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Luan an dugc thyc hién tai truong PH Cong nghé - PHQG Ha ndi, dudi sy
huéng dan cua PGS.TS Hoang Xuan Huan va GS.TSKH Huynh Hiru Tué.

T6i xin bay t6 1ong biét on sau sic téi Thiy Hoang Xuan Hudn, nguoi di c6
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Cong nghé, da tao moi diéu kién thuan loi gilp toi trong qua trinh lam nghién ctu
sinh.

Cudi cung, t6i xin giri 10i cam on sau sac ti gia dinh, ban bé noi da cho toi
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MO PAU
Noi suy ham s6 13 mot bai toan c6 dién nhung quan trong trong giai tich sb,
nhan dang miu va co nhiéu tng dung rong rii. Bai toan ndi suy dugc mé ta nhu
sau: mot ham chua x4c dinh cu thé :D(cR") »R™ nhung di xac dinh duoc mot tap
mau {x" T },11 trong d6 x* eR”, y* eR™ (Vk =1,..,N) théa mén f{x*)=)", cin tim ham

g ¢ dang dii tor da biét thoa man hé phwong trinh ndi suy gx*) =" vk .

Truong hop mot chiéu, bai toan da duoc Lagrange (thé ky 18) nghién ctru
giai quyét kha ddy du nho dung ham ndi suy da thic. Cung véi su phat trién cac
mg dung nhd st dung may tinh trong nira sau thé ky 20, sy phat trién cua 1y thuyét
nodi suy Spline va séng nho (wavelet)... da tao nén co sé Iy thuyét va thuc tién kha

hoan thi¢n cho ndi suy ham mot bién.

Tuy nhién, da sd cac bai toan nodi suy trong cac tng dung thuc tién lai 1 bai
toan ndi suy nhiéu bién. Do cac kho khin trong xir Iy toan hoc va nhu cau tng dung
trude day chua nhiu nén bai toan ndi suy nhidu bién méi duge quan tdm nhiéu
trong 50 nim gan day. Thoat tién, nguoi ta phat trién ndi suy nhiéu bién theo huéng
sir dung da thtrc. Céc so dd chinh duoc Franke(1982) va Boor(1987) dtic két (c6 thé

xem [9]). Céc so dd nay c6 do phirc tap cao va két qua tmg dung khong tét.

Phuong phdp k- ldng giéng gan nhdt duge Cover va Hart (1967) dé xuét
kha sém vé mat 1y thuyét, nhung chi dén khi Duda va Hart (1973) dua ra tong quan
day du thi phuong phap ndy méi duoc ing dung rong rii va duoc phat trién thém
theo hudng hoi qui trong sé dia phirong. Céch tiép can nay cho ra mot phuong phap
don gian dé str dung. Tuy nhién, nhugc diém co ban cua no 1a chi xac dinh thu hep
dia phuong ctia ham ndi suy khi biét diém can tinh gi4 tri ham, nén khong ding

duoc cho bai toan can xéac dinh trude ham ndi suy dé ndi suy ham so tai di€m tuy y.

Trong 30 nam gan ddy. Mang noron nhan tao 1a cach tiép can tot dé khic
phuc nhiing nhugc diém trén. Mo hinh dau tién vé mang noron nhan tao dugc

McCelland va Pit (1943) dé xut dé nhian dang mAu. Rosenblatt (1953) va Widrow
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(1960) da xay dung cac perceptron mot ting theo mé hinh nay, véi cac ludt hoc stra
16i va binh phwong ti thiéu. Viéc nghién ciru tiép theo bi chiing lai gan mot thap
nién do nhan xét cia Minsky va Papett(1969) vé cac nhugc diém cua perceptron
mot tang. Pén gitra nhitng nim 1980 mang MLP duoc nghién ciru va ung dung lai
nho thuat toan lan truyén nguoc sai ) (Rumelhart va McCelland 1986; Parker
1985) va tré thanh cong cu manh dé xap xi ham nhiéu bién. Tuy vay, mang MLP c6
thoi gian huin luyén lau, chat lugng mang tuy thudc vao hi€u qué giai bai toan cuc
tri va dén nay chua c6 phuong phap t6t ndo dé xac dinh kién trac dii t6t cho mang.
Hon nita cht yéu no chi dung dé x4p xi ham chir khéng bao dam c6 thé giai duoc
bai todn noi suy.

Powell (1987) dé xuat ding cac ham co s& ban kinh dé giai quyét bai toan
ndi suy nhiéu bién [49]. K¥ thuat ndy duoc Broomhead va Low (1988) gidi thiéu
nhu 12 mang noron [16]. Mang RBF v&i ham co s& ban kinh c6 thé xem 1a dang lai
ctia cac phwong phap hoc dia trén mdu (k-lan can gan nhat va hoi quy trong sd dia
phuong) va mang noron MLP. Nhu mang noron MLP, ham n{i suy cia mang xéc
dinh tir dir liéu huén luyén sau khi hoc, chat lugng mang tuy thudc vao thuat toan
huén luyén. Mang RBF gibéng voi cac phuwong phap hoc dua trén mau ¢ chd ham noi
suy 1a to hop tuyén tinh cua cac ham RBF, cic ham nay chi c¢6 anh hudng dja

phuong nén c6 thé xtr ly chiing ma khong anh hudng nhiéu lén toan mién xac dinh.

Mang RBF chii yéu dung dé xap xi ham (ma noi suy 1 bai toan riéng). Uu
diém cua mang RBF la thoi gian huén luyén nhanh va luén ddm bao hdi tu dén cuc
tri toan cuc ctia sai s6 trung binh phuwong. Viéc xac dinh tim, sé ham co so thé nao
1a tot van 1a bai toan mé. Truong hop s6 dit liéu huan luyén it (Looney khuyén la
nho hon 200 [38]) thi ¢6 thé ldy cac mbc ndi suy 14 tAm ham RBF & tang 4n, mang
nay co thé cho nghiém ding ciia hé phuong trinh ndi suy nén goi 1a mang néi suy
RBF. Khi s6 mdc nhiéu, do cic han ché trong ky thuat giai hé phuong trinh tuyén
tinh, nén cac phuong phép xay dung mang va huin luyén hién c6 van tn thoi gian
va hi¢u qua chua cao. Miac du so v&i mang MLP thi viéc huin luyén chiing van

nhanh va dé hon nhiéu [38]. Pén nay cung v6i mang MLP, mang RBF t6 ra 1a mot
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phuong phép hi¢u qua va dugc ung dung rong rai dé ndi suy va xap xi ham nhiéu

bién ( xem [14,15,30]).

Thuét toan huin luyén mang co vai tro rat quan trong, n6 anh huong truc
tiép dén tinh hoi tu va tong quat ciia mang. Trong nhitng nim gan ddy da c6 nhiéu
tac gia dé xudt cai tién thuat toan huan luyén mang RBF. Nhu N. Benoudjit va cac
cong su (2002) [10] da cai tién bang cach tdi wu tham sd d6 rong ban kinh. M.
Lazaro va cong su (2003)[37] dé xuit thuat todn méi dé ting toc do hoi tu. K.Z Mao
va cong su (2005) [41] dwa ra cach chon sd noron tang an dwa trén cau trac dir liéu
dé tang tinh tong quat ciia mang. Ta thay ring hau hét nhimng thuat toan nay van xéac
dinh trong s6 ting ra theo phuong phap Gradient hodc bién thé cta nd. Thoi gian
huén luyén lau, chua udc lugng dugce sai s6. Khi s6 lugng dir li¢u 16n s& gap nhiéu

kho¢ khan.

Mot van dé c6 tinh thoi su dang dat ra trong cac bai toan diéu khién hoc va
khai thac tri thire tir dit liéu (Data mining) 13 can giai tot cac bai toan ndi suy thoi
gian thyc, trong d6 viéc xac dinh lai ham ndi suy khi c6 dir li¢u bd sung phai hoan

thanh kip thoi.

Nhiém vu dit ra cho tic gia luan 4n nay 1a nghién ctru va dé xuit cac thuét
toan hudn luyén mang noi suy hiéu qua cho cac truong hop c6 sé mbc ndi suy 16n
va tim gidi phap cho bai toan thoi gian thuc.

Trong luan an chung toi dé xuit mot thuat toan 1ap hai pha huén luyén
mang ndi suy RBF. Pha thtr nhét x4c dinh tham sb do rong cho cac ham co s& ban
kinh sao cho cic trong sb tang ra duoc tim nho phép lip xac dinh diém bat dong cua
mot 4nh xa co trong pha sau. Phan tich toan hoc va két qua thuc nghiém cho thiy
thudt toan c6 nhitng wu diém vuot tréi so v6i nhitng thuat toan thong dung: dung
duoc khi s6 mbc noi suy lon (hang chuc ngan méc), dé udc lugng sai s6 hun luyén,
thoi gian huan luyén ngan, tinh tong quat ciing t6t hon va dé song song hoa. Trong
truong hop bai todn ndi suy cdé mdc cach déu, thay cho khoang cach Euclide, ching

t6i dung khoang cach Mahalanobis thich hop va cai tién thuét toan hai pha thanh
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thudt toan mot pha. Phan tich toan hoc va két qua thyc nghiém cho théy thuat toan
nady cai thién dang ké chat lwong mang so voi thudt toan hai pha ca vé thoi gian
huén luyén va tinh tong quat. Dbi véi bai toan thoi gian thuc, dic biét 13 bai toan
dong, chiing t6i d& xuat kién trac mang dia phuong. Mang nay chia mién xac dinh
thanh cac mién con chtra sé méc ndi suy twong dbi bang nhau, nhd phuong phap
phong theo thuat toan xdy dung cdy k-d quen biét. Sau d6 ding thuat todn huan
luyén hai pha dé huin luyén mang RBF trén mdi mién con va ghép chung lai theo ¥
tuong nodi suy spline. Phan tich toan hoc va két qua thuc nghiém cho thdy chat

lugng mang c6 nhi€u vu di€m nodi troi.

Céac két qua trén dugc cong bd trong tap chi khoa hoc quic té Signal
Processing va International Journal of Data Mining, Modelling and Management

Science (IJDMMM). Hoi nghi qudc té cta IEEE va hoi thao trong nudc.

Ngoai phén két luan, luan an duoc té chic nhu sau. Chuong 1 gi6i thi¢u
nhitng diém co ban ctia bai toan ndi suy ham sd va mang noron nhiéu ting truyén
t6i can cho noi dung chinh cua ludn an bao g@)m: ndi suy da thuc cho ham mot bién,
cac khai niém va tiép can chinh ddi véi bai toan ndi suy ham nhiéu bién, gidi thidu
tom tat vé mang noron nhén tao va cic mang noron nhiéu tang truyén téi. Chuong 2
gidi thi€u céc khai niém co ban vé mang noron RBF va mang ndi suy voi ham co so
ban kinh dang Gauss. Sau d6 chung t6i mé ta cc thuat toan thong dung dé huan
luyén mang. Chuong 3 trinh bay thuat toan hai pha méi (goi 14 thuat toan HDH) dé
huin luyén mang noi suy RBF bao gdm ca phan tich todn hoc va két qua thuc
nghi¢m. Chuong 4 trinh bay thudt toan mdt pha méi ap dung cho bai toan ndi suy
v6i mbe cach déu. Chuong 5 trinh bay mang dia phuong RBF 4p dung cho bai toan
dong, hay bai toan thoi gian thuc. Cudi ciing ching toi dua ra mot sb két ludn va dé

xuat cac nghién cuu tiep theo.
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CHUONG 1. NOI SUY HAM SO VA MANG NORON

Noi suy ham s6 14 mot bai toan quan trong trong giai tich sd va nhan dang
mau [5,22,30,36,38] dang duoc ung dung rong rii. Bai todn ndi suy ham mot bién
da dugc nghién ciru tir rit sém gin lién voi cac tén tudi 16n nhu Lagrange va
Newton. Nhung trong cac (mg dung thuc té ta thuong phai giai quyét bai toan noi
suy nhiéu bién va né chi méi dugc quan tim nghién ciru trong nim muoi nim gan

day cung véi sy phat trién manh mé& cta khoa hoc mdy tinh.

Pau tién, ngudi ta phét trién ndi suy nhiéu bién theo hudng sir dung da thirc

nhung khong hi¢u qua do phirc tap trong tinh toan va két qua ung dung khong tot.

Céac phuong phap k- ldn cdn gan nhdt Cover va Hart (1967) va hoi quy
trong s6 dia phwong cho mot giai phap don gian, dé sir dung véi bai toan nay va
dang 14 mot cong cu t6t. Tuy nhién cac phuong phap nay khong thé huan luyén
trudc duge, ma chi xac dinh khi biét diém cin noi suy. Nhu vy, viéc xac dinh gia
tri ham ndi suy tai miu moi thuc hién khi da biét mau dé xac dinh lang giéng (lan
can). Cach tiép can nay s& gap kho khan khi d4p dung cho céc bai toan can xac dinh

trudc ham nodi suy.

Mang noron nhén tao 1a cach tiép can tot dé khic phuc nhitng nhugc diém
trén. Mic du con vudng nhiéu van dé mo vé 1y thuyét, nhung hién nay mang noron
nhan tao 1a mgt cong cu hiru hi¢u dé giai cac bai todn ndi suy ham nhiéu bién trong
céc bai toan ung dung thyc tién. Trong d6 théng dung nhat 1a mang MLP va mang
RBF ( xem [14,15,30]).

Chuong nay gidi thiéu nhitng diém co ban cuia bai toan ndi suy ham sd va
mang noron nhiéu ting truyén téi (MLP) can cho ndi dung chinh ctia luan an. Muc
1.1 gi6i thiéu vé bai toan ndi suy bao gdm ndi suy da thirc cho ham mot bién va cac

khai niém va ti€p can chinh doi véi bai todn ndi suy ham nhiéu bién. Muc 1.2 trinh
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bay tong quan v€ mang noron nhan tao va gidi thi¢u vé cac mang noron nhicu tang

truyén toi.

1.1.  Noi suy ham sb

Trong nhiéu bai toan, ta can tinh gia tri cia mt ham s tai nhiing diém cua
dbi s6 trong mién D nao d6 cua khong gian n-chidu, nhung khong co biéu dién
tuong minh ham s ma chi xac dinh duoc gia tri ciia ham s trén mot tap hitu han
diém cua D. Viéc xac dinh gn ding ham nay dan t6i bai toan noi suy va xp xi ham

14
A

s0.
1.1.1. Bai toan ndi suy tong quat

Bai toan ndi suy tong quat dwoc phat biéu nhu sau. Xét ham nhiéu bién
chua biét f : D (cR")—>R™ nhung xac dinh dwoc mdt tip mau gom N phan tu
{xk T }szl trong d6 x*eR", y*eR™ (V' k=1,..,N) thoa mén f{x*) = y* . Ta can tim ham

g c6 dang dui 16t da biét thoa man:
gx)=y Vvi=1..N (1.1)

Cac diém x* dwoc goi 1a cac mbe ndi suy con ham g goi 1a ham ndi suy cua f.

Ham ndi suy thuong duge dung dé xap xi ham f trén mién D, gié tri ham
ndi suy tinh duoc tai diem x bat ky trén mién D goi 1a gid tri ndi suy cuia ham f'tai x
(hay gon hon 1 gia tri noi suy tai x néu khong c6 su nham 1an). Hinh 1.1 minh hoa

ham noi suy trong truong hop mot bién.
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i) :

Hinh 1.1 Minh hoa bai toan npi suy ham mot bién
Nhitng gia tri y* tai mdc ndi suy tuong tng x* ¢6 thé chira nhidu va nhiéu

truong hop viée giai hé phuong trinh (1.1) khong c6 nghiém dung dbi véi dang ham
g da biét hodc cho két qua ndi suy khong t6t. Mot cach tiép can khéc 1a thay doi hoi
thoa man hé phuong trinh (1.1) boi mot tiéu chuan xap xi tét nhat (du 6r) nao do,
thong dung nhét 1a tiéu chuan cyc tiéu tong binh phwong sai s6 (goi 1a binh phuong
t6i thiéu cho gon). Véi cach tiép can nay ta c6 bai toan xap xi.
1.1.2. N@i suy ham mot bién
Bai toan ndi suy ham mot bién da duoc nghién ctru tir hon ba thé ky dén nay va kha
hoan thién, dic biét 13 nodi suy bang da thirc. Trude khi di vao truong hop da thic,
ta xét luoc d6 giai quyét tong quat.

a) Lugc dd giai quyét cho ndi suy ham mét bién.

Truong hop ham mét bién, bai toan ndi suy dugc phat biéu nhu sau:

Mot ham sb y =f{x) chi xac dinh dugc tai cac diém x, = a<x;<...<x,= b va
vi=f(x;) Vi<n. Ta cAn im mot biéu thuc giai tich du don gian g(x) dé xac dinh gia tri
gin dung ciia y : y ~ g(x) tai cac diém x € [a,b] sao cho tai cac diém x; ta co:

gx) =yi
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Luege do gidi quyét : Gia st dd biét cac gid tri y; ctia ham sd tai cac mdc noi
suy x; twong ung. Chon trudc mot ham phu thudc (n+17) tham s6 doc lap {Ci}jzo
d(co,C1,...,CnpX) thod man cac diéu kién nhit dinh. Nguoi ta xac dinh cac ¢; cho biéu
thirc ndi suy nho hé phuong trinh.

D(cy,C1y..5Cny Xi) = ¥k Vk=0,...,n (1.2)

Néu d(co,C1,---,CnpX) 12 ham phi tuyén thi hé phuong trinh (1.2) khong dam

bao duy nhat nghiém nén nguoi ta thuong chon @ c6 dang tuyén tinh:

4 1.3
D(C0,C1yennsCry X) = Y€, (X) (1.3)

k=0

Trong do ¢; (j=1,...,n) la cac tham s6 can tim va {0, (x)}Z:O la ho ham doc

lap tuyén tinh cho trudc thoa mén diéu kién dinh thirc ma tran.

|@i(xi)| %0 (1.4)
Khi d6 céc ¢ trong hé (1.2) ludn gidi duogc duy nhit nghiém.

Cac ham sb o(x) thuong dugc chon theo kinh nghiém hoac don gian la

ham lity thira x* dé dé tinh toan.
Véi céc {c, ', da xdc dinh nh diéu kign (1.2). Ham g(x)=®(co,C1,....Cn, X)
1 ham noi suy va dung lam cong thirc dé tinh gia tri f{x).

Khi g ly trong 16p da thirc bac n ta d& dang xac dinh duoc nhd da thirc ndi
suy Lagrange ma khong phai thuc hién thu tuc giai hé phwong trinh tuyén tinh.

b) Da thirc ngi suy Lagrange

Trudong hop /12 ham mot bién véi n +1 mbe ndi suy va ham ndi suy dang

da thirc thi n6 phai 1a da thirc bac n d& hé phuong trinh (1.2) c6 duy nhat nghiém
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(xem [5,22,36]). Khi d6 ham ndi suy g(x) 1a da thitc ndi suy Lagrange L,(x) va

duoc xay dung nhu sau.
Xdy dung da thiec noi suy Lagrange.

Ky hiéu L,(x) 14 da thtrc ndi suy bac n can tim. Ta xay dung da thirc nay duéi dang

. 1.5
Ln('x):zykL];(x) ( )
k=0
1 khik=j
T d L n h = 9 #C L n
rong do, L",(x) connghiémx =x;;j =k va Ll ,(x;) = {0 Khik# ]
hay L*,(x,) = é’k vj<n ; D& dang kiém tra duoc
H(x—x,.) (1.6)

L];l (x) — _izk

H(xk _xi)

i#k

Thoa mén céac diéu kién da néu va ham g(x) = L,(x) thoa man hé phuong trinh (1.1)

va la da thuc ni suy can tim.

Sai s6 ndi suy tai di€ém x dugc udc lugng bang cong thic:

Lo
Tyl H( xX—=Xx;)

V6i ¢ 1a diém thich hop thudc khoang [a,b].
¢) Cong thirc ndi suy Newton cho truwdong hop méc cach déu

Truong hop cadc moc ndi suy thda man diéu kién:

Xisj—X; =Ax; = h= (Vi=0,1,...,n—1) ta ndi cdc moc nay cach deéu.

Khi d6 voi phép bién ddi 0 =¢ cac da thire L, 1a da thirc bac n theo ¢ . Da thirc

nay chi phu thudc vao s6 moc » va gia tri ham tai cdc moc nén c6 nhiéu cach biéu
dién don gian, dé sir dung. O day chung t6i gidi thiéu céng thirc Newton tién dé

biéu dién da thirc nay. Trudc hét ta xay dung cong thirc tong quat.
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Céng thirc tong quat

bat, x-xy=th (1.7)
, x—x,=({t—-k)h Vk<n (1.8)
Ta co,
x—x, =(t=k)h

Thay vao (1.6) ta dugc:

—i 1.9
Lk(x)_Pk(t)_g(t D =Dt =k D=k —1)ot =) (1.9)
T T =iy )" K1 —k)!

i#k

k 1.10
Hay, P@t)y=(-D"" C—”‘t(t—1)...(t—k+l)(t—k—l)...(t—n) (1.10)
n.

Biéu thirc ndy ciia P*(r) 1a ham khong phu thude vao cac mbc ndi suy nén
ham noi suy P,(?) = L,(x) ciing vdy. Cac biéu dién cong thirc ndy qua céc sai phan
hiru han cho ta cac dang cong thirc ndi suy Newton. O day s& trinh bay cong thic
nodi suy Newton tién. Trudc khi gidi thiéu cong thirc, ta can dinh nghia sai phan hitu
han ctia ham sd.

Sai phdn hitu han
Truong hop céc mdc cach déu, tie 13: x4, — x; = Ax; = h =const (i=1,2,...,n-1). Cac
sai phan hiru han cia ham y = f{x) dugc xac dinh nhu sau:

Sai phan cép mot: Ay; = yir; — i

Sai phan cip hai: Azy,- = Ay — Ay;

Sai phan cép k: A'y; = Ay, — Ay,
Vi céc sai phan dugc xac dinh nhu trén ta ¢é cong thic ndi suy Newton nhu sau.

Cong thure ngi suy Newton
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V6i phép bién dbi x-x, = th nhu trén da thirc ndi suy duoc bidu dién boi cong thirc

t(t—1
)= B, )=y, +ity, + D ey,

) +t(t—1)...(t—n+1) Ny (1.11)

n! 0

voi sai sO voiham £ 1a :

Rn (x) — hn+1 t(t_l)...(t_n) f(n+1) (c) (1.12)
(n+1)!
Sai s6 nay ciing c6 thé udc lugng thé nhd thém vao mdc x,,.
Ay, (1.13)

R,(x) =

((t —1)...(t — 1)

(n+1!

Khi c¢6 nhiéu mdc ndi suy, ham nodi suy s& 1a da thire bac cao. Chung thude
loai ham khong 6n dinh (sai sé dbi sé bé nhung sai sb ham sé 16n), va d& xay ra
hién twong phi hop trdi (overfitting). Tirc 1a cho gia tri ndi suy co sai s6 16n tai cac
diém khac méc ndi suy. Dé khiac phuc hién tugng nay, phuong phap thong dung 1a

dung ham ndi suy Spline.
d) Noi suy Spline

Pé khic phuc hién tugng phu hop trdi khi co nhiéu mdc noi suy, nguoi ta
ding cac da thic bac thap trén mdi doan con ciia doan [a,b] va ghép tron dén mirc

can thiét trén toan doan thanh ham noi suy, cac ham nay co tén goi 1a ham Spline.
Ham Spline
Dinh nghia: Ham Spline bac (m,k) trén doan [a,b] 1a ham s6 ¢6 céc tinh chét sau :

1. Ton tai phan hoach a = x) < x; <....< x,, = b cua [a,b] sao cho

trén mdi doan 4, = [xj, x;+;] Vj=0,...,n-1,n6 1a da thic bac m

2. Trén [a,b] né c6 dao ham cép k lién tyc.
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Tir dinh nghia ta thdy dé ham thoa man diéu kién 2 thi chi can dao ham cac
cip < k & hai phia cua mbi diém chia x; (i=1,...,n-1) bang nhau 1a da. Vi viy n6 con
duoc goi 1a ham ghép tron.

Tap cac ham Spline bac (m,k) trén doan [a,b] duoc ky hi¢u la SP*,[a,b] néu
k = m-1 ta goi Spline bac m va ky hi¢u SP,,[a,b].

