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HUAN LUYEN MANG NORON TRONG BAI TOAN
DU BAO PHU TAI

Tran Hoang Linh — Phan Toan —Trdn Nhu Hong - Nguyé&n V§y
Trudng Pai hoc K§ thuat
(Bai nhdn ngay 07/09/2000)

TOM TAT:Khdi niém vé mang noron mdi duge dwa ra vao ddu thé ky 20, nhung hién nay
nhitng nghién citu ng dung mang noron trong viéc gidi cdc bai todn trong nhiéu linh vic
khdc nhau duge nhidu nha khoa hoc quan tdm vi nhiing vu diém va hiéu qud ciia né. Bai
bdo dwa ra nhitng nghién cttu chung vé mang noron va cdc phuong phdp hudn luyén
mang, trong dé cd bai todn du bdo phy tdi ngdn han trong hé théng dién sit dung mang
noron Adaline ddng thoi bai bdo ciing gidi thiéu nhiing nghién citu vé mét phuong phdp
hudn luyén mang Adaline mdi cho phép thuc hign viéc hudn luyén mang nhanh hon nhitng
phutong phdp hudn luyén khdc.

1. LOI NOI PAU

Du bdo phu tai ng&n han 12 bai todn cin thi€t cho viéc 1én k& hoach van hanh hé
théng dién, cdc k&t qué nhan dugc tir bai todn dy bdo phu tdi c6 thé duge dung cho
viéc 1ap cédc k& hoach nhu lich huy dong céc t§ mdy lam vi€c trong hé thong dién, vén
hanh cdc duding diy va céc thi&t bi phan phéi dién,.. Cdc k&t qui d6 cling c6 thé dang
& giai bai todn phan b& cong suét t6i wu gifta cdc nha may dién, hogc ding dé 18p céc
k& hoach dai han nhu 14p k& hoach cho viéc du trit, sit dung nhién li€u trong cdc nha
m4y nhiét dién, 1ap k& hoach stta chita c4c thi€t bj trong hé théng ...

Do chinh x4c clia cdc k&t qud nhin duge tr bai todn dy bdo phu tdi rit quan
trong, né 1a y&u & chinh quyét dinh tinh khd thi cia bai todn, néu céc k&t qui nhén
dudc khdng chinh x4c th bai todn khong con ¥ nghia. Cdc van dé nghién cifu xung
quanh bai todn nay déu ciing c6 muc tiéu 1a tim m§t thudt todn 61 wu 1am ting 46
chinh xdc clia bai todn, ting kha ning xit 1y s& liéu, dong thdi lam gidm thdi gian tinh
todn.

C4c s6 liéu cia bai todn du bdo 13 cdc s6 li€u dugc thu thip trong qud khi va
hau nhu khong lp lai trong tuwdng lai, dd thi phu tai cla cdc phu tdi khdc nhau khong
bao gidf tring nhau, ngoai ra v&n dé& khi h4u, thdi ti€t cling 4nh hudng khdng nhé dén
dd thi phu tai, y&u & dia 1y va vén dé phat trién kinh t€ khu vyc cfing gép phan 1am
cho bai todn du bdo phu tai thém phiic tap. N6i chung k&t qud du bdo cho phu tdi nay
khong thé 4p dung cho phu tdi khéc.

Nhiéu thuét todn dy bdo khdc nhau duge 4p dung vao bai todn du bdo phu tai va
d3 c6 cdc k&t qui rdt khid quan nhu phuong phdp chuyén gia, phuong phédp hdi quy
tuy€n tinh, phuong phdp bi€n trang thdi, phudng phédp san biing ham mi.v.v.. Hién nay
cdc thudt todn vé logic mJ va mang noron cfing dudc 4p dung vao bai todn nay.
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2. SO LUGC Vi MANG NORON

