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TOM TAT

Bai bao trinh bay mét mé hinh mang no ron mo héi quy, la s mé réng mang no ron mo bang cach
thém cac nat hoi ti€p vao I6p thir hai cla mang no ron mo. Cac nut hoi tiép nay dong vai tro cac phan
tr nhé trong mé hinh mang no ron mo hoi quy. Mang no ron mo hoi quy té ra dat hiéu qua cao cho
nhirng trng dung nhw: dw bao chudi thoi gian, nhan dang va diéu khién nhiing hé phi tuyén.

ABSTRACT

The paper represented a Recurrent Fuzzy Neural Network (RFNN). Temporal relations are embedded
in the network by adding feedback connections in the second layer of the fuzzy neural network (FNN).
The RFNN expands the basic ability of the FNN to cope with temporal problems. The RFNN is applied
in time series prediction, identification, and control of nonlinear systems.

I. GIOI THIEU

Nhitng nim gan day mé hinh mang no ron dd chimg to kha ning trong viéc giai quyét
cac bai toan bang cach hoc tur nhitng mau dir li¢u thuc t€. M6 hinh mang no ron c6 kha nang
xap xi mot ham lién tuc vdi1 d§ chinh xac cho trudce.

Mo hinh logic m& nhdm vao viéc khai thac kha ning xir Iy nhiing tri thirc nhur con
ngudi. Viée két hop mo hinh logic mo va mang no ron mo ra mot huéng mai goi la mo hinh
mang no ron md nham tan dung nhimg wu diém cta ca hai mo hinh. Nhugc diém chinh cia
mang no ron mo 13 chi thich hop véi nhirg bai todn co tinh chét tinh.

Mo hinh mang no ron md hdi quy 1a sy mé rong mang no ron mo nhém dé giai quyét
cac bai toan dong. M6 hinh mang no ron md hdi quy thich hop khi giai quyét cac bai toan ma
nhiing dau vao va dau ra phu thudc theo thoi gian. Mang no ron mo hoi quy mé rong mang no
ron md bang cach thém cac nat hoi tiép vao 16p tht hai ciia mang no ron mo. Cac nit hoi tiép
nay dong vai trd cac phan tir nhé trong mé hinh mang no ron mo hdi quy. Viée thém cac nut
hdi tiép nay 1am cho mang no ron md hodi quy c6 kha niang giai quyét cac bai toan dong. Do
d6, mang no ron mo hdi quy 1 mot mo hinh mé rong ciia mang no ron mo.

II. CAU TRUC MANG NO RON MO HOI QUY

Céu triic mo hinh mang no ron md hdi quy duge thé hién nhu Hinh 1.
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Hinh 1. Cau truc mang no ron mo hoi quy

Mot mang no ron md hdi quy gdm 4 16p nhu sau:
- Lé6p 1: La 16p nhap gém N dir liéu nhap (input).

- Lop 2: Goi la 16p cac ham thanh vién. Cac nit trong 16p nay thyc hién viéc mo hoa. Lop
nay dung dé tinh gia tri ham thanh vién theo ham phén ph6i Gauss. S6 nut trong 16p 2 la
N x M, trong d6 M 1a s6 luat mo (s6 nut cua 16p 3).

- Lop 3: Lop cac luat mo. Cac nit trong 16p nay tao thanh co s¢ luat mo (Fuzzy rule
base) gobm M nat. Lién ket gilta 16p 2 va 16p 3 bi€u dien gia thi€t cua luat mo. Lién ket
gitta 16p 3 va lop 4 biu dién két luan cia luat mo.

- Lop 4: L6p xuat gdm P nat.

Lién két giira 16p 3 va 16p 4 duoc gan trong sd Wy -

Nhu vay, sé nat cia md hinh 1a: N+ (Nx M) + M + P

III. HOAT PONG CUA MO HINH
(k

Chung ta hily xem xét hoat dong clia cac nit trong mdi 16p. Ky hidu ! ) va Ol.(k ) tuong
ung la input va output ctia nut thir i trong 16p .

- Lop1: O =ul’ =x,(t), véii = 1N

y y
(UJ)

Trong d6: m; va o 1a trong tam va d¢ rong cua ham thanh vién theo phan b6 Gauss.

(u.(?) —m,

2
- Lép2: O =exp|— ) ,VOii=1+N,j=1+M

Hon nira, input cta cac nat nay la
ul? (t)=0" +60,0? (t-1),v6ii=1+N, j = 1M
Trong do: 0,./. biéu dién trong sb cho cac nat hoi tiép.