X4y dung ham ngi suy Spline bac m
Gia st y = f{x) do dugc tai n+1 méc ndi suya =xyp<x;<..<x,=blay =
ftx) va S,,€ SP,,[/a,b] 1a ham Spline dugc xac dinh bdi phan hoach nay. Ta ky hiéu
P 1a thu hep cua S, trén doan A, = (x;, x5+;), k=0,...,n-1.
Bai vi P, 1a da thirc bac m nén can xac dinh m+1 hé s6 cua da thirc trén mdi doan.
Vi ¢6 n doan nén hé sd can tim 13 n(m+1) an s6. Tai mdi diém ghép x; (i=1,...,n-1)

ta c6 m phuong trinh :
P®.,(x) = PYx), vk=0,1,...m-1 (1.14)
Béi vi ¢6 n-1 diém ghép tron nén ¢ (n-1)m phuong trinh nhu vay. Ngoai ra
¢6 thém n+/ phuong trinh tir s6 liéu ban dau:

Su(x) =y, Vi=0,1,...n nén ta c6 (n+1)+(n-1)m phuong trinh. Vay con n(m+1) —
(n+1) — (n-1)m = m-1 béc ty do. Do d6 dé S,, duoc xac dinh ta can c6 thém m-1
diéu kién nita.

Trong thyc hanh ta co thé tim Spline ndi suy bac m dya trén ménh dé sau [5]:

Ménh dé : Noi suy bac m ciia ham y = f(x) voi mbc ndi suy a=xp < x; <....<x, =b:
yi = f(xx) hoan toan xac dinh néu biét da thic nodi suy cua né trén doan tuy y 4; =

(x]J x]+1)'
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1.1.3. Noi suy ham nhiéu bién

Bai toan ndi suy nhiéu bién 14 bai toan thudng gip trong Gng dung thuc
tidn. D¢ tién cho trinh bay, ta ky hiéu ham noi suy 1a ¢(x) thay cho g(x) va bai toan
dugc phat biéu lai nhu sau.

a) Bai todn nji suy nhiéu bién.

Xét mién gi6i noi D trong R" va f: D (cR")—R" 1a mot ham lién tuc xéc
dinh trén D. Ngudi ta chi méi xac dinh duoc tai N diém x’ x°...x" trong D 1a f{x') =
y' voi moi i=1,2...,N va can tinh gia tri cua f{x) tai cac diém x khac trong D.

Ta tim mot ham ¢(x) xéac dinh trén D c¢6 dang da biét sao cho:
o(xX)=y", Vi=I,..N. (1.15)

va dung ¢ (x) thay cho f{x). Khi m >1, bai todn ndi suy twong duong vdi m bai toan
ndi suy m ham nhiéu bién gia tri thuc, nén dé don gian ta chi can xét véi m=1.
b) Cdc cdch tiép cidn chinh gidi quyét bai todn
Céac ham ndi suy ¢(x) dugc chon dudi dang thudn tién cho sir dung, nén

mic du cac chuyén gia giai tich s6 di c6 nhitng nd lyc dé phat trién 1y thuyét noi

suy da thirc, nhung tinh toan thudng phirc tap va dé c6 hién tuong phu hop troi.

Mat khéc, doi héi ham ndi suy thod man chat diéu kién (1.15) gay nén cac
kho khin trong tinh toan va chon 16p ham ndi suy ma van c6 thé cho két qua xap xi
t6i (pht hop troi). Mot hudng dang duoc ing dung rong rdi 1a tim ham xap xi t6t
nhat (hodc du tot) va ding nd dé noi suy gia tri ham s6 tai cac diém khac méc nodi
suy. Trong truong hop nay ta xem nod la nghia suy rong cta bai toan ndi suy. Mac
du cac két qua trong luan an 1a xét bai toan noi suy phat biéu ¢ trén nhung dé so
sanh véi cac phudng phap duoc tng dung thong dung, chung t6i xét ca bai toan xap
xi va cach tiép can giai quyét.

Sau déy 1a cac phuong phap dugc tmg dung rong rii nhat.
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e Hoc dua trén mau. Thuat ngt nay dugc T.Mitchell [54] dung dé chi
cac phuong phép k-ldn cdn gan nhat, phuong phap hoi quy trong sé
dia phuong.

e Mang Noron MLP.

e Mang Noron RBF (mic du T. Mitchell ciing xép vao 16p hoc dua trén

mau nhung chung t6i tach riéng dya theo dic tinh huan luyén)

Trong d6 phuong phap -1an can gan nhit vé6i trong sé nghich dao khoang
cach cho két qua 1a ham ndi suy, con hdi quy trong s6 dia phuong va mang noron
MLP chi cho két qua 1a ham x4p xi. Cac phwong phap hoc dua trén mau khong thé
huén luyén trude dugc ma chi xac dinh duoc khi biét diém can noi suy. Chat luong
clia cic mang noron tuy thudc vao phuong phap huan luyén, mang RBF huin luyén

day du véi so ham co s¢ it hon s6 moc ndi suy chi cho két qua 1a ham xap xi.

Duéi ddy s& gidi thidu tom tit phuong phap k-1an can gan nhét véi trong s6
nghich dao khoang cach va bai toan xap xi nhiéu bién xac dinh theo phuong phap
binh phwong tbi thiéu. Mang MLP dugc gi6i thiéu & muc 1.2 con mang noron RBF

s€ duogc trinh bay trong chuong 2.
¢) Phwong phap k-lan cdn gén nhit

Trong phuong phap nay, ngudi ta chon trude sé ty nhién k. V&i mdi xe D,

ta xac dinh gi4 tri ¢(x) qua gia tri cta f tai k mdc ndi suy gan né nhat nhu sau.

Ky hiéu z;,...,z; 1a k mbc ndi suy gan x nhét va d(u,v) 1a khoang cach cua
hai diém u,v bit ky trong D, khi d6 ¢(x) xac dinh nhu sau:
k (1.16)
Px) = Z,O_,f (z;)
J-

Trong do p, dugc xéc dinh boi:
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 aeez)]! (1.17)

| i[d(x, Zj )]_1

J=1

Dé théy réng khi x dan t&i cac mdc nodi suy thi ¢(x) xac dinh nhu trén héi tu
dén gia tri cta /' tai mbc nodi suy twong Gmg khi d6i s6 hoi tu toi mbe nay.

Phuong phap nay c6 wu diém 1a cach tinh toan don gian va dé thyc hién, tuy
nhién trén thuc té viéc xac dinh gia tri & pht hop 1a mot van dé kho (phu thudc rat
nhiéu vao kinh nghiém danh gia bai toan thuc t&). Hon nita, mdi khi can xac dinh
gia tri ciia mot diém, phuwong phap nay lai tim trong tit ca cac gia tri da biét dé tim
dugc cac mbc gﬁn nhat méi xac dinh duoc ham noi suy, chtr khong tinh trudc ham
dé dung dwoc nhu mang noron. Tuy vy, phuong phap khong danh gia chat ché
duoc nhung né van dugc wa dung trong thuc nghiém.

d) Xip xi binh phwong téi thiéu ham nhiéu bién

Bai toan xap xi ham nhiéu bién dugc xem 13 bai toan tong quat ma ndi suy
1a mot truong hop dic biét. Phuong phap xap xi binh phuong t6i thiéu 1a phuong
phap hiéu qua dé giai bai toan nay.

Bai todn xdp xi ham nhiéu bién.

Gid stt y= f(x) 12 mot ham ndo d6, do duoc tai N diém {*}; thudc mién
D gi¢indi trong R" 13 y* = f(x*);Vk=1.N voi x* =(xf,..x')eD va y* eR".Ta
can tim mot ham ¢(x) c6 dang cho trudce sao cho sai s6 tai cac diém da biét 1a tot
nhét co thé dugc va dung né dé xap xi ham f(x).

Nguoi ta thuong dung tiéu chuan cuc tiéu téng binh phuong sai sé dé tim

ham ¢(x), trong d6 ham nay dugc chon dudi dang ¢(x) = ®(x,¢,,c,,...,c,) theo cach

N
’ . ’ A A e . X . 112 \ z 2
xac dinh cac tham s0 c;,c,,...,c, dé cho tong sai s6 ) “qo(x’)— y’” nho nhat. Chuan
i=1
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thuong dung 13 chuan Euclide: H(p(x")— y’“ = \/Z (p,(x)=y/) dé dé tim cyc trj
Jj=1

theo phuong phap nhén tir Lagrange hodc Gradient. Néu ¢(x) 1a ham tuyén tinh thi
bai toan c6 duy nhat nghiém va dé dang xac dinh dugc.

Khi d6 ta ndi ¢(x)1a ham xap xi tot nhat cia f(x) theo binh phuong tdi thiéu, hay
gon hon ¢(x) 1a ham xap xi binh phuong t6i thiéu ctia f(x). V& mat hinh hoc, d6 thi

ham y = ¢(x) khong doi hoi phai di qua cac diém mdc nhu trong phép ndi suy.

Trong nhiéu trudng hop khi s6 mébe noi suy 16n (N 16n), dé giam bot chi phi
tinh toan, thay vi tinh toan v&i i =1..N ngudi ta c¢6 thé cho i=1.M voi M<N dé
tinh i”q)(z’)— f (Zi)HZ nho nhat, voi tap {zk }kM=1 13 nhitng diém gan x nhit. Phuong

pa
phdp nay thuong duoc goi la phuong phdp dia phuong va ham ®(x,c¢,,c,,...,c,)
thuong duoc chon theo dang ham tuyén tinh, va khi do ta goi 1a phuong phap hoi
quy trong s6 dja phuong. Mang MLP va mang RBF huin luyén day du dugc trinh

bay vé sau thudc cling loai nay.

1.2.  Giéi thiéu vé mang noron nhin tao

Bi an vé cau tao cling nhu co ché hoat dong ctia bo ndo va h¢ than kinh con
nguoi ludn dugce cac nha khoa hoc quan tdm nghién ctru, nhung hiéu biét vé nd van

rat han ché.

Tuy vay, tir dau thé ky 20 ngudi ta da phat hién ra rang bd nio con ngudi la
mang ludi chéng chit cac noron lién két v&i nhau, va kich hoat 13n nhau theo dinh
dé Hebb (1949) khi ¢o tin hiéu méi trudng. Co ché nay 1a co so dé mo phong trén
may tinh va hinh thanh nén cAu trac cua mang noron nhan tao. Linh vuc khoa hoc
vé mang noron nhdn tao (Artificial Neural Network- ANN ) da ra doi tir nhitng nd

lue d6 [28,30,31]. Trudce hét can gidi thidu tom tit vé mang noron sinh hoc.
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1.2.1. Mang noron sinh hgc

Pén nay nguoi ta biét rang cac qud trinh tinh toan trong bd nio sinh hoc
khac véi cac may tinh s6. Cong trinh nghién ctru vé ndo dau tién thuoc vé Ramén Y
Cajal (1911). Ong cho riang hé than kinh ciu tao tir cac noron két ndi véi nhau boi
cac khop két ndi. BO ndo xur Iy chdm hon (107s ) so véi cac thiét bi vat 1y (107s),
tuy nhién tbn it nang lugng hon va thyuc hién duogc nhiéu churc nang hon. Con nguoi
c¢6 khoang 10" noron, 10" khép két ndi. Khi con ngudi méi sinh, rét it khép két nbi
duogc két ndi voi nhau, nhd qua trinh hoc ma theo thoi gian ching duge két ndi ngay

cang nhiéu. Dudi ddy chung t6i trinh bay mé hinh cua noron sinh hoc.
Cic thanh phén chinh ciia mét novon sinh hoc.

Céc noron sinh hoc ¢ kién triic giong nhau, bao gom than (hay bg tong hop), cac
xUc tu, truc cam tng va cac khdp két ndi dé truyen tin hi€u qua cac xuc tu cua céc té

bao nhu mo ta trong hinh 1.2.

J Théan (Cell body/Soma) ctia noron: 1a noi tiép nhan va xir Iy cac tin
hi€u di¢n nhén duogc tir cac xuc tu. Bén trong Soma cac tin hi¢u dugc téng
hop lai. Mot cach tho, co thé xem gan dung su tong hop Ay nhu 1a mot phép

lay tong tat ca cac dir li¢u ma noron nhéan duogc.

o Céc xtc tu (Dendrites) dai gan lién véi soma, ching truyén tin hi¢u
dién (dudi dang xung dién thé) nhan tor moi truong hodc cac noron khac

dén cho soma x1r 1y.

o Truc cam ung (Axons): Khac vdi dendrites, axons c6 kha nang phat
cac xung dién thé, ching 1a cac day din tin hiéu tir noron di cac noi khac.
Chi khi nao dién thé trong soma vuot qua mot gia tri ngudng (threshold)
nao d6 thi axon mai phat mot xung dién thé, con néu khong thi né ¢ trang
thai nghi.

o Khép ndi (Synapse): axon ndi voi cac dendrites cuia cac noron khac

thong qua nhitng mdi ndi dic biét goi 1a khop (synapse). Khi dién thé cia
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synapse ting 1én do cac xung phat ra tir axon thi synapse s& nha ra mot sb
chat hoa hoc (neurotransmitters); cac chit nady mé "ctra" trén dendrites dé
cho cac ions truyén qua. Chinh dong ions ndy lam thay dbi dién thé trén

dendrites, tao ra cac xung dir li¢u lan truyén t61 cac noron khac.

Dendrites

( cCell body/Soma
Axan

/,. = )~/ Direction of message

(\'““'"" _,_) Axon terminals synapse
o with dendrites on target cell

P\
bh,ﬁ_:‘:
V

“/]';’{i;‘\ i Axon

Hinh 1.2 : Céu tgo ciia noron sinh hoc
C6 thé tom tat hoat dong ctia mot noron nhu sau: noron ldy tong tat ca cac
dién thé vao ma n6 nhan dugc, va phat ra mot xung di¢n thé néu téng éy 16n hon
mot ngudng nao d6. Cac noron ndi voi nhau & cac synapses. Synapse dugc goi la
manh khi n6 cho phép truyén dan dé dang tin hiéu qua cac noron khac. Nguoc lai,

mat synapse y€u s€ truyén dan tin hi¢u rat kho khan.

Céc synapses dong vai tro rat quan trong trong sy hoc tip. Khi chung ta hoc
tap thi hoat dong cua cac synapses duoc ting cudng, tao nén nhiéu lién két manh
giita cac noron. Co thé ndi rang ngudi nao hoc cang gioi thi cang c6 nhiéu synapses
va cac synapses 4y cang manh mé&, hay néi cach khac, thi lién két giita cac noron
cang nhiéu, cang nhay bén. Pay ciing 1a nguyén tic chinh dé mg dung no trong

viéc hoc cua cac mang noron [28].
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Mic du W. Mculloch va W.Pitts (1940) dé xuit mé hinh noron kha sém
nhung dinh d& Heb (1949) m&i 1a nén tang 1y ludn cho mang noron.

Dinh dé Heb. Khi mot té bao A & gan té bao B, kich hoat thuong xuyén
hodc lap lai viéc 1am chay no thi phat trién mot qué trinh sinh hoa & cac té bao lam
tang tac dong nay.

1.2.2. Mang noron nhén tao

a) Mo phong cac noron sinh hoc

Céc noron nhan tao (s€ goi gon lai la noron) 1a mé phong kién trc cua
noron sinh hoc, chung duoc mo ta trong hinh 1.3. Mdi noron nhan cac gi tri tir cac
noron khac nhu 1a tin hiéu vao hay tir ddu vao dé xur Iy. Néu gia tri tong hop cac tin
hiéu nhan duoc vuot qua mot ngudng nao doé, noron nay s& gui tin hiéu dén cac

noron khac.

i Cell body
Dendrites

Cell body

Axon .
\ {
Dendrites Te—

Hinh 1.3. Mo phong mdt noron sinh hoc

Nucleus
/
A

b) Cau tao ciia mot noron

M3di noron 1a mot don vi xir Iy thong tin ¢6 kién trac nhu hinh 1.4.

X
1 Wi
X2 W S y
——
Y
Xk Wk

Hinh 1.4. Mé hinh mt noron nhdn tao
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Mot noron bao gom céc li€n két nhan tin hiéu vao bang so co cac trong so
ket ndi w; tuong g voi tin hig¢u x;, mot ham tong S va mdt ham chuyén (hay ham

kich hoat) ¢, dé tao tin hiéu ra dua trén gia tri ham téng va gia tri ngudng 0.

Lién két: Mo6i lién két thir i s& nhan gia tri vao x; tuong tmg va c6 trong so6 két noi

w; tuong ung.

Trong s6 két néi: Cac trong so6 két ndi w; cia moi dudng lién két 1a yéu t6 then chot

cua noron, ching s€ dugc xac dinh tuy theo tap dit li¢u nho qua trinh huin luyén.

Ham tong: Ham tong S tich hop céc trong sd két ndi voi céc tin hiéu vao trén cac

lién két tuong Ung, trudng hop don gian né ¢ dang: SZZk:wl.xi hodc S=|jx—w|" nhu
i=1

1a thong tin tong hop tir tin hidu vao va trong s6 két ndi.

Ham chuyén / ham kich hoat.

Ham chuyén ¢ 13y gié tri s-6 va cho gié tri ra ¢( s- 0). Gia tri dau ra y ctia noron c6

k 5
the biéu dién theo cong thirc toan hoc nhu sau: y = (/’(Z w,x, —6). Ham chuyén ¢ la
i=1

mot ham cu thé nao dé duoc chon tuy theo bai toan thuc té va thuong co6 cac dang

sau [28, 30]:

1.5

1) Ham nguong

0.5

_1 Vx < O 5 - D 2 4 [¢
o(x) = { | Vx>0 0.5

1.5

Hinh 1.5: Do thi ham ngwong
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2) Ham tuyén tinh

@(x) = ax
3) Ham sigmoid
1
Px) =——
l+e
4) Ham tanh
1 _ —X
P(x) = ——
I+e

0.5

2 d
N
-4
Hinh 1.6: Do thi ham tuyén tinh
el
-6 4 2 0 2 4
Hinh 1.7: Dé thi ham sigmoid
1 /
0.5 /

i

Hinh 1.8: Pé thi ham tanh




5) Ham ban kinh t
(Gauss)

2
X

p(x)=e"

Hinh 1.9: D6 thi ham Gauss

¢) Kién truc va thiét ké mang noron

Mic du hiéu biét cua con nguoi vé kién triic va hoat dong cua ndo con chua
day du, nhung nguoi ta tao ra duoc cac may cdé mot sb tinh nang twong tu nhu bd
ndo. Mang noron nhan tao la may moé phdéng cach bo ndo hoat dong thuc hi¢n cac
nhiém vu ctia n6. Mot mang noron 1a bo xir Iy song song phan tan 16n né gidng bod

nao nguoi ve 2 mat:
- Tri thte dugc nam bat boi noron thong qua qua trinh hoc.
- D0 16n cua trong so6 két no61 noron dong vai tro khdp noi cat giir tri thirc hoc.

Phan trén di trinh bay vé kién tric cia mot noron. Cac noron nay sé két ndi
v6i1 nhau theo mét quy tac nao d6 dé tao thanh mot mang noron. Tinh ndng cua hé
théng nay tuy thudc vao cau tric cua hé, cac trong sb lién két noron va qua trinh
tinh toan tai cac noron don 1é. Mang noron ¢ thé hoc tir dit liéu mau va téng quat
hoa dua trén cac dir liéu mau hoc.

C6 rat nhiéu mang noron trong d6 mang noron nhiéu tang truyén t4i 1a dang
thong dung nhit. Ching bao gdm ting vao 1a cic nit nhan tin hiéu bang sd, tang 4n
(gdm mot hodc nhiéu tang noron) va tang ra 1a mot tang noron. Khi goi ¢6 thé goi

theo s& tAng noron va thém tang vao hodc tinh theo sé ting noron. Hinh 1.10 mé ta

33



mdt mang noron 4 tang truyén tdi (gém tang vao, hai tang noron an va tang ra) hodac

1a mang 3 ting noron.

Xi

v

X,

X

\ 4

Tang vao Tang 4n Tang ra
Hinh 1.10: M6 hinh mét mang noron 4 ting truyén ti
Mobi mot mang noron khac nhau s& cé ) lugng noron khac nhau cling nhu sy két

noi gitra chiing 1a khong giong nhau.
Cac trong so ket noi

Dung cho lién két cac tang noron khac nhau va c6 vai tro quan trong trong

hoat dong cuia mgt mang noron, n6 ciling la sy mo ta dac tinh riéng cua moi1 mang.
Qua trinh hgc/huian luyén ciia mang noron

Trong s6 nhiéu dic tinh cua mang noron dac tinh quan trong nhét 1a tu cai
tién lam viéc cua né théng qua viéc hoc. Viée cai tién nay theo thoi gian phut hop
véi mot do do duoc quy dinh trude. Mang noron hoc nho diéu chinh trong s6 két
nbi w; va ngudng 6. Mot cach 1y twong mang c6 tri thirc t6t hon sau mdi 1an lip cua
qué trinh hoc.

C6 nhiéu dinh nghia vé su hoc, & day ta theo dinh nghia cua Mendel va Mc
Cloren (1970) vé hoc trong mang noron: “Hoc 14 qua trinh qua d6 cac tham s6 tu do
ctia mot mang noron dugc stra doi thich img qua mot qua trinh tich luy kinh nghiém

lién tuc trong mdt mdi trudng ma mang bi tdc dong”.
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X4y dung mang noron
Khi xay dung mang noron ta thuong theo cac budc sau:

Xdy dung kién truc mang: Xem xét c6 bao nhi€u tang ma mang chira dung,
va chtrc nang cua chung la gi. Kién truc ciing cho biét c6 bao nhiéu két ndi dugce tao

ra gitra cic noron trong mang, va chirc nang cua nhiing két noi nay dé lam gi.

Huan luyén mang: Tai budc nay céac trong so két ndi gitra cac noron s€ lién
tuc thay doi gia tri trong qua trinh huan luyén mang, va chiing s€ c6 gia tri co dinh

khi qua trinh huan luyén thanh cong.

Kiém tra hoat dong ciia mang: Pay 1a budc cudi cing nhung ciing rat quan
trong trong qué trinh xay dung mgt mang noron. Nguoi ta s€ dua vao tap cac dir
liéu thir va cho doi két qua & déu ra. Mang noron dugc xac dinh la tdt néu nhu két

qua dit liéu & dau ra dung nhu nhitg gi ma nguoi thiét ké mong doi.
d) Phan loai mang noron

Céc mang noron c6 kién tric khac nhau va cach hudn luyén khac nhau cho cac
tinh nang khac nhau. Ngoai nhitng loai mang véi tinh nang dién hinh dugc trinh bay
trong nhiéu cuén sach (xem [28,30,31,38]), cac kiéu mang duogc két ndi véi kién
trac phong pht trong cac ing dung cu thé. Bé c6 thuat ngir chung, ngudi ta thuong
phén loai mang noron dya trén kiéu lién két truyén tin hiéu hodc s6 tﬁng.

Theo kiéu lién két noron
Ngudi ta phan biét tin hiéu dugc truyén ti hay c6 hdi quy. Trong mang
noron truyén téi (feel-forward neural network) cac lién két noron truyén tin hiéu

theo mot hudng nhit dinh khong tao thanh dd thi c6 chu trinh (Directed Acyclic

Graph) véi cac dinh 1a cac noron, cac cung la cac lién két gitra chung.

Trong mang noron hdi quy (recurent neural network) c6 cac lién két noron
tao thanh chu trinh. Cac thong tin ra cia cac noron dugc truyén lai cho né hoac cac

noron di gop phan kich hoat chung.
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Theo s6 16p/tang

Céac noron c6 thé to chirc lai thanh cac 16p sao cho mdi noron clia 16p nay chi
duoc noi véi cac noron ¢ 16p ti€p theo, khong cho phép cac lién két gilra cadc noron
trong cung mdt 16p, hodc tir noron 16p sau 1én noron 16p trude. O day cling khong

cho phép cac lién két noron nhay qua mot 16p.

=0 B—==0 0

=

Lop Lép Lép noron noron
vao an ra vao ra
a) Mang noron nhiéu 16p b)Mang noron truyén t6i  ¢) Mang noron hi qui

Hinh 1.11 Mé hinh cdc loai mang noron
D& dang nhan thiy rang cac noron trong ciing mot 16p nhan duoc tin hiéu tir 16p cd

thé xtr Iy song song.
e) Luit hoc ctia mang noron

Mang noron nhu mét hé thdng thich nghi ¢6 kha niang hoc/hudn luyén dé
tinh chinh céc trong s6 lién két ciing nhu ciu triic ciia minh sao cho phu hop véi cac
mau hoc. Viéc xac dinh ciu trac mang hién nay van theo kinh nghiém con cac trong

s0 lién két dugce xac dinh nho cac luat hoc.

