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TOM TAT

Bai béo trinh bay noi dung phat trién phuong phap xac dinh sé luong két néi trong
mang noron té bao bac cao trén co s& ciia phwong phap xac dinh sé luong két ndi trong
mang noron noron té bao dugc dua ra boi Leon O. Chua. Phuong phap xac dinh sé két noi
ciia mang noron té bao bac cao dugc dua ra boi nhém tac gia sé gilp cac nha nghién cuau,
tinh todn va thuc hién mé phong. Bai bao trinh bay cac budc thuc hién trong qué trinh xac
dinh s két ndi véi mang bac nhét, bac hai va bac ba. Vi bac cang cao thi sé két ndi tang
theo ham ma, dan dén sé nat két ndi rat 16n. Vi vay, nhom tac gia dé xuat phuong phap
xac dinh sé dau vao ngoai cua mot té bao va4i ban kinh r khac nhau ¢ dang tong quat cho
Mang noron t& bao bac cao, tir d6 giup cho viéc phét trién tng dung mang noron té bao,
hé théng nhang, xir I anh va cac &ng dung trong twong lai duwgc thuan lgi hon véi mang
bac cao, déng thoi tao ra mot cong cu cho viéc kiém chirng trong qua trinh thiét ké mang
noron té bao.

Tir khéa: bdc cao, mang noron té bao, nit mang, so két nai.

A METHOD FOR DETERMINING THE NUMBER OF CONNECTIONS IN
HIGHER-ORDER CELLULAR NEURAL NETWORKS

ABSTRACT

This paper presents the content of developing a method for determining the number of
connections in high-order cellular neural networks based on the method of determining the
number of connections in cellular neural networks proposed by Leon O. Chua. The method of
determining the number of connections in high-order cellular neural networks proposed by the
author team will help researchers perform calculations and simulations. This paper presents the
steps in the process of determining the number of connections with the first-order, second-order,
and third-order networks. The higher the order, the more connections increase exponentially,
leading to a large number of connection nodes. Therefore, We propose a method for determining
the number of external inputs of a cell with different radius r in a general form for high-order
cellular neural networks. This will facilitate the development of cellular neural network
applications, embedded systems, image processing, and future applications with a high-order
cellular neural network, while creating a tool for verification during the design process of the
cellular neural network.

Keywords: cellular neural network, high-order, network nodes, number of connections.
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1. PAT VAN PE

Mang noron té bao chuan cé cau tric gidng
mang Hopfield (Chua & Yang, 1988) dugc
ghép ndi thanh mot bang (Mot mang hay ma
tran hai chiéu). Pay 1a mot mang cac bo xur i
song song duoc goi 1a phan tir mang, mdi phan
tir mang 12 mot té bao (cell). Hinh 1 cho thiy
mdt CNN hai chidu c6 kich thuéc (M xN) té
bao dit trong hé toa do Dé céc, trong d6 C(i,j)
la té bao caa mang. Do vay, viéc xac dinh
chinh xac sé luong két ndi trong mang 1a rat
quan trong. Khi sb 16p va s bac cia mang ting
Ién, viée xac dinh s6 két ndi tré nén phic tap
va d& gay ra 16i anh huong dén hiéu suat va do
chinh x&c cua toan mang.
2. PHUONG PHAP NGHIEN CUU

Dé dam bao do chinh xac cua mang, nhom
tac gia di phan tich Ii thuyét vé cau tric va
nguyén Ii hoat dong cua mang noron té bao
chuan (CNN) qua viéc dé xuat cong thire toan
hoc md ta hoat dong cia mang nhu khai niém
nhu lang giéng trong CNN, so dd nguyén Ii
hoat dong, md hinh todn hoc, mach dién cua
mat té bao va mé hinh toan hoc cua CNN bac
hai, st dung phan mém Matlab dé md phong
so do cua CNN chuén va CNN bac hai. Két
gua md phong glup minh hoa 13 hon vé hoat
dong cua mang va cung cap co so thuc té dé
kiém ching 1i thuyét. Dya trén phan tich Ii
thuyét va két qua mo phong, dua ra cac cong
thirc xac dinh s6 két ndi trong mang noron té
bao véi ban kinh va bac khac nhau. Cong thic
dugc dua ra giup don gian hoa qué trinh thiét
ké va md phong mang noron té bao bac cao.
3. NOI DUNG NGHIEN CUU
3.1. Mang noron té bao chuin

Trong Hinh 1 cho thay mot CNN hai chiéu
co kich thuéc (M xN) voii=1..N;j=1...
M. MJi té bao C(i,j) déu cd cac té bao l1an can
hay lang giéng .

