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TOM TAT

Bai bdo chimg minh tinh héi tu cta luat hoc Perceptron dé c6 thé ap dung cho cac mang
no-ron truy hdi néi chung va mang no-ron té bao (CeNNs: Cellular Neural Networks) noi riéng.
Trong CeNNs, ham kich hoat dau ra 1a ham bao hoa duoc sir dung Dua vao déc dlem nay, cac
tac gia da tim mdi quan hé giira luat hoc Perceptron va luat hoc sai s6 binh phuong t6i thiéu, tir
d6 dua ra dinh li va chirng minh sy hoi tu cua luét hoc Perceptron. Mot vai truong hgp nghién
ctru ciing duoc thé hién qua B6 d¢ 1, BO dé 2 cua bai bao. Bai bao ciing néu mot vai thir nghiém
dé kiém chimg tinh hoi ty ctia thuat toan bang mo phong.

Tir khoa: hoi tu, ludt hoc Perceptron, mang no-ron té bao, mang no-ron truy héi, phuong
phap thie — sai — chinh.

CONVERGENCE OF THE MODIFIED RECURRENT PERCEPTRON
LEARNING RULE IN CELLULAR NEURAL NETWORKS

ABSTRACT

The purpose of the paper is to prove the convergence of the modified Perceptron learning
rule in order to apply to all recurrent neural networks in general and to Cellular Neural Networks
(CNN) in particular. Cellular Neural Networks are characterized by the saturation function for
the output activation function. Based on the saturation function, we define the relation between
the Perceptron learning rule and the Least Mean Squares (LMS) algorithms in order to propose
theorems and prove the convergence of the Perceptron learning rule. A number of case studies
are presented in Lemma 1 and Lemma 2 of the paper. The article also presents a few experiments
to verify the convergence of the algorithm by simulation.

Keywords: Cellular Neural Networks, convergence, Perceptron learning rule, recurrent
neural networks, trial and error approach.
1. PAT VAN PE
Nam 1958, Frank Rosenblatt dé xuat luat

nghiém thanh cong trong xir li anh. Tuy nhién,
thyc nghiém chua hoan toan tin cdy cho moi

hoc Perceptron nbi tiéng nham xac dinh bd
trong s6 cho mang no-ron mét 16p truyén
thang (Rosenblatt, 1958). Luat hoc nay da
dugc phat trién thanh thuat toan, di dwoc thir
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truong hop co thé xay ra. P6 14 1i do chung t6i
viét bai bao nay nhim chimg minh tinh hoi tu
bang i thuyét. Trong bai bao nay, & muc 2
chung t6i xét: i) B6 dé 1, chimg minh sy hoi tu
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cho luat hoc Perceptron chuén; i) B6 dé 2: hoi
tu cho luat hoc hdi quy ciia mang no-ron té bao
bac mot va iii) dinh 1i vé hoi tu cua luét hoc hdi
quy mang no-ron té bao bac hai. Muyc 3, két
qua thtr nghiém va ban luan. Muc 4 1a két luan
va dinh hudng nghién ctru tiép theo.

Hién nay, c6 mét s6 cong trinh di ching
minh vé sy hoi tu cua luat hoc Perceptron nhu
(Collins, 2012; Kalyanakrishnan, 2017).
Chung t6i chirng minh sy hdi tu theo cach tiép
can khac véi cac cach chung minh trén va
duoc tién hanh theo cac bude nhu sau:

Bude I: Su dyng ludt hoc Widrow-Hoff
(hay phuong phéap binh phuong toi thicu:
LMS) ching minh ludt hoc Perceptron la
truong hop riéng cua phuong phap LMS khi
ham tuong tac déu ra cua CeNNs la ham bao
hoa tuyén tinh.

Budc 2: Sir dung tinh 6n dinh ctia mang
no-ron t€ bao bac hai (Hoan va cs., 2020)
khang dinh dau ra tinh todn y; tai trang thai
6n dinh bang dau ra mong mudn d; tic
d,—y)—0, dan t6i gia tri cap nhat trong s6
cua luét hoc Perceptron tién dén 0, khi do,
luat hoc hoi tu.