Luét hoc 12 mot thu tuc stra doi trong sb va ngudng cua mang dé cho mang
c6 thé dam nhén dugc mot nhiém vu nao d6. No c6 thé xem la thuat toan hudn
luyén mang. Luét hoc cia mang noron c6 thé phan lam 3 loai [28]: hoc c6 giam sat
(supervised learning), khong giam sat (unsupervised learning) va hoc tdng cuong

(Reinforcement learning).
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Hoc c6 giam sat

Trong hoc ¢6 giam sat, ngudi ta dwa vao mot tdp mau huan luyén: it}
{Prots}s s (P01, }» trong d6 p, 12 vécto tin hiéu vao ¢, 1a dau ra dich twong tmg dé
huén luyén mang. Céc ludt hoc c6 giam sat s€ so sanh tin hi€u ra ctia mang véi tin
hi€u dich cua tin hi¢u vao tuong ung dé hiéu chinh trong s6 két ndi va cac gia tri

ngudng sao cho tin hiéu ra ngiy cang gan vdi tin hiéu dich (chuong 7-12 cua [28]).
Hoc khong giam sat

Trong hoc khéng giam sat cac trong sd va ngudng dugc sira doi dua vao tin
hiéu vao (liy trong tap dir liéu huin luyén) ma khong biét gia tri dich. Hau hét cac
thudt toan loai nay la thudt toan phan cum. Trong d6 ta phan tap dir li¢u D thanh £
cum con sao cho mdi phan tir trong cing mot cum thi giéng nhau hon 1 cac phan tir
khac cum. Cach phan cym co6 thé 1a 6 hodc mo, sd cum c6 thé biét trude hodc

khong, chi tiét xem chuong 13-16 cua [28].
Hoc tiang cuwong

Hoc ting cuong gan giéng voi hoc co giam sat & chd co thé danh gia chat
lwong mang (cho diém) khi biét tin hiéu vao va ra ctia no. Do vay khi dua cac tin
hi€u vao va quan sat tin hi¢u ra ta co thé diéu chinh dé chat lugng mang tdt dan lén.
Tuy vay ta khong biét trude gia tri dich cia méi mau tuong tng. Kiéu hoc nay hién
nay it thong dung nhu hoc c6 gidm sat. N6 thuong phu hop véi nhitng tng dung
diéu khién hé thdng [28].

1.2.3. Mang perceptron nhiéu ting MLP (Multi-Layer Perceptrons)

Phan nay gi6i thiéu mang noron Perceptrons nhiéu tang, loai mang thong
dung nhét trong cac mang nhiéu tang truyén téi (Feed-forward Neural network). N6

duogc su dung nhiéu trong thuc té hién nay.
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a) Kién triic mang
Mang MLP 13 mang truyén t6i nhiéu ting bao gdm cac nit nhan tin hiéu

vao bang s6, mot hoac nhi€u tang noron an va tang noron ra, trong do tin hi¢u tang

k
trudc duge dua toi tang sau. Ham tong trong cac noron déu c6 dang: s=Zw,.x,. , cac

i=1
ham chuyén c6 thé c6 dang khac nhau. Hinh 1.12 md t4 mang noron 2 tang noron
véi 6 nlt vao, 3 noron tang an va 2 noron tang ra (c6 thé goi 1a mang 3 tang ).
Tang vao: Néu ham dang xét c6 n bién thi c6 n+1 nut trong d6 nut dau ing voi gia
tri Xo = -1va trong s6 1a ngudng @, mdi niit con lai tng véi mot bién ciia doi.
Tang ra: Mdi mot noron & tang ra s& tng véi mot ham. Néu ham can xét xap xi ¢
gia tri 1a véc to M chiéu thi c6 M noron & tang ra.

Tang an: So tang an va lugng noron cia moi tang tuy thudc vao muc dich thiet ke.

Tang vao Tang an Tang ra

Hinh 1.12 Kién triic mang noron truyén téi nhiéu ting

Mang nay co6 thé ding dé nhan dang miu va tong quat hon 13 xap xi ham nhiéu
bién.

b) Thuit toan huin luyén lan truyén nguwoc (Back-Propagation)

Huén luyén mang noron la xac dinh céac trong s6 két ndi cho cac lién két
cia mdi noron. Qué trinh x4c dinh cac trong sé nay goi 13 qua trinh hudn luyén.
Muc nay trinh bay phuong phap truyén nguoc sai sé dé xac dinh cac trong sb két
nbi nho thuat toan Gradient cuc tiéu hoa sai sd trung binh phuong (Least-Mean

Square).
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Ta xét mot mang 2 tang nhu hinh 1.13. Mang nay c6 céac tin hiéu vao vo
hudéng {x4,x;...,x,} trong d6 xy = -1. T?mg an c6 J noron véi tin hiéu ra cua chung la
{z)...,z,} va tin hiéu zy = -1 chuyén dén cac noron ting ra. Tang ra c6 M noron voi
dau ra twong ung 1a {y,....,yy/}. Mang nay dung dé xdp xi ham c6 gia tri véc to M
chidu y = (,...,yu) cta n bién.

Gia str ta cO cac gia tri cuia y tai cac diém x thudc tap X voi y(xk)=dk Vit eX.
Ta chia ngiu nhién tap X thanh 2 tap: tap huan luyén X;, va tap kiém tra X,. Thuong
tap huan luyén c6 sb luong gap doi tap kiém tra. Qué trinh huan luyén cé thé thuc
hién theo m¢ hodc theo tung dir licu, dé don gian ta xét thuat toan huén luyén theo
tung dir liu.

Ta xét noron m cua tang ra co trong s6 lién két hién thoi véi noron j cta
tang an 1a wi, va dau ra y,,. Noron j ctia ting an c6 trong sd két ndi hién thoi véi
nat vao i 1a wy ;. Ky hi€éu ¢, 1a ham chuyé€n cta noron tang ra va ¢, la ham chuyén

clia noron tang an, ta c6 cac quy tac hoc cho tang ra va tang an nhu sau.

i

Ym &'
> —
> «—

Hinh 1.13 Hudn luyén mang lan truyén nguwoc

Quy tic hoc ciia ting ra

Cho dit liéu (x*, &), ky hiéu y* 1a ddu ra cua mang twong tng véi x* ta hiéu

chinh céc trong so két noi dé cuc ti€u hoa tong binh phuong sai s6 ciia mang:

39



;M
Ew=2 20 ~d/)’
i=1

new
J.m

Ky hidu w

new
J.m

w w, Tt Aw m=1,.,.M

Jsm 2

Voi:

oE ,
AW, =P o= pdy = yi)ey(s,)z;

Jsm

im*<i

J
Trong d6 s, = > w,,z, va z; duoc tinh boi:
i=0

Z; =0 (Z W, ;%) =@, (s))
i=0

Quy tiac hoc cia tang an

Ky hi€u w" 1a trong s6 két ndi mdi cua noron j véi nut vao i ta co:

new __ C h—
W= wi+ Aw, j=1,....J

i,j

Trong do:
OoF
Aw, =—p——
v p@wj,m
Ta co6:
OF _OF &2 O,
ow,, 0z, Os; ow,
Vol
0s . 0z, ()
—=x,va — =0, (s,
ow, ; ' 0s s
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1a trong s6 két no1 méi, p la s6 duong bé:

(1.17)

(1.18)

(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)



OE 0 [1¥ u 00, (s,)
. —_— = dk— 2 = — dk— —0 m
(1.25)
M '
= _Z (drl:l - ym )¢0 (Sm )Wj,m
m=1
Thay (1.24) va (1.25) vao (1.23) ta co:
(1.26)

M
m=1

Thii tuc hoc lan truyén nguoc
Thii tuc hoc sé& bt dau tir tang ra dén tang an nhu sau :

° Bude 1: Tao cac trong so két ndi w” ban dau cho moi noron va chon

gia tri p cho tdc d6 hoc (co6 thé thay ddi theo mdi phép 1ap).

o Budre 2: Liy mot mau x* tir tip hudn luyén (co thé 14y ngau nhién) va

chuyén qua mang dé duoc *.

o Budre 3: Két hop ¥ voi d* dé cap nhat trong sé ting ra méi theo (1.18)
dén (1.20).

o Bwéc 4: Cap nhat trong s6 ting an theo (1.21) va (1.26)

° Bude 5: Kiém tra diéu kién dung, néu chua thoa man thi tré lai bude

2, néu tét thi sang bude 6 dé thir kiém tra.

o Buwéc 6: Kiém tra dit liéu thir néu dat yéu cau thi huin luyén xong néu

chua thi tré lai budc 1.

Qua trinh huan luyén mang co6 thé roi vao cuc tri dia phuong nén c6 thé

dung thuat toan di truyén dé tim trong s6 ban dau. Ngudi ta ciing c6 thé huan luyén

T M
theo mé khi d6 ham E cho boi: E(w)=> > (ys —dL)’

k=1 m=1
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Trong d6 cac mAu huén luyén danh sb tir 1 dén 7 va y* 1a diu ra twong Gmg

clia mang v6i dau vao x*.

¢) Nhan xét

Hagan [28] da dua ra cac nhan dinh sau.
Vé kién tric mang:

V&i mang MLP, néu c6 di noron trong ting 4n thi c6 thé dung dé x4p xi mot
ham lién tuc tiy ¥, s6 tham s trong mang khong vuot quéa sé rang budc co dugc tir
mau méi co thé téng quat hod dugc. Tuy nhién viéc xac dinh s6 noron tdi wu van la
bai toan mé. Mot mang da cho thich hgp vo1 ham xép xi nhu thé nao cling chua biét

day du. Dic biét, viéc ude luong sai s6 dén nay van chil yéu dya vao thuc nghiém.
Ve su hoi tu:

Thuat toan lan truyén nguoc huén luyén mang truyén téi c6 tbe do hoi tu
cham. Vi mang mét tﬁng noron thi ddm bao hoi tu tdi wu toan cuc nhung v61 mang
¢ nhiéu téng noron thuong chi hoi tu dén cuc tri dja phuong. Dé khéc phuc co thé
huén luyén nhiéu 1an véi cac gia tri khoi tao ngiu nhién hodc khéi tao theo kinh
nghiém (Heuristic), hay két hop véi thuét toan di truyén (Genetic Algorithm) sau d6
ding thuat toan t6i wu hoa. Thong thuong ngudi ta hay dung bién thé cta thuat toan
gradient nhu thuat todn Newton va Gradient lién hgp dé tang tbc d6 hoi tu cho thuét

toan.
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CHUONG 2. MANG NORON RBF

O chuong 1 da trinh bay vé mang perceptron nhiéu ting (MLP) ding dé noi
suy va xap xi ham nhiéu bién. Mang nay dang dugc sir dung rong rai dé xap xi ham
s0, nhung n6 khong dam bao giai quyét dugc bai toan noi suy va kho chon sé noron
an phu hop. Nhuoc diém co ban nita ciia mang MLP 13 thoi gian huén luyén 1au va
thuong chi tim dugc gan ding cua cuc tri dia phuong. Mang RBF (Radial Basis

Function — RBF) 1a mét lya chon dé khic phuc nhuogc diém nay.
Mang RBF 1 mdt mang truyén t6i 3 ting (2 tang noron). Mdi noron tang an

12 mot ham phi tuyén ciia khoang cach giita vécto vao X vavéc to tim C’ két hop
vo1 noron j ¢6 ban kinh twong tng 1a o, . Co s¢ toan hoc cua mang RBF la ky thuat
ham co s ban kinh. K§ thuat nay dugc Powell (1987) dé xuat dé giai quyét bai toan
ndi suy nhiéu bién [49]. Sau d6 dugc Broomhead va Lowe (1988) gidi thiéu nhu 1a
mang noron [16]. Uu diém ctia mang RBF 1a thoi gian huén luyén nhanh va ludn
dam béao hoi tu dén cuc tri toan cuc cia sai sb trung binh phuong. Véi cac ham co
s& ban kinh ¢6 tdm 1 cac mdc nodi suy thi c6 thé cho 101 giai ctia bai toan ndi suy. Vi
vay cung vo1 mang MLP, mang RBF té ra 1a mt phuong phép hiéu qua va dugc

g dung rong rai dé ndi suy va xap xi ham nhiéu bién ( xem [14,15,30]).

Chuong nay gidi thiéu tom tit cac kién thirc co ban vé mang noron RBF can
cho ndi dung chinh cua luan &n bao gém kién trac; dic diém huén luyén va cac
thuat toan huan luyén mang thong dung hién nay, chi tiét hon xem [30,38,50]. Muc
2.1 gidi thidu vé k¥ thuat ham co sé ban kinh (RBF), muc 2.2 mé ta kién triic mang
RBF. Cac thuat toan thong dung huén luyén mang RBF duoc gidi thi¢u & muc 2.3.

Nhing so sanh vé dic tinh ciia mang RBF v&i mang MLP duoc diém ra ¢ muc 2.4,
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2.1. Ham co sé ban kinh RBF va bai toan ngi suy

2.1.1. Bai toan ndi suy nhiéu bién véi cach tiép cin RBF

Bai toan ndi suy nhiéu bién dugc gidi thiéu chi tiét trong chuong trudc,
Powell (1988) dé xuit dung ham noi suy dudi dang t6 hop tuyén tinh cta cac ham
co so ban kinh [49]. Vi cach tiép can ndy, bai toan ndi suy duoc phat biéu lai nhu
sau.

Xét ham nhidu bién f:D(c R")—R" cho béi tip N miu {*,y* |,
(x* e R";y* € R")sao cho: f(xk)z yk=1,.,N.

Bai toan nay tuong duong vdi ndi suy m ham gid tri thuc doc 1ap nén ta cod

thé gia thiét m=1. Powell dé xuat tim ham ¢ c6 dang da biét thoa mén:

S k k k (2.1)
gz)(x)zZth(Hx—v H,ak)+wo, sao cho p(x")=y";Vk=1,..,.N
k=1

trong do: {x"}szl 1a tap vecto trong khong gian n-chiéu (cac mdc ndi suy) va

y* = f(x*) 1a gia tri do dugc ciia ham £ can ndi suy; ham thuc h(”x—v"

,0) duogc
goi 14 ham co sé ban kinh véi tam 1a v/ va M(< N)1a sé ham ban kinh st dung dé
xap xi ham f; wy va o, 1a cac gia tri tham so can tim.

Mot s0 ham co s6 ban kinh thong dung

C6 nhiéu dang ham co s& ban kinh, thong dung nhat 1a cac dang sau:

2

Hdm Gauss: h(r,o)=e*"

Ham co so ban kinh Gauss c6 gia tri tang dan dén gia tri 1 khi 7 tién dan dén 0 va

dan t6i 0 khi r dan ra v6 han, diéu nay dwoc miéu ta cu thé ¢ hinh 2.1dudi day.
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hir})

Hinh 2.1. Ham co s¢ ban kinh Gauss voi o =1

Ham da bdc hai (Multiquadric): h(r,o) = (r* +c*)"?

1.2t
1.1
hir} 1}
0.9

0.8f

Hinh 2.2. Ham co s ban kinh Multiquadric voi o =1
Ham da bdc hai nghich ddao( Inverse Multiquadric): h(r,c) = (r* +c*)™""*

Hinh 2.3. Ham co s¢ ban kinh Inverse Multiquadric véir =1 va c =0
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Ham Cési (Cauchy): h(r,o) = @

1.2

- TN
w7\

0.4 e 1

0.2 .

-0.2

Hinh 2.4. Ham co s¢ ban kinh Cauchy voir =1 va c =0
Néu s6 ham ban kinh bang sé mbc ndi suy va cic o, da cho thi hé¢ phuong
trinh 2.1 ludn ton tai duy nhat nghiém w =(wo, W1,...,w,)", trong d6 chi sb trén ' dé

chi vecto hodac ma tran chuyén vi.

2.1.2. KY¥ thuat ham co sé ban kinh

Nhu di néi trong chuong 1, khong giam tong quat, ta xét bai toan ndi suy

véi m = 1, va s6 moc nfi suy khong qué nhicu ta tim ham ¢ dudi dang sau:

p(x) = ﬁ: W@, (X) +w, 2)

k=1

trong do ¢, (x)1a ham co s¢ ban kinh. Nhu da néi & muc trude, co nhiéu dang ham
co so ban kinh, trong d6 dang ham thong dung nhét 13 ham Gauss va vé sau ta chi
x¢ét cac ham ban kinh dang nay:

(2.3)

112 2
s 1o

o, (x)=¢e" Vk=1,..N

Trong cong thirc (2.2) va (2.3) ta co:

e ||| 14 ki hi¢u chuan Euclide dugc tinh [ju| = /ﬁ:uf
i=1
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o WV goi la tam cua ham co sé ban kinh ¢, . Dbi voi bai toan ndi suy, ta
ldy tam chinh 1 cac mdc ndi suy v =x* Vk, khi d6 M = N (xem
chuong 3 cta [38]). Vi bai toan xap xi thi M<N, viéc xac dinh tAm
t6i wu con 13 bai toan dang duoc quan tim.

e Céac tham sb w; va oy can tim dé ¢ cuc tiéu téng binh phuong sai )
hodc théa mén cac diéu kién noi suy:

R - - ) 2.4
(p(x’)zzzwkgak(x’)+w0 =y ; Vi=1.,N (2.4)
k=1

Véi mdi k, tham sb oy, duoc goi la tham s6 do rong cua ham co sd ban kinh
vi né diung dé diéu khién d6 rong mién anh huéng cua ham co s& ¢,, khi
|x=v*| > 30, thi gia tri ham ¢, (x) 1a rat nho, khong c6 y nghia vi né gan trigt tiéu.
Chinh vi vy ta n6i ham ban kinh nay chi ¢6 anh huéng dia phuwong. Trudong hop sb
ham ban kinh bang s6 mbc ndi suy (N=M) ta ldy tim cua chung tring véi mdc
tuong Gmg. Xét ma tran vudng cap N:

¢ NS e 2.5
CD = (¢k,i)N><N trong dO qu,i = wk (x’) =e H H / ( )

va cac tham sb o da chon. Micchelli [42] d3 chimg minh rang néu cac moc x* khac
nhau thi @ 1a ma tran kha nghich. Vi vay, véi wy cho trude tuy y h¢é phuong trinh
(2.4) ludn t6n tai duy nhat nghiém wy, ..., wy. Trudng hop M < N, tong binh phuong

sai s6 dugc xac dinh theo cong thuec:

\2 (2.6)

E ¢6 duy nhét cuc tri toan cuc.

Tinh x4p xi tong quat va xap xi tot nhat nho cac ham co s¢ ban kinh dién
hinh da duoc khao sat trong [26,47,48]. Ham ndi suy hodc xap xi tot nhit c6 thé xac
dinh gan ding nho cac phuong phép cuc tiéu hoa dua trén uu diém 14 téng cac binh

phuong sai s E ctia né khong cé cuc tiéu dia phuong [13].
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2.2. Kién triic mang RBF

Mang noron RBF ¢6 kién trac dé ndi suy ham f:D(c R") - R" 1a mot
mang 3 ting truyén t4i (c6 hai ting noron), cdu triic nhu sau:

e Téng vao gdm n nut cho vécto tin hidu vao x e R".

e Tang an la tang co s& ban kinh, gdm M noron trong d6 noron thr k co

A ko x gA 5 7 1 \ , ’ ,
tam V" va dau ra cua n6 1a ham ban kinh tuong ung ¢

e Tang ra c6 ham kich hoat tuyén tinh, gdm m noron xac dinh m ham ndi

suy (x4p xi) thanh phan.

Kién triic cia mot mang RBF téng quat dugce mo ta trong hinh 2.5.

vu 9
Xy
Wo1i
31 Vi1
X, > <
Wim [Wom
m Ym
X
" VM
Pm
Tang vao Tang an Tang ra Gia trj dich

Hinh 2.5: M6 td kién triic mang noron RBF
Gia str vé4i dit liéu {x" }kN=1 1a tap vécto trong khong gian n chiéu, {y" }kN:, la
vécto dich tuong tng véi vécto vao x*. Ky hiéu wy; 1a gia tri ngudng cua noron ra

thr j. Khi d6 dau ra ctia noron j & tang ra 1a z; dugc xac dinh theo cong thirc sau:
Z; = Wii@ + .. +WM/'¢M+WQI' j=1,...,m (27)

Trong d6 w;; 1a céc trong s cua noron ra thir j két noi voi noron an thir i va

¢ 1a dau ra cia noron an thu £, vé sau ta s¢€ dung dang Gauss:
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P (2.8)
O = e 2% ,kzl, ,M
Vé1i cac wy; da cho, cac trong sO tang ra co thé xac dinh nhd tim tong binh

phuong sai so.

V& sau ta quy udc goi cac mang RBF ¢ s6 ham ban kinh bang sé mdc noi
suy va c6 tim tring voi moc tuong ung 1a mang ndi suy RBF (vi trong trudng hop

nay hé phuong trinh (2.4) luén c6 nghiém dung).
2.3.  Huén luyén mang RBF

Huéin luyén mang noron RBF 1a qua trinh tim cac tham s6 Wk Vv, op) cia
cac ham béan kinh va trong s tang ra, dé dau ra img v6i dau vao 1a mbc nodi suy (xap
xi ) phtt hop véi yéu cdu bai toan. Cé rat nhidu phuong phap huin luyén mang, hau
hét cac phuong phap nay déu c6 dic diém chung 1a c6 xu hudng cuc tiéu hoa gia tri
binh phuong sai s6 E bang mot bién thé cua phuong phap Gradient hodc giai hé
phuong trinh tuyén tinh theo phuong phap gia nghich déo. So vdi cac mang noron

MLP mang noron RBF ¢ diém manh hon han 13 c6 thoi gian hun luyén ngin

, , & 2
[13,38,47]. Nhu da ndi & trén, tong binh phuong sai s6 Z chi c6 mot
i=1

o(x')-y'

cuc tri duy nhat nén khi sé6 mdc 16n thi phuong phéap binh phuong t6i thiéu 1a thong
dung nhét. C6 thé chia cac kiéu huan luyén mang RBF ra thanh ba loai: huén luyén

mdt pha, huan luyén hai pha va huan luyén day du [38,50].
2.3.1. Phwong phap huin luyén mét pha

Phuong phap huin luyén mot pha hay con goi 1a phuong phap huin luyén
nhanh. Phuong phap nay khoi gan cac tham s6 ban kinh 1a mot hang sd. Sau d6
huan luyén trong s6 két ndi w cua ting ra bang phuong phép gia nghich dao hoic
binh phuong t6i thiéu.

£ oA ~ 1A A A k N k n k m 5 2

Vi tap dir liéu huan luyén {x , Y }kil;(x eR",y" R ) da cho, ¢ phuong

phap nay, ngudi ta thuong chon tdm v* ciia cic ham ban kinh 1a mot tap con cua tap
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‘A A A N f N ne \ s a A ns
dir 1i€u huan luyén {xk }k > Voi bai todn ndi suy thi M=N va cac tam la moc ndi suy
tuong ung.
Céc ban kinh o; dugc gan gia tri 1a mot hang so, trén co s& thuc nghiém

Looney khuyén nén dét o, = ﬁ (trong d6 M 1a s6 ham co s& ban kinh, n 13 s6

Ao \ . . A 1A D
noron dau vao) con Haykin thi khuyén lay o, = max

2N

cach cuc dai gilta cdc moc ndi suy. Cac trong so tang ra thuong dugc tim ra bang

trong d6 Dmax 1a khoang

cac phuong phap hoc c6 giam sat nhu 1a phuong phdp gia nghich ddo hodc phuong
phap binh phuong t6i thiéu theo phuong phép cuc tri hoa Gradient. V& ban chét thi
hai phuong phap nay déu tim céac trong sb dé gia tri binh phuong sai s6 E dat cuc
tiéu.

