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Tom tat:

Mang noron nhan tao duwgc mé phong dwa theo ndo nguoi. Mang noron nhdn tao co kha nang nho
giong ndo nguoi khéng? Bai bdo nay cho tom tdt cdu tric, ludt hoc, diéu kién on dinh va kha nang nhé mau
cua cdac mang noron Hopﬁeld BAM (Bidirectional Associative Memory), hai trong cdc mang noron hoi quy
dién hinh. Tiép d6, bai bdo tién hanh thir nghzem kha nang nho mau, kha nang chiu 16i & cdc mike dg sai s6
khac nhau. Vi dy vng dung cia cde mang hoi quy cho bai todn nhdn mau va gan nhan ciing dugc trinh bay.

Tir khéa: Mang noron hoi quy, mang noron Hopfield, mang noron BAM, nhé mau, ludt hoc.

1. Gié6i thiéu

Mang noron nhan tao dugc phan lam hai
nhoém chinh: mang truyén thang va phan hoi (hay
mang hoi quy). Nhiéu cong trinh nghién ctru tinh
on dinh ctia mang h01 quy [1, 2, 3, 5] nham xac
dinh mlen céc tham sb tranh phan hoi duong lam
mat tinh 6n dinh. Mot s nghién ciru cho biét mang
noron Hopfield, c6 kha nang thyc hién nhé tu-lién-
két (Auto-Associative Memory) - kha nang phuc
ho6i mot phan dit liéu da duoc hoc [1]. Hopfield (nim
1982) bang thuc nghiém cho biét dung lwong nhé
C = 0.15n (n la s6 noron. Theo McEliece, 1987):

= (I-2u)*/4Inn; 0<u<1/2. Theo Amit, DJ (1989

Modelling Brain Functions. The World Attractor
Neural Networks) C= 1/2Inn. Dy chinh 14 han ché
kha nang nhé cua mang Hopfield: kha nang nhé cua
n6 nho hon nhiéu so v6i bd nhé goe (Fundamential
Memories) tic 1a b nhé thu dugce tr viée hoc.

Mang lién két hai chiéu (BAM) duoc Bart
Kosko [6] dé xuat ndm 1988, gdm hai mang Hopfield
dau nguoc chiéu nhau, khong ngudng (0, = 0) 1a bo
nhé lién-két khac-mau (Hetero-Associative); nghia
14, khi dwa mau X (n phan tir) vio BAM n6 nhan (¢
16p ra) mot mau Y khac kich thude (m phan tir) so
v6i miu vao.BAM cé kha nang nhé C = min(n,m)
phu thudc vao cip mau {X, }.

Tuy nhién, trong cac cong trinh chua cho
kha nang nhd khi c6 sai 86 1,2,...,n ddc trung (hay
1,2,...,n bit). Bai bdo nay ngoai viéc phan tich tinh
6n dinh ctia 2 mang con néu kha ning nhd cta céc
mau di dugc hoc, va kha ning nhé clia cac mau sai
sb chua duoc hoc.

2. CAu tric va luat hoc ciia mang hdi quy
2.1. Mang Hopfield
2.1.1. Céu triic ciia mang Hopfield
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Hopfield dé xuit céu triic mang rdi rac mot
16p (Hinh 1) (hay mang hdi quy).
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Hinh 1. Cdu triic mang Hopfield roi rac
x; (1) = Z wyy, () =05 i j=1,..n; (1)

trong do, x (1), y(1): tuong img la d4u vao dau ra clia
noron thir i; w,: trong lién két phan hoi tir noron i
toinoron j; 6, ngu’o‘ng hay d6 léch (1a hing sb) cua
noron i; n: 1a s0 noron.

2.1.2. Luit hoc ctia mang Hopfield

Phuong trinh md ta luat cap nhét dau ra
mang Hopfield [1]:
(1) = {g(xi(t» khi x(D#0,i=p o

v () khi x,(1)=0,i#p
Quan h¢ vao/ra 1a ham budc nhay don vi:
2 (x,(0) = {1 khi x;(t) > 0 3)
0 khi x;(t) <0

Nhiéu truong hop thay (3) ¢6 thé dung ham
dau: g(x(9)) = sgn(x(¢)). Khi dung ham (3), luat hoc
trong s6 cia mang Hopfield l1a:
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trong do, A 1a tong s6 mau dwoc hoc; p 1a mau hoc
thtr p dang tac dong.