M5 hinh mang ndron duge Mcculoch va Pitts dua ra 14n diu tién vao nam 1943
[1], tr d6 d&n nay cdc thudt todn mang ndron dd dugc nghién cifu, phat trién va dugc
tng dung vao nhiéu linh vyc khdc nhau. Hon mdt thap ky qua, nhitng nghién cifu vé
mang ndron trong bai todn du bdo phu tai cling da ching minh dudc tinh vu viét cla
phudng phédp nay. [2-4]

Uu diém cda mang ndron chinh 1a sy don gidn trong cdu tric lién hé gifra cdc
bi€n ddu vao va k&t qud ddu ra, M&i quan hé giita ma trin ddu vao va ma trén két qua
ddu ra khong phai 12 céc hing s6 va cdc hé phudng trinh & dinh ma 12 nhitng m&i lién
hé c6 cAu triic va phi tuyén. P3i véi mang ndron cdc mai lién h¢ vao ra dude xdc dinh
va diéu chinh lién tuc qua qué trinh hoc cia mang.

Mang noron c6 nhidu dic tinh rat thich hgp d€ gidi cdc bai todn gidng nhu bai
todn du bdo:

-Pic tinh phi tuyén, tinh chit nay dugc tao thanh do su lién két gifta cdc ndron
phi tuy&n vdi nhau va dugc tao ra biing chinh céc thong s6 véc to ddu vao va dau ra;

-Pic tinh thich nghi: mang ndron mang tinh chdt nay trong ban than ciu tric clda
mang, cdc mdi lién hé bén trong mang duge biéu dién b?mg céc trong s0, cdc trong s&
nay dé dang thay ddi trong qué trinh hudn luyén ning cAp va mang ndron ddp ng pht
hop theo s bién ddi ciia moi trudng ma né md phdng;

-Pic tinh don gidn trong md hinh nhung ddng thdi ¢ tinh cdu tric cao.

Qua hon nita th€ ky nghién cifu va phét tri€n, cdc nha khoa hoc trén th€ gidi da
dua ra nhiéu loai mang ndron khdc nhau nhung ching déu c6 chung mot ciu tric cd
ban, ciu tric d6 dudec md tad nhu hinh 1:

() —> ¥k

Hinh 1: C4u tric cia mdt ndron

Trong d6 x1,x2,...xm 12 c4c tin hiéu ddu vao.
Wi1, Wi2ss Wim 12 cdc trong s8 lién k&t ctia ndron thi k .
by 12 trong s& thién 1éch cida noron thif k.

Xo 12 tin hiéu thién 1éch ddu vao ctia ndron thit k..
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B 1a mifc ngudng dau vao clia ndron thi k.
() 1a ham kich hoat .
uy 1a thong s6 téng hop tuyé&n tinh ddu ra va yy 12 théng s6 diu ra cia, cic
thdng s8 nay dugce tinh theo cong thic :
M
U, =x,b, +Zwl,“.xf
P (1
Ve =o(u, —6,)

Mang ndron c6 thé c6 nhidu 16p , tin hiéu diu ra cia 16p nay s& 1a tin hiéu ddu
vao ciia 16p kia . Ham kich hoat ¢ cfing c6 nhiéu dang khéc nhau, tuy&n tinh ho#c phi
tuyén.

Mot ddc diém 1y thi ctia mang ndron dé 12 qud trinh hoc , mang ndron thich nghi
v3i moi trudng ma né md phdng théng qua qué trinh hoc . Trong qué trinh hoc mang
ndron s€ hi¢u chinh cdc trong s& lién két va sau mot s& bude hoc nhat dinh mang noron

2

s€ “hi€u” sy kién ma n6 dugc hoc . Qud trinh-hoc 12 qué trinh 13p vdi s6 budc lip hitu
han.

Trong s6 lién k&t duge higu chinh theo cong thic :
Wy (N +1) = wy, (N) + Aw,, (N) (2)

wij(N+1) 1a trong s lién két giita ndron 16p j va ndron 18p k da dudce hiéu chinh &
thdi diém N+1. :

wii(N) va Awyi(N) 12 trong sd lién két va gia s6 hiéu chinh & thdi di€ém N.Viéc
tinh todn cdc trong s6 Aw(N) rat quan trong trong qué trinh hudn luyén mang ndron ,
né lién qua dé€n thdi gian can thi€t danh cho viéc hoc clia mang ndron.