1) Phwong phap gia nghich ddo

Vi tap huén luyén {xk,yk}:[:l ;(xk eR", Y e R’"), gia st mang RBF c6 M noron &
i

—H)r1 -V

O

tang an. Ta xét ma tran Hyyy, nhu sau H(i,k) = o, (x)=e va ma trdn Y la ma
tran hang thir k£ 1a ma tran yk chuyén vi khi d6 gia tri cua cac wy dugc tinh nhu sau :
W=H"Y trongd6 H" =(H'"H)'H".
2) Phuong phap Gradient
Vi phuong phap nay ta tim cyc tri tong binh phuong sai s cho cac noron
ra mot cach doc lap nén xem m=1. Ban dau cac tham sd wy duoc tao ra ngau nhién

sau do cac tham s6 nay dugc cap nhat bang cong thue sau:

w, (i +1) =w, (i) +nAw,
N . . . r 14 14
trong do Aw, = Z(ok (x’ )(y’ —(o(x’ )) . H¢ s0 77 dugc goi 1a toc do hoc, néu 7 nhd
i=1

thi gid tri cua cac trong s6 w tién cham dén di€m cuc ti€u, nhung néu 7 16n thi gia
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tri ctia cac trong sd w thudng c6 xu hudng dao dong quanh diém cuc tiéu, cach xu
1y hop 1y c6 thé tham khao [28]. Cac dang diéu hoi tu ctia nghiém dwoc minh hoa ¢
hinh 2.6. Thong thudng ngudi ta van chon 7 ¢6 gia tri nho dé dam bao qua trinh lip

s€ hoi tu ve€ gia tri cyc tieu cho du hoi mat thoi gian.

U —

o'
z”‘ié Sh |

Hinh 2.6: Qud trinh hji tu dén gid tri cwe tiéu ciia thudt todn Gradient,
dwong nét det irng voi gid tri 1 lon, dwong nét lién irng voi gid tri n nho

3) Thudt toan hudn luyén nhanh (Quick Training)

Chung t6i trinh bay thuat toan Gradient cu thé v6i hudn luyén nhanh (Quick

Training) da dugc Looney gidi thiéu chi tiét trong chuong 3 cia [38].

Trong thuét toan nay, khdi tao ngau nhién tap trong sd {wkj(o) ? ing véi modi
noron & ting ra va tinh chinh ching theo thuit toan Grandient

vE-(E OE

awll ﬁwM .

). Vécto tam {V*} dwoc xac dinh biang vé6i tap dir liéu vao

nén ta s€ c¢6 sO noron an la M chinh bang tap dit liéu vao N. Tong sai s6 binh

phuong duogc tinh theo cong thure:

. (2.9)

S -y

J=1

'MZ

1

Thuat toan dugc mo ta trong hinh 2.7 sau day:
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Budre 1: Cho tap dir liéu vao {x'} gom N vécto. Khéi gan cic tham sb

Input N; M=N; //M=N Noron 4n

for i=1 to M do v'=x"; // xac dinh vécto tam

Input /; h =1, // 113 sb vong 1ap mong mudn

E=99999.9; ¢=0.0001; //kh&i gan tong sai sb binh phuong E, sai
sO e cho diéu kién ding.

n;=1.0; // khéi gan tbe do hoc

Buéc 2: Khéi gan trong so két noi
Fori1=1 to M do
For j =1 to m do
w;; =random(0,1) — 0.5;  //khéi gan w trong doan [-0.5,0.5]

Buée 3: Tinh toan tham sé ban kinh o

o= ! = // tinh gia tri tham s6 &
QM)

For k=1 to M do ;= o; //dit o, = 6 cho mdi noron tht k

Buéc 4: Tinh gia tri @, = f; (X,v") k=1...M cho méi vécto vao x’

For i=1 to Ndo // m~6~)i vécto yéo thtr i
Fork=1toM d_o //moi noron an thﬁ" k
If i =k then ¢, =1 //khi x' =V, @ = exp(0)=1

Else ¢, = exp(-|x' "/ 20¢);

Buéc 5: Cap nhat gia tri diu ra zji cia noron ra
For i=1 to N do // vo1 moi vécto dau vao
Forj=1tom // v&1 mOi noron ra

s M . 1
zi=(1/M)Y w0, // cap nhat cho tang ra
k=1

N m ) ) ,
Eww=Y.>.(—2)>  //tinh tong sai s
i=1 j=1
If E,., < Ethen n; = n; * 1.04
Else n; .= n; * 0.92;
E = Enew;

Buéc 6: Chinh lai trong so6 w N ’
For k=1 to M do // v&1 moi trong sO wy;
Forj=1tom
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N . . .
wi = wi + Qn/M) Y (v 2o
i=1

Budc 7: Dirng huin luyén
If (h 2 1) or (E<e) then stop
Else h:=h+1; go to budc 5;

Hinh 2.7 Thudt todn hudn luyén nhanh (Quick Training)

Thuét todn Quick Training chi diéu chinh trong s w ctia cac noron & tang
ra, trong d6 sit dung mot noron 4n cho mdi vécto dir liéu di huan luyén X Trong
truong hop néu tap dit liéu vao 16n (N 16n), chang han Looney khuyén 1a 16n hon
200 thi nén dung sé noron an M nho hon s6 mbc (M<N). Piéu nay s& noi téi trong
cac thuat toan hai pha sau day.

Khi sir dung thuét toan Quick Training cho két qua nhanh hon nhiéu 1an so
v6i thuat toan lan truyén nguoc Back-propagation [13]. Chung khong co cuc tiéu
dia phuong.

2.3.2. Phuwong phap huin luyén hai pha

Phuong phap niy thuong tich biét hai pha, pha thir nhat tim cac tham s6
ban kinh. Pha thir hai huén luyén tim cac trong s6 két nbi tﬁng ra w. Day la phuong
phéap thong dung dugce st dung rong rai hién nay.
V6i phuong phap huan luyén hai pha khi sé mau 16n, thong thudong cac gia tri tim
V' va ban kinh o} ciia ham co s& ban kinh ¢ duoc tinh bang cac thuat toan phan
cum nhu thuit toan k-mean, k-mean c6 ngudng... Sau d6 gia trj cia cac trong s6 wy
duoc tinh bang cac phurong phap gia nghich dao, hay Gradient nhu da néu ¢ trén.
Thudt toan phdan cum k-mean

- Phat biéu bai toan: Cho tap dit liéu X= {x’,...x"} cR" ching ta can phan

k
tap dit liéu nay thanh k tap {Sl,Sz,..Sk}:(k<N;SjﬂSi :Q;US[ :X] sao cho
1

i#j i=

théa man: arg min Zk: Z Hx i yiuz voi 4 1a tam cua tap S..
s A

i=l x;€&s;
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V& mit toan hoc thi bai toan phan cum trén thudc loai NP-kho tuy nhién

trén thyc té thi nguoi ta thuong giai bai toan bang phuong phap heuristic nhu sau:
Déu tién ta khéi tao ngdu nhién tap {4, 4,,...44, } sau d6 thuc hién vong lip

qua hai budc sau:

+ Budc 1: tao cidc cum S = {xf :ij —,ul.H < Hx-’ — | Vi =1,_k}

1
+ Budc 2: diéu chinh lai tim 2™ = ‘S“) Z x’

x/ es®

Thuét toan s& dimg cho dén khi tap {4, 14y,...4,} khong con co sy thay doi
gia tri (chi tiét hon xem [24]).

Sau khi chay thuat todn k-mean ta s€ chon tam V' cta cac ham co s& ban

N EIRAP

x; €8,

kinh ¢y chinh 13 tap {4, st,,...41,} con bankinh o, =—

S

2.3.3. Phuong phap huin luyén diy du

Phuong phap nay thuong ding cho mang x4p xi. Tét ca cac tham sb cia
mang déu dugc hiéu chinh dé cyc tiéu hoa tong sai sé binh phuong. Thuong sir
dung phuong phap Gradient dé tim kiém ca ba tham s6 (tdm v, ban kinh o, trong sd

tang ra w) dung cac cong thuc lap dudi day:

Mz

|:Zm: (y —Z; )(ok

Jj=1

. wm, e L. (2.11)
f,lll = WZ{;(y_,—z‘,)wk;}%(xq—vf)

(2.12)

} (2.10)

OFE
Werijm = Wy — U(mj =Wy + 277/M
kj

N m ) ) M . .
O’ = 0F + QRuy/M) YD ()~ wy Dl on | (4 =V 1P 1o}

i=1  j=1 k=1

Trong d6 {x'y'}i- /" (' € R", y' € R") 1a tap dit liéu huan luyén, z 1a gi tri ddu ra &

budc twong ung. Nhin chung phuong phap nay cho két qua xap xi kha tbt, song
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nhuoc diém 13 thoi gian hudn luyén lau. Sau day chung t6i gidi thiéu thuat toan

huén luyén day du (Full Training) duoc Looney gidi thiéu trong [38].
Thuét toian huin luyén Full Training

Thuat toan Quick Training da cho thay hiéu qua véi dir liéu huin luyén it va sd
noron an bang s6 mdc ndi suy, khi dit liéu huan luyén nhiéu va phan bb khong déu
thi tinh tong quat ciia mang kém. Thuat toan Full Training t6t hon trong cac truong
hop d6. Thuat toan nay chon s6 noron an M nhé hon N, thong thuong chon ngiu
nhién hodc theo cac thuat toan phan cum. Theo dé cac tham sb ban kinh, tim cling
duoc diéu chinh, cac trong sb6 & téng ra van dugc huin luyén dé cuc tiéu hoa téng

sai s0 binh phuong E. Thuét toan dugc mo ta chi tiét trong hinh 2.8 va hinh 2.9.

Buéc 1: Cho tap dir liéu vao &'} gdm N vécto, n chiéu.
Khéi gan cac tham sb
Input N; Input M; //M noron 4n, M<N
for i=1 to M do // xéc dinh vécto tAm ngau nhién tir 0 dén 1
for j=1 to n do
v/ =(random(0,1); ) )
Input [; h =1, //'l'1a s6 vong 1ap mong muodn
E=99999.9; e=0.001;  //khoi gan tong sai s6 binh phuong E, sai
s0 e cho diéu kién dimng.
n; =1.6; n1,=1.0;n;=1.0; // khéi gan tbe do hoc

Buéc 2: Khéi gan trong so két ndi cia mdi noron & ting ra
For i =1 to M do
Forj=1tom do
w;; = random(0,1) — 0.5; // khot gan w trong doan [-0.5,0.5]

Buwéc 3: Khéi gan tham sé ban kinh o
o = 0.005; // dung o cho o}

Buéc 4: Tinh gia tri @, = f; (X,v") k=1...M cho méi vécto vao x’
For i=1 to N do // mbi vécto vao thir i
Fork=1to Mdo //mdi noron an thir k
Ifi =kthen @ =1  //khix' =V", ¢’ =exp(0)=1
Else ¢ = exp(-|x' /|7 (20°);

Budce 5: Goi thu tuc Update(k) dé diéu chinh mang va tdc do hoc Tk
Update(0); // Cap nhat mang, nhung khong diéu chinh n;
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Bwoc 6: Chinh cac tham sow, v, o

For k=1 to M do // v&i mdi trong s6 wy;
Forj=1tom
N
wy = wy + (2n,/M) Z(y} —Z)P s
i=1
Update(1); // cap nhat tdc do hoc m;
For k=1 to M do
Forg=1ton

277 = S i i i i
v =y +(_)M022 Z{Z;(yj —zj)w,g}wk(xq -vi);
i= j=

Update(2);
For k=1 to M do
N m ) M ) )
o’ =0+ Qny/M)> D —Z})W@-Z[ijcﬂﬁ (" =vE P 12}
=1 j=1 k=1

Update(3);

Budc 7: Dirng huin luyén
If (h > 1) or (E<e) then stop
Else h:= h+1; go to budc 4;

Hinh 2.8 Thudt todn huin luyén ddy dii Full Training

Procedure Update(k); Cap gia tri dau ra, tinh tong sai s6 binh phuong,

hiéu chinh téc d6 hoc .

r=k;
Enew :0;
Fori=1to Ndo // v&i mdi vécto dau vao
Forj=1tom // v61 moi Noron ra
; M . 2
zi=(1/M)Y w0, // cAp nhat cho tang ra
k=1

Enew = Enew + (yji - Zji)z //tinh té)l'lg sal Sé
IfE,., <Ethen n,=n,*1.04
Else n, .= n,* 0.92;
E=FE,,

Hinh 2.9 Thii tuc Update(k) ciia thudt todn hudn luyén day di
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2.3.4. Nhén xét chung cac thuit toan huin luyén

Trong phuong phap mot pha c6 thé tim wy bang phwong phép giai ding hé
phuong trinh (2.4), nhung khi s6 méc 16n thi cac phuong phap nay cho nghiém co6

sai s 1on va khong on dinh (sai s0 dir li¢u nhoé nhung sai s6 ciia nghi¢m 16n).

Céc phuong phap huan luyén mang RBF mét pha, hai pha hoic huan luyén
day du déu dwa dén tim cyc tiéu tong sai sd binh phwong E theo phwong phap
Gradient hodc bién thé ctia n. Tuy nhién cac phuong phap tim cuc tri ham nhiéu
bién vaAn kha cham, khé diéu khién tdc dd hoi tu, ude lugng sai s6 va song song hoa.
Mt khac, cac tham sb do rong ban kinh o, cling anh hudng 16n tdi chat luong mang
va thoi gian huén luyén. Néu chung dugc chon bé thi cac diém xa tam it chiu anh

huodng cia cac ham co sé con nguoc lai thi tdc d6 hoi tu cham.
2.4. So sanh mang RBF v4i mang MLP

Mang RBF va mang MLP cung 12 mang truyén téi déu ding dé xap xi ham.

Sau day 1a mot sb diém can luu y khi chon kiéu mang mg dung:

1.  Mang RBF 13 mang chi c6 mot tAng/Iop an, con mang MLP c6 thé c6 mot

hodc nhiéu tang noron an va kho xac dinh so noron du tot cho tang nay.

2. Khi ding phuong phap Gradient ca hai déu dung thuat toan truyén ngugc
sai sO (BP), phirc tap hon ddi v6i mang MLP ¢6 cic tang phi tuyén con
mang RBF thi chi tap trung tinh toan & ting an con tang ra tuyén tinh thi
vécto Gradient x4c dinh dé dang.

3. Mang MLP c6 thé ding dé ngoai suy ham s6. Mang RBF véi cac ham ban
kinh chi ¢6 anh huong dia phuong (nhu ham Gauss,...) nén khong dung dé
ngoai suy dugc.

4.  Céc thuat toan huan luyén anh huong nhiéu téi chat lugng ctia mang. Thuc
tién cho thidy mang RBF c6 thoi gian huan luyén nhanh hon mang MLP

[13] va khong so roi vao cuc tri dia phuong.
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5. Hién nay sai s6 ndi suy hay xap xi ham van phai qua thuc nghiém chir

chua c6 phuong phap udc lugng hiru hi¢u nao.
2.5. Két luin cia chwong

Nhu d3 néi trong chuong 1 bai toan ndi suy ham mét bién di duge nghién
ctru nhiéu va giai quyét tuong dbi hoan thién. Véi bai toan ndi suy nhidu bién thi
con nhidu van d& mo. Mic du co nhing han ché vé két qua 1y thuyét, cac phuong
phap hoc dua trén mau va mang noron dang 1a cong cu hiru hiéu dé giai quyét bai
toan ndi suy nhiéu bién trong thuc tién. So vdi cac mang noron, phwong phap -1an
can gan nhat va hdi quy tuyén tinh dia phuong tuy dé st dung nhung c6 nhuogc diém

1a khong xac dinh trudc ham ndi suy (xap xi) qua dit liéu huan luyén duoc.

Mdi ham ban kinh chi ¢c6 mién anh huong dia phuong phu thudc vao tham
s6 d6 rong nén mang RBF c¢6 thé xem 1a cAu ndi giira mang MLP va céc phuong
phap dua trén mau. N6 giéng mang MLP la xdc dinh trudc dugc ham noi suy dé
dung va gidng phuong phap hoc dua trén miu o tinh anh huong dia phuong. So véi
mang MLP, mang RBF c6 thoi gian huin luyén nhanh hon nhiéu. Tuy vay ngay nay
c¢6 nhiéu bai toan tmg dung thoi gian thuc, doi hoi thoi gian huan luyén cang ngan
cang tot. D6 1a chu dé con mo hién nay va luan an tap trung tim phuong phéap huan
luan mang ndi suy, dua ra cac thut toan dung duoc cho sé méc 16n ma chua xét

dén mang xap xi.
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CHUONG 3. THUAT TOAN MOI HUAN LUYEN MANG
NOI SUY RBF

Trong chuong nay, chung t6i dé xuat mot thuét toan 1ap hai pha huan luyén
mang ndi suy RBF. Pha tha nhét x4c dinh tham sé do rong cho cac ham co sd ban
kinh, con cac trong sb ting ra dugc tim nhd phép lap xac dinh diém bat dong cua
mdt anh xa co trong pha sau. Phén tich toan hoc va két qua thyc nghiém cho thiy
thuat toan c6 nhirng uu diém vuot trdi so voi nhitng thuat toan thong dung: dé udc
luong sai s6 huan luyén, thoi gian huan luyén ngan, tinh tong quat cling t6t hon va
dé song song hoa. Thuat todn nay ciing 1a co s& cho cac thuat toan & cac chuong
sau. Muc 3.1 s& danh dé giéi thiéu cac phuong phap lap giai hé phuong trinh tuyén
tinh can dung vé sau va tom tat lai mang ndi suy RBF v&i ham ban kinh dang
Gauss. Thuét toan lap hai pha duoc gidi thi€u ¢ muc 3.2, két qua thur nghiém duoc
trinh bay ¢ muc 3.3. Muc 3.4 danh dé so sanh hiéu qua cua thuat toan mai voi thuat

toan Gradient va cac nhan xét chung duoc dua ra trong muc cudi.

Két qua chu yéu ciia chuong ndy da duoc cong bd trong hdi thao khoa hoc
[4], va tap chi qudc té Signal Processing [34].
3.1. Nén tang Iy thuyét ctia thuit toan

Trudc hét ching t6i trinh bay phuong phéap lip don va cai tién cta no 1a
phuong phép seidel [5], sau d6 s& dwa ra mot sb nhan xét vé ham Gauss.
3.1.1. Cac phwong phap lip don giai hé phwong trinh tuyén tinh

Gia sir ta can giai hé phuong trinh (3.1)

Ax=b (3.1)
Néu dua duge vé hé tuong duong dang (3.2)

x=Bx+d (3.2)
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Trong d6, B 1a ma trdn vudng cap » thoa méan (3.3)
Chuén cuia B xé4c dinh boi cong thirc:

|1B] = maxme x| = 1} 3.4)

9

Néu chuén [ = maxﬂxi|}thi chuén ctia B la:

,izl,..,n} (3-3)

n
I1Bli= max{ZIcl—,,-
Jj=1

a) Phuong phap lap don

0
X

0
Khi d6 voi x° =| 2 tuy y, va day nghiém xap xi dugc xay dung boi cong thire lap:

0
X

n

k
s +d,

n 3.6
xk+1 :Bxk +d ;[xikﬂ ZZmb ] ( )
j=1

thoa man limx* = x*. Trong d6 x" 12 nghiém dung duy nhat cia (3.2) va ta c6 udc

k—w

lugng sai so:

6 =l < [t - x| S
P X I—g
"x:‘ —xi(k)| < ﬁn}ixﬂxf —xf'l },‘v’i <n
Ngoai ra ta c6 uoc luong tién nghi€ém:
(3.8)

b <l
—q Jsn

Thong thuong ta c6 thé chon x° =d, khi d6 coi nhu ta di tinh x4p xi ban

dau voi x° =0 va x° =4 1a budc tiép theo.
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b) phwong phap lap Seidel
Phuong phap Seidel 1a cai tién ctia phuong phéap 1ap don dé c6 tdc d6 hoi tu nhanh
hon. Trong phuong phap nay thay vi cong thure 1dp (3.6) ta dung cong thure sau:

" 3.9
=3 0 g, 3.9)
=

i—1 n
xi(k”) = Zbijx‘5k+l) + Zby.x_gk) +d, Vi>1
Jj=1 J=i

Pé wdc luong sai s ta van dung cong thie (3.7), nhung & phuong phap nay

thi vé phai cta (3.7) hoi tu vé gia tri khong, nhanh hon phuong phap lap don.
3.1.2. Tom lwge vé mang ndi suy RBF v6i ham RBF dang Gauss
Bai todn ndi suy va k¥ thuat ndi suy dung ham co sé ban kinh da dugc trinh

bay trong chuong 1, 2. Dé tién theo ddi ching t61 xin diém lai mot s6 nhan xét dé

lam co s& cho viéc phat trién thudt toan.

Bai todn néi suy. Xét ham nhiéu bién f:D(c R")— R™ cho bdi tip mau
{x",y"},ivzl (x* e R";y* € R™)sao cho f(x")zyk;kzl,...,N. Ta can tim ham ¢ c6

dang da biét thoa man:
p(x")=y";Vi=1,.,N (3.10)

Cac diém x* 1a cac mbc noi suy, ¢ 1a ham ndi suy va duoc ding dé xap xi

ham f trén mién D.

Powell (1987) d& xuat tim ham ndi suy ¢ nho cac ham co s& ban kinh, véi
M 14 s6 cac ham co s¢ ban kinh (M<N). Trong khuén kh luan an nay chung t6i chi
xét trudng hop M=N vi chung t6i quan tdm t4i bai todn nodi suy hon 13 bai toan xap
xi. Ma vdéi bai toan ndi suy co thé chon sb cac ham ban kinh béng chinh s6 méc noi
suy, va cac moc nay s& lam tdm cho ham ban kinh tuong tmg. Trong d6 dang ham
ban kinh thong dung nhat 1a ham Gauss va vé sau sé dung dang ham nay.

Khong giam téng quét, ta xét bai toan ndi suy véi m = 1, va tim ham ¢

dudi dang sau:

61



§0(x):kﬁ;wk¢k(x)+wo (3.11)

2
—Hx—x‘ H /o’,f

trong do ¢, (x)=e Vk=1,.N

x* 12 tAm ctia ham co s& ban kinh @, . Vo1 moi k, tham s6 o dung dé dieu khién
dd rong mién dnh hudng ctia ham co sé ¢, , néu “x—vku >30, thi ¢,(x) gan trigt

ti€éu. Cac tham s6 wy va o can tim dé ham ¢ dang (3.11) va théa man cac di€u kién

ndi suy cua (3.10):

R . . ) 3.12
go(x’)=Z:w,{gok(x’)+w0 =y ; Vi=1.,N ( )
k=1
Tur céc cong thirc (3.11) va (3.12) ta c6 hé thuc:
ul —| xika“z/o,f i (313)
D we =y —wy=z: Vi=1..N
=1
Céac tham sb o} d3 chon ta xét ma tran cép NxN:
=t H2 /o2 (3.14)

o= (¢k,i)NxN trong do (Dk,i = Oy (xl) =e€

Micchelli [42] dd chimg minh rang néu cic mdc x* khac nhau thid® 13 ma
tran kha nghich. Vi vay, véi w, cho trudc tuy y hé phuong trinh (3.13) ludn ton tai
duy nhat nghiém wy, ..., wy.

Dé giai quyét bai toan ndi suy nay, ching t6i ding mang noron RBF va goi
13 mang néi suy RBF cho gon. Nhu vy mang ndi suy RBF dung dé ndi suy ham
thuc n bién f:D(c R") — R™ 1a mot mang 3 ting truyén t&i. Tang vao gdm n nut
cho vecto tin hiéu vao x e R”, tAng an gdm N noron trong d6 noron tht & ¢6 tam 1a
mdc ndi suy x* va du ra ciia nd 13 ham ban kinh ¢, (x) twong mg, ting ra gdm m
noron xac dinh gia tri ham ndi suy cua f. Gié tri ciia tﬁng ra dugc xac dinh theo cong

thirc (3.12).
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Véi tang an thi thuong ding ham tong 13 ham Gauss, con ham kich hoat 1a
ham déng nhat (dang dic biét cua tuyén tinh) va ciing c6 thé xem ham tong 1 binh

2
u

2

phuong khoang cach cua ddu vao dén tdm va ham kich hoat 1a f{u) = e 2
Tang ra thi ding ham tong 12 ham X, ham kich hoat 13 ham tuyén tinh.

