st DUNG MANG NORON BA LGP mUYﬁN THANG VA MANG
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CN. Hoang Phiic Lam, PGS. TS. Nguyén Huténg Dién
CN. Céng Thanh, ThS. Heang Thanh Van
Trugng Pai hoc Khoa hoc Ty nhién, PHQGHN

ai bdo trinh bay viée sit dung mang noron da 16p truyén thing va mang truy hdi dé
dy béo téng lugng bitc xg ngay cho 4 tram ddc trung cho khu viee ddng bing phia bdc
L# Viet Nam, do la: Ldng (Ha NOi), Pha Lién (Hdi Phong), Yén Pinh (Thanh Hod) va
Vinh (Nghé An). B6 s& liéu quan trdc ciia 4 tram ké trén trong khodng thoi gian tit thdng 1 ndm
1981 dén thdng 12 ndm 1990 dugc chia lim 3 phdn ding d€ xdy dung, kiém chitng chéo vi ddnh
gid chdt lugng ciia mang.

Chét lugng ciia mang noron dugc so sdnh voi bp s6 liéu tdi phén tich ciia NCEP dd dugc
ngi suy vé tram. Tdt cd cdc mang noron déu cho chdt lwgng du bdo vdi dj chinh xde ting. Cde
sai s6 RMSE, MSE va ME dugc cdi thién it nhdt 25%, con h s6 tuong quan r tiang t6i 45% so vdi
56 ligu tdi phdn tich. Piéu do cho thdy mang noron dd ndm bdt duge khd t6t cde ddc trung cita
bé sb ligu. Mang noron sé o mdt cong cu hitu hidu ding cho cdc bai todn théng ké dau ra mé
hinh.

1. Ly thuyé&t vé mang nhén thiic da 1dp va . PE 17 7 T
mang truy hoi | . IFQ ol :l:
b E ' et el net
A - - f{ﬁet} '[
@, Mgng nhdn thitc da lop s
A P N ~ v o i: f#!ﬂ!}h{ﬂ.m h I nxp{l-u-v:z:) fe (Il u::u??
Mang nhin thic da 10p 1a mt sy sdp xép / ;—ff}Ema ot <l
theo 18p clia cdc phén ti¥ hoat d§ng nhu trong g L T Lagtic Threshold

hinh 1. N
o Hinh 2. Phén tit hoat ding va cdc todn tit
phi tuyén thong dung

L6p nhén cdc gia tri ddu vao dudc goi la
16p nhép, I6p tao ra cdc gid tri diu ra goi la
16p xudt. Cdc 16p khong c6 lién hé tryc tiép
vdi tip s lidu nhip va xuft goi 1a céc 16p 4n.
M6t mang chi bao gém 1dp nhép va 16p xuét
duge goi 12 mang nhin thife, M8 k&t ndi gitta
céc phan ti hoat ddng duge dinh lwong bdi gid
trj w;, g0i 12 trong s6, va dugce di€u chinh trong
sudt qué trinh luyén mang.

Hinh 1. Mang nhdn thitc da 16p véi mét lép Céc phan tif hoat djng trong mang nhin
an thiic da 16p bao gdm mdt todn ti¥f tdng vi mot

~ Nguti phdn bién: TS. Hoang Pe Cuding
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todn t¥ phi tuyén dang S (hinh 2). Cdc todn td
phi tuy&n dang S thong dung nhit bao gém:
ham logic, ham tang hypebol va déi khi Ia
ham gidi han.

