, )+ 2 2 B(, j;k,I;mnju,u
(k1) (m, (k1) (mn)

1<ikm<M;1<jl,n<N (5a)
trong d6: C 1a tu dién, C >0; Ry l1a dién tr&, Ry >0; I la
ngudng; C(K,1) 1a t& bao noron & vi tri (k,1); C(m,n)
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1a té bao noron & vi tri (M, n) ; N, (i, j) 1alang giéng cla
C(k,I), C(m,n) véi ban kinh r; X; (t) trang thai clia té
bao (i, j); Al jik,l;mn) va B, jik,lim,n) 1a cac
hé sb phan hoéi va hé sb diéu khién mot cach tuong ung,
lién két té bao trung tam (i,j) vSi cac té bao lang giéng &

vi tri (k,1), (m,n); y,, (), y,, (t) va u,,u_ lacac tin hi¢u
phan hoi va diéu khién (dau vao ngoai) tvong tmg & vi tri
(k.1); (m.n).

- Phuwong trinh dau ra: nhu phuong trinh (2b) va (Hinh 4)
trong [1] co thé viét (2b) & dang khéc:

1 ki ox ()1
M =4x ki -1<x ()<l (5b)
1 khix () <-1

- Phuong trinh dau vao: gidng phuong trinh (2c) [1]
u=E (5¢)
ij ij
- Piéu kién rang bugc
Ix 0)<1 1<i<M;1<j<Nwvoi X (0)  (5d)
ij ij

u..
i

(¢ day “1” duge chon v6i nghia chuin héa vé don vi).

- Tham so gia dinh (d‘leu kién d@é dam bdo CNN bdc 2 on

dinh): Diéu kién ddi véi cac mang phan hdi cin dam bao

dbi xtg:

Ad, : k1) = Ak, I, §)

<1 1<i<M;I1<j<N (Se)

Ak, Li, j;mn) = Ak, Lmn;i, j) = A(m,nji, ik, 1) =
= A(m,n; K, 1;i, j) = A, j; K, I;m,n) = A, j;m,n;k,1;)
1<ikm<M;1<jln<N (5f)
c>o0va R >0 (59)

lIl. CAU TRUC CUA BO NHO' LIEN KET BAC HAI
A. M6 hinh toan hoc cdu tric bg nhé lién két béc hai

Tu (5a) va tinh tham s& A(i, j; k1) dwoc coi 1a hoc
khong co tin hiéu chi dao (6).

.. P s s\'
Al ik =X, () (6)

O day, A(i, j; k1) 1a trong sb, p 1a sé luong mau, s= 1,
2,3, ..., p; vecto Yki la mau dau ra thir s, T 1a chuyén vi.
A(i'j;kll):[pl1+'aiz+A13+A21+Azz+A§3+A§1+A‘)2+%3]

Xi,-(t): Z A, jik Dy, @)

phuong trlnh ap dung CNN tuong tac bac hai cho bo nhé
lién két gom hai thanh phan nhu sau:

- 7
0= AL Iy O+ 3 3 Ak Emnyy 0ym(© ()

nhém tac gia dé& xuat

Trong phuong trinh (7) ¢6 cac thanh phan:
- Bac nhat Xij ®= Z A, ik Dy @) va A, j; k1) s

dung lam bo nhé Ilen ket CNN chuan (6).
- Bac hai str dung lam bg nho lién két cho SOCNN, tir (7)
dugc viét lai nhu sau (8)
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%)= (kZD A, ik Dy (t)+(k I% ; A, Jik Em )y, @)y, (®) - (8)

va mé hinh hinh hoc ¢6 dang nhu hinh 2, theo so a6 cua
CNN nhu hinh 1, ta cé:

x| Xy Yoy

Lép mang thi nhit

Hinh 1. Minh hoa cdu tric mang lién két hai chieu

x(£+1)

Ldp mang thnt hai

Xij = A(| ] kII! I)yk| (t)ymn (t)

(kJ;m,n) (98.)
y” = f (Xij)
ta co:

+1 X > 0
Yy = (%) = san(x;) = (%)

-1 X; < 0

|— Yij
X
Y 7 () Yidmn
A@, j kL mn)