Vdi véc tog ddu vao qua mang ndron ta nhin dugc véc td diu ra ¥, (N) tng vdi
ndron thit k ,Cling véi véc td ddu vao x(N) d6 k&t qua nhan dudc trén d6i tugng thuc 1a
yx(N). , nhu vdy ta tinh dugc sai s6 tin hi€u cda ndron thi k giita s& liéu thuc t& va mb
phong:

e, (N) = v, (N) - §, (N. w) 3)

Muc tiéu clia qud trinh hoc d&i v6i mang ndron 12 1am cuc tiéu sai s cia mang

ek(N)—a»rrllén

Mgt phuong phdp thudng dude st dung d6 1a cuc ti€u ham tiéu chudn binh
phuong sai s6 dudc tinh biing tdng céc binh pbudng sai s :

J=E[1/2) e; (N)]= E[1/2) ef (N)e, (N)] - min
k k

Trong d6 E 1a ky vong todn , tuy nhién viéc tinh ham J theo ky vong todn E phic
tap va khé vi viy dé€ don gidn hon mét s& tic gid st dung ham binh phucng sai s8 nhu
sau:

£=1/2) e} (N)=1/2) e] (N)e,(N) )
: k

Dua trén 1y thuy&t 8n dinh Lyapunow :
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dJ] aJ 0de,(N)dw

dt 0Oe(N) ow dt 5)
dw ar’ de! (N)
p— = — N
Yo T e, (N)
del (N
Trong d6 ta ky hi€u ham nhay cdm: z(N) = ———%‘(——2 : (6)
14

Nim 1960 , Widrow va Hoff da dua ra thudt todn tinh cdc gid tri hiéu chinh

mang:

Au,}g’(N); ﬂek(N)xj(N) (7

Trong d6 1 12 hé s8 hoc duge 14y biing hiing s8.

P6i véi mang Adaline ¢6 thé xem z(N)= x(N).

J dang tong quat ta c6 : '

WN +1)=W(N) -1V J|yowny (8)

Véi W(N) = (w, (N), w,(N),--,w, (N)) (9)

M4t thudt todn hoc théng dung 13 thuit todn binh phudng cuc tiéu ciing do hai tdc
gid trén dua ra vd dugc 4p dung trong mang Adaline (mang tuy€n tinh thich nghi).

Hinh 2 14 c4u tric mang Adaline.

PN, w) = iw,.(N)x,.(N) v6iN=12,.... (10)
i=1
e(N)=y(N) - J(N,w) (11)
w,(N+1)=w,(N)-nV ,J|. .. (12)
Hay w, (N +1)=w,(N)+ne(N)x,(N) védii=1.2,.,.M (13)

Mang Adaline va thudt todn binh phuong sai s& cuc ti€u rit thich hgp khi 4p dung

vao bai todn dy bdo phu tdi.

——»  J(N)

+

y(N)

Hinh 2 . M6 hinh mang noion tuy€n tinh thich nghi
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3. TOM LUJC Vi HUGNG NGHIEN CUU:

1- Tim mot thudt todn thich hdp tinh todn gia s6 Aw(N) trong thudt todn binh
phuong sai s6 cuc tiéu dé gidm thdi gian hudn luyén: Nhitng cong trinh nghién citu
trude diy da 4p dung mang Adaline vao bai todn dy bdo phu tdi va cho cdc k&t qua rit
c¢6 ¥ nghia. Tuy nhién mot van dé vin dang dugc cdc nha khoa hoc trén thé gidi quan
tdm nghién ctfu d6 12 fim ra thuit todn hudn luyén dé dat dudc cuc tleu ham binh
phitang sai s6 véi thdsi gian huén luyén nhanh nhat. Pa c6 nhiéu thudt todn dugc dé
xuit theo nhiéu hudng nghién cifu khdc nhau va thdi gian hu&n luyén mang rit ngdn
rit nhanh mdi khi c6 mdt thut todn mdi dugce dé xuat.