1
2

3 OO

Hang

Hinh 1. Mang CNN c6 kich thwéc M x N

S6 14 (09/2024): 87 — 95

3.1.1. Dinh nghia lang giéng trong CNN

Lang giéng r cua mot té bao C(i,j) (Hinh
1) trong mot mang CNN dugc xac dinh boi
biéu thac sau (Chua & Yang, 1988):

Nr(i,j):{C(k,l)|max{|k—i|,|l - j|} <r,

1<k <M ;1<I<N} (1)
trong do, r 1a mot s6 nguyén duong.
3.1.2. Sor d6 nguyén Ii hoat déng ciia CNN
So d6 nguyén Ii cua mot té bao noron
C(i,j) dua trén mo6 hinh mach dién (Hinh 2)
(Chua & Yang, 1988; Nguyén Tai Tuyén va
cs., 2022). Trong Hinh 2, u;j, x;;, y;; lan luot
1a c4c tin hiéu dau vao, trang thai, dau ra cua
noron (i, j). Trang thai x;; chuan hoa véi gia
tri trong khoang 0 < x;; < 1. Dién 4p dau vao
u;; duoc gia dinh 13 hang sb vai gia tri nho
hon hogc bang 1 (0 < w;; < 1). M&i mot té
bao C(i,j) chira mot ngudn dien ap E(i,j),
ngudn dong I, tu dién C, dién tré R, & mach
trang thai va R,, & mach ra. I,,,(i,j; k,1) va
Ly (i, j; k, 1) 1a cac ngudn dong dau vao va
nguon dong dau ra, dong dién duogc diéu
khién bang dién &p tuyén tinh & mach ra, dwoc
xac dinh nhu sau (Chua & Yang, 1988):
Lew (@, J; k, 1) = B(, j; k, Dugg

Diu vio tr:mg théi
..
¥

E) 4 l
' O T Lfijik)

(3a)

dﬁu ra

Hinh 2. So' d6 nguyén li cia mot CNN

Dé 16 vé do do ctia B trong (3a) taco v la
dién ap dugc mac dinh. Vivay, u;; = Ej,, V6i
Ej; 1a ngudn &p mot chiéu (1a hang sb). Dya
vao cdng thirc nay, dé xac dinh duoc don vi do
S thong qua (3a, 3b) va (4a, 4b), dy 13 d6 dan
(d6 dan G: 1a dai lugng nghich dao cua dién tré
R ¢6 don vi do 1a S — Siemen) nhu sau:

L. @, k1

B(i,j: k, 1) =%
= ! —1—G 3b
"R, 0 (3b)

va tuong tu (3a)
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Ixy(|,J,k,l):A(|,J,k,|)yk| (4a)
A, j;k,l):M:izizG (4b)
Y R

y
'yx =%(\Xu +1- e -1)

:Rin(‘xii APy ‘]M :Riy fog) O
voi moi C(k) € Nr(i,).

Mai phan t phi tuyen (té bao noron) la
maot ngudn dong dugc diéu khién bang dién

ap c6 Iy, = f(xU) Céc hé s6 A(i, j; k, 1)

va B(i,j; k, l) duorc goi la cac h¢ s6 mau hoi
tiép va hé sé mau diéu khién tuong ung.

l Nitc ngudng: [

NMZu digu khién

Pau vag cuc b
u

[B] t

M3u phin héi
[A)

Diu vao ti l4n cin

Phan hoi tir lin can
Hinh 3. So dd khéi ciia mét té bao

Trong Hinh 3, cho thay phan tir ctia té bao duoc
tao boi mang phan hoingoai A = (2r + 1)%, phan
hoi trong — Ri, mang diéu khién B = (2r + 1)?
phan tir va ngudng /.

MGi phan tir trong mang c6 ban kinh r = 1
du’O'C kl' hiéu tlIO’ng ﬁ'ng A11PA12'A13;
Az1, 422,423 den Ay, Asp Ay VA
Blli BlZJ Bl31 321, BZZI BZS! B31' BSZI B33 den
s6 dau Vao ngoai tr mang A va mang B cua
noron té bao twong ng 1a tong cac té bao cua
mang la: 2(2 x 1 + 1)2 4+ 1 + 1 = 20 dau vao,
trong d6 phan tir phan hoi ngoai A = 9; phan
ta dieu khien B = 9; phan ti phan hoi trong

(— %) = 1; phan tir nguong I = 1.