Hinh 2. So' @6 khai SOCNN si dung 1am bé nhé lién két
Giai sir X 6n dinh, tirc 1a tién t6i gid tri nao do, vi du:
khi x—0 thi Yy —1 lac nady ham tuong tac dau ra (quan
hé gitra X va y) & (2b) [1] tré thanh ham dau va hoat dong
ctia noron té bao Cij dugc mo ta nhu trong (4b):

1 khi x (t)>0
yij(t):f(xij(t)):sgn(xij(t)):{il kh: ;(“820 (4b)

B. M6 hinh bg nhe lién két rrong tac bac hai
Dé xay dyng bo nho lién két cho SOCNN, tac gla dua
theo luat Hebb [3] duoc trinh bay trong (6) dé xay dung
cong thic tinh tham s6 A(i, j; k,1;m,n).
Ma tran bo tham sé A, 1a bo nhé lién két va duoc tinh
toan (hoc) theo luat hoc khong c6 tin hiéu chi dao Hebb
nhu (10).

A(i,j;k,l;m,n):szpl[Ykix( )}[Y X(Ymn)T]T (10)

A, j;k1;m,n) 12 ma tran cac phan ta nhé, (ka) va

N T
(Ynfn)la dau ra, (ka) va (Y ) dugc coi nhu 1a (YIJ )
Vi A, j;kI;m,n) 1a ma tran két ndi gitra dau vao ij va
dau ra kl; mn. ﬂ
Tue (10), xdy dung md hinh todn chuyén
A, j;k,1;m,n) hai chiéu thanh mot chiéu. Trong d6

A, §) =[ A, jik;mn)] = [kfX(Y ) }[Y X(Y )TT

vai |,j;k,|;m,n=L3
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A(i,j) =[A11,11 A11,12 A11,13 ... As1,79 As1,e0 As1e1]
M= Z) A, jik I mn)y, ()Y, ()

(k,I) (mn

Theo (8) dé tinh cho A(i, j;kI;m,n) trong (Hinh 2) lic
nay A(, j;k,I;m,n) c6 d6 rong (9 X< 9) X (9 X 9) =((3
x3) X (3 x3) x (3 x3) x (3 x3)) = 6561 phan ti,
I6n hon 81 1an so véi bo nhe lién ket sir dung CNN bac
nhat duoc tinh theo (6), (trang 71 [8]).

Bang 1 Ma tran A(i, j;k,I;m,n) caa bo nhé lién két sir
dung CoCNN.

Al jrk1:mn)
Yo Yz | Yis |7 | Y Yiso | Yins
Yoo Yz | Y |7 | Yew Yizso | Yizs
Ysorr  Ysoaz | Ysous | Yo Ysose | Vsosi
Yerar | Ysuz | Yss T | Yaime Yorso | Vsisi

a) Tinh trgng thai X
X; = A, ik Emn)y, Y., (Y, vay,, 1a mau duge su
dung cho CNN hoc).
Bang 2 Pha hoc cua CNN tuong tic bac hai cho by nhé
lién ket

A, jik, Lm, m) Y
Yun | Yoz | Yz | .- | Yinre | Vinso Yinsi Yan
Yizir | Yiziz . Yiz 13 wo | Yi270 | Yi280 Yiz2si Yz
x
Vsoi1 | Ysoiz | Vsors | - | Ysore | Vsoso | Vsos Vso
Ysrir | Ysri2 | Variz | .. | Vsire | Vsise | Viisl Yai
X=AxY
Bang 3 Tinh vecto trang thai cta bd nhé lién két SOCNN
A(4, ji k., l;m,n) Y X
Ay | Az | Az | oo | Aire | Aiso | s yu X1
Apar | Aiziz | Aizgs | oo | Aizze | Azso | Arzsr Yiz X12
X _
Asorr | Asogz | Asoss | - | Asoro | Asoso | Asoss Vso Xs0
Asir | Asiiz | Asiis | ... | Asize | Asiso | Asisi Vsi Xs;

X11= A11,11Y11 + Ar1.12Y12 FA11.13Y13 + Ar121Yo1 + Aoy +
A1123Y23 + ... +A11,79Y79 + A11,80Ys0 + A11,81Ys1

Xg1= Ag1,11Y11 + As1,12Y12 + Ag1,13y13 + Ast21Y21 + Ag12oyor +
Ag123Y23 + ...+ Ag170Ys1 + Asi,g0ys1 + As1s1yst
b) Tinh dau ra’Y
Theo (4b) va (9a), voi i =1...N (N=9); véi
j=1..M (M=9) ta co:
T
Y= [yn Yoo Yz Ya Yo Ve ySl] =F(X)