2. HOITU CUA LUAT HQC PERCEPTRON
2.1. Tinh hdi tu ciia luét hoc Perceptron chuén

Bé dé 1

Ludt hoc Perceptron (1) cdp nhdt trong so:

Awi’j[h] = wij[h+ 11— wi’j[h]

= ae;u;[hl;i,j,h € N; (1)

theo buoc lap h ti 1é thudgn voi tich cua t6c do
hoc a, tich tin hiéu dau vao u ; [h] véi sai s6
e, =d, — y, gitta dau ra mong muén d, va
dau ra tinh todn y; (4) la truong hop riéng
cia ludt hoc binh phwong t6i thiéu (LMS) (2)
dw, [h = a0 jhe N @)

ij

_1” 2. .
E-5;@>JeN,(a

néu ham tuong tac dau ra y;(t) (4) cua no-ron
la ham bdo hoa tuyén tinh tung doan doi voi
trang thai x,(t)
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1
yi() = E(lxi(t) +1=lx®O-1D @
khi @6, ludt hoc binh phwong téi thiéu (2) va
luat hoc Perceptron (1) hoi tu.
Chirng minh
Theo Rice (1982) nhan thdy: ham sai s6
E (wi, j) la ham béc hai dang parabol (Hinh 1)
nén téc d6 bién thién cua ham sai sé theo
trong s6 % ¢6 xu hudng giam dan, do do,
"/ 1 2 7
luat hoc LMS s€ hdi ty vé diém cyc tri. Lay
dao ham riéng tir (2) vdi ( 3), bd qua cac budc
trung gian, ta co:

Aw; ;[h] = ay](t)eu;[h] 5)
E(w; ;)

| |

A [/

)

\. |

Ei “‘-o——l—-/

0| |

W1

Wi

Hinh 1. Ham sai s6 binh phwong tdi thiéu

) Lay gi tri tuyét ddi cta (4) cho ba khoang
bien thién: i) x,(r) > 1;ii) — 1 < x;(t) < 1;
iii) x;(t) < —1 thi ham bdo hoa tuyén tinh
(Hinh 2) ¢6 thé viét ¢ dang c6 tinh tryc quan nhu:

yi(t) = f(xi(t))

+1 khi X)) > 1
- {xi(t) khi —-1<x()<1 (&)
-1  khi x,(t) < -1
A yi®)
1 —
|
| T
/1

Hinh 2. Ham béo hoa tuyén tinh tirng doan
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va dao ham cua no:

yi0) = f(x;(0)

_ {0 khi |x,(1)] > 1 ©)
T\l khi x| <1
Xét (6) voi hai truong hop:

i) Khi |x,(r)| < 1, thay y;(t) = 1 vao (5)
thi

Aw, ;[h] = ay;(t)eiuj[h] = aeu;[h]  (7)
vé phai (7) chinh 1a luét hoc Perceptron (1).
b6 1a diéu phai chimg minh.

ii) Khi |x,(r)| > 1, theo (4) va Hinh 2,

y() = f(x,()) =d, suyrae; = d, — d;, = 0.
Theo (5) co:
Awi’j[h] = wi’j[h +1] - wi’j[h]
= ay;(t)e;u;[h]
= ay;(t) * 0% u;[h] =
hay
wi,j[h + l] = wi,j[h] (5’)

tic: trong sb tai budc lap thir 4+ 1 bang
trong s6 tai budc trude d6 h, do da hoi ty, dan
dén y,(t) = +1, dAu ra hé thong hoi tu dén gia
tri mong muén d,.

Nhan xeét: Luat hoc Perceptron dua trén
phuong phap thir — sai — chinh mang tinh chat
dinh tinh, trong khi 6, luat hoc LMS (2), (3)
cép nhat gia tri trong s6 theo phwong phap ha
gradient (Vién cong nghé Massachusetts,
Hoa Ky) dam bao tinh toan hoc, nén chung
t6i da sir dung cong cu toan ndy dé chimng
minh cho luat mang dinh tinh.

