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TOM TAT
Bai bao d& xut bd nhé tyr lién két dua trén mang no ron té bao. DAy 13 bd nhé thé hién 16 nét
kha ning hoc, kha ning nhd cia mang no ron nhan tao. Bai bdo ciing tién hanh thir nghiém kha ning
nhan dang, kha ning chiu 16i ctia b nhé lién két dya trén mang no ron té bao co kich thude mang
3x3. Két qua ban dau cho thiy dung lugng nhé ctia bd nhé lién két trén mang no ron té bao cao so
v6i cac bo nhé lién két mang no ron Hopfield va mang no ron lién két hai chiéu.

Tir khéa: bo nhé lién két, kha nang hoc, ludt hoc Hebb, mang no ron té bdo

PROPOSING AN ASSOCIATIVE MEMORY BASED ON
CELLULAR NEURAL NETWORKS

ABSTRACT

This paper proposes an associative memory based on the cellular neural networks. The
associative memories clearly become examplified learning and memory abilities of the neural
networks. In this paper, the pattern recogition, error separable ability presented on the design
with associative memory of 3x3 cellular arrays. Some experimental results are noted: memory
capacity of Associative Memories of the cellular neural networks better than memory capacity
of associative memories based on Hopfield or bidirectional neural networks.

Keywords: associative memory, cellular neural networks, Hebbian learning rule, learning ability

1. DAT VAN DPE

Mang no ron té bao (MTB) la mét trong
hang trim c4u tric mang no ron nhan tao kém
voi cac luat hoc khac nhau. MTB c¢6 nguén
gbc tir mang no ron Hopfield nhung céc tin
hiéu duoc dua vao hai chiéu (hay mot mang).
MB&i phan tir nhé cia MTB 13 mét té bao no
ron (Chua & Yang, 1998). Mang MTB co

Mot trong nhitng kha nang ctia mang no
ron nhan tao 1a kha nang nhé. Bo nhé cla
mang no ron thé hién rd nhit ¢ 16p mang truy
ho6i Hopfield voi dung lwong nhé n/4 Inn, véi
n 1a s no ron trong mang (Negnevitsky,
2002). Kién truc, luat hoc va kha nang nhd
cuia mang no ron Hopfield dugc trinh bay ro
trong (Negnevitsky, 2002; Nguyen Quang
Hoan va nnk., 2020). B¢ nho dung trong mdy

nhidu Gng dung ké ca phian cing va phan
mém (Roska, 2005; Nguyen Tai Tuyen &
Nguyen Quang Hoan, 2018).
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tinh thuodc loai b nho dwoc dia chi hoa. Bo
nho trong mang no ron la bg nho dia chi hoa
ndi dung. Mot mau nhé (goi la nhé ty lién ket



i

v6i nhau) duge tao thanh tr mot véc to ra
(hodc/va véc to vao) nhan véi véc to chuyén
vi cta chinh noé va dugc ghi lai trong ma trén
trong s6 ctia mang no ron. Khi mot mau bat
ky dua vao mang, mang no ron s€ tu tim (noi
cach khac la hoc) t6i mau gan nhat ma né
nh¢. Vi tinh chat d6, mang c6 kha nang nhan
dang cac mau duoc vao. Bo nhé lién Kkét duoc
Hopfield x4y dyng trén mang no ron
Hopfield va dugc Kosko xay dung trén mang
no ron lién két hai chibu goi 1a BAM
(Bidirectional Associative Memory)
(Negnevitsky, 2002). Bai bao nay phat trién bo
nhé lién két dua trén MTB, mdt loai mang thudc
16p truy hoi (hay phan hdi). Cac phan tiép theo
cta bai bao gdm: muyc 2: phuong phap nghién
cuu; muc 3.1: cAu tric cua mang no ron MTB
chudn; muc 3.2: bd nhé lién két dua trén MTB;
muc 4: minh hoa kha nang nhan dang va kha
nang chiu 16i ctia bd nhd lién két dya trén MTB;
muc 5 1a két luan va hudng phat trién.
2. PHUONG PHAP NGHIEN CUU