Sitc manh ctia mang nhén thic da I6p thé
hién & chd, né 13 mdt 4nh xa gin ding tdng
qudt (4nh xa phé dung - thyc hién mot 4nh xa
bat k¥ gilta [Gp nhip va 16p xud't) khi né dugc
ciu tao v6i it nhdt hai 16p 4n va s8 phdn td
hoat déng thich hgp trong ting 16p 4n dé
[Haykin, 1994]. Thim chi, mang nhin thifc da
16p v6i mot 16p 4n cling ¢6 thé x4p xi cdc 4nh
xa lién tuc gilta Idp nhip va 18p xuét. Diéu
nay ¢4 nghia 1a ching ta hi€m khi phéi chon
mot mang nhin thitc da I6p v6i nhidu hon hai
16p &n. Diéu nay thyc sy c6 ¥ nghia trong thyc
t€, do nhu cdu vé thdi gian tinh todn, khoi
lugng tinh todn... nén mdt mang nhd, don
gidn... s& 12 rat hitu ich. Tuy nhién, khé khin
d6i véi mang nhén thifc da 16p lai 13 viéc chon
s0 16p (0, 1 hoidc 2), s& phin ti hoat ddng trong
mdi 16p néu mudn dat duge mot két qui 5t
nhat.

R&t nhiu bai todn k¥ thuit cé thé duge
hinh dung theo cdch chuyén dgi thong tin tiY
khdng gian nhip sang thdng tin trong khdng
gian xuét. Vi dy, chia s& liéu thanh cdc 1dp,
cdc pha khdc nhau; tim trang thdi cda 16p xuit
khi bi€t trang thdi cia cdc phidn tf nhap,
[Bishop, 1995]; tudng ty, viéc xac dinh mbt hé
th&ng chura bi€t cling ¢6 thé coi 12 m6t x&p xi
ham (4nh xa) t¥ 16p nhap d€n 16p xudt [Kung,
1993]. Mang nhin thic da Idp rat thich hdp
cho cdc ing dung dang ndy.

Sai 8 binh phudng trung binh (MSE) dugc
st dung 1am ciin ¢t diéu chinh cdc trong 58
cla mang:

1 o1&

D)) B

Pl 4 p=]

Trong d6: P 1a s 1dn luyén (kiém tra), N 12
s8 miu luyén (ki€m tra), d,, 12 k&t xudt clia
mang va y, 1a k&t xudt mong mudn (k&t xuat

dich). Sai s§ trung binh 13 mét ham clia cdc
trong s (do k&t xudt d cia mang chinh 12 ham

. cla cdc trong s6) va dao ham clia sai s8 trung

binh theo toan bg cdc trong s cla mang sé&
cho ta bi€t hudng va do dSc cha mit phing sai
8 E, tir d6 cdc trong s8 s& duge diéu chinh
theo “huéng déc nhit”.

b. Mang truy hoi

Y tudng cho sy ra ddi ciia mang truy hdi
xudt phdt t¥ mang lan truyén ti€n, vdi cau héi
dugce dat ra: Mang nhédn thifc da 16p 12 mang
phd bién nhit nhung Iai chi 12 mang lan truyén
ti€n, chi ¢6 khi niing x{ ¥ cdc thong tin ti¥c
thdsi. Chuyén gi s& xdy ra néu ta thém vio mot
vong lip, vi du ta lién k&t mot ndt 4n véi chinh
né thdng qua trong s8 lién két, hodc lién két
céc ndt 4n, va thdm chi 13 lién k&t tat ¢ cdc
phén t¥ cda mang véi nhau? Mic dii, nhu
ching ta d4 biét, khé ning tinh todn clia mang
nht vy s& khong ting, ching ta c6 thé gidm
d¢ phitc tap, kich thudc clia mang... khi gidi
cing mdt bai todn (vi khi ndy, thdng tin gilta
cdc thanh phdn cla mang dugc trao ddi qua
lai, ting khé ning téng quét cda mang),