2.2. Tinh hgi tu cia luidt hoc Perceptron
hoi quy cho CeNNs

CeNNs thudc ho mang no-ron phan hoi
(hay truy hoi), théng thuong dung luat hoc
Hebb dé tim bd trong s phan hoi (Chua &
Yang, 1988). B trong s0 day du[A, B, I]cua
CeNNs gém A 18 bg trong s6 phan hoi, nham
két ndi dau ra ndi nguoc lai voi dau vao; B la
bo trong s6 dau vao diéu khién, nhim két ndi
dau vao ngoai tdi té bao dang hoat dong; I la
bo trong so nguong (Threshold) hay do léch
(Bias), nham xac dinh vi tri (ngudng) ung vdi
gi4 tri cua I, noi d6 xay ra viéc chuyén trang
thai dau ra (vi du, mang st dung ham kich
hoat dang budc nhay don vi, dau ra c6 thé
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chuyén tir “7 ” xudng “0” hodc nguoc lai trén
truc hoanh tai gia tri bang /). Chung t6i st
dung phuong phap cua Giizelis va cs. (1999)
voi y tudng la chuyen mang CeNNs phan hoi
thanh mang truyén thang bang cach dit mot ma
tran trong sO tuong duong W = [AT BTI]
khi d6 co thé sir dung ludt hoc Perceptron
truyén thong dé tinh cac trong s6. Diém khac
nhau duy nhat & day 1a: b trong sb tong W
chira ma tran phan hdi A4, do d6, dé phan biét
v6i ludt hoc Perceptron gbc, Giizelis va cs.
(1999) goi luat hoc cai bién d6 1a ludt hoc
Perceptron hoi quy (Reccurent Perceptron
Learning Rule: RPLA). Bay gio, ta néu va
ching minh bd dé the hai: luat hoc RPLA
ding dé tinh bd trong sd cia mang CeNNs
sir dung ham twong tac dau rala ham bao hoa
hoi tu.

Bo dé 2
Cho mang no-ron té bao dwoc mé ta boi

hé phuong trinh (Chua & Yang, 1988):

phuong trinh trang thai
c 4, 1) L +1
= ——X. .

dt R, "

+ ZAI(i,j; k, 1)y (@)
k,l

+ 3 BIG.jik.Dugs (8
k,l
phicong trinh dau ra

0] =%(|xu(r) +1| = |x ;0 -1]) ©
u ;= Ei’j (10)
AlG, sk, 1) = Al ;i j) (1)

thi: phieong trinh dau ra (4) tién vé +1 sau
h + 1 vong lap va ludt hoc RPLA hgi tu.

Chirng minh

ChoR, =1MQvaC =1 uF (chuan hoa),
phuong trinh dau ra (4) tién vé+1,x;; trong(8)

dat t6i gia tri hang, do do L / = 0, phuong trinh
trang thai ciia CeNNs (8) tror thanh:

X, ;(0) =) AIG, ji k, Dy, ()
k,l
+ Y BIG.jik. Dy + 1 (12)
k,l
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Tir (12) d@ théy, b trong sb tuong dwong
W bao gdm 03 ma tran trong s6 thanh phan:
ma trin phan hdi A1, ma tran dau vao BI va
nguong I:

ap;;p 42 43
Al=|ayy a5 ay|,
a3 dpp a4

byy by by
Bl= (by b5 by,
biz by by

I1=1

Str dung luat hoc LMS (2), (3) xac dinh
trong s6 W bao gém 03 ma tran trong s6 d6
cua CeNNs:

a. Tinh trong s6 phan hoi dau ra A1:
oE

Aai,j[h] = ai’j[h +1] - ai,j[h] = —a aa_
LJ

1 0( £=l(dis,j_yis,j)2)

i.j

2
P
ox; .
s s ’ ij
=a(;(di,j _yi,j)>f (xi,j)aai’j (13)
Lﬁy dao ham riéng hai vé cla (5)theo a; Ix

axi’j ®
da

= Y (®) (14)

i.j

Thay (14) vao (13) thu dugc:

Aai’j[h] = ai’j[h+ 1] —ai’j[h] = —q—

M=

=a

(dij - yis,j)f’(xi,j)yk,l

©“
Il
—

(04

M=

(eis,j)f’(xi,j)yk,l (15)

Il
—

N

O day: ef’j,dij,yf’j 1a sai sb gitra déu ra
mong mudn va dau ra tinh toan véi chi s6
trén, bén phai “s” 1a cac mau (Samples).
Mang no-ron té bao chuan str dung ham dau
ra 1a ham béo hoa tuyén tinh (4). Thay (5) vao
(15) thu duoc:

S6 12 (03/2024): 87— 92

Aai’j[h] = ai’j[h +1] - ai’j[h]