St dung phwong phap ké thira tir (Chua &
Yang, 1998), nguoi dat giai thudng thuong
nién dau tién cua IEEE Gustav Robert
Kirchhoff nam 2005 (tuong duong giai
thuong Nobel) vé phat minh va ché tao thanh
cong may tinh no ron dau tién trén thé gisi
(Roska, 2005), khi ap dung phuong trinh
trang thai (1) va phuong trinh dau ra (2). Bai
bao nay sir dung ludt hoc khong giam sat dé
xdy dung bd nhd lién két, kiém chimg no
b;"mg thyc nghiém.
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3. MANG NO RON TE BAO VA BO
NHO LIEN KET

3.1. Mang no ron té bao chuin

Hinh 1 14 so d6 mo ta mot té bao MTB voi
cac tin hiéu vao uj, trong d6 (i, j) la té bao trung
tam, (k, [)1a té bao lan cén (hay lang giéng), C
la tu dién, R, gan voi trang thai x;(7); yu(?) 1a
cac dau ra lang giéng, B(i, J; k1) la ma tran vao,
A(i, j; k1) la ma tran phan hdi tir cac dau ra, / la
ngudng (Bias) cua té bao. Dinh nghia té bao
va cac lang giéng dd duogc trinh bay trong
(Chua & Yang, 1998). Phuong trinh trang thai
cia MTB (Chua & Yang, 1998) duoc mé ta
nhu sau:

Cdxlj(t) : —X; (t)+2A(ij'kl)y ®
di R Y el
(kD)
> BG,jk D H M
(kD)

Vvoil <ik<M;1<jI<N.

Phuong trinh dAu ra cta té bao (i, j) MTB
la mdt ham y;;(¢) dang bao hoa (Hinh 2) (Chua
& Yang, 1998).

v @ =50+ 0-1) @

D@ nhan thay tir (1), MTB la cAu trac thude
nhom mang phan hoi, o the gdy tu kich dao
dong, dan t61 mang mat 6n dinh. Viéc chimg
minh tinh 6n dinh cia MTB di duoc (Chua &
Yang, 1998) dam bao qua chimg minh vdi cac
rang budc kém theo. Loai 6n dinh nay goi la on
dinh ddy du theo (Slavova, 2003) dua trén
nguyén 1y 6n dinh Liapunov cta cic ham phi
tuyén tinh, dugc ap dung cho loai mang no ron
¢ tinh ddng hoc nhu MTB.

- y=fix)

v

=
ey T
= T

+

Hinh 1. Mt no ron té bao
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Phanhdt by lan cén

Hinh 2. Ham dau ra ctia mt no ron
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3.2. Bé nhé lién két cia MTB chuén

Trong mang no ron, hoc (Learning) gdm
hoc cau tric va hoc tham s6. Hoc tham s 13 xac
dinh bd tham s6 ciia ma trén phan hdi A(.), ma
tran diéu khién B(.) va ma tran ngudng 1. Day
13 bai toan kha phuc tap, di va dang c6 nhiéu
cong trinh nghién ctru (Slavova, 2003; Roska,
2005; Nguyen Tai Tuyen va nnk., 2016). Bai
béo nay giéi han xac dinh ma trn A(.) bang luat
hoc tham sb khong giam sat, 13 luat Hebb. Luét
hoc Hebb (Negnevitsky, 2002) duge s dung
trong viéc tinh trong s6 cho hau hét cac mang
no ron phan hdi. N6 duoc rat ra tir tién dé cua
Hebb (1943) (Nguyen Quang Hoan va nnk.,
2020) cho rang, khi té bao (i, /) quan hé véi cac
no ron lang giéng (%, [) th1 gitra chuing xac lap
mdt quan hé goi 14 trong s6 A(i, j.k, 1) theo cong
thirc (5). Pé x4c 1ap mang no ron té bao tu lién
két, chung ta hoan toan c6 thé gia thiét MTB
khong c6 dau vao, tirc 1a cho ma tran diéu khién
B() = 0, ma trn ngudng I = 0, dong thoi, dé
don gian mo hinh, cho R,=1; C =1 v&i “1” am
chi 1a mét don vi do luong xac dinh nao d6. Mat
khéc, khi mot mau vao u;, dau ra yi(7), trang thai
x;(f) cia MTB duoc x4c dinh bang mot gié tri
cu thé (tc 1a mot hang s6), thi dx;(1)/dt =
phuong trinh (1). Hon nita, khi mang MTB dat
trang thai 6n dinh da xét & (Chua & Yang, 1998;
Roska, 2005; Nguyen Quang Hoan va nnk.,
2020) thi y;(7) tién t6i £1 khi x;(¢) tién t6i +o0 va
phuong trinh (2) trd thanh:

Y (©) = £ (1) = sen(ey (D)
V6i lap luan d6, (1) va (2) tré thanh:

x,.j(t)=ZA(i, JkDy, ;3
(k-i{)l khi xlj(t)>0
yl'f(t):{—l iy P

Diéu nay d& nhan biét tir dic tinh duoc mod
ta & Hinh 2 va tir phuong trinh (2).

Dé MTB hoat dong duoc, can xac dinh cac
gi4 tri cac trong sb A(, j:k1). Cac trong sb
nay chinh 13 bd nhd lién két cho MTB (sé& lam
16 & phan sau):

P
AGjkD =) ¥ (¥

trong do: p 1a s6 mau, ¥ khl 13 dau ra (k,/) cia mau
tha 4, h = 1..p; T la chuyén vi clia véc to.

)
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4. BO NHO LIEN KET VA BAI TOAN
NHAN DANG
4.1. Bai toan

Input:

Gia st cho cau trac MTB nhu Hinh 3 duoc
dung lam bd nhé lién két v6i 3 mau daura ¥
kich thudc 3x3; chuyén mang hai chiéu 3x3
thanh 9 phan tir dang mot chiéu (véc to cot)
Vi cac gia tri nhu sau:

Yh=T111111111]%;
Y3 =[-1-1-1-1-1-1-1-1-1]%;
Yy=[11111-1-1-1-1]"

Output:
1) Tinh A(i, jk,[). Xac minh no6 1a bo nhd;

2) Thir nghiém kha ning chiu 16i.
4.2. Thuat toan

Hinh 4 mé ta qua trinh tinh toan. Pau
tién, cho céc véc to mau ¥ vao MTB (cong
tic V2 dong). Ngay sau khi nhén dugc mau
vao, cong tic V2 m& dé do phan Gmg cua véc
to ¥ ra (vong dau) dé xac dinh kha ning nhé
cua MTB.

Budce 1. Khoi tao.

Bude 2. T (5) tinh céc gia tri cua ma tran
AGJRD =Y g (V) ™Y 5 (Vi) ™+Y 3 (VD™

Két qua bang sb duoc cho & Bang 1.

Budc 3. Duya theo Hinh 4 va cong thirc
(3), tinh gia tri cac trang thai: X} = A.Y},
tmg véi mau 11a ¥ },.

Butc 4. Tinh dau ra ¥}, theo ham dau (4).

Tir két qua trén cho thiy (Hinh 5), cac gia
tri x;(t) dwong; do d6, cdc gid tri cua
yl./.(t) = sgn (x;;(7)) thu duoc s€ 1a 1, twong tmg
voi: Y'=[111111111]" dung véi mau
vao 1. Piéu nay ching t6, A(j,j;k[) dd nho
mau Y !, khi dua vao chinh né (¥1). Do d6,
no cod kha nang goi lai (Recall). Tuong ty, c6
thé thir v6i cac mau con lai ¥2, ¥? va tinh

duogc cac trang thai X 2. X3,
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Hinh 3. So' 46 MTB chuén lam bd nhé lién két véi mang 3x3 chuyén thanh véc to 9 diu vao

Bang 1. Ma trén trong sb A(3 j:k ) kich thuée 9x9

303 3 3 3 1 1 1 1
303 3 3 3 1 1 1 1 1
303 3 3 3 1 1 1 1 - i | o
3 303 3 3 3 1 1 1 1 0 A k) . Ji Emk

DA jkh=3 3 3 3 3 1 1 1 1 '/(:v_,

A 11 1 1 1 3 3 3 3 Y
1 1 1 1 1 3 3 3 3 4 in 1 bd nhé lien I
1 | | | | 3 3 3 3 Hinh 4. MTB chuan lam b nhé lién ket
1 1 1 1 3 3 3 3