2.1.3. Tinh 6n dinh cia mang Hopfield
Tinh 6n dinh cua mang dugc Hopfield dé
xuat thong qua ham nang luong (ludén duong)
E——j S 3wyt 3 0, (6)
i=1j7=17#1 i=1
Neu w,=w,=0w, =w, , E giam dan vé gia

tri cuc tiéu (hodc bang 0) v6i mbi bude thay ddi cia
dau ra y(t), khi do:

AE=—[y,(t+1)~y, )] (7)

Khi ham nang luong dat cuc tiéu (co thé 1a
cuc tiéu dia phuong) mang sé on dinh [9]. Vi thé, tai
trang thai khoi tao bét ki, mang Hopfield luén hoi
tu vé mot trang thai, sau mot s6 bude cap nhat hiru
han, trong do, tat ca cac trang thai 6n dinh vé mot
gié tri cuc tiéu ciia ham E. Nguyén tic nay van dung
ly thuyét on dinh Lyapunov, mot cong cu hiru dung
cho 1y thuyét vé mang noron.

n
2w,y W,
Jj=1

2.1.4. Kha ning nhé cia mang Hopfield

Mang Hopfield c¢6 kha ning nhé, hdi phuc
mau [7] theo nguyén tic khong dong bd. Gia sir cho
vecto mau x* véi gia tri ludng cuc can duoc luu trir
(k=1,2, ..., p: mau). Luat cap nhat trong s6 G dang
véc to-ma tran (chinh la luat hoc (4) khi thay x boi
) tuc la:

P
WZIEka(xk)T—p[ (8)

trong do, x*: vecto n chiéu; I: ma tran don vi nxn;
()" 14 chuyén vi ctia x*. Bai toan dit ra: gia sir can
Iuu trir 3 vecto mau (p = 3) hay dic trung x* = x* =
X, x?, X ={D,E, G} v6iD=[11111],E=[01
101],G=[100 1 0] Xac dinh kha niang nhd cta
mang Hopfield.
Buwée 1: Do (8) mét thong tin khi nhan véi
0, nén doi 0 thanh -1 theo (4) ma khong lam mét ¥
nghia cta luat hoc, taic D’=[1 1 1 1 1], E’=[-1 11 -1
1, G=[1-1-11-1].
Buwdc 2: Hoc (ma tran trong s6) W theo (8)
W=D"D'+ EE’+ GG’
3 -1 -1 3 -1
-1 3 3 -1 3
w={-1 3 3 -1 3
3 -1 -1 3 -1
-1 3 3 -1 3
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Budc 3: Xac dinh kha nang nho ciua mang.
Lap Bang 1, trong do ba méu hoc géc ky hiéu lai la
DU, E, G Céac mau co chi so tor l dén 5 am chi cac
mau do 1an luort sai s6 voi mau gbe 1 dén 5 bits. Cot
2: s6 miu can tinh, trong d6: dong 1 chi c6 mot mau
géc; cot 2, dong 2: sai s6 1 bit so v&i mau géc, lan
luot hoan vi bit sai, tré thanh 5 mau; cot 2, dong 3,
4,5 ciing 1ap luan twong ty. Cac cdt con lai la s6 lieu
thong ké. Vi dy, tinh:

Bang 1. Nhdn mdu sit dung mang Hopfield

Vecto | Sb Sf) So S? (%) | %) | ()
dic | lugng miu | miu mau | mau | mau | mau

trung | mau | nhin | khong nh:@m nhéin | khong nh:@m

ding | nhan | nham | ding | nhin | nham

D, 1 1 0 0 |100] O 0
D, 5 3 2 0 | 60 | 40 0
D, | 10 0 9 1 90 10
D, |10 | O 6 4 60 | 40
D, 5 0 0 5 100
D, 1 | 1] 0o | o |10
E, 1 1 0 0 |100
E, 5 3 2 0 | 60 | 40
E, | 10 3 6 1 30 | 60 10
E, | 10 | O 6 4 60 | 40
E, 5 0 3 2 60 | 40
E; 1 0 0 1 100
G,| 1 | 1] o] o [w0]of]o
G, 5 2 3 0 |40 | 60 0
G,| 10| 0 6 4 0 60 | 40
G, |10 [ O 6 4 0 60 | 40
G, 5 0 2 3 0 40 | 60
G, 1 0 0 1 0 0 | 100

- Khi mdu vao: D,=D=[11111]; daura
Y=DW'=[1111 I]WT [04404]=>[11111]
=D. bay dung la mau da hoc (bang 1);

—Khl madu vao sai s6 1 bit: D =[01111]
(sai voi gbc 1 bit dau tién); khi do dau raY' =D W'

=[01111WT=[055-35]=>[11101]#D. Tll’lh
toan tuong tu cho tat ca 96 mau, thu duoc Béng 1 vé
kha ning nhan mau.

Buéc 4. Panh gia. T Bang 1, khi mau vao:

+ Trung v6i mau da duoc hoc, ty 1& nhan
mau dung 100%, cho d6 chinh xac cao.

« Khéac v6i cac mau gbe 1 dic trung (1 bit),
ty 1¢ nhan mau ding dat tir (40%-60%)

« Khéac v6i cac mau gde 2 dic trung (2 bit),
ty 1¢ nhan mau ding dat tir (0%-30%)

« Khéac véi cac mau gde 3 dic trung (3 bit)
tré 1én, ty 1& nhan mau dung 0%. Mot vai truong
hop cac biét, c6 kha nang nhan dung.
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2.2. Mang noron BAM
2.2.1. Céu triic cia mang noron BAM

Céu trac mang BAM gdm hai tang tuong tac
X (du vao), Y (dau ra) va ¢6 thé mé ta nhu:

! !
y =gWx)y; = (Z wyx; )i =1,2..n
' ' g7 J (9)
x = g(W'y yox, = g(];wﬁyj);j =1,2..m
X X: X, X Layer
(K
» y: s Y Layer

Hinh 2. Cdu triic mang BAM
trong d6, g(.) 1 ham twong tic dau ra, bi chin theo
(2) va (3). Vecto ra y’ lam dau vao cho 16p X va
vecto x’ dung lam dau vao cho 16p Y. Qué trinh
s& tiép tuc cho t6i khi viéc cap nhat x va y ding
(6n dinh). Trang thai cap nhét ¢ thé dong b hodc
khong dong bo.

2.2.2. Luit hoc cia mang BAM
Véi p cap vecto lién két luu trit trong BAM:
{(x' ), (027, ..., (%, y7)}, luat hoc trong s6 duoc
xac dinh theo [8, 9]:
P
— k_k
r=Rth (10)
So sanh luat hoc cia mang BAM (10) véi
luat hoc ciia mang Hopfield (4) cho thiy dir liéu hoc
ctia BAM la cdp dit liéu vao/ra. Ca hai luat hoc déu
dwa trén tién dé hoc Hebb va thudc loai hoc khong
¢0 tin hiéu chi dao.

2.2.3. On dinh ciia mang BAM
Tuong tu mang Hopfield, 6n dinh cia BAM
dam bao, théng qua ham nang lugng [4]:

E(x,y) = ——x W’y—%y Wx =—y" Wx

an
Hoan toan c6 thé chimg minh BAM on dinh:
a) AE géy ra boi thay doi Ay. Theo (11):

oF

AEy; = gy Ay = Wby, == ( Z WX Ay (12)
Xét ba truong hop sau:
ey =-1vay®’=+1— ZWU x>0, Ay,
J=

=2; dodoAE <0.