2- Chon hing s§ hoc n ban ddu cho mang : Trong thudt todn binh phudng sai s6
cyc ti€u , viéc huén luyén mang nhanh hay chdm mét phan phu thudc vao viéc chon
gi4 tri 1 ban ddu, m3i mang c6 cdu tric khdc nhau s& c6 gid tri n ban ddu khdc nhau
va né phu thudc vao thong s6 clia cdc vec td vao, ra va s§ lugng ndron trong mang.

4.GIA1 QUYET VAN BE
Xét bai todn du bdo phu tdi ding mang Adaline , tdp vec td diu vao m#ng 1a

X = [X1,X2,...Xm] trong d6 x; vdii = 1,2,.,M 1a cong suit ti€u thy cia phy tai i}
thdsi diém thy i.

Y =[¥,,9,-¥,] 12 vec td thong s& du bio trong cdc thdi diém j= 1,2,...p.
j>N
= [¥1,Y2.-¥p] 12 cOng sudt tiéu thu thyre t€ cla phu tai dang khdo sdt .
Vec td gia s6 hiéu chinh & thdi diém N dugc tinh nhu sau :
Aw(N) =n(N)E(N)X' (N) (14)
Trong d6 E(N)=Y(N)- P(N) , tham s& N chi ra riing céc thong s8 dugc tinh &
thdi diém thi N; E(N) 1a véc td sai s6.

7n(N) 1a tham s& hiéu chinh phu thudc vao thdi di€ém huin luyén N, n6 khong la
hiing s& nhu trong gidi thudt cia Widrow —Hoff.

3 day n(N) dugc tinh qua 2 budc :

Budc 1: Chon tri s§ 1o ban ddu. Viéc chon trj s§ no ban ddu c6 ¥ nghia rat quan
trong trong thuft todn huén luyén Widrow — Hoff. Chon gid tri ding s& ddm bdo viéc
hudn luyén nhanh va hdi tu.

Gia tri no dudc tinh theo thudt todn sau:

- X4c dinh t8ng gid tri riéng cla matrdn twong quan Ry theo [6] va chon no
ban diu biing:

2 .

T =5 (15)
¥ a,
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M

i=1

Trong d6 A;,i=1,2,.,M 1a cdc gid tri riéng cda matrdn twong quan R, va Amax 12
gid tri riéng cuc dai clia ma trdn d6.

Sau cédc budc tinh chon ng ban ddu nhu trén mang ndron duge hudn luyén ti€p
theo thuét todn:

Budc 2: tinh 1 cho qué trinh hu&n luyén mang.

Thuét todn trong qud trinh hudn luyén mang c6 dang nhu sau:

N(N+1) = n(N) + 8(N) n(N) (16)
(1 vai a>———l°g6(N)-
(N+D)=5 o Vi 0<asl—%é(—lﬁ (17)
-0.5 Véi a<0
Z(N)

Trong d6 a =

V6i ff = {&,|Nlog(N +)AZ(N))} ; ¢ 1a hing s6 14y bing 0.00001

Gi4 tri clia vec td trong s6 & thdi diém N+1 :

w(N+1) = w(N) + n(N+1)E(N)X"(N). (18)

4.CAC KET QUA

Chuong trinh ki€ém nghiém hiéu qud clia gidi thudt trén va cic gidi thuat khdc
diing d€ so sdnh ki€m chitng dugc thuc hién trén ngdn ngif 14p trinh MATLAB .