Chung ta thdy rang input ciia cac nut trong 16p nay c6 chira toan hang Oij(.z) (l —1) luu

thong tin trude d6 cuia mo hinh. Pay chinh 1a sy khac biét gilta mang no ron mo va mang no
ron mo hoi quy.
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Nhu vay:
[0 00 (=)=m | [(0+6,07 () -m ]
(o )2 (o) )2

0(2) =exp| —

voii=1=N,j= 1M
M&i nut trong 16p nay ¢ 3 thong sd 1a my;, o; va 0,7 .

- Lép 3: Céac nut trong 16p nay thuc hién phép toan AND

[x,(0)+8,02 (t=1)-m, |
(Gz'j)

- Lép 4: Céac nut trong 16p nay thuc hién viéc gidi mo.

,VOi1i=1=N,j=1+M

N N
3) _ ) _ _
0y = 1_1[ O = 1_1[ exp
i= i=

[x()+6,0 (c=1)=m; |

(o )2

(4)_Zu(4) 20(3) z kHeXp -

voii=1+N,j=1M k= 1+P
Nhu vay, trong md hinh mang no ron md hodi quy, cac thong sé can phai xac dinh 1a

my,all,ﬁ va wy

IV. LAP LUAN MO

Gia st cho hé mang no ron md hdi quy v6i nhiéu dau vao (input) va mot déu ra
(output) Goi x; 1a bién ngdn ngir thir i va o; 1a gia tri kich hoat cua luat j, w; 1a trong s6 cla
két ndi thi ;.

Mot luat suy dién md duoc biéu dién nhu sau:
R Néuuy1a Ay, uy 14 Ay, .., u,y 13 Anj, thiy = w;
Trong do:

i=12.,n

n 1a s6 dau vao (input)

uy = x; + 6 * 0,7 (t-1)

A;i1a cac tap mo

W;la trong s6 két nbi

Bau vao ciia moi ham thanh vién 13 dau vao x; cia mang cong véi sb6 hang oU( )6;. So
dd két ndi dua trén luat suy dién mo nhu Hinh 2.
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Hinh 2. Cdu triic két néi trén co o ludt mo thir j

Hé théng mo voi nhitng thanh phan nhd (Feedback unit) c6 thé duge xem nhur 1a mot hé
suy luan mo dong va gia tri suy luén dugc tinh bdi

, M
=2 wa,

J=1
voi M 1a so luat va

a; = 1;[”47 (“y)

Mang no ron m¢ hdi quy 1a mot hé suy luan mo ¢6 cac phan tir nhé. Sau khi huan luyén
xong, cac thong s6 trong mang cling véi cac phan tir nhg da xac dinh tri thirc.
V. GIAI THUAT HQC CHO MANG NO RON MO HOI QUY

Mang no ron md hoi quy st dung giai thuat hoc lan truyén nguoc (Back Propagation)
de xac dinh céc thong so trong mo6 hinh. Bé don gian trong viéc trinh bay, ching ta xem xét
truong hop mo hinh chi c6 mot dau ra.

Muc dich cuia viéc hoc 1a cuc tiéu hda ham 16i
_1 d) 2 Iy @ NPT
E= 2000y 0] =321/ 0-0%0)

Trong d6: y’(¢) 1a output mong muén va y(¢)=0"(¢) 1a output hién tai ciia mo
hinh tai mau dit li¢u thi ¢,

Nhu ching ta da biét, trong giai thudt lan truyén ngugc, cac thong s6 s& duoc cap nhat
nhu sau:

WE+D)=W@O)+AW () =W (1) + ,7[_ %}

Trong d6: W 1a vector thong s cia mé hinh va 7 1a tc do hoc.
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Dit e(t) =y (1) -y (1), ta co:
OE() _ —e(ny 2 8y(Z ) _ —e(t) 00" (1)

ow ow
Do do, cac thong ) m;, oy, 4911 va W s€ dugc cap nhat twrong ing nhu sau:
» OF
wi (E+1)=wy (1) =1 aw,
n OE
my (1) =my ()" 5
- OF
()=o) 5
OE
9:7(”1):‘917(0—’795—%
Trong do:
8ij e(t)Oj
M 3) M 2\ x(1)+0? (t-1)g -
aE:_e(t)Z“?kaq__e(t)Zwka3) [Xl() ; (2 K %}
on, o om =" ( )
fj J fj J ;
B _ a0 a2 ()G (1) —m |
agy __e(t)lZlm/}k 807] __e( )JZ: JkJ (%)3
oE uooe0 M —2[;9(z)+0§.2)(t—1)¢9lj mU]Of)(t 1)
E__ (t)zwjk 00 o ( )Z Jk 2
ij J= ij J= (o;])
Gidi thudt hoc