.y(k)_+lvay(’f”)— 1— wa <0, Ay,
=-2. DodoAE<O N
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* yW=y*V— Ay =0.Dodé, AE =0.
b) AE gdy ra béi thay doi Ax. Theo (11)

oF
AEX; =, Ax; = WyAx, =—( E}l wyy;) Ay, (13)
Lap luan tuong tu nhu: Ay, dan dén AE_<0.
Diéu nay ching to: sau mot s6 bude, ham E (du(mg)
glam dan (do AE < 0OvaAE <0) vé mot gia tri cyc
tiéu, dan toi mang on dinh.

2.2.4. Khi ning nhé miu ciia mang BAM

Dé xac dinh kha ning nhd mau cia BAM,
béng thye nghiém, ta tién hanh nhu sau [8]:

Buwdc I: cho cap dir liéu hoc {X, Y} véi ba
mau du vao (Vecto dic trung): A, B, C twong tng
v6i n6 1a ba mau dau ra (Vecto nhan): D, E, G nhu
Béang 2:

Bang 2. Dir liéu vao/ra cho mang BAM

Vecto dac trung Vecto nhan
A=[10101] D=[11111]
A=[1-11-11] D=[11111]
B=[10100] E=[01101]
B’=[1-11-1-1] E=[-111-11]
C=[01011] G=[10010]
Cc=[-11-111] G=[1-1-11-1]

Buwéc 2: Hoc (ma trin trong s6) W theo (10)
W=D'TA+E"B’+G"C’

-1 1 -1 1 3

3 -3 3 -3 -1
w=({3 -3 3 -3 -1

-1 1 -1 1 3

3 -3 3 -3 -1

Bang 3. Nhdn mau sir dung mang BAM

Vecto | S6 $6 s6 S6 | (%) | (%) | (%)
dic |lugng | miu | miu | miu | miu | mAu | mu
trung | miu | nhin | khong | nhan | nhin | khong | nhin

ding | nhin | nhim | ding | nhan | nhim
A, 1 1] 0 0|100] O 0
A, 5 41 0 1| 80| O 20
A, 10 0] O 10 0] 0 100
A, 10 6| O 41 60| O 40
A, 5 0] O 5 0] O 100
A, 1 0| 0 1 0| 0 100
B, 1 1] 0 0|100] O 0
B, 5 41 0 1| 80| O 20
B, 10 0| 0 10 0 100
B, 10 0| 0 10 0 100
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B, s| o] o s| ol o | 100 D=[-111-11] K'=[-1-1-11]
B, 1l o] o 1| o|l o | 100 E=[10010] L=[1110]
C, 1l 1] o ol100| o 0 E'=[1-1-11-1] L'=[111-1]
C, s| 5| o ol100| o 0 F=[01011] M=[001 1]
c, | 10 10| 0 ol100| o 0 F=[-11-111] M=[-1-111]
c,| 10| of o 10 of o | 100 G=[11000] N=[1111]
C, 51 of o 51 o o | 100 G'=[11-1-1-1] N'=[1111]
C, 1 0 1| ol o | 100

Buwoc 3: Kha nang nho cua mang BAM.

Tinh tuwong ty nhu mang Hopfield cho 96
cip mau, ta c6 kha ning nhé cia mang BAM (Bang
3) v6i cac sai s6. Vi du:

* Vao: A4, =[00101];A.W'=[00101].W"

=[22222]=>[11111]=D;

* Vao: 4,=[01101]; A, W'=[01101].W"
=[3-1-13-1]=>[10010]#D.

Budéc 4. Panh gia. Tu Bang 3, khi mau vao:

« Trung v6i mau da hoc, ty 1¢ nhan mau
dang 100%, cho d¢ chinh xac tuyét ddi;

« Khac v6i cac mau goc 1 ddc trung (1 bit),
ty 1¢ nhan mau ding dat (80%-100%);