“[f) fg) f06) f06) o flee) fl) To)]

Tinh b6 nhé lién két: Cac mau duge cho twong tng véi
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1_v1 1l 2 _ 2 _\y2 3 _wvwv3 _v3
YkI _Ymn _sz ’Ykl _Ymn _sz ’Ykl _Ymn _sz

trong d6 b2 la ky hiéu cho m§~u dugc str dung trong bd
nhé CNN tuong tac bac hai. M6i mau co 81 gia tri twong
ing Véj Vi Yo

Cho mau 1 (Pattern)

Ybl2 =[111111111111111111111111111

111111111111111111111111111

111111111111111111111111111]T
Cho mau 2 (Pattern 2)

szz =[1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1 -1]T

Cho mau 3 (Pattern 3)

Yb?’2 =[1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
-111111111111111111111

111111111111111111111]T
Theo (10) ta c6:

AQ, jik,I;m,n) = [Ykl, (va) :|[Yk1| (va) ]T N
+ [Ykz, (szn )T }':Ykzl (szn )T T + [Yksl (Yn?n )T }[Y:. (Y n?n )T }T

Cac budc thuc hién trén Matlab:

Budc 1. Nhap gia tri cac mau (cac mau duogc ly hiéu
twong tng la Y2, Y2, Y9)

Yi=Miul=[l...1]

Y2=Miu2=[1 ... -1]

YS=Mau3=[-1...1]

Budc 2. Tinh ma gia tri cia cac mau

it [le(ylﬂ VIS [YZX(YZ)T} e
|:Y3><(Y3)T:| = M?

Budc 3. Tinh A(j, j; k,1;m,n) theo (10)

T T T
Al ik imn) = MY x(M1) + M* x(M?) + M®x(M°)
Budc 4. In két qua A, j;k,I;m,n)
Theo yéu cau bai toan da cho A(j, j;k,1;m,n) cho thay 3
mau A(, j;k,I;m,n) co dorong la (9x9) X (9% 9) =
= ((3x3)x(3x3) x(3x3) x(3x3)) = 6561 phin tu
nhu hinh 3.

e )
V1 x I] L )
}‘8:> Al ikl mn) o [ — Vii
\
& ®
: e |

Hinh 3. SOCNN lam b nhé lién két
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Trong hinh 3, nhdm tic gia xay dung by nhé lién két
cho SoCNN tir (8) voi vl 1a dau vao mau cho mang hoc,

V2 1a dau ra phan hoi tir Y; va y, va y ., Aijkl;mn)

mn ’

la ma tran nhé mau caa CNN, X; la trang thai cua CNN,

f (X ) 1a ham dau ra.

Pha hoc cho SOCNN duoc thuc hi¢n cac budc sau:
Budéc 1. Noi vl va v2 trén (Hinh 3) dé kich hoat cho
mang, ung vai t=0. )

Buéc 2. Ngat vl va v2 dé dua noi dung thyuc hién pha hoc
vao ma tran A(i,j;k,1;m,n).
Buoe 3. Kieém tra két qua daura y,

Pha goi lai (thfr~nhén dang),
Buéc 4. Pua mau can goi lai (thir nhan dang) vao ma tran
A(i.j;k;m,n)

Buéc 5. Nhan két qua o dau ra cua Yy

Aqii) L | ranw
. x,amf rarp| | 4t 4arsn  [xpea
VAm'aUZ St = z Y1181
Agair) T
Tarsy S -
Ly L, Aarip
. Xya1.11) Yanin ) |xgms.
Af11.8i L Af11.8
7"' Y Seess) _(r )Z _' Fears1)
AL ALy
AcaLan Ay

Hinh 4. So d@o ghép nai ciia SOCNN 1am bg nhe lién két

Tir két qua tinh dwoc & trén va phuong trinh (10), nhém
tac gia xay dung so dd chi tiét caa SOCNN lam b nhé
lién ket (Hlnh 4), trong d6 cac ky hiéu ij 1a dau ra duoc
dura vé dau vao kl,mn.