3.1.3. M6 hinh toan hoc ciza CNN

Phuong trinh dong hoc ciia CNN (Chua &
Yang, 1988):

Phuong trinh h¢ théng (6a, 6b, 6¢) mo ta
trén (Hinh 3), trong d6 C(k,l) 1a t& bao cua 6
giao bai hang k vacotl, C latu dién, R 1a dién
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tré trong mach trang thai twong tng véi x ta
cd C, VaR,.

Phuong trinh trang thai:

o (t)
c—Y% -~ x(t
dt R % 0

X

B(i, j; kI
C(k,l)eer(i,j) (1 3k Dug

i, j;kl
"oy gy IO

1<ik<M;1<jI<N
Trong (6a), ki hiéu

(6a)

Y duocki
C(kDeN(, j)

hisurdang 2 didukien (Chua & Yang, 1988).

(k1)

Phuong trinh dau ra:

3, 0= (1%, 0111, ©-11) = £, 0)

I<I<M; I<j<N (6b)
Phwong trinh dau vao:
Phuong trinh rang budc va gia dinh:
Cac diéu kién rang buoc:
Ix (0)<1 1<i<M;1<j<N  (6d)
ij
(6e)

ugl<1 1<i<M;1<j<N

Céc thong sb gia dinh (chon “1” véi nghia
chuan héa vé don vi):
ALk 1) = Ak L))

1<ik<M;1<jI<N (6f)
C>0 R >0 (60)
F vl
X

Hinh 4. Him diu ra twong &ng véi (6b)
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3.1.4. Mach dién cia mét té bao

Trong Hinh 5 1a mé hinh noron té bao
duoc md phong trén mach dién, dién ap diéu
khién ngudn dong Ixy(i,j; k,1) dugc xé&c
dinh boi phan tir khuéch dai thuat todn A4; va
digntré R4, R,, ..., Rs:

_RZ
LyGikD = (=) O
‘ x;lz R1R5 kl
v6i diéu kién
R, R,+Rs
5 = (8)
R; R3

bién tro dau ra lién quan véi L, (i, j; k, )
1a vb han, dugc xac dinh boi (7). Ham tuyén
tinh timg doan (piecewise linear function)
yij(x;;) 12 phan tir khuéch dai thuat toan
A,, Az vadiéntro Rg, R, Rg, Rg thoa mian diéu
kién (8) la

Rs+R, Rg+Ry
Rs Ry

O day, V.. 1a dién &p nguon cung cap. Mot
CNN c6 thé md phong bang mot mach dién
phi tuyén (Hinh 4) duoc tao nén tir viéc ghép
ndi cac lién két cuc bo theo khdng gian boi
cac khéi mach dién gidng nhau, mdi khoi
mach dién duoc goi 1a mét té bao (¢ day, voi
r=1vaMxN =3 x3).

Tir so @6 khéi & Hinh 2 va so @ CNN
trong Matlab dugc xdy dung theo phuong
trinh (9) c6 thé biéu dién mau CNN [A B 1]
nhu Hinh 6, trong do cac gia tri dugc gia dinh.

+ Vel (9)

Hinh 6. So' 0 cia CNN chuan trén Matlab

3.2. Xac dinh s két noi ciia noron té bao
chuén bac nhat

Theo Leon O. Chua (Chua & Yang, 1988;
Roska & Chua, 1993) thi s6 két nbi dau vao
ctia noron té bao chuin (bac nhat), ban kinh
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r =1 c6 két néi dén by tong gom két ndi
trong va két nbi ngoai cua té bao:

+ Dau vio trong (dau vao noi) cua té bao
noron,

+ PAu vao ngoai cua té bao noron (ki hiéu
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- 10). Bau vao ngoai két ndi dén bo tong cua
té bao gom:

* Két ndi tir mang phan hdi A caa noron,
tuong tng A = (2r + 1)?;

* Két ndi tir mang diéu khién B caa noron,
twong tng B = (2r + 1)?;

* Két ni tir ngudng I cua noron.