A(J, 3k, 1) Y X Y'(kg)

3 3 3 3 3 1 1 1 1 1 19 1

3 3 3 3 3 1 1 1 1 1 19 1

3 3 3 3 3 1 1 1 1 1 19 1

3 3 3 3 3 1 1 1 1 1 19 1

3 3 3 3 3 1 1 1 1 X 1 = 19 = 1

1 1 1 1 1 3 3 3 3 1 17 1

1 1 1 1 1 3 3 3 3 1 17 1

1 1 1 1 1 3 3 3 3 1 17 1

1 1 1 1 1 3 3 3 3 1 17 1

Hinh 5. Vi du tinh mjt trang thai X' va diu ra ¥'ciia MTB chuén 1am b nhé lién két
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4.3. Khi niing chiu 15i va kha niing nhé
caa MTB

Dé thay rd kha nang chiu 16i cua MTB, ta
lan luot cho chay thudt toan véi mau vao co
sai sO mot, hai, ba bit.

Buée 1. Khoi tao véi miu vao co cac sai so:
a) Mau 1 c6 sai s6 1 bit (bit dau tién), vi
dw:¥Y'=[-111111111]T

b) Mau 2 ¢6 sai s6 2 bit, vi du:
yi=[-11111111-1]%

c) M3u 3 ¢6 sai b 3, vi du:
y3=[-1111-1111-1T;

Bude 2. Tinh A j:k D) =Y},

Buée 3. Céc trang thai ctia mau 1, mau 2
va mau 3 tuong ung:

X'=[13 1313 13 13 1515 157]T
X2=[11 11 11 11 11 9 9 9 3]T

X=[55555777 3

Budrc 4. Tinh cac daura Y}, Y& , Y3,
Véi miu the ¥!=[-111111111]%, dau
ratinhdugc ¥'=[11111111 1] cho két
qua nhén dang ding v6i miu ban dau di duoc
hoc, chimng t6 mang c6 kha ning chiu 16i.

Thir véi cac mau sai s6 2 va 3 bit. Két qua
nhéan dugc nhu mau da hoc. Chung toi da thir
nhiéu bit sai khic & c4c vi tri khac nhau va
cho thiy: v6i cac mau dau vao sai s6 1 dén 3
bit, MTB vén nhan ra két qua dung, suy ra
MTB c6 khé ning chiu 13i tdt.

5. KET LUAN VA HUONG NGHIEN
CUU TIEP THEO

Bai bao dinh huéng theo cac chu d& thoi
su hién nay la hoc sau, trong d6 mang MTB
1a mot dang hoc sau vé6i két qua 1a phat trién
MTB ding 1am bd nhé lién két véi kha ning
xir 1y 16i (chiu 15i tot). Két qua thir nghiém
dugc tién hanh cho thay, kha ning nhian miu
ctia MTB cao hon nhiéu so véi cac mé hinh
bd nhd lién két ciia mang no ron phan hdi
Hopfield. Theo (Negnevitsky, 2002, trang
194) dung lwong nh¢ lién két t6i da cua mang
Hopfield la:

Hopfiel __
M max

n

41nn’

S6 03 (2022): 90 — 94

trong d6, 7 1a s6 no ron. Véi by nhé lien két
ciia MTB do st dung ddu vao 2 chiéu nén
dung luong nhé 1a ham bac hai so vé bd nhé
cuia mang Hopfield, tirc 1a:
f CNNChua (L)z
max \dinn

Hudng nghién ctru tiép theo ctia bai bao la
thir nghiém thém trén cac mau c6 kich thuée
16n hon. Mat khéc, tiép theo s& phat trién bd
nhé lién két dua trén mang MTB bac cao da
tuong tac dang da thirc d3 va dang duoc tién
hanh (Nguyen Quang Hoan va nnk., 2020); két
qua s€ dugc bao cao ¢ tap chi hoac hoi nghi
khoa hoc ¢ dia chi s& cong bd sau. Vén dé
nghién ctru khic 12 nghién ctru hoc dé tim cac
tham s6 B(.) va I ciing dang duoc tac gia ciing
cac nghién cttu sinh xtc tién nghién ctru.
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