IV. THO NGHIEM VA BANH GIA

Bai toan nhdn dang mau sir dung CNN twong tic bdc
hai 1am bg nho lién két

Trong bai toan nay, tac gia st dung SOCNN lam b nhé
lién két. Cac mang bac cao hon ciing c¢6 thé &p dung
tuong tu.
A. Phat biéu bai toan

- Gia sir c6 3 mau nguoi (Men Pattern) goi tat 1a mau
gom YL, Y2, Y3 mdi mau voi 81 dic diém dé nhan dang
nhu: Mit hai mi, miii cao, tay dai, chan dai, giong noi
trong, mt trai xoan, moi trai tim, toc den, da vang ..., cac
mau dugc ma hoa bang 1. Nguoc lai (Vi du: Mii khong
cao la -1, ..., va c6 81 dac trung kiéu nhu vay cho mang
noron duoc mO ta nhu sau:

- Cho 3 mau tuong ng Véi

Y :[yll Yo Yis Y70 Yao y81]
Mau 1 (Pattern 1)
Ybllz[lll1111111111l111111111111111111111111111

= 111111111lll11111l1111111111111111111111]T
Mau 2 (Pattern 2)
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Yb22 = [-1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
1-1-1-1-1-12-1-1-1-1-2-1-1-1-1-1-1-1-1-1-1-1
1-1-1-1-1-1-1-1-1-1-1-1-1-1-1 -1

Mau 3 (Pattern 3)

Yo =[1144114-114-11-1-111-111-1-1 1

-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1111111111

1111111 1111111111111111111111111]T
B. Bai todn dat ra
Truong hop 1. Thé hién 3 mau d6 dugc nhé trong ma
tran trong so A(i,j;k,I;m,n).
Truo‘ng hop 2. Gia su ¢6 1 trong 3 ngudi c6 cac dic diém
nhu cac mau hodc Y! hoic Y? hodc Y° dugce dua vao CNN
turong tic bac hai. Néu qua thuc A, j;k,1;m,n) 1a bd
nh¢ thi CNN tuong tac bac hai s€ goi ra dugc nguoi do
da dugc nhd trong A(i,j;k,I;m,n). Pay 1a qua trinh goi lai
(Recall)
Trweong hop 3. Thu nghlem 1 mau nao d6 sai 1 bit, 2 bit,
3 bit tirc 1a ddi tugng nguoi do bién dang tir 1 sang -1 (Vi
du: Mili cao do bi thay d6i thanh miii thap vi ly
do nao d6) thi CNN c6 nhan ra nguoi d6 khong?
C. Gidi bai toan
Truong hop 1. Tinh bd nhd A(i,j;k,1,m,n) theo céch tinh
trong (111, B).
Truong hop 2. Theo (10), ta cé:

A, j;kI;mn)= Zp][Yms X (Yn:n )T :H:YkT . (Y”:“ )T T

Buoce 1. Khéi tao gla tri
Bude 2. Nhap gia cac dic diém cia mau Y! vao b nhd
CNN tuong tac bac hai dugc tinh theo cong thirc
X! = Axy!
Buorce 3. Goi gia tri dugc luu trit trong ma tran nho
A(, j;k,I;m,n) CNN
Budéc 4. Tinh gi4 tri trang thai X*
Budc 5. Tinh Y** theo ham dau ra cua CNN
Buoc 6. In két qua
X = AL I 1;m,n) X Yi=
=[13041 13041 13041 13041 13041 13041 13041

13041 13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041
13041 13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041
13041 13041 13041 13041 13041

13041 13041 13041 13041 13203 13203 13203
13203 13203 13203 13203 13203

13203 13203 13203 13203 13203 13203 13203
13203 13203 13203 13203 13203

13203 13203 13203 13203 13203 13203 13203
13203 13203 13203 13203 13203

13203 13203 13203 13203 13203 13203 13203
13203 13203]"
Trong d6 A(i, j;k,1;m,n) 1a ma tran trong s6 dugc CNN
bac 2 nh('Y sau mdi 1an hoc

Tinh Y* hay Y, ,taco:

kl,mn ?
khi x>0

fx) = sgn(x) =1
= X..)=sgNn(Xx.) =
BTSSRI G ki <0
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Tir két qua trén cho thay cac két qua X, déu duong

kl,mn

do do céc gia tri cia X thu dugc gia tri 1, twong tng véi

Y(kq):[llllllll11lll1111111111111111111111111111

= ].:|.:l.l].].:|.:|.1].].].l].l].].llll].].:|.:l.l].].:|.:|.l].].:|.:|.1].].].l]T
cho két qua nhan dang ding.
Truong hop 3. Gia sit c6 3 mau tuong tng vé6i Y, Yy, Yy
Mau 1 (Pattern 1)
1:[-].:|.].l:|.].:|.].l:|.].:|.].1:|.].:|.].:|.].:|.].:|.].l:|.].:|.].l].].f|.].:|.].].:|.].:|.:|.