Tir cac két ndi dugc phan tich ¢ trén, ta
tinh todn so6 dau két noi twong ung cho moi
noron té bao ¢é ban kinh r nhu sau:

3.2.1. Noron té bao c6 ban kinh r = 1

Hinh 1 va Hinh 3 trinh bay vé CNN c6
kich thuéc M x N va so d6 khdi cia mot CNN
voir=1,l0cnay M =3 va N = 3. Trong
Hinh 3, cac mang phan hdi 4 = (2r + 1) va
mang diéu khién B = (2r + 1)2, ngudng /.

Mang A (r = 1) Mang B (r = 1)
Cll C12 C13 Cll C12 C13
C21{C22|C23 C21/C22|Cas
C31 C32 C33 C31 CSZ C33
Hinh 7. Mang AvaBciaaCNNcor =1

Xac dinh sé d4u vao ngoai cua noron: Ap
dung cong thac tinh két noi (2r + 1)? trong
(Chua & Yang, 1988; Nguyen Tai Tuyen,
2015), ta c6 so dau vao ngoai tir mang A va
mang B cianorons€la: 10 =A+B=(2x1+
1?2+ (2x1+1)2=22x1+1)?=18 dau
vao (s6 1 in dam la ban kinh ctia mang cé
kich thuac la 1). Tong so6 dau vao ngoai cua
noron 1a 18. Tong sé dau vao noi —Ri cua

X

noron la 1.

Theo Leon O. Chua, ta c6 dau vao noi cua
noron t& bao la tin hiéu phan hoi tir dau ra
trang thai x cta noron tré vé bo tong. S6 dau
vao cuta mot noron chuan co r = 1 la:
Yin(cel) =22+ 1)2+1+1=20 dau vao
(trong do6 c6 01 dau vao phan hai tir x).
3.2.2. Noron té bao c6 ban kinh r = 2

CNN c6 ban kinhr =2, lGc hay M = 5 va
N =5, CNN c¢6 kich thuéc M x N =5 x
5 nhu Hinh 8.
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Mang A (r = 2) Mang B (r = 2)
C11/C12|C13|C14|Cu5[C11|Cr2| Cr3| C14/Cis
C21/C22|C23|C24|Co5|| €21/ Ca2| C23| C24/Cos
C31C32|C33|C34|Cas5|| C31|Cap|C33 Ca4| Cs

C4l C42 C43 C44 C45 C41 C42 C:43 C44 C45
C51 C:52 C53 C:54 C55 C51 C52 C53 C54 C55

Hinh 8. Mang AvaB caa CNNcor =2

Mang phan hdi A = (2r + 1)? va mang
diéu khién B = (2r + 1)2, ngudng I. Xéc
dinh s6 dau vao ngoai cua noron: Ap dung
cong thic tinh két noi (2r +1)* (Chua &
Yang, 1988), ta c6 s6 dau vao ngoai tir mang
A va mang B cua noron sé la:
10 = A+B = (2x2+1)? + (2x2+1)?

= 2(2x2+1)%= 50 dau vao

Tong sé dau vao ngoai cia noron:
10 =50+ 1=50+1+ 1= 52 dau vao.

Xac dinh sé dau vao ndi cia noron té bao

Tuong tu cach tinh cia CNN c6 r=1, ta c6
S in = 2((2x2) +1)° +1+1=52 diu vio.
3.2.3. Noron té bao c6 ban kinhr = 3

Mang phan hoi A = (2r + 1)? va mang diéu
khién B = (2r + 1)% ngudng | va trang thai
_ L Jac nay noron té bao cOM =7 vaN =7.

RX

Noron té bao ¢6 kich thuéc M xN =7x7
Xac dinh s6 dau vao ngoai cuia noron: Ap
dung cong thic tinh ket noi (2r + 1)? dugce de
xuat trong (Chua & Yang, 1988), ta c6 so dau
vao ngoai tir mang A va mang B cua noron té
bao duoc tinh:

10=AxB= (2x3)+1)? (2x3+1)?
= 2(2x3+1)% = 98 du vao.
Téng sb dau vao ngodi cua noron té bao:
10 =98+ 1=98+ 1=99 diu vao.
Xéc dinh sb dau vao noi caa noron:
Theo céch tinh duoc trinh bay & trén,
ching ta c6 dau vao ndi cua noron té€ bao la

tin hiéu phan hdi tir dau ra trang thai x cua
noron bang 1. Két hgp véi dau vao nédi cua
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noron (dau vao phan hdi 1) ta c6 tong sé
RX
dau vao ctia mot noron chuan co r = 3 1a:;
2 X N
> in=2((2x3)+1)" +1+1=100 dau vao.