P
_Je <Z(dij - ﬁ,,»))yk,z khi [x 0 <1 o

s=1

0 khi |x; ()] > 1
b. Trong s6 dau vao B1 tinh twong ty nhu A1:
Ab; ;[h] = b, ;[h + 1] = b, ;[h]

P
= a<;(dis,j _y?,j)>Yk,l khi |x,',j(t)| <1 a7

0 khi |x; (0] > 1
c. Trong s ngudng I tinh tvong tu A1, BI:
AlIlh] =I[h+ 1] - I[h]

= az(dis,j _yis,j) khi |xi,j(t)| <l1 (18)
0 khi |x; (0] > 1

Tu (16), (17), (18), khi CeNNs dat trang
thai on dinh, gi4 tri du ra y; ;[h] tién t6i gid
tri diu ra mong mubn di; tuc la

lim (ef’j[h]) — 0 hay:

=00
limAaij[h] -0
=00 >

i.J
tlimAI[h] -0
ai’j[h +1] - ai’j[h]
- {bi’j[h +1] - bi’j[h] (19)
I[h+1] - I[h]

Nhu véy, sau A + 1 budc 1ap, cac by ma
tran trong s6 béng cac bo ma tran trong s6
budc h trude d6, (khong can chinh tiép) tuc,
luat hoc Perceptron hdi quy hoi tu. D6 1a diéu
phai chirng minh.

Nhdn xét: T B6 dé 1 va 2 nhan thay, dbi
v&i mang no-ron té bao, khi |xi’ j(t)| <1 luat
hoc LMS triing véi luat hoc Perceptron (B6 dé 1).
iy tai

d

phuong trinh (8) mo td CeNNs qua trinh qua

No6i cach khac, phan dao ham dong

do la rat nge"m, 6 thé bo qua.
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2.3. Hpi tu cia ludt hoc Perceptron hoi
quy cho SOCeNNs

SOCeNNs (Second-Order Cellular Neural
Networks) (Duong va cs., 2022) khac véi
CeNNs & chd, né dugce thém céc trong sb
tuong tng vai lién két (ham mil) bac hai dang
da thirc cua cac tin hiéu vao/ra vao mo hinh
mang. SOCeNNs ton tai hai nhom trong s6
ung voi cac thanh ph?m bac mot va bac hai.
pé dé quan sat, ky hiéu [A, B, I] thanh cac
trong sO lién ket v6i cac bién bac mot
[A1, BI, 1) (chi s6 1 nghia I cic trong sb
tuong (mg voi cac bién lién két vao/ra co ham
mil bac 1) cuia SOCeNNs va [A2, B2]: cac
trong s6 lién quan dén cac bién béac hai (chi
sO 2 ¢6 nghia 1a cac trong s twong tmg véi
cac bién lién két vao/ra c6 ham mii twong tac
béc 2) cia SOCeNNs. Ngoai ra, bg trong sé
phan hoi bic hai A2 (nham lién két bac hai
dau ra, ndi tir dau ra vé dau vao) bao gdbm céac
thanh phin A2 = {A22—-A29}. Tuong tu, bj
trong s6 diéu khién bdc hai A2 (nhﬁm lién
két bac hai dau vao ngoai, nbi tir dau vao
ngoai téi té bao dang hoat dong) chira cac
thanh phan B2= {B22—B29}. Mic du luat
hoc da dugc nhom tac gia thi nghiém, mo

_ “(Z(dij

- s=1

0

Cach tinh cac by ma tran trong s6 béc hai
con lai gém: (A22-A29), (B21-B29) cling
twrong ty nhu & B6 @& 2. Khi SOCeNNs dat
trang thai on dinh, gia tri dau ra tinh todn Vi
dat dén gia tri dAu ra mong muén d; ; tirc la sai
léch € = = (di,j yi’j) - 0,, bd gla tn cap nhat
trong sO cia SOCeNNs tién dén 0. Nhu vay,
thuat toan SORPLA hdi ty sau 4 + 1 vong lap.