« Khac véi cac mau goc 2 dic trung (2 bits),

Bai toan nhdan dang khuon mat, gan nhan:
Cho 7 (dang) mau (vao) khuon mat dé hoc: 4= "Mt
thuén”; B=“Mat trai tim”; C="“Mat chi dién”;
D="“Mat trai xoan”; E="“Mat tron”; F="“Mat tam
gide”; G="“Mat kim cwong”; mdi mau vao gém 5
dic trung: (1: Chiéu cao; 2: Chiéu rong khuén mat;
3: Kich thudc tran; 4: Hai goc phia trén khuon mat
tron (nhan gia tri 1; néu khong, nhan gia tri 0); 5:
Hai goc phia dudi khuon mat tron (nhan gia tri 1
(néu khéng tron, nhan gia tri 0)); da dwoc ma hoa
nhi phan. Bay mau vao 4,B,C,D,E,EG tuong ung
véi 7 mau ra H1J,K,L,M,N, tic tén ngudi (hay
nhin) dugc nhi phan hoéa nhu Bang 4. Can sir dung
mang noron BAM dé nhan dang va gan nhan.
Bang 5. Nhan dang va gan nhan diung BAM

ty 1¢ nhan mau dung dat (0%-100%); Vecto | 6 | S | b o | (%) | (%) | (%)
* Kiic v6ichomiu g 3 ung (3 bi) | e |1 e | e | e | e | |
trd 1én, t};(lf; nhén.méu dl}ng dat 5054—60%); bt i fing nh@ng i | i nhéﬂg nhin
* Khac vé1 cac mau goc 4 dac trung 1ts
trd 1én, ty 1é nhan mau ding 0%. 4, ot 0 0 100 0 0
A, 511 0 4 20 0] 80
2.3. So sanh kha nang nhé cua hai mang
L A 10| 0 2 8 0| 20| 80
» Hai mang Hopfield, BAM déu thudc nhom 2
noron hoi quy, can diéu kién 6n dinh; A, 101 0 2 8 0 20 80
« Kha niang nhé va chiu 16i cia mang noron A, 51 o 1 4 ol 20] so
BAM cao hon mang noron Hopfield;
* Ma tran hoc mang Hopfield vudng, chi A; 1o 0 1 0 0] 100
nhan miu cta chinh né (tu lién két). Ma tran hoc B, 1l 1 0 0 | 100 0 0
cia mang BAM (hai 16p) co dang chit nhat; mau
vao (dic trung) va mau ra (nhan) phan biét, tién cho B, > 1 ! 3 20] 20) 60
nhén dang va gan nhan. B, 10 0 1 9 0 101 90
, B, 10 O 2 8 20 80
3. Ung dung BAM nhén dang khudn mit
Bang 4. Dir liéu cho nhdn dang, gan nhan B, 510 1 4 20] 80
Vecto dic trung Vecto nhian B, 10 0 1 0 0| 100
A=[10011] H=[0111] G 1)1, 00710} o ©
A=[1-1-111] H=[-1111 G| S|4 v [ o]s8o 200 0
B=[01010] I=[1011] G, | 1002 2 ] 6 |20 20| 60
B=[-11-11-1] I'=[1-111] C, 10 0 1 9 10 90
C=[10101] J=[0101] C, 51 0 1 4 20 80
C=[1-11-11] J=[-11-11] C, 1| 0 0 1 0 0] 100
D=[01101] K=[000 1] D, 1|1 0 0 | 100 0 0
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D | s/ 4] 0o | 1] s8] of 20
D, | 10l 4| 1 |5 ] 40] 10 50
p,| 100 2 |38 20| 80
p,| 5|0 2|3 40| 60
p,| 1tjlof o 1] of oft100
E | 1| 1] o] o]wo|l of o
E, 1| 2 | 2| 20] 40| 40
E, | 10l o] 2| 8] of 20 80
E, | 100 ] 1 | 9] of 10 9%
E,| s[o] o]s5 100
E. | 1[o] o |1 100
F, | 1l 1] o] o |wo] of o
F, 1| o] 4] 2] of 8
F, | 10lo| 1 |09 10| 90
F, | 10 o] 1 ]9 10 90
F, | slo] 23 40| 60
F, | 1]o] 1 ]o 100

G,| 1| 1] o |o]10| o

G, | s| 1| o] 4|2 of s
G,| 102 1 | 7] 2] 10 70
G, | 100 3 |7 30| 70
G, | s|lo| 1|4 20| 80
G, | 1o o |1 0| 100