Céc vi du minh hoa dudi ddy s dung mang ndron Adaline chiing 12 mét phin
ctia cdc k&t qud nghién citu trong nhiéu trudng hgp mang noron cé vec td ddu vao va
diu ra khdc nhau vé kich thudc ciing nhit tri s& . Mang ndron dugc xiy dung cé vectd
trong s& lién k&t ban dau W(1) =0.
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1- Panh gid két qud cla viéc chon 1 ,cdc dic tinh E duge xdy dung theo cdc
cdng thitc (4),(10-13),Viéc ddnh gid k&€t qud nay dugc thyc hién trén mang Adaline
v6i gidi thuit hoc Widrow , mdi dudng dic tinh E = f(no) tng vd¥i mdt mang ndron,
khao sdt nay thuc hién vdi cdc mang ndron ¢6 sd lugng ndron khdc nhau.
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Hinh 3: Dic tinh sai s6 binh phudng & theo hé s& hoc 1o

Trén hinh 3 : dic tinh (1) : Mang ndron vdi 336 ddu vao va 24 diura
dic tinh (2) : Mang noron vdi 252 ddu vao va 18 diura
dic tinh (3) : Mang ndron vdi 168 diu vao va 12 daura
dic tinh (4) : Mang ndron vdi 84 diu vio va 6 diura

Cdc dau (*) trén dudng dic tinh twong Wng v4i cdc gid tri 2/Amax -

Pi€m cyc tiéu ctia binh phudng cic sai s vdi cdc mang ndron cé kich thude
khic nhau déu nim trong khodng (0, 2/Amax) V2 c6 gi tri gin v6i 1/ Apax -
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Hinh 4: Pic tinh & (N) cuc ti€u v6i cc gid tri ng ¢ dinh khdc

o nhau khi st dung thudt todn Widrow-Hoff ¢ dién
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2- Khdo sit cdc gid tri ng khdc nhau trén mang Widrow :

Theo [5], d6i vdi gidi thudt hudn luyén Widrow , hé s6 hoc dudc chon 12 hiing s6
va thda diéu kién 0 < Mg < 2/Amax , Ung véi mdi gid tri no khdc nhau thdi gian huin
luyén mang s& khac nhau . Trong khdo s4t nay dua ra céc tinh todn dién hinh trén cling
mot cdu tric mang ndron ¢6 84 ddu vao va 6 ddu ra.. Cdc két qua dudgce trinh bay trén
hinh 4 :

diactinh (1): vding = 2/Amax , v0i gid tri ndy qud trinh hoc khong hdi tu.
dic tinh (2) : vdi ng dudc tinh theo cong thide (15)

dic tinh (3):  vdi no dugc tinh biing 0.75 gid tri tinh theo cong thifc (15)

dic tinh (4) :  v@i ng dudc tinh bing 0.5 gid tri tinh theo cong thic (15)

- Khing c6 gid tri > 2/Amax , qud trinh hoc khdng dat k&t qua do khong hoi tu.

: Qu4 trinh hoc dat k&t qua tSt nhit véi nhitng gid tri np nhd hon va gin bling
2 Amax .0 day gid tri nay chon theo cdng thifc (15). Khi ng cang nhd hon  2/Amax thi thdi

gian hoc cang kéo dai .

3- Kh3o sdt cdc gid tri ng khdc nhau trén mang c6 thut todn hoc cdi ti€n :Thuét
todn 4p dung cong thitc (17) trén mang ndron ¢6 336 diu vao va 24 diu ra véi céc gid
tri o ban ddukhdc nhau , c4c k&t qua trinh by trén hinh 5:

Trong d6: dic tinh (1) : v8i No = 2/Amax , Vi gid tri ndy qud trinh hoc khong hoi
tu.

dac tinh (2) : vdi ng dugc tinh theo cong thic (15)
dic tinh (3) : vdi no dugc tinh biing 0.5 gi4 tri tinh theo cOng thitc (15)
dic tinh (4) : v6i np duge tinh bing 0.75 gid tri tinh theo cong thifc (15)