Vin dé cin duge xem xét liéu mang truy
héi ¢6 thé ti€p tuc truyén cdc gid trj tic dong
dén v cung, hay it nhit Ia dé&n khi dat dugc
mdt diém 6n dinh? Cau tr 131 1a ¢6. V6i mang
truy héi, ta ¢é thé dwa ra m6t ngudng dé mang
ngling qué trinh lan truyén va diéu chinh trong
s8. Hai vi du cd dién v& mang truy hdi 1a mang
Jordan va mang Elman. Trong mang Jordan
(Jordan, 1986), cdc gid tri tdc dong cua Idp
xudt duge dua trd lai 16p nhip théng qua mot
tdp hdp cdc noron phu (hinh 3) duge goi 1a ndt
trang thdi (state units), Cdc lién k&t giita 16p
xudt va cdc ndron phuy ¢6 trong s6 khong d6i
1a +1; viéc luyén chi c6 & cdc lién ké't gifta 1dp

_nhdp vi 16p 4n va gifta cdc 16p 4n va Idp xuit.

Do d6, tdt ¢4 cdc quy tic hoc cla mang nhén
thitc da 1dp du c6 thé sit dung v4i loai mang
nay. -

Mang Elman (Elman, 1990), mét tdp hdp
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ndron ngif ¢dnh thay th&€ cho cdc ndron phy
trong mang Jordan, va né dua théng tin tir 13p
an trd lai 16p nhép (hinh 4). Do d6, v& nguyén
tic cling giéng nhtt mang Jordan, trif viéc né
dua thong tin trd lai tf niit &n chit khéng phai
tir mit xudt va trong tAp hdp noron ngl cdnh
khong lién két 13n nhau.

Hinh 3. Mang Jordan. Gid tri tdc dong cita

I6p xudt duge dva tré lai 16p nhép t6i mot tip
hop cde noron phy duge goi la niit trang thdi
(state units)

Hinh 4. Mgng Elman, théng tin tiv Iop dn
- duige dua tré lgi I6p nhdp théng qua tip hop
noron ngit canh

Mang Hopfield 12 m6t trong nhitng loai
mang truy hoi xudt hién sém nhat va ndi ti€ng
nhdt. Nim 1982, Hopfield dua ra mot Iy thuyét
todn hoc hoan chinh vé mang truy hdi; sau dé
duge phét trién thanh mé hinh "Ising spin”
{Amit, Gutfreund va Sompolinsky, 1986)

Mang Hopfield bao gdm tap hdp N noron
lién k&t 14n nhau (hinh 5) va ching cdp nhit
gia tri tdc dong mbt cdch dbe 14p. Moi ndron
déu vira 13 noron nhép va xuit. Cic gié tri tdc
dong dudi dang ma nhi phan (1 va 0), diéu nay
khi&€n mang Hopfield twong tr nhw mot mach
dién gdm nhiéu cong tic duge diéu khién bing
cdc ky twnhi phan 0 (tat) va 1 (bat). Trang théi
clia hé thOng duge cho bdi cdc gid tri tdc dong
y = yk. Tap hgp gia tri nhép s (t+1) cda noron
thif k tai vong t+1 dugc 18y téng c6 trong s8:

sit+1)=3y,(hw, +6, )

Mot ham gidi han don gidn dudc s dung

cho tdp hop nhap dé thu dugc gid tri tic dong
mdi yi(i+1) & thai diém t+1:

+1 Néus,(r+1)>U,
ylr+1)=4-1 Néus, (+1)<U, (3)
¥, () Trudng hgp con lai

Hinh 5. Mang 1 lién két. Té cé cdc noron
dong thoi lo noron nhép vé xudt.

2. Ung dung dv bdo tdng xa ngay s& dung

mang nhén thitc da 16p va mang truy hdi

- $6 li¢u dau vao bao gdm s liéu quan tric
bifc xa ngdy tai 4 tram tiéu bi€u cho khu vire
dbng bing phia bic bao gdm: Lang (Ha Noi),
Phid Lién (H&i Phong), Yén Pinh (Thanh
Hod), Vinh (Nghé€ An) trong vong 10 nam (tl
nim 1981 dén 1990).