3. THU NGHIEM VA BAN LUAN

Chung t6i thir nghiém tinh hdi tu cia thuat
toan Perceptron hdi quy SOCeNNs bang cach
tién hanh tach bién anh ctia mot s anh khac nhau
(twong trung nhu Hinh 3, 4). Bo trong sb cia
SOCeNNs thu dugc dam bao t6i wu tir tinh hoi
tu cta luat hoc Perceptron (Duong va cs., 2022).
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_ yij))_yk’l * Vil -1 khi |xi’j(t)| <1

phong va dé cong bd & cac bai bao nhung hai
van dé dat ra la: 1) thudt toan c6 hoi tu khong?
va ii) neu hoi tu thi cdc bo ma trén trong sO
nay di tdi uu cho SOCeNNs chua? Tir Bo dé
1, 2 c6 thé néu dinh 1i hoi tu cho luat hoc
SORPLA nhim tim bd trong s6 cho
SOCeNNs.

Dinh li

Khi mang no-ron té bao bdc hai sir dung
ham twong tdc dau ra la ham bdo hoa (4),
mang on dinh dd‘y di dan dén ludt hoc
Perceptron hoi quy bdc hai SORPLA héi tu.

Chirng minh

Xét mang no-ron té bao bac hai tai trang
thai on dinh lam dai dién, st dung luat hoc
LMS cho SOCeNNs. Trong do, cac bd trong
) bac nhat A1, BI, I st dung Kkét qua da
chirng minh tai B6 d& 2. DBbi voi cac bd trong
s6 phan hoi bac hai (A21-A29), bo trong sd
diéu khién dau vao béc hai (B21-B29), can
xac dinh gia tri cap nhat trong s6 cho ting ma
tran su dung cach chimg minh tuong tu. Vi
dy, cho ma trin A21, cac trong ) duoc tinh
toan theo (20) nhu dudi day:

(20)
khi |x; ;0] > 1

Phan mém thir nghiém ding ngén ngir Python
va trinh bién dich Visual Studio Code. Dé danh
gia chét lugng tach bién, str dung thu vién mau
anh BSDS500 (Arbelaez va cs., 2011). Cac ma
tran diém anh dugc chuén héa theo kich thudce
321x841. Két qua thir nghiém chay trén may
tinh Lenovo T440s, Chip Core 15, RAM 12G,
HD: 512SSD voi:

a. Truwong hop I: Hinh anh thién nga dang
boi (321x481), thoi gian tach bién 29,1 s.

‘ : {
, /

[ T

|

Hinh 3. Tach bién dnh thién nga boi
(Z"ap chi' Rhoa hoc
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b. Truong hop 2: Hinh anh phong canh
(481x321), thoi gian tach bién 47 s.

Hinh 4. Tach bién dnh phong cinh

Mot sb loai (thu vién) khac ciling cho két
qua tuong tu. Tu nhitng bién anh thu dugc,
c6 thé thiy, phuong phap hoc Perceptron hoi
quy dé xuit dam bao hoi tu; SOCeNNs da
tach bién cua cac ddi twong anh mot cach rd
rang. Diéu déng néi 13, qua hai truong hop
thir nghiém dién hinh trén, chung t6i nhan
thdy thoi gian tach bién cho mdi anh khéac
nhau 1 khac nhau do muc d6 chi tiét trong
timg anh khong giéng nhau. Tir bién anh
nhan duge c6 thé st dung cho cac bai toan
nhan dang (kha pho bién), do kich thudc ddi
tuong, v.v..

4. KET LUAN VA HUONG PHAT TRIEN

Bai bao co ba dong gop vé mit 1i thuyét:
hai bd dé va mot dinh li. T B6 dé 1, B6 dé 2
va dinh 1i vé sy hi tu cia luat hoc SORPLA
ding dé tim bg trong s6 cho mang no-ron té
bao bac hai SOCeNNss, c6 thé khang dinh luat
hoc Perceptron hoi quy ap dung cho mang no-
ron té bao bac nhét va bac hai déu hoi tu néu
ham tuong tac dau ra ciia mang sir dung ham
bao hoa.

Tinh hoi tu cua luat hoc Perceptron hoi
quy dugc thir nghiém qua viéc hoc (hay tim)
b trong s6 toi uu cua mang no-ron té bao bac
hai SOCeNNs. Khi mang SOCeNNs cé6 du
gié tri cac trong sd, n6 ciing dugc thir nghiém
dé tach cac bién anh ciia mot sé ddi tuong co
hiéu qua rat tryc quan.
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