= 111111l11l1l1111111111111111111111111111]T

Mdu 2 (Pattern 2)
Ybf:[-1-1111111111111111111111111111111111111111

= 1111111111111111111111111111111111111111]T
Mdu 3 (Pattern 3)
:[-1-1-11l1l1l111l1l11111111111111111111111111

= 1111111111111111111111111111111111111111]T
Tinh véi sai s6 1 bit: Theo phuong trinh (10)
Buoc 1. Khéi tao gia tri
Bude 2. Nhip gia cac dic diém cia miu Y', vio b nho
CNN tuong tac bac hai dugc tinh theo c6ng thirc
X5 = A, ik I;m, n)

Buéce 3. Goi gia tri duge luu trir trong ma trdn nhd
A(j, j;k,I;n,n) cia CNN bac hai

kl,mn

Buodc 4. Tinh gia tri trang thai X

kl,mn

Bude 5. Tinh Y,, theo ham déu dAu ra cia CNN

Buoc 6. In két qua ,
Theo cac budc tinh dugc thuc hién trén Matlab cho két
gua nhu sau:

Két qua mau 1 c6 XkI m =

=[12555 12555 12555 12555 12555 12555 12555 12555
12555 12555 12555 12555

12555 12555 12555 12555 12555 12555 12555 12555
12555 12555 12555 12555

12555 12555 12555 13041 13041 13041 13041 13041
13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041 13041
13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041 13041
13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041 13041
13041 13041 13041 13041

13041 13041 13041 13041 13041 13041 13041 13041
13041] 7

Twong tu cach tinh & trén, tac gia tinh dwoc két qua
tuwong (Ng Voi mau 2 va mau 3:

Két qua mau 2 c6 XkI I

= [12069 12069 12069 12069 12069 12069 12069 12069
12069 12069 12069 12069 12069 12069 12069 12069
12069 12069 12069 12069 12069 12069 12069 12069
12069 12069 12069 12879 12879 12879 12879 12879
12879 12879 12879 12879 12879 12879 12879 12879
12879 12879 12879 12879 12879 12879 12879 12879
12879 12879 12879 12879 12879 12879 12879 12879
12879 12879 12879 12879 12879 12879 12879 12879
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12879 12879 12879 12879 12879 12879 12879 12879
12879 12879 12879 12879 12879 12879 12879 12879
12879]"

Tinh Ybf*, ta co:
khi x, >0

f(%;) = san(x;) -
W= TSI G i x, <0

Tir két qua trén cho thdy cac két qua X2  déu duong

kl,mn

do d6 cac gia tri ctia X thu dugc sé la 1, twong ung voi:
Y1:[11111111111111111111111111111111111111111

= 1l1l11l1l11l1l11l11111111111111111111111]T
cho két qué nhan dang dl'mg v6i mau 1 di dugce hoc.
Két qua mau 3 co xkI I

= [11583 11583 11583 11583 11583 11583 11583

11583 11583 11583 11583

11583 11583 11583 11583 11583 11583 11583
11583 11583 11583 11583

11583 11583 11583 11583 11583 11583 11583
11583 11583 11583 11583

11583 11583 11583 11583 11583 11583 11583
12717 12717 12717 12717

12717 12717 12717 12717 12717 12717 12717
12717 12717 12717 12717

12717 12717 12717 12717 12717 12717 12717
12717 12717 12717 12717

12717 12717 12717 12717 12717 12717 12717
12717 12717 12717 12717

12717 12717 12717 12717]T
Trong d6 A(j, j:k,I;m,n) 1a ma trAn trong sb cua
SoCNN.