- $8 liéu t4i phén tich cia NCEP tai ndt ludi
gan nhat véi tirng tram cla cdc yéu t5: Téng

38 Tap chi Khi tugng Thuy van # Théﬁg 10/2007




xa dy bdo tai bé mit (Qsf), tdng xa tai dinh
khi quyén (Qtoa); ltgng may (CL), nhigt do
bé mit (Tsf), 46 4m tuong d8i b€ mit (sHsf),
hai thanh phidn gié tai myc 10m (U1l0m,
V10m), t6ng lugng nudc kha gidng trong khi
quyén (PW) trung binh ngay, dugc 14y ciing

thoi diém véi gid tri quan tric va duge xem 13

gid tri du bdo cho tram dé.

- Riéng tram Yén Pinh (Thanh Hod) do 6
lidu nhitng thang diu nim 1984-khong cé lién
tuc nén chudi thyc t€ st dung 1a tr 1/9/1981
d&n 31/12/1990 '

- Chubi s8 ligu dugc 14y trung binh trugt vdi
budc trugt 1a 3 (ngay) dé loc bd sai s6 nglu
nhién.

- 70% chudi s6 liéu dude sit dung dé xay
dung mang, 20% cho kiém ching chéo va
10% duge diing 1am s8 ligu ki€m tra doc 14p

“chét lugng clia mang.

C#u hinh mang thin kinh nhin tao (TKNT)
duge chon dua vao thuit todn Gen (Genetic
Optimization)., Thuat todn dugc hi€u don gidn
12 mdt mang duge luyén nhidu 14n vdi véi cdc

b6 tham s8 khdc nhau clia mang (s8 nit 4n,

budc hoc...); vdi mbi bd tham sd nhu vay,
mang dudc luyén cho dén khi xuft hién ddu
hiéu qué khép hodc dat dugc mdt sai s6 mong
mudn. Cu thé véi bai todn du bdo tdng xa, cdc
tham s6 bao gdm: s& niit 4n ctia mbi 16p &n
dugc thay ddi tf 1 dén 25, toc d hoc dao dong
trong khodng tir 0.1 d&n 1; va véi mbi bd tham
8, mang s& dudc luyén 61 da 12 10 000 budce
hoac khi sai 6 binh phuong trung binh trén bd
s6 liéu ki€m chitng chéo ting)

Téap hdp céc tham s6 cho sai s8 trén bd s6
liéu kiém chitng chéo nhd nhit s& duge luu lai
va c6 dinh trong qué trinh kiém tra véi s0 liéu
d6¢ 1ap. C4u hinh cda mang duge cho trong
cdc bang dudi day:

Béng 1. 86 niit dn clia mang TEKNT nhén thite da lp

Ling Phi Lién Yén Dinh Vinh
Lép nhip 8 8 8 8
Lopdn1 8 5 10 ' 8
14pin2 5 5 5 5
L&p xudt 1 1 ! 1
Béng 2. S miit dn ciia mang truy hoi
Ban vi Ling Phi Lién Yén Pinh Vinh
Ldp nhip 8 3 8 8
Lép dn 1 20 20 23 22
Lépdn2 19 17 15 24
Ldp xudt t 1 1 - 1

3. Panh gid k&t qua, nhin xét va két ludn
a. Cdc chi s6'ddnh gid

mw:J%i(;;-—q)z @)
i=1

- Sai s6 toan phudng trung binh.

1 N
AME—F;M—Q]

(5)
- Sai 88 tuyét doi trung binh: '
1 &,
ME =5 (f,~0) (©)
" - Sai 8 trungbinh:
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3(7-7o-0)

- -of ™

- Hé s0 tong quan.