3.2.4. Noron té bao c6 ban kinhr =4, 5vaRr
a. Xét trwong hopr = 4
Mang phan hoi A = (2r + 1)? va mang diéu
khién B = (2r + 1) ngudng | va trang thai
_Rihic nay noron té bao c6 M =9 vaN = 9.
X
Noron t& bao co kich ghu’(’ycl\’/l xN =9x9,
Tuong tu géc‘xéc dinhsé kétnoicor=1,2,3
cho thay so dau vao tir mang A va B ctia noron
té bao dugc tinh nhu sau:
I0O=AXxB=((2x4)+1)?x(2x4+1)?
= 2(2 x 4 + 1)2= 162 dau vao.
Tong sé dau vao ngoai cua noron té bao:
10 =162 +1=162+ 1 = 163 dau vao.
Két hop voi dau vao noi cia noron (dau
vao phan hdi _ L ) ta c6 tdng sé diu vao ciia
X
mot noron chuan c6 r = 4 1a:
> in (cell)=2((2x4)+1)° +1+1=164 diu vao,

b. Xét truong hopr =5

Trong truong hop r = 5, mang phan hoi A
= (2r + 1) va mang diéu khieén B = (2r + 1)?,
ngudng | va trang thai __L | lac nay noron té

X

bao c6 M =11 va N = 11. Noron té bao c6
kich thu6cM xN =11x11, twong tu céach
nglc dinh so kétnoicor=1, 2, 3, 4,tacd so6
dau vao ngoai tr mang A va mang B cia
noron t€ bao dugc tinh nhu sau:

10 = AxB = ((2x5) +1)° x ((2x5) +1)?

B = ((2x5) +1)% x ((2x5) +1)
= 2(2 x 5+1)%= 242 dau vao.
Tong s6 dau vao ngoai ctia noron té bao:
10 = 242+ | =242 +1 = 243 dau vao.
Két hop voi dau vao noi caa noron (dau

vao phan hdi __L ) ta c6 téng sb du vao cua
) X
mot noron chuanco r =5 la:
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S in = 2((2x5) +1)° +1+1 =244 diu vao,

c. Xét truong hop tong quat CNN ¢ r = R

R la cac s6 nguyén duong, twong ty cach
xac dinh sé két ndi cuaa mang c6 ban kinh r =
1,r=2,r=3,r=4var =5, nhém tac gia dua
ra dang tong quat dé xac dinh sb két ndi cua
mang c6 r bat ky nhu sau: Mang phan hoi A =
(2r + 1)? va mang diéu khién B = (2r + 1)?,
ngudng | va trang thai _ 1 JLuc nay noron

X

tébao c6 M =N = (Rx2)+1. Noron té bao ¢6
kich thuéc M x N = ((Rx2)+1)" va sé diu
vao cua noron c¢é ban kinh R |a:

2 in (cell) = (2R +1)2+ (2R + 1)2+ 1 + 1

= 2(2R + 1)2+ 2 dau vao.

Bang 1. Tinh dau vao ngoai cia mat té
bao c6 ban kinh r

Ban | Kich thuéc | SO dau vao caa té
Kinh | ma tran A va B| bao norenlO =
' A+B+1+(-L/IR)
r=1 (2x1+1)? 32+32+1+1=
r=2 (2x2+1)? 52452+1+1=
r=3 (2x3+1)? TP+72+1+1=
r= (2x4+1)? 9249%+1+1=
r=5 (2x5+1)? 112411%+1+1=
r=R (2R+1)’=  |(2R+1)*+(2R+1)*+1
(2R+1) X (2R+1)| +1=2 X (2R+1)*+2

Véi cach xac dinh s6 két ndi vao cua
noron té bao Qé bankinhr=1,r=2,r=3...,
R véi hé chuan cua Leon O. Chua (Chua &
Yang, 1988), nhom tac gia de xuat cong thuc
xac dinh s6 dau vao ngoai voi r = R dugc
trinh bay trong Bang 1.