Tinhv,”", ta co:

khi x>0
kni x, <0
Tir két qua trén cho thay céc két qua X"

+1
Yij = f (Xij) = Sgn(xij) = {_1

déu duong

(>0) do do6 cac gia tri cua X thu dugc s€ 1a 1, tuong Gng
véi
Y1:[111111l1111111111111111111111111111111111

= 1111111111111111111111111111111111111111]T
cho két qué nhéan dang dung véi mau 1 da duoc hoc.

IV. KET LUAN

Sau cac thir nghi¢m, nhom tac gia nhan thidy CNN
tuong tac hai cé kha nang nhé glong nhu bd nhg caa con

ngudi. Chi vai ba mau Y',Y%,Y b6 nhé dugc thuc hién
va luu trix trong ma tran A(i,j;k,I;m,n) twong duong véi ma
tran trong s6. Do d6 ma tran trong so trong mang noron
duoc coi la rat quan trong. Khi mot mau (ang véi mot doi
tugng dugc cho) duoc dua vao SOCNN, mang s& so sanh
Véi cac mau da nho trong ma tran A(i,j;k,I;m,n) va gol ra
dbi tuong do. tac gia da tlen hanh thtr vai cdc mau vao sai
1, 2 va 3 bit. Mau thir c6 sb bit sai dén 44% nhu‘ng bo nho
lién két dya trén CNN tuong tac bac cao van ¢6 kha ning
nhan dung mau. Nhu vay, kha ning chiu 16i cia mang
CNN la kha cao.

Mang c6 kha nang xur ly 18i (chiu 13i tot). Két qua cho
thiy kha ning nhan mau cao hon nhiéu so véi cac mo
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BO NHO LIEN KET SU DUNG MANG NORON TE BAO TUONG TAC BAC HAI

hinh bd nhé lién két truée d6. Theo Michael Negnevitsky
(trang 196) [2] dung lugng nhé lién ket toi da 1a:

Hopfiel

n A e A A 5
mx — —— » trong d6 n la s6 phan tir noron.

4Inn
Vi bo nh lién két CNN do sir dung dau vao la 2 chiéu
nén s6 bo nha ¢ thé dat téi:

2
\ CNNChua _ n
max -
4Inn

Nhu vay, s6 mau nhé mang lién két tang & dang ham
mii. Néu ching ta sir dung CNN béc 2 sé lién két c6 thé

dat téi:
n 2
M CNNbac2 _
mex 4Inn
LOI CAM ON

Két qua nghién cau dugc tai trg tir ngudn kinh phi
nghién ctu khoa hoc cua Hoc vién Cong nghé Buu chinh
Vién théng da tao diéu kién cho nhom tac gia hoan thanh
két qua nghién ctu. Tac gia xin chan thanh cam on lanh
dao Hoc vién Cong nghé Buu chinh Vién thong, vién
nghién cau Dién ta, Tin hoc, Tu dong hoad da tao diéu
kién vé tai chinh va trang thiét bi trong qué trinh nghién
ciru thir nghiém. Tac gia mong muén tiép tuc nhan duoc
kinh phi tai tro va tao diéu kién trang thiét bi dé nhém
nghién ctu thir nghiém va phét trién tng dung mang
noron té bao trén cac module phan cing.

2
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ASSOCIATIVE MEMORY USING SECOND
ORDER CELLULAR NEURAL NETWORKS

Abstract: This paper presents a new research direction
that applies second-order interactive cellular neural
networks (SOCNNs) as associative memory. The authors
have researched and developed the structure of the
second-order interactive cellular neural network and
converted the CoCNN network structure into a new
network structure that does not contain the A matrix. The
author follows Hebb's law [3] to build the formula for
parameter calculation. In the design model proposed here,
the parameter set matrix A is associative memory and is
computed (learned) according to the jurisprudence
without the Hebb directing signal.

In order to confirm the correctness of the proposed
network model, the author used three samples assigned to
three human patterns (Men Pattern) for short, namely
samples Y1, Y2, Y3, each with 81 characteristics to
receive the forms such as: double eyelids, high nose, long
arms, long legs, clear voice, oval face, heart lips, black
hair, yellow skin ..., the samples are coded with 1.
Otherwise (For example: The nose is not high is -1,
and there are 81 such type features for the proposed
neural network, and the test results have shown good
fault tolerance and much higher memory capacity than
the previous network models.

Keywords: SoCNN; BAM; MiCNN, BSoCNN.
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