Céc thuat toan hudn luyén thudng xac dinh trong s6 ting ra w bang phuong

phap cyc tiéu hoa téng sai s6 binh phurong theo cong thirc (3.15) sau:

£=(o(¥)-»)

Tham sb d6 rong ctia ham ban kinh (con goi gon hon la ban kinh) ¢ c6 anh

(3.15)

huong rat nhiéu toi mang. Néu chon ban kinh nhé thi ¢ nhiéu diém cach xa tim
clia cac noron ting an (nhu trén hinh 3.1 13 du x) s& it bi anh hudng boi cac ham
ban kinh nén dan dén sai s6 ndi suy ¢ cac diém nay 16n, nhung néu ting ban kinh o
1én thi tbc do hoi tu s& cham (thuc nghiém vé sau cho thiy ciing khéng dam bao c6

sai sO ndi suy tot hon).
A
: X
X
@X @ X

Hinh 3.1 Mé hinh minh hoa mién anh hwéng ciia tham sé bdn kinh o

Mot vin dé dat ra la phai chon dugc ban kinh ¢ nhu thé nao dé vira dam
bao hoi tu nhanh va sai sb co thé chép nhén dugc. Dudi day chiung toi dé xuat thuat

toan huan luyén mang RBF theo phuong phéap ldp dé khac phuc nhimng han ché trén.
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3.2. Thuit toan lip hai pha huin luyén mang néi suy RBF

Y tuong chinh ciia thudt todn méi 1a & pha dau tim cac ban kinh o, dugc
xac dinh nho can béng gitra tinh téng quat cua mang va tdc d6 hoi tu cua pha sau. O
pha thur hai, cac tham s6 w; duge xac dinh nho tim diém bat dong cua mdt anh xa
co.
Dinh 1y dudi day 14 nén tang cho thuat toan.
3.2.1. Dinh ly co ban

Tro lai xét hé phuong trinh (3.13) dé tim céc trong sd tang ra:

N i k)?, 2

Aetfoet _ e
E w.e Yy —w, =z; Vi=1.,N
k=1

W Z
Ky hiéu: 7 1a ma tran don vi cdp N; W =| .. |,Z=| ... | 1a cac vecto trong khong
Wy Zy
gian R” v ® 13 ma tran cho boi (3.14)
Néu dat: W=I-0=|¥, | (3.16)
Thi ta co
0 khizk=j (3.17)
IIJk,j = _ 7“x-f—xk“ o} .. .
e khi:k # j
Khi d6 hé phuong trinh (3.12) twong duong voi hé:
W=¥YW+Z (3.18)

Véi cac tham sé o da chon, w, tiy ¥ thi hé (3.12), (3.18) ludn c6 duy nhat
nghiém W.

Pé tim o}, trudc tién ta 14y wy 1a trung binh cong cia cac gia tri y*:
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B (3.19)
Wo = N;y

Bay gid véi mdi k< N, ta co ham ¢, ciia o; xac dinh theo cong thirc sau:

c 3.20
7=, 20
J=

Viéc xac dinh cac ban kinh o} nay dua vao dinh ly sau.

Pinh ly 3.1: Ham ¢, la don diéu ting, hon nita véi moi s6 dwong g<1, luén
ton tai gia tri oy sao cho g(oy) bang g.

Chitng minh. Tir biéu thtc (3.20) va chi ¥ téi (3.17) ta dé dang thiy ¢ la

ham don di¢u tang cua o; , hon nira ta co:

limg, =N-1 va limoqk =0 (3.21)

Boi vi ¢ 1a ham lién tuc nén véi moi ¢ thudc khoang (0,1) ludn ton tai gia
tri o, sao cho gx(o,) = g . Vay dinh ly da dugc chirng minh.

5
A

Dinh Iy ndy cho thiy véi g < 1, chiing ta ¢6 thé tim duoc tap cic {o, |, dé
nghiém ding W cua (3.18) 1a diém bt dong cua anh xa co ung voi ¥ W + Z va hé
sdcolag.

3.2.2. Mo ta thuat toan

Véi sai s6 € va cac hiang s6 duong q, o ( 0<g<I, 0<a <I) cho trudc, thuat
toan s& gdm 2 pha dé xac dinh cac tham sd o, va W'. Trong pha thi nhit, cic o,
duogc xac dinh dé ¢, <'g, sao cho ¢, gan tdi ¢ nhat, nghia 1a néu thay thé o, bang
9k thi ¢« > ¢. Khi d6 chuan ctia ma tran w tuong tng v6i chuan vecto |||« cho boi

a
(3.22) 1a ||y ||.= rﬁ?{c{n w, |l.} s& khong 16n hon ¢. Nhu vay cho phép ta tim nghiém
gan dang W cua (3.18) bang phuong phap lip don gian trong pha thir hai. Thuét
toan dugc dac ta trong hinh 3.2.
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Procedure Huén luyén mang RBF (HDH)
Begin
Pha 1: Xac dinh tham s6 ban kinh
For k=1 to N do
Xac dinh cac o dé g < g;
sao cho néu thay thé o := 9k thi qr > q
End ¢
Pha 2: Xac dinh cic trong sd tang ra
Xac dinh W* bang phuong phap lip ;
End

Hinh 3.2 Pic td thudt todn ldp hai pha huin luyén mang RBF

1) Pha 1: Xac dinh tham $6 do rong oy

Trong pha thit nhét, xac dinh cic o, dé g, <g, sao cho g, gan téi ¢ nhat
nghia 1 néu thay thé o, bang % thi g, > q.

Vi mot sb duong o < I va gia tri khéi tao oy. Co thé khoi gan oy béng

theo goi y cua Looney [38]. Chi tiét cua tha tuc lap duoc thé hién

Oy

2N

trong hinh 3.3.
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Procedure Pha 1 ciia thuit toin HDH;
Begin

Khoi tao k=0,

Budce 0: ke k+1;

if £k <N then

Bwéce 1: Khoi tao o <« oy; //khé1i tao oy
2|2

N
Tinhp= Y e 7 ; //tinh gy

J=lj#k

Buéc 2: Néu p=¢ thi 0} « o; Quay trd lai Budc 0

Bude 3: Néu p>g thi diéu chinh tham s6 ban kinh dé g, <¢ va gan vdi ¢ nhat.

3.1. 0 «ac; //giam tham s6 ban kinh
N e/ x|
Tinh p= Yle @ ; //tinh lai g;
J=lj#k

3.2. Néu p<q thi 0, « ¢’; Quay tré vé Budc 0
3.3. Néu p>q thi o « ¢ va tro lai 3.1;
Budre 4: Néu p<q thi

4.1.¢ « ola; //tang tham s6 ban kinh;

i k2
e "]

N
Tinh p= e @ ;  //Tinhlai g

Jj=Lj#k

4.2. Néu p>q thi o, « o; Quay tré vé Budc 0;
4.3.Néu p<q thi o« ¢’ vatré lai 4.1
End

Hinh 3.3. Pha I: xdc dinh tham sé bdn kinh
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2) Pha 2: Xac dinh trong 56 tcfng ra wy

Pé tim nghiém W cta (3.18) ta thuc hi¢n thu tuc lap trong hinh 3.4.

Procedure Pha 2 ciia thuat toan HDH;
Begin
Bude 1: Khéi tao W’=7Z;
Budc 2: Tinh W'= yW’ + Z;
Budc 3: Néu diéu kién dung chua théa man thi gan W%= W' va tr¢ lai Bude 2;
Budc 4: W W'

End

Hinh 3.4. Pha 2: xdc dinh trong sé ting ra

V6i mbi vecto N-chiéu u, ta ky hiéu chuan ||u||+ tinh theo cong thirc sau [19]:
lll-= max{u, |} (322)

diéu kién két thiic co thé chon mot trong biéu thirc sau:

a) | -w?| <e (323)
1-¢g "
e(1-q)
b) r> ||Z . _ Ing — ln"Z”* +1In(l1—-gq) (3.24)
Ing Ing

v6i t 1a s6 1an lap.

Céc diéu kién dimg nay duoc suy tir dinh 1y vé tinh hoi tu dugc trinh bay sau déy.
3.2.3. Pac tinh hi tu

Dinh 1y sau ddm bao tinh hoi tu va cho phép udc lugng sai sb cua thuat toan.

Pinh Iy 3.2. Thuat toan hu4n luyén mang HDH ludn két thuc sau hitu han

budc va danh gia sau la dung.
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|7t -w| <& (3.25)
Chitng minh: Trudc hét, tir két luan cta Dinh 1y 3.1 ta dé dang suy ra pha
thir nhét cua thuat toan s& két thiic sau hitu han budc va ¢ . < ¢ vOoi moi k. Mt khac

chuén [¥[. cua ma trdn W duoc xac dinh twong tng voi chuén vecto (3.22) s& 1a:

(Pinh 1y 2 muc 9.6 chuong 1 trang 177 cua [19]).

|®|, = maxig, }<q (3.26)

k<N

Vi vay, pha tht hai 1a tha tuc tim diém bat dong u =Wu+ Z cua anh xa co
c6 hé s6 co ¢ va x4p xi ban dau u’= 0, u’ = Z. Vi ¢ bude 1ap ¢ pha 2 s& twong Gmg
v6i t+1 bude 1ap u**' = Wu* + Z cua thuat toan tim diém bat dong (trong dinh 1y 1

muc 12.2 chuong II cua [19]). Vi vay ta c6 danh gia:

(3.27)

%

HW1 -w.

0

qt+1
= E||Z

5

IN
_Q
BN
=
|
<

i

Biéu thirc (3.24) twong dwong voi vé phai ctia (3.27) nho hon hodc bang & C6 nghia

t+1
q

12
a(1 .

||Z|| < ¢). Mat khéc néu ap dung (3.27) cho t=0; u0=W0; u'=W'thi ta co:

(3.28)

%

0

“Wl W

i Sq—le—w .
-9

Két hop (3.23) vdi (3.28) ta c6 (3.25) suy ra diéu can chimg minh. Dinh Iy di dugc
chung minh.
3.2.4. B§ phirc tap cia thuat toan

Muc nay s€ phan tich va tinh todn do phuc tap cua thuat toan.

Pha I: Bén canh tham sé s chiéu n va s6 mdc noi suy N. D phirc tap cua
Pha 1 con phu thudc vao phan bd cua tap mdc ndi suy {xk }Ll va n6 khong phu

thudc vao ham f. Ngoai ra con phu thudc vao viéc khoi gan gia tri oy ¢6 theé 1am cho

p>q (xem budc 3 cia hinh 3.3) hodc p<g (xem budc 4 cua hinh 3.3). Vi nhitng
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truong hop trude, voi mdi gia tri k <N, dat my 1a sé 1an ldp trong bude 3 sao cho ¢,

> g v6i oy =a™ o, nhung g; < g v6i oy =a™ c,. Vi vy,

my <log, % ,V6i o, =min{o,} (<0,) (3.29)
0
Ciing tuong tu nhu vay, néu my 1a s6 1an 13p trong budc 4.
my < |log, % ,V6i o, =max{c,}| (>0,) (3.30)
0
bat ¢ = max{log  mmin |log O max } (3.31)
“ o [| %8, |

Khi d6 ta c6 d phuc tap cua Pha 1 1a O(cnN°) (hinh 3.3).
Pha 2: Pat T 1a sb lan lap trong Pha 2 cua thuat toan. 7 phu thudc vao
chuén ||Z||» cua vécto z va gia tri . Theo cong thirc (3.24) va theo chimg minh &

dinh 1y 3.2, T'co thé dugc ude lugng theo cong thirc sau:

"z £1-q)
T = I _
ng o[z

Nhu vay d6 phic tap cta Pha 2 1a O(T.nN°)
Vay téng do phirc tap cta thuat toan moi phat trién 1a O((T+c)nN?).

Trong thuat toan nay thoi gian huin luyén pha thir nhat chi phu thudc vao
phan bé clia cac mbc ndi suy con thoi gian & pha thir hai phu thudce vao do 16n cua

chuén ||, ma khong phy thude truc tiép vao ham /can ndi suy.
3.3. Thir nghiém thuat toan

Dé danh gia hiéu qua ctia thuat toan huan luyén mang noron. Thong thuong

nguoi ta hay quan tam tdi céac tiéu chi sau:
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Tbc d6 hoi tu cua thuat toan biéu hién qua thoi gian chay cua va sai s6 huén
luyén.
Tinh tong quat ciia mang biéu hién qua chinh sai s6 kiém tra cac diém méi
sau khi huan luyén.
Trong phan nay chung t6i thyc nghiém trén mang RBF v&i ham 3 bién cho
trong cong thirc (3.33) dé thir nghiém thoi gian huin luyén va tinh tong quat cua

thuat toan. Pac biét chung t6i cd so sanh vai thuat toan Gradient & muc sau.
y=xx, +sin(x, +x; +1)+4 (3.33)

Thir nghiém tinh tong quat cia mang bang cach sau: Pau tién chon mot s6
diém khong nam trong tdp mdc ndi suy, sau khi huin luyén mang, ndi suy cac diém
d6 rdi so sanh véi gia tri dung ciia ham da biét va udc luong sai sb.

Dir liéu thir nghiém duoc ldy cach déu theo hai chiéu va tich hop ngiu
nhién véi chiéu th ba.

Thuc nghiém chay trén may tinh co c4u hinh: Intel Pentium 4 Processor,
3.0GHz, 512MB DDR RAM. Két qua va nhirng nhan xét cia thuat toan duoc trinh
bay sau day:

3.3.1. Téc @) hoi tu

Thoi gian huin luyén phan anh tdc d6 hoi tu cua thuat toan. N6 duge thir
nghiém véi sé mdc khac nhau véi cac tham s ¢, o va ¢ thay di tuan tu.

Két qua thir nghiém trén ham (3.33) véi x,€[0,3], x,€[0,4], x;€[0,5]. Tham
sd dimng thuat toan £=10°. Tham sé ¢ va & nhén cac gia tri lan luot 13 0.5 va 0.5;
0.8 va 0.5; 0.8 va 0.7; 0.8 va 0.8 lan lugt v6i cac mdc bién ddi tir 100 dén 5000. Két
qua duogc trinh bay trong bang 3.1 va hinh 3.5.
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Bing 3.1: Thoi gian hudn luyén véi tham sé dirng &=1 0°

o e=10° q=0.5, | e=10°,q=0.8, | =107, q=0.8, e=10°,
S0 moc a=0.5 a=0.5 o=0.7 q=0.8, 0=0.8
Thoi gian huén Thoi gian Thoi gian Thoi gian
luyén huén luyén huén luyén huén luyén
100 199 1’9 199 1”
400 299 399 499 499
1225 30” 35” 377 45>
2500 167> 170> 173> 174>
3600 378> 390’ 530 597
4900 602> 886’ 1000”° 1125
1200
= 1000 -
T 200 ] ---e---q=0.5,0=0.5
g —8—q=0.8, 0=0.5
& 600 -
o —4&—q=0.8, a=0.7
B 400 _ _
2 ——q=0.8, 0=0.8
= 200
0 1 ‘

100 400 1225 2500 3600 4900

S6 méc ndi suy

Hinh 3.5 Do thi thoi gian hudn luyén khi cdc tham sé q va a thay doi

Trong bang 3.2 1a két qua trong truong hop ¢ = a = 0.7 v6i 2500 mdc va cac tham
s6 dimg & khac nhau.

Bing 3.2 : Thoi gian huén luyén ciia 2500 méc, g=a=0.7 va & thay doi.

o e=10" e=10" e=10"° e=10"
S6 moc Thoi gian | Thoi gian huan Thoi gian | Thoi gian huin

huén luyén luyén huén luyén luyén

2500 177> 175> 172> 170>
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Nhdn xét: Tu nhitng két thuc nghiém trén ta c6 nhan xét sau:

1. Thoi gian huan luyén cta thuat toan 1a ngan so v6i cac thuat toan khac
(tham tri chi vai phut cho khoang 3000 mdc). Thoi gian hudn luyén ting
khi ¢ hodc « ting, co nghia 1a n6 s& giam khi cac tham sé ¢ hoic «
giam. Nhin d6 thi hinh 3.5 ta thdy trong truong hop q=0.5 va a=0.5 thi
thoi gian hudn luyén 1a (duong nét dat) thap nhat, con (duong co diu x)
1a truong hop q=0.8 va 0=0.8 16n nhat. Tuy nhién, tham s6 & nhay cam
hon, thoi gian huan luyén bi anh huong boi tham s6 & hon tham s6 g.

2. Nhin trong bang 3.2, khi tham sb ding & giam dan, ta thiy thoi gian
huén luyén thay doi khong nhiéu. Diéu nay c6 nghia 13 do chinh xac doi
hoi khi huan luyén ciia mot Gmg dung khong anh huong manh t6i thoi
gian huan luyén.

3.3.2. Tinh tong quat

Lay 400 mdc trong mién {x,<[0,3], x,€[0,4], x3€[0,5]} ctia ham (3.33) va
huén luyén mang véi cac gia tri khac nhau ctia tham sb ¢ va a, v6i tham sb dimg &
= 10°. Sau khi huan luyén xong, liy 8 diém ngiu nhién khéng nam trong tap mau
hudn luyén dé kiém tra. Két qua kiém tra cho truong hop ¢ va o thay doi duoc trinh
bay trong bang 3.3 va bang 3.4.

1) Kiém tra véi g=0.8 va o thay doi

Thir nghiém véi trudng hop €=10°, ¢=0.8 va « lan lugt nhan cac gia tri

0.9; 0.8; 0.6 dugc trinh bay trong bang 3.3.
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Bing 3.3. Kiém tra cdc diém véi g=0.8; £=10"° va a thay déi nhin cdc gidg tri 0.9 ;0.8 ;0.6

Piém kiém tra Gia tri q=0.8, a=0.9 q=0.8, a=0.8 q=0.8, a=0.6
ham (Thoi gian =5"’) (Thoi gian =4°) (Thoi gian =4’)
Gia tri ngi| Sai so Gia tri nfi Sai so Gia tringi| Saiso
X4 X, X3 suy suy suy

2.68412 2.94652 | 3.329423 | 26.065739 | 26.0679 21.6E-04 | 26.06879 | 30.502E-04 | 26.0691 | 33.802E-04
221042 | 1.052145 ] 0.040721 | 10.007523 | 10.0024 | 51.24E-04 10.0144 | 68.763E-04 | 10.0146 | 71.163E-04
2.842314 | 2.525423 | 0.048435 | 23.983329 | 24.01001 | 266.81E-04 24.0201 | 367.706E-04 | 24.0251 | 417.90E-04
2.842315| 3.789123 | 3.283235 | 35.587645 | 35.5818 | 58.45E-04 35.5799 | 77.452E-04 | 35.5963 | 86.548E-04
2.05235 3.78235 | 1.63321 | 20.063778 | 20.05203 | 117.48E-04 20.0803 | 165.219E-04 | 20.0812 | 174.21E-04
2.84202 | 3.789241 | 3.283023 | 35.582265 | 35.5986 | 163.34E-04 35.5621 | 201.655E-04 35.561 | 212.65E-04
2.051234 3.15775 | 0.59763 | 16.287349 | 16.28183 | 55.16E-04 16.294 | 66.505E-04 16.295 | 78.505E-04
2.52621 3.36832 | 0.86412 | 24.627938 | 24.67451 | 465.72E-04 | 24.58628 | 416.584E-04 | 24.5798 | 481.38E-04
Sai s6 trung binh 149.97E-04 174.298E-04 194.522E-04
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0.025

0.0z

0.015 A

0.01 4

Sai s6 trung binh

0.00% A

a=038 a=08
Céc gia tri a thay dai

Hinh 3.6 Dé thi kiém tra sai s6 khi o thay doi

Nhdén xét: Tl bang 3.3 va hinh 3.6 ta thdy khi o ting thi sai s6 giam di rat
nhanh. Cu thé véi truong hop 0=0.6 thi sai sd trung binh 1a 194.97E-04 con khi o =
0.9 thi 12 149.97E-04. Khi @ nhé thi tham s6 do rong ban kinh oy, s& giam nén dan
dén anh huong tinh tong quat ciia mang.

Trong thi nghiém cua chung toi, thi ¢ tot nhit trong khoang tir [0.7,...,0.9]
nhung viéc chon gié tri « nhu thé nao con phu thudc vao viéc can béng gitra thoi
gian huin luyén va tinh téng quat ctia mang.

2) Kiém tra véi a= 0.9 va ¢ thay doi.

Thir nghiém véi truong hop &10°, a=0.9 va q lan lugt nhan cac gia tri 0.9;

0.7; 0.5 duoc trinh bay trong bang 3.4.

75



Bing 3.4: Kiém tra cdc diém véi a=0.9; € =10"° va q thay déi nhén cdc gid tri 0.9; 0.7; 0.5

Piém kiém tra Gia tri q=0.9, a=0.9 q=0.7, 0=0.9 q=0.5, a=0.9
ham | Giatri | Saiso Giatri | Saisb Gia tri ndi|  Sai s6
X X, X3 noi suy noi suy suy

2.68412 2.94652 | 3.32942 | 26.06573 | 26.0655 2.22E-04 | 26.0654 3.12E-04 | 26.0693 | 35.46E-04
221042 | 1.052145| 0.04072 | 10.00752 | 10.0217 | 141.79E-04 | 10.0196 | 120.33E-04 | 10.0224 | 149.06E-04
2.842314 | 2.525423 | 0.04843 | 23.98332 | 24.0112 | 279.17E-04 | 24.0204 | 370.87E-04 | 24.0221 | 387.53E-04
2.842315| 3.789123 | 3.28323 | 35.58764 | 35.5818 | 58.03E-04 | 35.5819 | 57.27E-04 | 35.5818 | 58.08E-04
2.05235 3.78235 | 1.63321 | 20.06377 | 20.1105 | 467.62E-04 | 20.1159 | 520.95E-04 | 20.1135| 497.7E-04
2.84202 | 3.7892411 | 3.28302 | 35.58226 | 35.5881 | 58.26E-04 | 35.5884 | 61.45E-04 | 35.5886 | 63.11E-04
2.051234 3.15775| 0.59763 | 16.28734 | 16.2853 | 20.73E-04 | 16.2852 | 21.13E-04 | 16.2775| 98.93E-04
2.52621 3.36832 | 0.86412 | 24.62793 | 24.6117 | 162.8E-04 | 24.6133 | 146.16E-04 | 24.6108 | 171.74E-04
Sai s6 trung binh 148.83E-04 162.67E-04 182.71E-04
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0.02
D.ma
0.016
0.014
0.012 A
0.21
0.005
0.006
0.004
0.002 A

Sai s6 trung binh

q=0.7
Cac gia tri g thay déi

Hinh 3.7 Dé thi kiém tra sai sé khi q thay déi
Nhdn xét: Tir két qua trén bang 3.4 va hinh 3.7 chi ra rang tinh tong quét ciia mang
tang nhanh khi ¢ ting. Cu thé khi ¢ = 0.5 thi sai s6 trung binh 1a 182.71E-04, khi ¢
= 0.9 14 148.83E-04. Cho du ¢ thay d6i anh hudng it t&i thoi gian huan luyén nhu da

thao luan trong muc trén hon 1a anh hudng ti tinh tong quat.
3.4. Sosanh véi phuong phap Gradient

Chtng t61 thyc nghiém trén ham (3.33) véi 100 mbc nodi suy x;€[0,3],
x,€[0,4], x;€[0,5] dé so sanh hiéu qua cta thuat toan méi va thuét toan Gradient.
Trong thuét toan Gradient rat kho dé dat duoc do chinh xac cao trong huén luyén va
trong diéu khién tinh tong quét ciia mang. Bén canh thoi gian huan luyén, ching toi
con so sanh hai ddc tinh cua thuat toan do 1a do chinh xdc ctuia nhiing diém huin
luyén va sai s6 cta nhitng diém chua huén luyén chinh 13 tinh téng quat ctia mang.

Dung Matlab 6.5 dé cai dat thuat toan Gradient.
3.4.1. So sanh thoi gian va d chinh xéc ciia nhitng diém huén luyén.