3.3. Mang noron té bao bic cao
3.3.1. M& hinh toan hoc cua CNN bdc hai

_ Cdu triic cia CNN bac hai dugc mo ta
bang phuong trinh sau:
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Phuong trinh trang thai:

dx;; (t
CL()=—LX jO+1+
dt Ry

+(|<Z,|)A(I' Lk DYy (t)+(kZ,I)B(|, ik Duy

A '1 -1k,|, , t t
+(kz,|) (m,n) (1, ko1 m, )Yy (6)Ynn (6) +
B k,I:
+(kz,|)( (i, J Kk, [ m, njuy Uy

1<ihkm<M;1<j [ n<N (10a)

Trong d6: C la tu dién, C > 0; R, la dién
tro, R, > 0;1 1a ngudng; C(k,1) 1a té bao
noron & Vi tri (k,1); N,(i,j) 1a lang giéng
(Neighborhood) cua C(k, 1) vai ban kinh r;
x;j(t) trang thai cia té bao (i)
A, ji kL mnyvaB(i, j; k,; m,n) lacac hé
s6 phan hdi va hé sé diéu khién mot cach
tuong tng, lién két té bao trung tam (i, j) voi
cac té bao lang giéng o vi tri (k, 1), (m,n);
Vit (), Ymn (t) V& Ugy, Ump 12 cac tin hiéu
phan hoi va didu khién (dau vao ngoai) mot
cach tuong tng ¢ vi tri (k,1); (m,n).

Phuong trinh dau ra: gidng phuong trinh
(6b) va Hinh 3:

1 ki x)>1
yjt)=9x  —1<x;(t) <1 (106)
-1 khi x()<-1
Phuong trinh du vao:
uij = Eij = Constant (10c)
Céc diéu kién rang budc:
[x (0)<1 1<i<M;1<j<N
ij
vai x_(0): giatri khoi tao (10d)
1)
(10e)

lu |1 1<i<M;1<j<N
ij

Diéu kién rang budc dbi véi cac mang
phan hdi can dam bao ddi xung, tic Ia:
A(,ji kD) = Ak, L iLj);

Ak, L i, j;mn) = Ak, l;m,n; i, j)
=A(m,n;i,j; k, 1)
=A(m,n; k,L;i,j)
= A(i, j; k,I;m,n)
= A(,j;mn k,1);

1<ikm<M;1<jlLn <N; (10f)
C>0vaR, > 0. (109)
3.3.2. Mang noron té bao bdc hai trén Matlab
Tu md hinh toan hoc cua CNN bac 2,
nhom tac gia thuc hién dudi dang so d trén
Matlab nhu Hinh 9.

|

i stor
H

E
3 t
]

[Ehah ettt

Hinh 9. So'd ciia CNN béc hai trén Matlab
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3.3.3. Xdc dinh sé két noi ciia CNN bdc hai
Mang noron té bao da tuong tac (bac hai)
(Nguyeén Tai Tuyén va cs., 2023; Nguyen Tai
Tuyen, 2015; Roska, T & Leon. O. Chua,
1993) c6 ban kinh r = 1 gom hai phan:
Phan két néi chuan (Chua & Yang, 1988)
c6 dau vao:

(r=1)=2(2r+1)? ()
Phan két ni bac hai c6 sb dau vao:
2[(2r+1)%? (i)

S6 dau vao ngoai ctia noron bac hai co r =1:
10 = 22r+1)® +2[(2r +1)%]° +1 = 181 dau
vao. Két hop voi dau vao noi caa noron (dau

vao phan hdi __1 ) cho két qua:
X

2in = 2(2r +1)° +2|:((2><1)+1)2:|2 1141

= 182 dau vao.

Tir viée xac dinh sb két ndi ciia mang
noron té bao chuan (Chua & Yang, 1988) va
mang noron t& bao bac hai (Nguyen Tai Tuyen,
2015), nhém tac gia xac dinh s6 két ndi voi
mang noron té bao bac ba, twong ty nhu cach
tinh v&i mang béc hai duge xac dinh nhu sau:

S6 dau vao caa mang gom:

- Phan chuan (r=1)=2(2r+1)? (i)

- Phan bac 2 (cong them)=2[(2r+1)712 (i)

- Phan bac 3 (cong thém) = 2[(2r+1)7® (i)

Véi i twong ng bac nhét; ii tuong tng bac
hai va iii twong g bac ba.