Hoc c6 giam sat véi tap mau {(X,, Ys)}
Moi khi dua mot mau X; = (x;, x», .., x,) vao mang, ta thuc hién cac cong vi€c sau:

- Lan truyén mau X; qua mang dé tinh gi4 tri dau ra (output) theo:

S gl L AP ]

Jj=1 =1 2
S ("ff')

- Tinh 16i tai mau hoc dua trén sai 1éch:

e =y? ) -y
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- Cap nhat céc thong sb mg, oy, 49 va w), theo:

» OF
W (1+1)= Wy (1)- o,

n OF
my (t+1)=my(t)-n .
J

o OFE
oy (t+1)=0,(1)=n7 = —
ij
, OF

gij(t—l_l):gij(t)_ 00.
y

VI. UNG DUNG MANG NO RON MO HOI QUY VAO DU BAO

Chung ta tién hanh cai dat thir nghiém mé hinh mang no ron mo hdi quy trén dé du bao
mot sO mat hang anh hudng dén nén kinh t€ Viét Nam va anh hudng cua chung cé tac dong
rat 1on dén cac hoat dong kinh té khac.

Ngoai ra, dé kiém tra va so sanh kha ning dy bdo ciia mé hinh so v&i cac phwong phap
dang duoc tmg dung rong rai trong kinh té, chuong trinh dugc cai dit thém phuong phap du
bao chudi ARIMA, 1a mé hinh phan tich du béo kinh té ¢d dién dang dugc sir dung rong rai
trong cac nganh dy bao cua kinh t& & Viét Nam va trén thé gi6i, nham dbi chiéu va so sanh
phuong phap du bao ctia md hinh v&i phuong phap du bao chudi ARIMA.

» Dir li¢u thuc nghiém

Dir ligu thuc nghiém la gia ca mot s6 mat hang nhur: Vang, dola, gao, ca phé, xi mang
dugc cung cép tir Vién Kinh Té TP. H6 Chi Minh. Dir liéu vé gia ca cac mat hang nay duoc
cap nhat hang ngay, va co the sir dung dir liéu tur nhiéu nim trude, tir nam 2002 dén 2007, tirc
bao gom khoang hon 2000 s liéu cho mdi b dit liéu ctia mdi loai mat hang thir nghiém.

> Két qud thir nghiém
Két qua thir nghiém (c6 ddi chiéu véi mé hinh ARIMA)

 RENN 23
@ Iniomation @ Trainng | @ Resuk | € Predict |

0.19809
0.06891
0.04934
0.04462
0.04216
0.04038
0.03633
0.03766
003658
0.03557
0.03464
0.03376
0.03297
0.03220
0.03146
003081
0.03018
>

02 04 06 08 10 12 14 16 18%*]1

Training Result

Murber of Epochs 100 Current Epach 100
LS afters Epochs {10000 RIS Error 002111165

Hinh 3. Két qua hudn luyén
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@ Infomation | 4 Trainng @ Resut | € Precict |
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Hinh 4. Két qud kiém tra
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Hinh 5. Két qud dur béo

VIL. KET LUAN

Mang no ron md hoi quy 1a mot mang két n01 nhiéu tang hdi quy cho viéc thyc hién suy
luan mo sir dung nhing luat mo dong. Mang gdm c6 bén 16p, trong d6 co hai 16p an va mot
lop hoi tiép. Quan hé thoi gian dugc nhiing trong mang bang cach xay dyung thém céac niit hoi
tiép vao mot mang no ron mo va cac niat hoi tiép nay dong vai tro 1a cac phan tir nhd. Mang
no ron mo hdi quy véi kha ning luu trit théng tin tam thoi cho phép md rong pham vi ting
dung dé giai quyét nhitng van d¢é thoi gian.

Mang no ron m¢ hoi quy ¢6 nhiing diém manh sau:

- Trong cac ting dung, mang no ron md hoi quy c6 cau trac nho hon va ciling it cac tham
s0 lap hon mang no ron mo.

Mang no ron md hdi quy c6 kha ning xir 1y cac hé dong va luu trit thong tin tam thoi.
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- Mang no ron mo hoi quy rat thanh cong trong viéc xap xi mét ham lién tuc vdi do chinh
Xxac mong muon.

- Mang no ron mo hoi quy chi 1a mdt mang tinh nhu mang no ron mo khi tham s6 6=0.
Nén c¢o6 thé khang dinh rang mang no ron mo hoi quy 1a mot mé hinh mé rong ctia mang
no ron mo.

Mo hinh mang no ron md héi quy 1a mot mé hinh méi va to ra dat hiéu qua cao cho
nhiing tmg dung nhu: du bao chudi thoi gian, nhan dang va dieu khién nhitng h¢ phi tuyén.
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