Chung t6i 1ay ngau nhién 8 diém trong 100 mdc ndi suy. Sau khi huan luyén mang
bang thuét toan méi véi e=10°, g= 0.8, a:=0.9. Bang thuat toan Gradient trong hai
truong hop 100 vong 1dp va 10000 vong ldp. Chung to6i so sanh thoi gian va do

chinh cac ctia thuat toan. Két qua kiém tra dugc chi ra trong bang 3.5 va hinh 3.8.
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Bdng 3.5: Kiém tra sai so cua 8 moc hudn luyén dé so sanh dp chinh xdc

Thuét toan Gradient voi

Thuéat toan Gradient

Thuéat toan méi

Piém kiém tra Gia tri ham 100 vong Lip v6i 10000 vong Lip HDH

Thoi gian: 17 Thoi gian: 180 e=10%, q= 0.8, a=0.9

] ] Thoi gian:l”’

Gia tri Sai so Gia tri Sai s0 Gia tri Sai s6

X X, X3 ndi suy ndi suy noi suy

1.666667 | 0.000000 | 0.000000 | 4.841471 | 4.4645| 3769.7E-04 | 5.0959 | 2544.2E-04 | 4.84146 0.1E-04
0.333333 | 0.444444 | 1.379573 | 4.361647 | 3.5933 | 7683.4E-04 | 3.6708 | 6908.4E-04 | 4.36166 0.09E-04
2.666667 | 0.444444 | 1.536421 | 7.320530 | 8.7058 | 13852.7E-04 | 7.2647 | 558.2E-04 | 7.32052 0.08E-04
0.666667 | 1.333333 | 0.128552 | 5.221158 | 4.0646 | 11565.5E-04 | 4.9517 | 2694.5E-04 | 5.22117 0.1E-04
2.666667 | 1.333333 | 1.589585 | 12.77726 | 12.5041 | 2731.6E-04 | 12.1965 | 5807.6E-04 | 12.7772 0.7E-04
1.666667 | 1.777778 | 0.088890 | 9.209746 | 6.6682 | 25415.4E-04 | 9.2944 | 846.5E-04 | 9.20972 0.2E-04
2.333333 | 0.444444 | 0.039225 | 7.415960 | 6.7228 | 6931.5E-04 7.48 0640.4E-04 | 7.41596 | 0.005E-04
2.666667 | 3.555556 | 0.852303 | 28.51619 | 28.0927 | 4234.9E-04 | 29.2798 | 7636.0E-04 | 28.5162 0.09E-04

Sai s6 trung binh

9523.1E-04

3454.5E-04

0.19E-04
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Sai s6 trung binh

Grandient 100 vong, 1" Grandient 10000 vong, 180"  Thuat toan méi HDH, 1"

Cac thuat toan

Hinh 3.8 So sanh d¢ chinh xdc va thoi gian cua thudt toan mdi va thudt todn
Grandient

Nhdn xét: Trong hinh 3.8 va bang 3.5 ta thdy, ctng thoi gian huan luyén 1a
1 gidy thuat toan Gradient c6 sai so trung binh 13 9523.1E-04 con thuat toan méi
HDH 1a 0.19E-04, sai s6 trung binh cua thuat todn mdi nhé hon rat nhiéu. Con néu
tang thoi gian hudn luyén cua thuét toan Gradient 1én 180 gidy thi sai s6 trung binh
1a 3454.5E-04 c6 giam hon so v6i huan luyén 1 gidy nhung van 16n hon thuét toan
méi rat nhiéu. Nhu vay, theo thuc nghiém ta théy thuét toan méi tét hon so véi
thut toan Gradient trong ca hai trudng hop vé thoi gian huan luyén va tinh chinh
Xac.

3.4.2. So sanh tinh tong quat

Chung toi 1y ra 8 moc khong dua vao huan luyén dé dung lam tap diém
kiém tra (cac diém ndy xa cac tim ham ban kinh hon). Sau khi huan luyén bang hai
thuat toan vai cac tham sb nhu muc 3.4.1. So sanh sai s6 & tap kiém tra dé danh gia

tinh tong quat. Két qua kiém tra duoc thé hién trong bang 3.6 va hinh 3.9.
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Bing 3.6:Kiém tra 8 diém chwa dwoc huén luyén va so sanh tinh tong qudt

Thuét toan Gradient v6i [Thuat toan Gradient voi| Thuat toan méi HDH
Piém kiém tra Gia tri 100 vong lip 10000 vong lip e=10, q= 0.8, 0:=0.9
ham Thoi gian: 17 Thoi gian: 180’ Thoi gian:1”’
Gia tringi|  Sai so0 Gia tri n¢i| Sai so Gia tri ngi| Sai so
X4 X, X3 suy suy suy

0.32163 | 0.45123 | 1.38123 | 4.350910 2.1394 | 22115.1E-04 3.9309 | 4200.1E-04 | 4.32214| 287.7E-04
0.67123 0.8912 | 1.4512 | 4.202069 2.8529 | 13491.6E-04 4.7884 | 5863.3E-04 | 4.20115 9.1E-04
1.68125 | 1.34121 | 0.27423 | 8.293276 6.1078 | 21854.7E-04 8.3869 936.2E-04 | 8.30878 155.0E-04
0.34312 | 1.78123 | 2.56984 | 3.406823 3.2115 1953.2E-04 4.1438 | 7369.7E-04 3.399 78.2E-04
2.65989 | 3.56012 | 0.8498 | 28.42147 | 27.5174| 9040.7E-04 | 29.1648 | 7433.2E-04 28.429 75.2E-04
1.67013 | 2.23123 ] 0.29423 | 9.84913 8.6415 | 12076.3E-04 9.5863 | 2628.3E-04 | 9.79204 570.9E-04
2.65914 | 3.56123 | 0.85612 | 28.41991 | 27.5147 | 9052.1E-04 | 29.1634 | 7434.8E-04 28.419 9.1E-04
1.3163 | 0.44925 | 1.12987 | 5.311670 3.5188 | 17928.7E-04 5.3729 612.2E-04 | 5.28737| 243.0E-04
Sai s0 trung binh 13439.0E-04 4559.7E-04 178.56E-04
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1.6

Sai s6 trung binh

Grandient 100 vong, 1" Grandient 10000 vong,  Thuat toan méi HDH, 1"
180"

Cac thuat toan

Hinh 3.9 So sanh tinh tong qudt ciia thudt todn méi va thudt todn Grandient

Nhén xét: Nhin cac két qua trén bang 3.6 va hinh 3.9 ta thdy clng thoi gian
huin luyén 1a 1 gidy, thuat toan Gradient c6 sai sb trung binh 1a 13439.0E-04 16n
hon rat nhiéu so v6i 178.56E-04 ctia thuat toan mdi v6i cung thoi gian. Trong
truong hop ting thoi gian huin luyén cho thuat toan Gradient 1én 180 gidy thi sai s6
trung binh 1 4559.7E-04 van 16n hon rat nhiéu so v&i thuat todn méi trong thoi gian
1 gidy. Nhu vay, qua thuc nghiém ta thdy thuat toan méi HDH c6 thoi gian huan
luyén va sai s6 nho hon nhiéu ciing nhu tinh tong quét tot hon so véi thuat toan

Gradient.
3.5. Nhin xét chung vé thuit toan Lip hai pha HDH

Trong chuong ndy ching t6i dé xuét thudt toan hai pha don gian dé huin
luyén mang noi suy RBF. Pha thir nhat x4c dinh tham sé do rong ban kinh phu hop
v6i timg mdc ndi suy, pha thir 2 ding phuong phap lap dé tinh trong sb tang ra.

Trong phan trén di chi ra ring thuat toan ludn hoi ty, thoi gian chay chi phu thudc
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vao viéc khdi gan gia tri ban dau ¢, «, €, phan bo ciia moc ndi suy va chuan cua

vécto.

Qua két qua thi nghiém ta thay thuat toan c6 thoi gian huan luyén mang rat
nhanh ké ca khi s mdc 16n. Véi thudt toan cuc tiéu sai sé tong cac binh phuong,
Looney cho ring chi nén chay voi sé moc nho hon 200 [38] con thuat toan nay van

thuc hién duoc khi s6 mdc gﬁn 5000.

Thuét toan méi dé xuat dé thuc hién va c6 hiéu qua cao. Thyc nghiém cho
thiy n6 giai quyét tt bai toan nodi suy voi sé mde 10n. D& dang diéu khién cin bang
giita toc d6 hoi tu va tinh tong quat cia mang bang viéc diéu chinh cic tham sd.
Mot rru viét nita ctia thudt toan 14 cac ban kinh ting 4n c6 thé huan luyén doc 1ap va
& pha hai trong s6 ting ra c6 thé huin luyén doc lap, diéu nay lam cho ching co thé
song song hoa thuat toan. Hon nira, khi s6 mdc nodi suy 16n, viéc danh gia chuén cua
vecto N- chiéu s& tén thoi gian. Trong truong hop d6 diéu kién dimg cua thuat toan
nén theo tiéu chuan (3.24) dé xéac dinh trudc sd budc 1ap ¢ pha tht hai, nhu vay sé
giam thoi gian tinh toan trong moi budc.

Khi s mbc noi suy rét 16n, co thé phan dir li¢u thanh nhitng cym con c6
kich thuéc nhé hon. Theo d6 viéc huan luyén c6 thé thuc hién song song cho ting
cum, nhu vay s& giam dang ké thoi gian huan luyén. Kién trac mang nhu vay goi la
mang RBF dia phirong va s& dugc trinh bay chi tiét trong chuwong 5.

Trong truong hop sé mdc ndi suy N 1a rat 16n, khi d6 co thé ding mot cach
tiép can khac, d6 1a ding mang xdp xi RBF. Trong mang ndy c6 thé thiét ké s6
noron tﬁng an it hon N dua trén cach thirc sau: Trudc tién, dir liéu duoc chia thanh
K cum {C,}*, bang mot thuat toan phan cym ( nhu k-mean,..), sau d6 vécto tam »'
ctia mdi noron an tht i c6 thé duoc chon 13 tim ctia cum Ci hodc 1a gﬁn vO1 tam cua
cum nhét. Mang s€ duogc huén luyén voi tap méc ndi suy moi {vi }f:l .

Moét dic diém cua mang RBF 1a c6 tinh anh hudng dia phuong [43]. Vi vay
tham sd do rong ban kinh hay duoc chon nho (muc 6.1, trang 288-289 cua [31]),
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dic biét, trong [38] khuyén rang nén dit o = 0.05 hodc 0.1. Trong muc 3.11 trang

1
99 ctia [38] khuyén nén dit o =1/(2N)" . Tat ca cac tham sd ban kinh nay déu nho,

nén g, phai nho. Thuc té, diéu kién qi<l thé hién mot sd gidi han, nhung khong anh
hudng dén hiéu qua cua thuat toan.

Mic du ching toi khong so sanh véi thudt toan gia nghich dao va huin
luyén day du, nhung Lé Tién Muoi [7] da thir nghiém ap dung cho bai toan nhan
dang chit viét tay va cho thay wu diém ndi troi ciia thuat toan HDH.

Tuy vay véi thuat toan méi HDH khi 4p dung nhan dang mau, tinh tong quat
ctia mang tot khi cac mdc phan b twong d6i déu va khong duoc tdt khi cac mde noi

suy phan bd khong tot. Chuong 4 chung toi s& xét trudng hop mébe cach déu.
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CHUONG 4. BAI TOAN NOI SUY VOI MOC CACH PEU

Thuat toan 1ap hai pha hudn luyén mang nodi suy RBF méi dé xuat da rit
ngin dang ké thoi gian hun luyén mang noron ndi suy RBF so véi cac thuat toan

khac. Tir ddy vé sau ta goi 1a thuat toan HDH cho gon.

Tuy nhién, trong thuat toan HDH, thoi gian hun luyén cta pha thir nhat
chiém phan 16n thoi gian huin luyén ciia ca mang va nd ting rat nhanh khi s6 mdc
tang. Trong nhiéu tmg dung & cac linh vue d6 hoa may tinh, phwong trinh toan 1y,
cac bai toan k¥ thuat, va nhan dang miu thuong gip bai toan ndi suy véi mdc cach
déu [8,32,36,54]. Trong trudong hop nay, céac mbc nodi suy cO thé duoc biéu dién
dudi dang x™*" = (x',..,x"), trong 46 x} =x] +ik.h, ; voi by (k=1,...,n) 1a cac
hang sd budc cho trude (budc thay dbi ciia bién x;), ik nhan gi tri tir 0 dén N, (N,
+1 13 s6 mdc chia cua ting chiéu). Khi d6 thay cho chuan Euclide, ta xét chuin

Mahalanobis: x|, =+vx"4x, voi 4 1a ma tran duong chéo chon thich hop véi cac

budc thay ddi cua cac bién, thi viéc xac dinh cac tham sd ban kinh oy trong pha thr
nhét chi con phu thude vao hﬁng sb6 budc Ay Nén c6 thé xac dinh trude o theo sb
chiéu va mién xac dinh cua ham can noi suy. Thuat toan da néu trd thanh thudt toan
mdt pha. Trong chuong nay chiing t6i trinh by mot cach giai quyét hiéu qua hon
cho nhitng bai todn c6 mbc ndi suy cach déu. Trén co s¢ thuat toan ldp hai pha mai
dé xuat trong chuong trudc. BS cuc ciia chwong nhu sau: Muc 4.1 trinh bay céc
phan tich toan hoc dé biéu dién bai toan mdc cach déu duéi dang dé khao sat vé sau,
dinh ly co s¢ va thuat toan duogc trinh bay ¢ muc 4.2. Muc 4.3 danh dé gi6i1 thi¢u
cac két qua thi nghiém va nhimg nhan xét chung dugc dua ra & muc 4.4 thay cho

két luan cta chuong.

Két qua chinh cta chwong nay dugc cong bd trong ky yéu Hoi thao qudc

gia céac vén dé chon loc ctia CNTT lan thit X, Dai Lai 9/2007 [3].
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4.1. Biéu dién bai toan

Bai toan moc cach deu: Khi cac moc ndi suy la cach déu thi co6 thé biéu dién céac

il,i2,...in

moc ndi suy theo bd chi so6 dang (i1,i2,..,in) voi x =(x]'",..,x"), trong do:

x) = x) +ik.h, 4.1

hi (k=1,...,n) la cac héng s6 budc cho trude (budc thay ddi cua bién Xz), 1
1a s6 chiéu, va ik nhan giatrita 0 dén N, (Ny+11a s6 mdc chia cta tung chiéu).

Ta nhan thdy cic ham co so ban kinh xac dinh theo cong thirc (3.11) nhan
gia tri bang nhau ¢ nhiing diém c6 cing khoang cach véi tim va cac mit mic cta
ham nay c6 dang siéu cau. Viéc chon ham co s& nhu vay khong thich hop véi cac Ay
khic nhau nhiéu. Vi vdy, thay cho chuan Euclide, ta xét chuin Mahalanobis:

|x|, = vx"4x ; véi A4 1a ma tran duong chéo co dang:

Lz 0 0
a;
1
A= 0 E 0
o 0 .. —
a,

Céc tham sb a; s& dugc chon thich hop véi cac budc iy (dudi day s& cho
thay 14 a,=h; v6i moi k). Khi d6 biéu thirc (3.10) va (3.11) duoc viét lai nhu (4.2) va
4.3).

N, 4.2)
o(x) = Z Wir.inPit...in (x) +w,

il,...in=1

il,..in 2 /0__2 (4.3)

il,..in

|-

trong do, Dir...in (x)=e

Ma trén @ = (p;"")  1a ma trdn vudng cp N = N;...N,. Vi

,in
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. . . . [ 2 ey il,...in / 2 (4.4)
Jle.,jn __ Jle,jnN _ Hx X Oil,...in
(Oil,.,,in o ¢11,.“m (x ) =€
Matran ¥ =7-® s€la:
, 0;khi: jl,..., jn =il,....in (4.5)
P Ibein e w2
il,..,in *HX/ ey et A/O_ilj...,in

—e

,,,,,

ctia anh xa co dé thuc hién pha hai cua thuat toan HDH.

Co6 nghia la v61 s6 duong g < 1, chon cac o, d€ cho

jl,....jn (4.6)
9, .in = Z Wil i <g<l
Jl.,jn
Thay biéu thirc (4.1) vao ta co:
0:khi: jl,..., jn=il,....in (4.7)
il,..., n n 2
Wi =X Up=ip) %107 in
—e p=1 )4
Vagqi. .inco thé viét lai nhu sau:
n h2 4.8
Srnf i, @9

2
— p=l P
qil,..,in - Ze
Jl,..,jn#il,...in

Do tinh chit ham mii (¢"), khai trién tich ¢ vé phai cua (4.9) cho thy (4.8)
c6 thé viét lai 1a:

h? 4.9
n Ny ——5"—(p-ip)’ (4.9)
_ il,...,inap _ 1
qll,...,in - e
p=1 jp=1

Vi cach bi€u dien mdi, ta s€ dua ra dinh ly co s¢ cua thuat toan:
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4.2. Dinh ly co sé va mo ta thuit toan

4.2.1. Dinhly co s&

Pinh ly 4.1. Véi moi ¢<(0,1), néu o,

il,....in = -1
{"1+q—lj
Inf ———
8

Chirng minh: ta dat a, =#,;Vp, cdng thirc (4.9) c6 udc luong nhu sau:

ey (4.10)
Gir.in < 1+22€ b -1<¢
k=1
. R @.11)
& 142) e T <afl+g
P
K 4.12
o = i g1 (4.12)
o Yo Arasl
P 2

Ta sé& chon cac tham s6 Citn bang nhau va bang o dé (4.12) thoa man.

Boi vi vé phai ctia (4.12) < 1/2 khi ¢ < I nén dé (4.12) dting thi s6 hang dau

tién ctia vé trai phai nho hon 1/2:

o o< 1 (4.13)
VIn2
Mit khéc ta u6c luong vé trai cua (4.12) nhu sau:
w K1, - 1 w K-l 1 w (k)P (4.14)
Ze" "Z —e 1+Ze o =g 1+Ze o?
k=1 =1 k=2 =1
(4.15)

© k(k+2) 1 w K s
(1+Ze ]<e UZ(HZe ”2} UZ(HJ dt}—e“ (1+o-\/ﬁ)
k=1
Chu y t61 cong thirc (4.13) ta co:
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o K1 I L (4.16)
e <o (I+,|——)x3,13 7 <4Ye "
k=1 In2 k=1

Nén (4.12) théa mén khi

R b 4.17)
— 2flrg-1 Mg -1 (
4e Oil,..in" < q ay e Til... in < 4q
8
S 1[—QJ
Oi,.in* 8
= 0-121 ..... in S 1 -1 (419)
(n 1+q —1}
Inf ——
8
1 (4.20)
Oityoin = ]
1 2l+g—1
8
Dé (4.12) thoa mén ta c6 thé o, nhu nhau theo cong thire :
1 (4.21)

Dinh ly da dugc ching minh.

4.2.2. Mo ta thuat toan mét pha

Duya trén nhitng phan tich va tinh toan trong phan trén. V&i hang s6 duong
g<I tacd thé chon trudc cac o;1..in theo cong thuc (4.21) dé thoa man diéu kién cua
anh xa co trong cong thire (4.6). Sau do ap dung phuong phap 1ap don trong pha thir
hai cua thuat toan HDH dé xac dinh trong ) tﬁng ra. Thuat toan dugc dac ta trong

hinh 4.1 dudi day.
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Proceduce Thuat toan 1 pha huan luyén mang
Bwoc 1: Xac dinh ban kinh
X4c dinh céc oj;_i, theo cong thic (4.21) ;
Buére 2: Tinh trong s tang ra
Tim W™ bang phuong phap 1ap don; // pha 2 cua thudt toan HDH;
End

4.3.

Hinh 4.1 : Thudt todn I pha hudn luyén mang RBF véi méc cach déu

Nhan xét:

1) Trong [34], thut toan 2 pha HDH yéu cau qi.m<gqVva néu thay o

il,...,in

= % thi ¢, . >q. Nhung trong thuit toan mégi 1 pha thi nhitng tham

.....

duoc xac dinh trudc theo cong thirc (4.21) va thoa

il,..., in

2) Nhitng mang duoc huin luyén bang thuat toan mét pha 1a khac so véi

nhitng mang duoc huan luyén bang thuat toan 2 pha HDH.
Thuwe nghiém

Muc ti€u cua phan nay la so sanh thoi gian, sai s6 huan luyén va tinh tong

quét ctia thudt toan mot pha méi phat trién (goi tat 13 thuat toan QHDH cho gon) vai

thuat toan HDH va cac thuat toan mdt pha Gradient khéc.

Thuc nghiém trén hai ham khac nhau: Trudc tién voi ham 2 bién:
XX, (4.22)

5 +x3—2+%,xle[0,10],xze[0,20]

V&1 cac moc ndi suy 1a cach déu cho moi chi€u, sir dung dé€ so sanh thoi gian huan

luyén voi thuat toan HDH. Sau d6 13 véi ham 3 bién phi tuyén phuc tap hon:
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y =x7x, +sin(x, +x, +1) +1, x;€[0,3], x2€[0,4], x3€[0,5] (4.23)

Dung dé so sanh sai s6 huan luyén va tinh tong quat cua mang voéi thuat

toan HDH, QTL, QTH. Trong d6 QTL la thuat toan Quick Training do Looney [38]

gidi thi€u voi tham s6 do rong ban kinh 0 = W va QTH la thuat toan Quick

D max

V2N

gitra cac moc; N 1a so luong cadc mde ndi suy, con 7 la s6 chi€u cua moc ndi suy.

theo goi ¥ ciia Haykin[30]; Dmax 1a khoang cach 16n nhat

Training v6i o =

Thuc nghi¢m thyc hién trén may Intel Pentium IV Processor, 3.0GHz,

512MB DDR RAM. Sai s6 cho diéu kién dimg 1a £=10"°,
4.3.1. So sanh thoi gian huin luyén

Két qua duoc chi ra trong bang 4.1 véi ham hai bién dé so sanh thoi gian

huén luyén giita thuat toan QHDH va thuét toan HDH.

Bing 4.1 : So sdnh thoi gian hudn luyén giiva thugt todn 2 pha HDH va I pha

QHDH
Thuét toan 2 Thuét toan 1
S6 mée pha HDH pha QHDH
q=0.9, a=0.9 q=0.9
1071 ;N;=51, h;=0.2, N,=21, h,=1 327 10"
2761 ;N;=251, h;=0.04, N,=11, h,=2 365 25
5271 ;N;=251, h;=0.04, N,=21, hy=1 1315 275
10251;N,=201,h;=0.05,N,=51,h,=0.4 >2h 765"
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8000

7000 -
= 6000 - i
@
> 5000 -

- - - @- - - Thuat toan HDH

€ 4000
=) —a— Thuat toan QHDH
5 3000 ,
£ 2000

1000 S e

1071 2761 5271 10251
S6 méc noi suy

Hinh 4.2: Dé thi so sanh thoi gian huén luyén giita thugt toain HDH va QHDH

Nhén xét: Nhin bang 4.1, hinh 4.2 ta thay thoi gian huan luyén cua thuat toan
QHDH giam dang ké so voi thuat toan 2 pha HDH. Khi s mdc cang 16n thi sy
chénh nhau vé thoi gian cang ro rét. Cu thé v6i 1071 mdc thuét toan HDH hét 32
gidy, con QHDH hét 10 gidy. Nhung v6i 10251 thuat toan HDH hét >2 gid trong
khi d6 thuat toan QHDH chi mat 765 gidy. Boi vi phan 16n thoi gian huan luyén cua
thuat toan HDH 1a do pha mot. Con trong thudt toan mot pha véi nhitng méc cach

déu ta uée lugng dugc cac ban kinh trude sau do chi con huén luyén pha hai.
4.3.2. So sanh sai s6 huin luyén

Két qua thuc nghiém & bang 4.2 va hinh 4.3 cho ham 3 bién nhu cong thirc
(4.22) véi 1331 mdc ndi suy, ¢6 N;=11, h;=0.3; N,=11; h,=0.4; N;=11, h; = 0.5.
Sau khi huan luyén, chung t6i 14y 10 méc ndi suy dé tinh todn va so sanh sai sb

huén luyén cta cac thuat toan QHDH, HDH, QTL, QTH.
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3.00E-04
2.50E-04
2.00E-04
1.50E-04 -
1.00E-04 -
5.00E-05
0.00E+00

Sai sé trung binh

QHDH, 18" HDH, 35" QTL, 46" QTH, 48"

Cac thuat toan

Hinh 4.3: So sdnh sai so va thoi gian hudn luyén cia cac thudt toan QHDH,
HDH, QTL, QTH voi 1331 moc ciia ham 3 bién.

Nhdn xét: Nhin bang 4.2 va hinh 4.3 ta thdy sai s6 huan luyén va thoi gian
huén luyén cia thuat toan QHDH 1a tot nhat. Cy thé véi thuat toan QHDH chi mat
18 gidy da c6 sai sO trung trinh 1 5.04E-06, con vai thuat toan QTH 1a 48 gidy c6

sai s6 1a 2.82E-04 16n hon rat nhiéu.