Trong do6, f 12 gid tri dy bdo, O 13 gia tri
quan tric, N 12 tOng s& miu d4nh gis. Bén
canh d6, sai s6 wong doi (k¥ hiéu 1a E%) dugc
stt dung dé€ so sdnh giifa cdc tram v&i nhau. Sai
s0 twong d6i duge dinh nghia:

E% =t

—3'0, :
Va d€ kiém tra hiéu qui clia mang, ddnh
gid sy cdi thién ctia du bdo gifta sit dung mang
va khong sit dung mang, chi s6 k§ ning dudc
st dung. D€ so sdnh dy bdo A v6i dy bdo B

dya trén mdt chi s6 ddnh gid nio dé (ME,
RMSE, r, ... - ky hiéu chung 12 S), ta sit dyng
chi s6 k¥ ning:

p VB

Skill(A,B) = S4=Sy )
s -8

Trong d6 Sp 1a chi s8 ddnh gid 1y wéng, vi
du véi ME, RMSE 12 0, v&ir 1a 1. Chi s6 Skill
(A,B) cang duong thi md hinh A cang t6t hon
md hinh B va ngudc lai. Trong bai bdo nay,
cdc md hinh mang duge ddnh gid k§ ning so
v6i tdp 50 liéu tdi phén tich cia NCEP da dugc
ndi suy vé tram.

b. Két qud ddnh gid

K&t qua ddnh gid dudgc cho cu thé nhit sau:

Bdng 3. Ddnh gid chdt ligng dy bdo ciia mé hinh NCEP (Pon vi: ME, MAE, RMSE:
MJ/y/ngay; hé s6 tuong quan r khéng c6 don vi)

Pdn vi Léng Phi Lién Yén Dinh Vinh
ML (ME%) -0,25 (-2,70%) 2,45 {37,08%) 0,31 (4,23%) -0,58 (-5,84%;)
MAEMAE%) 3,594 (42.98%) 3,52 (33,11%) 3,94 (45,48%) 5,13 (50,84%)
RMSE(RMSE%) | 491(5357%) | 4,19(63,37%) 4,84 (55,78%) 6,53 (64,76%)
r 0,29 0,37 0,31 0,39

Qua bang 3 ta thiy rd rang ring s8 lidu t3ng
xa bé mit cda md hinh toan cdu NCEP véi
- bude Iwdi 2,5x2,5 duge ndi suy vé tram cho
* chét lugng s8 liéu khong t5t, thudng du bdo
hut & hai tram Ldng va Vinh va dy bdo vugt &
hai tram Phd Lién vA Yén Pinh. Sai s& tuyét
d6i cla cd 4 tram déu trén 3,5 MI/m¥/ngay
(tuong tng 40 - 50% gi4 tri trung binh). Sai s&
quén phuong dic biét I6n, déu trén 50% gid
tri trung binh khi hiu, trong dé hai tram sai s&

trén 63% la Phd Lién (63,37%) va Vinh
(64,76%); hé s§ tiong quan rit nhd, khdng qua
0,4. Qua day ¢6 thé nhin xét, khong thé st
dung truc ti€p's6 liéu cia m6 hinh khi hau
NCEP trong thyc t€ nghién cifu va ing dung.
Do d6, cdc mé hinh du bdo cho titng tram
riéng biét, véi cdc loai mang TKNT khdc nhau
duge s& dung lam cdng cy théng ké sau md
hinh.

Bing 4. Ddnh gid chdt lugng mang nhin thitc da lap

Donvi Léng Phi 1ién Yén Pinh Vinh
ME (ME%) 1,18 (12,89%) 1,03 (15,40%) 0,88 (10,16%) -1,82 (-18,01%)
MAE(MAE%) 2,63 (28,64%) 2,33 (35,0%) 2,47 (28,47%) 2,97 (29,44%)
RMSE(RMSE%) 3,29 (35,86%) 3,28 (49,17%) 3,17 (36,54%) 4,10 (40,61%)
r 0,80 0,66 0,80 0,88
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Bdng 5. Chi s0' k§ néing ciia mang nhén thitc da Idp so véi dy bdo ciia mé hinh NCEP