Budc 1: Boi (Bang 4) cac gia tri 0 thanh -1:
A B ,C''DE’ F,G'vaH I J K L M N

Buwéc 2: Hoc (ma trin trong s6) W theo (10)
W=H"A"+1""B’+J"C’+K""™D’+L"E’+M""F’"+N’'G’

11 =31 -7
7 =5 —1 —1 —1
=1 1 -7 5 =3

-13 -1 -1 3

Khac véi 2.2.3, chidu ma tran W trong truong
hop nay la 4x5.

Tai liéu tham khao

Buwoc 3: Kha nang nho cua mang BAM. Tinh
224 cip mau nhu bude 3, myc 2.2.4; két qua duoc
dua vao Bang 5.

Budc 4. Danh gid. Tt Bang 5, khi mau vao:

+ Tring v6i mau da hoc, ty 1¢ nhan mau
dung 100%, cho d6 chinh xéac tuyét doi;

« Khéc v6i cac mau gbe 1 dic trung (1 bit),
ty 1é nhan mau dang dat (20%-100%);

« Khéc véi cac mau gde 2 dic trung (2 bits),
ty 1é nhan mau ding dat (0%-40%);

« Khac v6i cac mau g 3 dic trung (3 bits)
trd 1én, ty 1¢ nhan mau ding dat 0%;

Diéu dac biét voi tinh hai chiéu cia BAM la
khi cho tén, hoan toan xac dinh chinh xac cac dac
trung cua nguoi d6. Vi du ngudi cotén “L"=[111
0]; dac trung nguoi d6 C=L.W=[11 1 0].W=[9 -3
-115-11]=>[10010]=C.

4. Két luén va hwéng phat trién tiép theo

Dong gop cua bai bao 1a bang thuc nghiém,
chiig minh va xac dinh kha ning nhé mau cta
mang Hopfield va mang BAM; tinh toan kha nang
chiu 15i cua cac mang d6 khi cac mau vao c6 sai s6
1,2,3,4,5 dic trung. Két qua chira ré“mg cac mang
¢6 kha niang nhé mau da duoc hoc 1a 100%; cac mau
dau vao co sai s6 tir 1+5 dic trung, kha nang nhan
dugc giam dan (hop 1y). Pong gop khac 1a dé xuat
ung dung cho 16p bai toan dung mang BAM nhan
dang va gan nhan. Bai bao da cing to:mang BAM
¢6 thé xir 1y hai chidu: chiéu thuan: cho dic trung
dau vao, xac dinh duoc nhan va ngugc lai: cho nhan
(tén d6i trong) hoan toan co thé xac dinh duoc cac
dac trung cta ddi tugng voi do chinh xac 100% néu
cac dac trung (hodc cac nhan) dua vao ding nhirng
dic trung (hodc cac nhan) da dugc hoc..

Hudng phat trién tiép theo ciia bai bao 1a
nghién ctru kha ning nhé mau cia mang BAM 3
16p, ctia mang noron té bao, ciing nhu 16p cac mang
noron truy hdi bac cao. Mat khac, chung t61 dang-
nghién ctru muc sai 1éch mau vao c6 thé xac dinh
bang cac chuin khoang cach dé co thé rat ra quy
luat chiu 18i cua 16p mang noron hdi quy; két qua s&
béo céo & cc cong trinh tiép theo.
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PATTERN RECOGNITION ABILITIES OF RECURRENT NEURAL NETWORKS

Abstract:

The artificial neural networks are simulating the human brain. Could artificial neural networks
memorize as the human brain? The paper presents the structures, the learning rules and the stability of the
Hopfield, Bidirectional Associative Memory (BAM), two main recurrent neural networks. We also perform
the experiments on their memory abilities, ability of fault isolation for several of failure bits. An example of
pattern recognition of image faces and corresponding their labels are also represented.

Keywords: Recurrent neural networks, Hopfield, BAM neural networks, Liapunov stability, pattern
recognition, learning rule.
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