92



Bing 4.2: So sanh sai sé va thoi gian hudn luyén ciia cdc thudt toan QHDH, HDH, QTL va QTH véi 1331 moc ciia ham 3

bién.
Thuat toan QHDH | Thuit toan HDH | Thuit toan QTL Thuat toan QTH
Mobc kiém tra Gia tri ham | ¢=0.9, 6=0.5335655 q=0.9, 0=0.9, o =0.07215459 6=0.137050611
Thoi gian=18” omax=0.3 Vi 140 vong lap véi 140 vong lap
Thoi gian =35’ SSE=0.00174 SSE=0.001552
Thoi gian =46’ Thoi gian =48’
X X, | X3 Giatrindi | Saisd | Giatri | Saisé | Giatri | Saisé | Gia tri Sai s0
suy noi suy noi suy ndi suy
1.5 04 [0.5 ]2.84630009 |2.8463029 |2.77E-06 | 2.8463 | 3.52E-06 | 2.84614 | 1.63E-04 | 2.84598 | 3.22E-04
0.6 04 |1 1.81946318 | 1.8194664 | 3.23E-06 | 1.81945 | 8.66E-06 | 1.8193 | 1.59E-04 | 1.81961 | 1.43E-04
2.1 1.2 |1 6.23362586 | 6.2336304 | 4.57E-06 | 6.23362 | 5.98E-06 | 6.23323 | 3.99E-04 | 6.23417 | 5.48E-04
1.5 0.8 [ 1.5 ]2.64225431 |2.6422579 |3.57E-06 | 2.64225 | 5.81E-06 | 2.64204 | 2.17E-04 | 2.64235 | 9.35E-05
2.1 0.8 |2 3.91614211 |3.9161457 | 3.54E-06 | 3.91613 | 7.78E-06 | 3.91584 | 3.05E-04 | 3.91637 | 2.26E-04
1.5 0.8 [2.5 |1.88383406 | 1.8838388 |4.76E-06 | 1.88382 | 9.58E-06 | 1.88367 | 1.64E-04 | 1.88362 | 2.16E-04
1.5 1.2 |3 2.81654534 | 2.8165506 | 5.23E-06 | 2.81654 | 9.39E-06 | 2.81631 | 2.33E-04 | 2.81609 | 4.55E-04
0.9 1.2 |35 [1.42131446 | 14213279 | 1.35E-05 | 1.4213 | 1.05E-05 | 1.42125 | 6.50E-05 | 1.42091 | 4.01E-04
1.2 2 3.5 14.09511999 |4.0951257 | 5.68E-06 | 4.09511 | 8.23E-06 | 4.0948 | 3.22E-04 | 4.09488 | 2.41E-04
0.9 36 3.5 |4.88588981 |4.8858934 |3.54E-06 | 4.88588 | 9.47E-06 | 4.88552 | 3.72E-04 | 4.88606 | 1.74E-04
Sai s0 trung binh 5.04E-06 7.89E-06 8.01E-05 2.82E-04
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4.3.3. So sanh tinh tdng quat

Két qua thuc nghiém trong bang 4.3 va hinh 4.4 cho ham 3 bién (nhu cong
thirc 4.22) véi 1331 mbc ndi suy, c6 N;=11, h;=0.3; No=11; h,=0.4; N;=11, h; =
0.5. Sau khi huin luyén, ching t6i 1y 10 diém ngiu nhién xa tdm mdc nodi suy dé

tinh toan va so sanh.

Sai s6 trung binh
N
(6]

QHDH, 18" HDH, 35" QTL, 46" QTH, 48"

Cac thuat toan

Hinh 4.4: So sdnh tinh tong qudt ciia mang hud'lg luyén boi cac thudt todn
OHDH, HDH, QTL va QTH voi 1331 moc cua ham 3 bién.

Nhdn xét: Nhin bang 4.3 va hinh 4.4 thiy rang tinh tong quat cta thuat toan
QHDH tbt hon nhiéu voi thuét toan khac va thoi gian ciing it hon. Cu thé voi thuét
toan QHDH c¢6 sai s6 trung binh 14 0.07993729 trong 18 gidy, con thuat toan QTL
la 4.689752 trong 46 giay.
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Bdng 4.3: So sanh tinh t(fng qudt ciia mang hudn luyén boi cac thuat toan QHDH, HDH, QTL va QTH voi 1331 méc ciia
ham 3 bién.

Thuéat toan QHDH huat toan HDH Thuét toan QTL Thuéat toan QTH

Mobc kiém tra Gia tri q=0.9, 6=0.5335655 q=0.9, a=0.9, o =0.07215459 6=0.137050611
ham Thoi gian=18” omax=0.3 Vi 140 vong lap voi 140 vong lap

Thoi gian =35 SSE=0.00174 SSE=0.001552

Thoi gian =46’ Thoi gian =48’
X1 | X X; Gia tri ndi Sai s0 Giatrindi | Saisd | Giatrindi | Saisé | Giatri | Saiso

suy suy suy noi suy

1.65 | 0.6 |0.75 |3.34497335 | 3.370238053 | 0.0252647 | 3.39041135 |0.045438 | 0.0001625 |3.34481 |0.787788 | 2.55719
1.35 122 ]0.75 [4.28631188 | 4.310879376 | 0.0245675 | 4.29900687 | 0.012695 | 0.0002138 | 4.2861 1.0316 3.25471
225 (14 |1.25 |7.60071335 | 7.524131051 |0.0765823 | 7.52335295 |0.077361 | 0.0003744 | 7.60034 | 1.8153 5.78541
1.65 | 1 1.75 13.15093868 | 3.196305881 |0.0453672 | 3.20572068 | 0.054782 | 0.0001566 |3.15078 |0.757311 | 2.39363
1.05 [2.6 | 1.75 |3.06297984 | 3.110876244 | 0.0478964 | 3.12253884 |0.059559 | 0.0001546 |3.06283 |0.74289 |2.32009
225 |1 2.25 15.16751064 | 5.527266742 | 0.3597561 5.74917064 | 0.58166 |0.000256 5.16725 | 1.24075 |3.92676
1.65 | 1.4 [3.25 [4.21978442 | 4.298019119 |0.0782347 | 4.37204441 | 0.15226 |0.0002094 |4.21957 |1.01239 |3.20739
1.35 122 [3.75 |5.62798613 | 5.677770128 | 0.049784 5.68750142 | 0.059515 | 0.0002761 | 5.62771 |1.33495 |4.29303
1.05 |3.8 [3.75 |5.95690116 | 6.011258157 | 0.054357 6.00281715 ]0.045916 | 0.0002936 | 5.95661 |1.42524 |4.53166

255 [0.6 425 |4.48173598 | 4.519298982 |0.037563 4.52936198 | 0.047626 | 0.0002209 |4.48152 | 1.06504 |3.4167

Sai s0 trung binh 0.07993729 0.113681 4.689752 3.568657
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4.4. Nhan xét chung vé thuit toin mgt pha méi

Cho du thuat toan hai pha HDH da cai thi¢n dang ké chat lugng cua mang,
nhung trong trudng hop cac mbc ndi suy cach déu nhau, thi thuat toan nay chua
khai thac duoc vu diém phan bd déu cia cac mdc ndi suy. Theo thuit toan HDH
viéc xac dinh gia tri ham co s& ban kinh 1a gidng nhau voi nhiing diém c6 khoang
cach dén tAm bang nhau. Diéu nay khong thuc su phi hop véi nhimng tap dit liéu c6
dd 16n ctia mdi chiéu qué chénh Iénh. Khiac phu nhuoc diém do, thay cho chuén
Euclide chung t6i dung chuan Mahalanobis dé xac dinh gia tri ciia ham co s& ban
kinh Gauss. Khi d6 cac tham s6 do rong ban kinh sé dugc xac dinh trudc, va st
dung pha 2 cta thuat toan HDH dé huan luyén mang. Luc niy, thuat toan hai pha
HDH duogc cai tién thanh thuit toan mot pha. Thyc nghiém cho théy thuat toan maoi
mot pha khong nhitng giam dang ké thoi gian hudn luyén ma tinh tong quat cia
mang ciing tot hon. Thuét toan ndy thuc sy c¢6 ¥ nghia cho bai toan ¢6 mbc ndi suy

cach déu nhau va chay tot véi s6 moc 16n.
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CHUONG 5. MANG RBF DIA PHUONG

Thuat toan ldp hai pha méi dé xuét trong chuong trude da rat ngan dang keé
thoi gian hudn luyén mang noron ndi suy RBF. Tuy nhién thoi gian huin luyén
mang ting rat nhanh khi s6 mdc ting nén khé sir dung mang trong cac bai toan
thuong xuyén c6 dir liéu bd sung trong thoi gian thuc. Pén nay, chua c6 mot
phuong phéap hiéu qua nao dé xap xi ham nhiéu bién hodc phan 16p miu cho cac bai
toan thoi gian thyc doi hoi thoi gian huan luyén ngin, dic biét véi cac bai toan
dong. Mang ndi suy RBF dia phuong gi6i thiéu trong bai nay 1a két hop cach tiép
can mang noron nhin tao va phuong phap hoc dya trén mau (instance-based
learning) dé giai quyét vin dé mo d6. Ching t6i dung ¥ twdng cia ndi suy Spline:
noi suy bang cac dang ham don gian trén timg doan con, sau d6 ghép tron cac ham
nay thanh ham noi suy. Trong mang niy, cac dit liéu huan luyén dugc phan cum
dua trén mién xac dinh thanh cic cum con c6 ¢& da nho va dung thuat toan lap huén

luyén mang ndi suy RBF vira dé xuat dé huan luyén mang trén moi cum con.

Chuong nay trinh bay nhu sau. Muc 5.1 dua ra nhan xét goi mé y tudng
xdy dung mang dia phuong. Kién triic mang va cac thuat toan huin luyén duoc
trinh bay & muc 5.2. Muc 5.3 gi6i thiéu mot chimg minh cho tinh téng quat cia
mang ndy, mo hinh cho bai toan dong va cac két qua thuc nghiém duoc gidi thiéu

trong cac muc 5.3 va 5.4. Cac nhan xét chung dugc dua & muc 5.6.

Céc két qua chinh cua chuong nay duoc cong b trong hoi thao qudc té cua
IEEE [20], va tap chi quc té International Journal of Data Mining, Modelling and
Management Science (IJDMMM)[21].

5.1. Giéi thidu

Nhu da néi trong céc chuong trude, cdc mang noron nhan tao nhu mang
MLP, mang RBF va cac phuong phap hoc dua trén mau nhu k-1an can gén nhét va

hoéi quy dia phuong cé trong s6, dang 1a nhitng giai phap thong dung dé xap xi ham
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nhiéu bién va phan 16p mau. Cac mang noron doi hoi nhiéu thoi gian huan luyén khi
¢ mau huan luyén 16n va khi c6 mau méi bd sung ciing mat nhiéu thoi gian hoc lai,
con cac phuong phap hoc dua trén mau dua vao thong tin cia mau mdi nén khong
hoc trudce theo tap dir licu huén luyén dugc. Vi vay, voi cac bai todn thoi gian thuc
doi hoi thoi gian hudn luyén ngan, dic biét v6i nhitng bai toan dong (khi thuong
xuyén c6 dir liéu huan luyén méi duge bo sung) thi cac phuong phap nay kho ap

dung va cling chua c6 mét phuong phdp mai nao thich hop cho ching.

Trong cac phuong phép ndy, mang RBF duoc xem 1a cau ndi giita mang

MLP va cac phuong phap hoc dwa trén mau véi uu diém chinh la:
1) Thoi gian hoc nho hon nhiéu so véi mang MLP.

2) Mac du cac ham co s¢ ban kinh c6 anh hudng dia phuong nhung viéc

hoc ctia mang khéng phu thudc vao mau méi nhu cac phuong phap dua trén mau.

Khi ¢& miu nho, ngudi ta thuong dung mang ndi suy RBF, trong d6 cac mbc
ndi suy dugc ding lam tAm ctia cac ham co sé ban kinh. Truong hop ¢ mau 16n thi
ding mang xap xi RBF véi s6 ham co s¢ ban kinh it hon sé mdc ndi suy. Nhung
mang nay c6 sai s6 1on, kho tim tim thich hgp cho mdi ham co s¢ va huan luyén lai
khi ¢6 dir liéu bo sung. Chinh vi vay no rat khé tmg dung cho cac bai toan thoi gian

thuc da néu.

Thuat toan 1ap hai pha HDH huén luyén mang dugc gidi thi¢u trong chuong
trude ¢6 nhiéu vu diém nhu: cai thién dang ké thoi gian huén luyén mang, dat dugc
sai sO bé, d& udc luong sai s6, dé song song hoa dé giam thoi gian tinh toan va dic
biét 1a ton it thoi gian hudn luyén lai khi bo sung thém céc dit liéu huan luyén méi.
Tuy vy, thoi gian huan luyén cia thuat toan ting rat nhanh khi s6 méc nodi suy
tang. Dic tinh ndy goi nén y tudng phan mién dit lidu thanh cdc mién con chira mdc
ndi suy gan bang nhau va khong vuot qua M cho trude, rdi xdy dung mang nodi suy
RBF trén modi cum con nay. Mang nhu vay duoc goi mang noi suy RBF dia phuong.
Viéc chia mién con c6 thé thuc hién nhd cai tién thuét toan phan cum nho cay k-d

[12,17,23]. Thuat toan HDH huéan luyén mang trén mdi cum con thuc hién rat nhanh
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va thuc nghiém cho thy tinh tong quat ciia mang dia phuong tot hon mang toan
cuc. Dbi v6i cac bai toan dong, néu c6 thém cac mdc ndi suy méi trong thoi gian
hoat dong cuia mang, ta chi cin huén luyén ting cuong mang trén mién con chira né
nh¢ thuat toan HDH. Thoi gian hun luyén ting cuong nay ton rat it so v6i huan
luyén tir dau. Cac danh gia toan hoc va két qua thuc nghiém cho thay loai mang nay
¢6 nhiéu uu diém va thich hop cho céc bai toan thoi gian thuec.

Bang 5.1 gi6i thiéu két qua thuc nghiém v&i ham 3 bién nhu cong thic
(4.22) ¢6 cac mde ndi suy trén hinh hop [0,3]x[0,2]x[0,1]vdi sai s& &=10° va ¢ =
0.9; ¢ =0.9. Thuc hi¢n trén may Intel Pentium IV, Processor 2.2GHz, 256MB DDR
RAM.

Bing 5.1: Thoi gian hudn luyén mang véi ham 3 bién véi e=10°, ¢=0.9; a=0.9.

S6 moc Thoi gian tinh Thoi gian Tong thoi
ban kinh ¢ huin luyén gian
tinh W
100 1 1 2
500 8>’ 1’ 9
1000 39” 2” 41
2000 3’31 5” 3’36

Nhin bang 5.1 cho thiy thoi gian huan luyén & pha thir nhat ting rat nhanh
khi s6 mbc ting. Dé giam thoi gian huin luyén va sir dung cho cic bai toan thoi

gian thuc hodc bai toan dong ta co thé dung mang RBF dia phuong.
5.2. Mang RBF dia phwong
5.2.1. Kién tric va thi tuc xdy dung mang
Gia st tap mdc ndi suy {xk }L nam trong mién déng gidi ndi D=ﬁ[a[,bl.]
i-1
va N 16n. Ta chon trude s6 nguyén duong M cho s diém trong mdi cum con va

chia mién D thanh cac hinh hop n chiéu D; (j=1,2,...,k) v6i s6 mOc trong moi cum

nho hon M theo thuat toan phan cum nho cdy k-d gidi thi€u trong muc
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sau[12,17,23]. Sau d6 st dung thuét toan 13p dé hudn luyén cac mang RBF cho moi
mién con D;. Xay dung thu tuc dé xac dinh mdi x trong D thudc mién con D; va
mang RBF dia phuong sé& 1a két ndi giita thu tuc nay véi cac mang RBF con. Véi
moi dit liéu méi thude D; thi chi ¢6 mang ndi suy dia phuong cua mién D; phai huén
luyén lai. Khi bd sung dir li¢u moi, néu sb mdc nodi suy trong mién con 16n hon M
thi thuat toan cay k-d s€ dugc st dung dé phan chia thanh hai cum c¢6 kich ¢ nho

hon. Cu thé, thu tuc xay dung mang nhu sau.

Procedure Xay dung mang RBF dia phuong;
Begin
1. Phan D thanh cac mién con D;,..,Dy; // st dung thuat toan phan cum
cay k-d dé sb mdc trong mdi cum con khong vugt qua M.
2. Xay dung bd dinh vi dau vao cho céc mang RBF con.
3. Huén luyén cac mang RBF con; // Dung thuat toan HDH.

4. Két noi bg dinh vi dau vao voi cac mang con dé dugc mang RBF dia

phuong.

End;

Hinh 5.1 Thu tuc xdy dung mang RBF dia phwong

Kién trac mang duoc md ta trong hinh 5.2. Trong pha huin luyén, thanh
phan tong hop dau ra khong hoat dong. Mdi mang con dugc huin luyén doc lap.
Trong khi ndi suy, véi mdi gia tri vao x, bg dinh vi s& xac dinh mang con tuong
g, con tat ca cac mang con khac co gia tri vao rdng. Va gia tri dau ra cia tat ca
cac mang con déu 14 rdng ngoai trir mang con c¢6 dau vao x. Sau d6 thanh phan tong

hop dau ra 1a tong dau ra cua cac mang RBF con.
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Mang RBF
trén Dy

bau .| B&dinh
vao X " vidau
vao

Mang RBF
trén DK

Hinh 5.2. Mé hinh kién triic mang RBF dia phwong

V6i cdu tric mang RBF dia phuong mdi nay, ham noi suy kha vi lién tuc
trén timg mién con. O phan tiép theo s& chi ra ring khi M nho thi thoi gian huin
luyén va hudn luyén lai cling nhu sai s6 giam. Nhung néu s6 mang con RBF nhiéu
thi s& 1am cho mang phtic tap hon va cac mién kha vi s& giam. Pic diém nay chinh
1a diéu khong mong mudn trong giai tich s6. Nhu thé, viéc lya chon M nhu thé nao
dé can bang gitra cac diéu kién do.

O budce 1 cua thuat toan, c6 thé xac dinh s mién con thay cho chon trudc

ngudng M cho tap mdc ciia cac mién con.
5.2.2. Thuat toan phan cum nho cay k-d.

Cay K-d dugc Bentley gidi thiéu dé xuat trong [11] va cac bién thé cta nd
1a cong cu hiéu qua dé phan cum nhanh dit liéu [12,17,23]. Thuit toan sau day sira
d6i nho ky thuat k-d trong [11,12], dé phan hinh hop n-chiéu D chira N dbi tuong dir
liéu thanh cac hinh hop con Dy, ..., D; sao cho mdi hinh hop D; chira khong qua M
db6i tuong dir lidu.

Thuat toan c6 thé mé ta boi qua trinh xay dung mot ciy nhi phan n-chiéu c6
gdc 1a hinh hop D chira N d6i tugng dir liéu, mdi nit & dd sau k 1 hinh hop n-chiéu
c6 dugc nhd mot nhat cit truc giao voi canh 16n nhét cia hinh hdp cha chia thanh

hai hinh hop con dé chiing chira s6 lugng dir liéu x4p xi nhau.
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Thu tuc chia d6i hinh hop n-chiéu D; =] [[a/,5/] nhu hinh 5.3 sau:
i=1

Procedure chia d6i hinh hop n-chiéu D; = [ 11a/.6/1

i=1
Begin
Buéc 1. Chon i sao cho canh [a/,h/] ciia D; 1a 16n nhat // Chon phuong cho
mat cét.
Buéc 2. Chia canh [a/,b/] boi nhat cat truc giao va qua it nhat mot diém
dir liéu. Sao cho hai hinh hop nhan dugc tir né chira sb doi tuong dir liéu biing nhau
v6i quy ude cac diém dir lidu thudc nhat cat co thé dong thoi tinh 13 thude hai hinh

hop.

Thu tuc chia d6i két thuc khi s lugng ddi tuong trong moi hinh hop con

khong vugt qua M chon trudc. Nhu vay s6 moc nodi suy trong mdi hinh hdp con &
A Ly T S N 1~ £ o R

dd sau d dugc xem la bang nhau, va xap xi bang o7 do c6 nhitng mdc c6 thé dugce

tinh vao nhiéu hinh hop. Khi thii tuc két thuc thi s6 luong dit liéu trong mdi mién

n , M . , N 4 N .
con thudc khoang [7,M } va c6 khoang tur o dén 2ﬁ mién con.

End;

Hinh 5.3 Thii tuc chia déi hinh hgp n-chiéu
Hinh 5.4 m6 ta két qua chia hinh hop 2 chiéu [0,10]x[0,6] chira 38 dit liéu
(N=38) v6i M=10. Két qua c6 4 hinh hop con déu chira 10 dir liéu, trong d6 cac
diém (1,4) va (8,2) duoc tinh déng thoi & hai hinh hop chira n6 con diém (3,1) chi
thuoc Ds.

102




6 - |
D, ¢ 1
5/ e 6600 I
¢ o o
bf — e : D
31 @ . D; . e e
D, 0 )
2 ¢ e 0 * o0 *
o o 'S .
1 * . ¢ * I
(Y
0 T T T T T T [ ] T 1
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D =[0,10]x[0,6]
X]:3
[0,3]x[0,6] [3,10]x[0,6]
X2:4 X1:8
Dy D, D; D4

[0,3]x[0,4] | | [0,3]x[4.6] | | [3,8]x[0,6] [8,10]x[0,6]

Hinh 5.4: Cdy K-D mé td tip dit liéu trong khéng gian 2 chiéu, véi N=38, M=I0.
Nhu d3 nhan xét & myc trén, ¢ thé chon trude sé mién con lam diéu kién ding &

budc 2.
5.2.3. P) phirc tap thuit toan huin luyén mang

Céc tinh toan hudn luyén mang chi yéu gdm thyc hién phan mién dir liéu
nho cau tric cdy k-d va huan luyén mang RBF trén cac hinh hop con. Qua trinh xay
dung cay K-d ¢ day tuong ty nhu thuat toan da danh gid trong [12,17,23], c6 do
phtc tap 1a O(NlogN) voi N 1a sb mébc ndi suy. Thoi gian hudn luyén mdi mang
RBF trén mdi mién con 13 O((T+c)nM’) vé6i n 1a s6 chiéu ciia mde noi suy, M 1a sd
mbc nodi suy trong mdi cum. Néu huan luyén cac cum con dugc thuc hién tuan tu thi

d6 phrc tap tinh toan dé hudn luyén cac mang RBF 1a O((T+c)nMN). Nhu di duge
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chi ra trong [12,17,23]. Nho ciu trac cdy k-d, khi bo sung dit 1iéu méi, d6 phirc tap

tinh toan dé tim ra cum thich hop cho né 1a O(log %) .

5.3. Tinh xép xi tdng quat ciia mang ndi suy RBF dia phwong

Tinh x4p xi tong quat cia mang ndi suy RBF da dugc Hartman va Park
ching minh trong [29,47] véi tham s6 d6 rong ban kinh tuy y. Trong thuat toan
HDH, cac tham s6 nay bi han ché dé gk €[aq,q] nén mac du khong anh hudng
nhiéu t6i viéc 4p dung nhung tinh téng quat ciia mang dwoc xay dung la khong
khang dinh dugc. Pinh 1y dudi day cho ta danh gia tinh x4p xi tong quat ciia mang
ndi suy RBF dia phuong.

Dé phat biéu dinh 1y, ta can dén khai niém -ludi cia mién D. Tap mdc goi
1a 8-ludi trén D néu VieD ton tai mbc x' sao cho d(x,x')<d, trong d6 d(x,x') 1a

khoang cach sinh boi chuan xéac dinh boi (5.1)

. = max{u |} (5.1)

<N
Pinh 1y 5.1. (tinh xAp xi tong quat ctia mang ndi suy RBF dia phuong).

Gia st £'1a ham lién tyc trén mién D va M 1a s6 phan tir cuc dai trong mdi
cum con cho trude. Khi d6 véi moi £>0 tdn tai & >0 sao cho véi bt ky tap dir ligu
O-ludi nao trén D, thi mot mang dia phuong huén luyén du tdt véi tap dir li¢u nay s€

thoa man:

VxeD, |f(x)-px)|<e (5.2)
@(x) 13 ham ndi suy can tim.