P6i vdi cdch hudn luyén nay , dua trén tinh ch&t ctia thuit todn va qua cdc két
qua kiém tra thuc nghiém tdc gid nhin thiy chi vdi cdc gid tri no chon ban ddu bing
M Amax , k= +1, 42,... 4n , bai todn khong hoi tu, cdn véi cdc gid tri Mo # 2Amax bAt
ky bai todn déu hoi tu va cé thdi gian huidn luyén gin nhu nhau.
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i
773
tf

1¢ s e
Uk N
0 100 200 300 400 500 600 700 80O

Ti€n trinh hoc

Hinh 5 Pic tinh& (N) cuc ti€u vdi cdc gid trg c§ dinh khdc nhau
khi sif dung thuét todn (12)

4- So sdnh qud trinh hoc theo cdc thuit todn khdc nhau: cdc so sdnh nay thuc hi€n
trén mang ndron c6 cling kich thudc va c6 cling tip vec td hudn luyén .G vi du minh
hoa nay trinh bay so sdnh giita 3 thuit todn hoc: 1) Thuit todn cdi ti€n do tdc gid dua
ra, 2) Thuit to4n cia Joel Grouffaud va Pascale Costa, 3) Thuét toin Widrow c8 dién.

&
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o (T : !
Nesliz I
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l :
' : N
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Hinh 6: Pic tinh & (N) cyc tiu vdi cAc thuit todn huan luyén khic nhau .
Trén hinh 6: 12 cdc dic tinh & (N) cuc tiéu vdi cdc thuit todn hudn luyén khac
nhau 4p dung vao mang ndron vdi 336 ndron ddu vao va 24 ndron diu ra.
Pic tinh (1): Thuét todn hudn luyén (15) - (17)
Pic tinh (2): Thuit todn hudn luyén theo Joel Grouffaud va Pascale Costa
Pic tinh (3): Thudt todn huan luyén Widrow-Hoff.
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Trong ba thuit todn trén thuét todn huén luyén cii ti€n do tdc gid dua ra cho két
qua t8t nhat va tinh 6n dinh cia né dd dugc khdo sét nhu § phan 3 bén trén.

4- Pic tinh clia hé s8 hoc n: Theo gidi thuit hoc mdi, cdc hé s6 hoc khdng phéi
12 hiing s6 ma thay d8i theo titng thdfi di€ém hoc. Chinh sy thay ddi ndy lam rit ngdn
qud trinh hoc cia mang ndr on.
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Hinh 7: 12 dudng dic tinh hé s hoc (N) ciia mang ndron da 14y 1am vi du cho cdc
minh hoa § trén.
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5KET LUAN:

Tri 56 2/Amax Tt quan trong trong thuit todn hudn luyén mang ndron Adaline,
d6 12 ngudng Sn dinh ddi vdi cdc gidi thuit hoc khic nhau.

Trong giai thudt Widrow viéc chon tri s& n quy€t dinh nhiéu dén thdi gian huan
luyén, con trong gidi thudt mdi cla tic gid viéc chon ban ddu chi d€ qud trinh hoc hdi
tu, Thdti gian hudn luyén trong gidi thudt mdi rit ngdn hon trong gidi thudt Widrow va
khdng phu thudc vao ng.

Mang noron Adaline va phudng phdp huin luyén mang néu trén c6 thé tng
dung vao cdc bai todn khdc nhau va rit thich hgp cho bai todn cé céc sd iiéu dang tudn
tu nhu bai todn dy bdo phu tai.

TRAINING PROCESS FOR THE NEURAL NETWORK APPROACH TO THE
LOAD FORECAST
Tran Hoang Linh — Phan Toan - Tran Nhu Hong - Nguyen Vy

ABSTRACT: Ideas of a neural network are introduced at beginning of 20's century, but
today many scientists are studying and applying the neural networks, those approach to
different subjects by their strengths and effects. This papers present the results of a general
study for the neuron networks and their training processes. That have load forecast subject
using the Adaline neural network. In addition this papers present a new learning rule for
the Adaline neural network. This rule is better than another rules.
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