Ban vi Léng Phi Lidn Yén Binh Vinh
RMSE 0,33 0,22 0,34 0,38
R 0,72 0,45 0,71 0,77
Bing 6. Ddnh gid chéit iigng mang truy hoi
Don vi Léng Phi Lién Yé&n Pinh Vinh
ME (MEY%) 1,13 (12,28%) 1,20 {17,97%) « 0,05 (-0,63%) -0,80 (-7,5%)
MAEMAE%) 2,59 (28,22%) 2,44 (36,56%) 2,27 (26,219%) 2,90 (27,9%)
RMSE(RMSE%) 3,27 (35,609%) 3,16 (47,34%) 2,91 (33,65%) - 4,04 (39,49%)
r 0,80 0,68 0,82 0,86

Béng 7. Chi 56 k§ ning cita mang truy hoi so vdi dy bdo ciia 116 hinh NCEP

Vinh

Bon vi Ling Phi Lién Yén Binh
RMSE 0,33 0,25 0,40 0,37
r 0,72 0,49 0,74 0,80

Nhin chung, chit lugng du bdo clia mang
nhén thic da IGp 1a thdp hon so véi mang truy
héi. Diéu nay 12 do mitc d6 phifc tap ctia mang
truy hoi cao hon so véi mang nhin thic da 16p
va phtt hgp hon véi bai todn phidc tap nhu dy
b4o téng xa. Tuy nhién, sy khdc biét nay la
khdng ddng k€ (khodng vai phdn trim don vi).
Néu xét v& mitc d6 kinh t&€ (thdi gian luyén
mang) thi mang nhin thidc da 16p hon hin so
v6i mang truy hoi khi tat ¢d cdc tham s& khdc
Ia nhv nhau.

Nhitng k&t qué dat duge véi mang truy hdi
va mang nhén thifc da 18p da gidp cdi thién
dugc ddng k€ chat lugng cta bd sO lidu tdi
phén tich.

St dung mang TKNT da cdi thién dugce cdc
loai sai s& tif 25 dén 40%, riéng hé s8 tuong
quan ting tir 45 dén 80%. RO ring mang da
ndm bat dugc rat t6t xu thé ciia chudi s& lidu
va dy bdo khd chinh xdc trudng t6ng xa, mot
trong nhifng truting khi tgng 6 sai s 16n nhat
trong cdc md hinh khi hau.

¢. Két lugn

K&t qud md phdng bing mé hinh mang
nhén thic da 16p va mang truy hdi d6i vdi bai
todn dy bdo tdng xa st dung d4u ra cia mé
hinh khi hu toan cdu clia NCEP la rit khd
quan, Vé&i bd s8 lidu trong 10 nim dude chia
lam 3 phidn: 70% cho luyén mang, 20% cho
ki€m ching chéo va 10% diing lam s6 liéu
ki€m tra doc 14p, sai s6 clia mang nhén thifc da
18p ¢6 phén 16n hon so vdi mang truy hdi
nhung sy khéc biét 13 khong dang k€ (khodng
vai phin trim don vi).

Chat Jugng dy bdo clia md hinh mang
TKNT di cdi thién dugc so vdi du bdo clia md
hinh khi hiu toan ciu clia NCEP khodng 25%,
ddc biét hé s6 tudng quan ting 45%. Qua d6
¢é thé khing dinh, mang TKNT di nim bit
dugc tuong ddi day dd xu th cia chudi s6 liéu
cling nhv quan hé gitta cdc nhan t& dir béo vdi
v&u t8 tdng xa. P& tng dung bai todn trong di
bdo thyc t€, ¢in b8 sung ngudn s& liéu dif bdo
cda cdc md hinh khi hau khu vuc hodc todn
ciu va st dyng mang noron nhu mdt cong cu
th&ng ké& ddu ra md hinh cho cdc tram k€ trén.
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