Trong d6, phan dau vao va phan hdi déu

I
A

. 3 \
bang27x27 = P3P = [(2r+1)2} , SO dau

Vao ngoai cuia noron bac bacé r =1 la:
10 = 2(2r + 1)* + 2[(2r + 1)?]?
2P :
+2{(2r +1) } +1 =929 dau vao.

Két hop v6i mot dau vao noi cia noron
(dAu vao phan hdi __L ) taco:
X
Téng dau vao = 930, duoc tinh nhu sau:
2 73 27
Yin=Y2(2r+1) + 2[(2r+1) } +2[(2r+1) } +1+1
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Tur lap luan trén, dang tong quat dé xéac
dinh sb diu vao ngoai cua noron té bao bac
cao (bac vdi Q =1, 2, 3... K-1, K) dugc Xac
dinh bang sb két ndi chuan (Leon O. Chua &
Yang, 1988) cong thém s két néi cua bac
twong ng, nhu sau:

Bac 1 ¢ s6 két néi = 2(2r +1)° 0
2 2

Bac 2 (thém) = 2[(2r +1) J (ii)
3

Bac 3 (thém) = 2[(2r +1)2J (iii)

K-1

Bac K-1 (thém) = 2[(2r +1)2J (K-1)
K

Bac K (thém) = 2[(2r +1)2J (K)

s6 dau vao ngoai ctia noron bac K ¢o r =1 1a:
2 27 2T
10=2(2r+1) + 2|:(2r+1) } +2[(2r+1) } +

+...+2{(2r +1)2T1+2[(2r+1)2}K +1

Bang 2. Xac dinh s6 dau vao ngoai caa
té bao noron cé ban kinh (r = 1.. R) va bac
(Q=1,2,3...K-1,K)

N S6 dau vao |So6 dau vao| Tong dau
Bic(Q)| ngoaicNN | CNN | vao CNN
2
| 2(2r+1) (i)+1 20
()
2 2
2 2[(2”1) J ()+Gi)+1 | 182
(i)
2P
3 2|:(2I’+1) :| (|)+(")+ 930
+ (jii) + 1
(iii)
4| béc (K-2) bac (K-2)
K-1 :
2 +.. .+ +...+baC
1 14
k| bae (K1) Tbac (<-1) +
<ol (et | e () e (KO
+1 +1+1
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Tur céch tinh trén, nhom tac gia dé xuat
cdng thirc xac dinh sé dau vao ngoai cia mot
té bao vai ban kinh r khac nhau ¢ tong quat
cho mang noron té bao bac cao (Bang 2).

Diéu nay cho thdy sé dau vao cua mang
noron té bao khi c¢d bac da thirc tang lam cho
s6 dau vao két néi tang rat Ion gay kho khin
cho viéc tinh toan sb két ndi cua mang. Bé
giai quyét van dé nay, nhom tac gia chon bac
hai 1am dai dién dé tinh toan va st dung trong
céc truong hop nhu mé phong kiém ching va
chtng minh tinh 6n dinh cta mang.

4. KET LUAN

Bai bao da trinh bay phuong phap xac dinh
s6 ké néi trong mang noron noron té bao bac
nhat véi cac ban kinhr=R (v6iR=1,2,3,...
nguyén duong) va dua ra cong thirc tong quat
cho mang noron chuan ¢6 béan kinh R. Trén co
s d6, nhom tac gia thir nghiém va dé xuat
cong thire xac dinh s két ndi cho mang noron
té bao bac cao véi ban kinh r = 1. Cach xéc
dinh s6 két néi gitip nhan biét duoc sb lién két
ctia mang trong qué trinh thiét ké, tir o gitp
viéc thyc hién vai md hinh CNN dugc chinh
xac, han ché dugc céc sai sot gay anh huong
dén viéc thiét ké, md phong CNN khi sé 16p,
s6 bac tang cao trong qua trinh phat trién (g
dung phan mém, phan sun va phan ctng thiét
ké chip CNN.

LOI CAM ON

Nhém tac gia cam on Ban Giam d6c Hoc
vién Cong nghé Buu chinh Vién théng, 13nh
dao Truong Dai hoc Ha Long, lanh dao Vién
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Nghié‘n cuu Die_}n ta, Tin hoc, Tu d(}ng hoa d;i
tao dicu kién d€ nhom téc gia co diéu kién tot
nhat trong qua trinh nghién cau, tinh toan,
hoan thién bai bao.
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