Chiurng minh. V61 ham f'lién tyc trén D va ¢ da xac dinh, ta phai chung
minh ré“mg tdn tai dsao cho néu tap mbc nodi suy la 8-ludi thi voi moi x €D ta phai co

bét dang thuc (5.2).
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Thuc vay, vi f lién tyuc trén D nén flién tuc déu trén do va ton tai o, dé X,y

ma d(x,y)< o; thi:

-1 <= (5-3)

Miat khac tir (3.11) ta thdy v6i mdi mién D; ham ¢ c6 dang:
M, (5.4)
o(x) = zwk@( (x) +w,
k=1
Trong d6 M; 1a s6 mbc thudc cum D, con @, (x) la gid tri ham ban kinh cua
mdc x* trong tap D, (d3 duoc danh sb lai). D& thiy rang:
|g0k (x)| <1;Vx,k (5.5)
Chu y téi (5.1) ta co:

M, 5.6
va.yeD,, |p(x)-p0)|=|X wle () - o, (] < 2. oo

k
Mt khac, vi M; <M cho trude nén tdn tai &, di nhé dé khi tap mbc 13 -
luéi thi duong kinh ctia méi tap D; di nhé sao cho do 1éch ctia ham ftrén moi tap D;
so voOi gid tri trung binh trén d6 nhd hon (l-q)%. Cha y téi cac biéu thirc
(3.13),(3.19) va thu tuc hinh 3.4 ta co:

(5.7)

L <

*

I

1
o
q

£
6
Néu chon sai s6 huin luyén dé v&i moi mbce ndi suy x* ta déu o :
£ 5.8
=gt < >8)
Bay gio ta ddt 6 = min{5,,8,} va xét xeD tuy ¥, khi d6 x €Dy va ¢6 mbc noi

suy x' trong Dy dé d(x,x')<&. Tir cac biéu thirc (5.3)(5.6)(5.8) ta c6 udc lugng:
f(0) =) =)= f )+ f(x) = p(x) + p(x) - p(x")| < & (5.9)

Dinh 1y dugc chung minh.
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Nhdén xét. Cac biéu thire (3.11) va (5.7) cho ta thiy ham noi suy dao dong
quanh gia tri trung binh cua cac mdc ndi suy va cac ham cé bién do dao dong bé

trén mdi mién con sé& hira hen c6 tinh tong quat tot hon.
5.4. Bai toan dong

Bai toan dong 14 cac bai toan sau khi huan luyén xong thuong duoc bd sung
cac mbc nodi suy moi. Ddi véi cac bai toan nay, khi co céac méc ndi suy mdi, ta kiém
tra lai sb luong mdc trong hinh hop con tuong tng, néu vuot qua M méc thi ta thuc
hién tach d6i hinh hop con nay va huén luyén lai mang RBF dia phuong twong {ng.
Nho céu trac cay k-d, viéc bod sung dir li¢u vao cum thich hop mat rat it thoi gian va
v6i cach xir 1y da néu ta khong phai huan luyén lai toan mang. Két qua thyc nghiém
& muc sau cho thy thoi gian huan luyén ting cuong khi co dit liéu bd sung rat

ngan.
5.5. Két qua thuc nghiém

Thuc nghiém nham so sanh thoi gian huin luyén, sai sb6 huan luyén va tinh
téng quat ctia mang dia phuong so voi mang noi suy RBF toan cuc (0 day dung tir
toan cuc dé phan biét vdi mang dia phuong). Vé sai s huin luyén, & diéu kién két
thiic ctia thuat toan HDH & biéu thirc (3.23) ta x4c dinh sai sb cho vecto W ma chua
biét sai s6 ctia ham fnén can so sanh hiéu qua ctia hai mang. Ngoai ra thuc nghiém
cling so sanh thoi gian huan luyén ting cuong bang thuat toan HDH khi c6 dir liéu

moi va thoi gian huan luyén tir ddu dé dung cho bai toan dong.

Céac ham dugc xét 1 ham 2 bién nhu cong thire (5.10) voi x;€[0,8], x,€[0,10]:

_GiAnx) x 1 (5.10)
5 3 2

va ham ba bién nhu cong thtrc (5.11) voi x; € [0,3], x,€[0,4], x;€[0,5]:

y=x7x, +sin(x, +x, +1)+4 (5.11)
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Viéc chon ham hai bién nhdm muc dich 1am cho duong kinh mién xéac dinh
giam nhanh khi ting s cum nhu d3 nhan xét & muyc trén, con ham ba bién chon
dang phirc tap hon dé kiém tra ching khi s6 cum giam ma khong quan tim téi sd
luong dbi tugng trong cum con. Vi da danh gia do phirc tap thuat toan theo sb chiéu
nén céc vi du ¢ day du dé kiém tra hidu qua mang.

Thyuc nghi€ém thyc hién trén may Intel Pentium IV Processor, 3.0GHz,
512MB DDR RAM. Cac tham s6 chon thong nhit véi g=0.8, a=0.9 va sai sd cho
diéu kién dung 1a e=107.

Viéc huin luyén cac mang RBF dia phuong thuc hién tuan tu, néu xur ly

song song thi thoi gian huan luyén s& nhanh hon.
5.5.1. So sanh thoi gian va sai s6 huin luyén

Két qua thyc nghi€ém trinh bay ¢ bang 5.2, hinh 5.5 cho ham 2 bién, bang
5.3, hinh 5.6 twong ung cho ham 3 bién. Cac mang sau khi duoc hudn luyén s& lay
10 mbc noi suy dé so sanh sai s6 huan luyén. Ham 2 bién véi 4096 mdc ndi suy
cach déu nhau, con ham 3 bién voi 19683 mdc nodi suy cach déu nhau. Trong bang
5.2 cho trudc sé mdc trong timg cum M con Bang 5.3 thi diéu kién dimg 1a s6 cum

con chon trudc.
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Bing 5.2: So sanh thoi gian va sai sé6 hudn luyén ciia ham 2 bién c6 4096 méoc néi suy

Piém kiém tra

Mot mang toan cuc,

Chia 16 cum M=256

Chia 32 cum M=128

Gia tri ham Thoi gian=432"° Thoi gian=165"’ Thoi gian=95"’
gbc Gia tri ndi Sai 6 Gia trindi | Saiso Gia tri Sai s0
X X, suy suy noi suy

0.126984 | 2.222222 | 1.3004031 | 1.3003962 0.0683E-04 | 1.3004014 | 0.0175E-04 | 1.300402 | 0.00676E-04
0.380952 | 4.444444 | 2.3491307 | 2.3491123 0.1837E-04 | 2.349125 | 0.0574E-04 | 2.349126 | 0.04706E-04
4571429 | 3.333333 | 8.8383219 | 8.8382503 0.716E-04 | 8.8382803 | 0.417E-04 | 8.838289 |  0.3288E-04
2.031746 | 4285714 | 4.4956664 | 4.4956489 0.1743E-04 | 4.4956643 | 0.0208E-04 | 4.495665 | 0.01487E-04
3.936508 | 4.285714 | 8.4019400 | 8.4014976 4.424E-04 | 8.4016351| 3.05E-04 | 8.401831 | 1.0919E-04
5333333 | 1.746032 | 8.6333333 | 8.6331865 1.467E-04 | 8.6332876 | 0.457E-04 | 8.633297 | 0.3674E-04
6.47619 | 8.571429 | 22.847392| 22.846471 9.21E-04 | 22.846686 | 7.06E-04 | 22.84688 | 5.1614E-04
7111111 | 8.888889 | 26.2185185 | 26.2182106 3.079E-04 | 2621831 | 2.08E-04 | 26.21837 | 1.5116E-04
7.619048 | 9.047619 | 28.9126984 | 28.9124999 1.985E-04 28.9125 | 1.99E-04 | 28.91263 | 0.6698E-04
8| 6.666667 | 26.1888888 | 26.1881325 7.56E-04 | 26.188449 | 4.39E-04 | 26.18874 1.444E-04
Sai s6 trung binh 2.887E-04 1.95E-04 1.0644E-04
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0.00035

0.0003
0.00025 -

0.0002 -
0.00015 -

0.0001
0.00005 -
0 4

Sai s6 trung binh

Mot mang toan cuc, 16 mang con M=256, 32 mang con M=128,
432" 165" 95"

Cac loai mang

Hinh 5.5: Dé thi so sdnh thoi gian va sai s6 hudn luyén ciia ham 2 bién cé 4096
maoc.

Nhin bang 5.2 va hinh 5.5 kiém tra v&i 4096 ham hai bién, ta thay thoi gian
huén luyén cua “mang toan cuc” 1a 432 gidy, 16n hon hin so voi “mang dja phuong
khi M=265"1a 165 giay, va khi M=128 1a 95 giy. Ciing trong bang nay sai s6 huan
luyén giam dan tir 2.887E-04 xudng con 1.95E-04 va 1.0644E-04.

Nhu vay mang cuc b gdm 23 mang con 1a tot nhat vé& thoi gian va sai sb

huan luyén.
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Bing 5.3: So sanh thoi gian va sai sé6 hudn luyén ciia ham 3 bién cé 19683 méc ngi suy

Piém kiém tra Gia tri S6 cum 10 S6 cum 15 S6 cum 20
ham goc Thoi gian =2524"° Thoi gian =1867"’ Thoi gian =1295”°
Gia tri ndi Sai 6 Gia tri Sai 6 Gia tri Sai 6
X X, X3 suy noi suy noi suy

0.807692 | 0.153846 | 0.192308 | 5.075238 |  5.0752268 0.111E-04 | 5.075236 | 0.0169E-04 | 5.075237 | 0.0129E-04
2.076923 | 3.846154 | 0.576923 | 19.83289 | 19.8328513 0.41E-04 | 19.83287 | 0.248E-04 | 19.83287 | 0.265E-04
0.461538 | 1.230769 | 1.346154 | 3.840466 | 3.8404115 0.541E-04 | 3.840405| 0.611E-04 | 3.84042 | 0.457E-04
1.269231 | 1.076923 | 1.923077 | 4.978063 | 4.97803538 0.279E-04 | 4.978033 | 0.302E-04 | 4.978039 |  0.239E-04
0.576923 | 0.461538 2.5| 3.42251| 3.42248839 0.213E-04 | 3.422489 | 0.209E-04 | 3.422493 | 0.163E-04
0.115385 | 0.153846 | 3.076923 | 3.115802 | 3.11579124 0.112E-04 | 3.115792| 0.101E-04 | 3.115786 0.16E-04
0.230769 | 1.538462 | 3.461538 | 3.802514 | 3.8025003 0.14E-04 | 3.802501 | 0.132E-04 | 3.8025| 0.146E-04
1.846154 | 3.846154 | 3.846154 | 17.77749 | 17.7774338 0.593E-04 | 17.77744 | 0.514E-04 | 17.77746 | 0.356E-04
2.192308 | 3.384615 | 4.230769 | 20.99105 | 20.9910433 |  0.0795E-04 | 20.99105 | 0.0469E-04 | 20.99105 | 0.0477E-04
0.576923 | 3.384615 | 4.807692 | 5.356918 | 5.35691083 | 0.0739E-04 | 5.35691 | 0.0819E-04 | 5.356909 | 0.095E-04
Sai s0 trung binh 0.255E-04 0.226E-04 0.194E-04
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0.00003
0.000025 -
0.00002 A
0.000015 H
0.00001
0.000005 -
0

Sai s6 trung binh

10 mang con, 2524" 15 mang con, 1867" 20 mang con, 1295"

Cac loai mang

Hinh 5.6: So sdnh thoi gian va sai so6 hudn luyén ciia ham 3 bién c6 19683 moc

Nhin bang 5.3 va hinh 5.6 kiém tra v6i 19683 mdc ham 3 bién, ta thdy khi s6
cum con cang 16n (c6 nghia 13 s6 mdc trong mdi cum giam) thi thoi gian huan luyén
cang giam. Cu thé thoi gian huan luyén khi 10 cum 1a 2524 giay 16n hon han so véi
truong hop 15 cum la 1867 gidy va khi 20 cum 1a 1295 gidy. Ciing trong bang nay
sai s6 hudn luyén giam dan tir 0.255E-04 xudng con 0.226E-04 va 0.194E-04.

Nhu vay qua cac bang 5.2 va hinh 5.5, bang 5.3 va hinh 5.6 ta thay rang:

1) Thoi gian huén luyén mang giam nhanh khi s6 cum tang, dac bi¢t khi c&
dir liéu ctia cum con thyc sy giam (truong hop ham 2 bién). Néu song song hoa viéc
huén luyén cum con thi thoi gian huan luyén giam déng ké.

2) Sai s6 huan luyén ciing giam khi s6 cum ting va ciing giam nhiéu hon
khi ¢ dir liéu cia cum con thuc sy giam.

5.5.2 Tinh tong quat

Két qua thuc nghiém trinh bay ¢ bang 5.4 va hinh 5.7, bang 5.5 va hinh 5.8
turong ng cho ham 2 bién va 3 bién. Cac mang s& bo di 10 mdc ndi suy dé huan
luyén va so sanh gia tri ham & cac mdc nay (1a nhitng diém xa tdm). Ham 2 bién
v6i 4096 mdc ndi suy, con ham 3 bién voi 19683 mée nodi suy cach déu nhau (ké ca

cac mdc bo di). Diéu kién dung khi tinh bang 5.5 1a s6 cum con chon trudc.
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Bing 5.4. So sanh tinh téng qudt véi ham 2 bién cé 4086 moc tai 10 diém xa tim

Piém kiém tra

Mot mang toan cuc

Chia 16 cum M=256

Chia 32 cum M=128

Gia tri ham Thoi gian =432”° Thoi gian =165’ Thoi gian =95’
goc Gia tri Sai s0 Gia tri Sai s0 Gia tri Sai 6
X X, noi suy noi suy noi suy

0.126984 | 2.222222 1.3004031 | 1.299662 7.41E-04 | 1.299811 5.92E-04 | 1.300205 | 1.98E-04

0.380952 | 4.444444 2.3491307 | 2.348308 8.231E-04 | 2.348199 9.32E-04 | 2.348599 | 5.32E-04
4.571429 | 3.333333 8.8383219 | 8.837086 | 12.357E-04| 8.83731 10.12E-04 | 8.83679 | 15.32E-04
2.031746 | 4285714 |  4.4956664 | 4.495234 | 43.257E-04 | 4.495285 23.81E-04 | 4.495343 | 13.23E-04
3.936508 | 4.285714 8.4019400 | 8.376309 | 256.31E-04 | 8.400373 75.67E-04 | 8.400987 | 39.53E-04
5333333 | 1.746032 8.6333333 | 8.631347 | 198.65E-04 | 8.632521 | 171.28E-04 | 8.63321 | 81.23E-04
6.47619 | 8.571429 22.847392 | 22.83505| 123.454E-04 | 22.83916 92.34E-04 | 22.84216 | 62.36E-04
7111111 | 8.888889 | 26.2185185| 26.19958 | 189.353E-04 | 26.21117 73.45E-04 | 26.21396 | 45.63E-04
7.619048 | 9.047619 | 28.9126984 | 28.77724 | 1354.63E-04 | 28.85032 | 623.77E-04 | 28.88015 | 325.47E-04
8| 6.666667 | 26.1888888 | 26.13533 | 535.615E-04 | 26.15321 | 356.75E-04 | 26.17164 | 172.53E-04
Sai s6 trung binh 272.927E-04 144.243E-04 76.26E-04
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0.03

0.025

0.02

0.015

0.01 |

Sai s6 trung binh

0.005

Mot mang toan cuc, 16 mang con M=256, 32 mang con M=128,
432" 165" 95"

Cac loai mang

Hinh 5.7: So sdnh tinh tong qudt véi ham 2 bién c6 4086 moc tai 10 diém xa tam.

Nhin bang 5.4 va hinh 5.7 kiém tra voi 4096 ham hai bién, ta thay sai s6
trung binh cua “mang toan cuc” 1a 271.927E-04 16n hon han so véi “mang dia
phuong khi M=265"1a 144.243E-04 va khi M=128 l1a 76.26E-04. Nhu vay mang dia

phuong gém 32 mang con 1a t6t nhat.
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Bing 5.5. So sanh tinh tong qudt véi ham 3 bién cé 19673 méc tai 10 diém xa tim

Piém kiém tra Gia tri S6 cum 10 S6 cum 15 S6 cum 20
ham goc Thoi gian =2524”° Thoi gian =1867° Thoi gian =1295”°
Gia tri Sai 6 Gia tri Sai s0 Gia trindi | Saiso
X X, X3 noi suy noi suy suy

0.807692 | 0.153846 | 0.192308 | 5.075238 | 5.065402 | 98.357E-04 | 5.069114| 61.24E-04 | 5.0711023 | 41.36E-04
2.076923 | 3.846154 | 0.576923 | 19.83289 | 19.82266 | 102.35E-04 | 19.82457 | 83.26E-04 | 19.826029 | 68.63E-04
0.461538 | 1.230769 | 1.346154 | 3.840466 | 3.836924 | 35.42E-04| 3.83815| 23.16E-04 | 3.8385425| 19.23E-04
1.269231 | 1.076923 | 1.923077 | 4.978063 | 4.976829 | 12.345E-04 | 4.977228 8.36E-04 | 4.9773809 |  6.82E-04
0.576923 | 0.461538 2.5| 3.42251| 3.413817 | 86.923E-04 | 3.416657 | 58.52E-04 | 3.4179485 | 45.61E-04
0.115385 | 0.153846 | 3.076923 | 3.115802 | 3.113437 | 23.654E-04 | 3.114587 | 12.16E-04 | 3.1147202 | 10.82E-04
0.230769 | 1.538462 | 3.461538 | 3.802514 | 3.795283 | 72.313E-04| 3.797301 | 52.13E-04 | 3.8008321 | 16.82E-04
1.846154 | 3.846154 | 3.846154 | 17.77749 | 17.77584 | 16.532E-04 | 17.77625| 12.45E-04 | 17.77624 | 12.53E-04
2.192308 | 3.384615| 4.230769 | 20.99105| 20.9712| 198.52E-04 | 20.9787 | 123.52E-04 | 20.982539 | 85.12E-04
0.576923 | 3.384615| 4.807692 | 5356918 | 5.354554 | 23.644E-04 | 5.356005 9.14E-04 | 5.3559969 | 9.21E-04
Sai s6 trung binh 67.007E-04 44.39E-04 31.62E-04
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0.008

0.007
0.006

0.005

0.004
0.003

Sai s6 trung binh

0.002
0.001

10 mang con, 2524" 15 mang con, 1867" 20 mang con, 1295"

Cac loai mang

Hinh 5.8: So sdnh tinh tong qudt véi ham 3 bién c6 19673 méc tai 10 diém xa
tam.

Nhin bang 5.5 va hinh 5.8 kiém tra voi 19673 ham ba bién, ta thdy sai s6
trung binh cta mang duge chia thanh 10 mang con 1a 67.007E-04 16n hon han so

v6i 15 cum 1a 44.39E-04 va 20 cum 1a 31.62E-04.

Nhu vay nhin ca cac bang 5.4 va hinh 5.7, bang 5.5 va hinh 5.8 ta déu thay
r@ing tinh téng quat ciia mang tdt hon khi tang s6 cum, dic biét khi ¢& dit liéu & cum
con thyc sy giam (truong hop ham 2 bién).

5.5.3. Huén luyén ting cwdng ¢ bai toan dong

Thoi gian huan luyén ting cuong (enhenced training time) mot mang cuc
bd khi c6 mde noi suy bd sung thuc hién véi ham ba bién nhu cong thuce (5.11) voi
x;€ [0,3], x,€[0,4], x;€[0,5]. Ta léy x;, X cach déu nhau con x; ngau nhién trong
khoang [0,5]. Bé di 5 méc va hudn luyén sé mdc con lai, sau d6 bod sung thém 5
mdc méi, 14y gia tri ban kinh o cta lan huan luyén trude lam gia tri khoi tao cho o
ctia 1an huan luyén sau. Véi 5 mdc méi thém thi ta khoi gan o theo nhu thuat toan
HDH. Bang 5.6 va hinh 5.9 cho két qua dé so sanh vé thoi gian huén luyén (trudng
hop 200 méc, chi tinh dén don vi 17).
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Bing 5.6. So sanh thoi gian hudn luyén ting cwong khi cé méc mdi.

o Bo di 5 moc, . Thém 5 moc moi,

S6 moc | Thai gian huan luyén lan 1 Thaoi huan luyén lan 2
Phal | Pha2 Tong Pha 1 Pha 2 Tong
200 2” 1” 3” 1” 1’3 239
500 7” 1” 85’ 2” 1’7 3’7
1000 34” 2” 36” 6” 2” 8”
1600 68” 3” 717 13” 3” 16
2025 126” 4” 130” 19” 4” 23”
140

— 10

Z 120 | .

2 100

S . ---&--- Bodi5mdc

i 80 Huén luyén Ian 1

E 60 - ~* —=— Thém 5 mc moi,

c Huan luyén lan 2

'g 40 1 o

5 ’

£

200 500 1000 1600 2025
Cac méc ndi suy

Hinh 5.9: Dé thi so sanh thoi gian hudn luyén ting cwong khi cé méc mdi.

Nhin bang 5.6 va hinh 5.9 ta thiy thoi gian hudn luyén ting cuong rat nho
s0 v6i huan luyén lai, nhu truong hop 1600 mdc thoi gian huan luyén lan 1 1a 71
gidy, nhung huan luyén ting cuong lan 2 chi 1a 16 gidy. Tuong tu cho truong hop
2025 mdc, thoi gian hudn luyén 1an 1 1a 130 gidy, con lan 2 1a 23 gidy. Néu s6 mbc
cang 16n thi sy chénh léch giita 1an 1 va 1an 2 cang nhiéu. Uu diém nay 1a do thuat
toan HDH mang lai. Nhin bang 5.6 ta thiy thoi gian tinh toan cua thuat toan phan

16n 1a thoi gian ciia Pha 1. Ma khi huin luyén ting cuong l1an 2 thi gan nhu pha 1

khong phai tinh toan nhiéu chi tinh nhitng mbc méi bd sung.
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Vi di danh gia do phirc tap thuat toan theo s6 chiéu nén ching t6i dan ra
thuc nghiém v&i ham hai bién, ba bién dé duong kinh cum con va do d6 bién do dao
dong cia ham trén cum con giam nhanh khi s6 cum con tang, ham dugc chon cling
nham muc dich nay. Thuc nghiém cho thoi gian huin luyén ting cudng khi c6 dir

lidu b6 sung chiing t6i diing ham ba bién.
5.6. Nhan xét chung

Ta thay trong mang RBF, mdi ham ban kinh chi ¢6 anh hudng dia phuong
nén thong tin tir dir liéu xa tdm it anh huong t6i chat lwong mang nhung lai lam ting
thoi gian tinh toan. Véi mang RBF dia phuong nhu trén, thoi gian huan luyén mang
rat nhanh va tinh xap xi ctia mang ciing tang. Thuat todn huén luyén don gian va dé

song song hoa.

Loai mang nay thich hop cho céc bai toan thoi gian thuc, trong do doi hoi
thoi gian huan luyén ngin va ddc biét thich hop véi cac bai toan dong, trong dé cac
mdc ndi suy thudng xuyén duge bd sung. Ngoai viée sir dung thuat toan xiy dung
ciy k-d dd néu dé phan mién dir liéu, ta c6 thé chia nhanh hinh hép D thanh cac
hinh hdp con va sau d6 ghép cac hinh hop chtra it dir liéu hodc chia cac hinh hop

chtra nhiéu dir li€u r61 huan luyén cdc mang dia phuong dé gidm thoi gian tinh toan.
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KET LUAN

Cac két qua dat dwoe

Trong thoi gian qua, mic du c¢6 nhitng han ché vé thoi gian va diéu kién
lam viéc, chung t61 da hoan thanh muc ti€u luan an. Cac Kkét qua cu thé dat duoc

nhu sau.

1) Pé xuét thuat toan hai pha don gian dé huén luyén mang noi suy RBF.
Pha thtr nhét x4c dinh tham s6 d6 rong ban kinh phu hop véi timg mdc ndi suy, pha
thir hai dung phuong phap lp dé tinh trong s6 tang ra. Phan tich toan hoc va thuc
nghiém chi ra réng thudt todn luén hoi tu, thoi gian chay chi phu thudc vao viéc

khoi gan gia tri ban dau q, o, €, ... , phan bo cia moc ndi suy va chuan cua vécto.

Qua két qua thuc nghiém ta théy thuat toan c6 uu diém ndi troi so véi cac
phuong phéap théng dung hién nay: thoi gian huan luyén mang rat nhanh ké ca khi
s6 mdc 16m, d& dang thyuc hién va c6 hi¢u qua cao, danh gié sai s6 huin luyén, diéu
khién cén bang giita tc do hoi tu va tinh tong quat ciia mang bang viéc diéu chinh
cic tham sb. Mot uu viét nita cua thuét toan 1a cac ban kinh téng an c6 thé huan
luyén doc 1ap va & pha hai trong sb tang ra cling c6 thé huan luyén doc 1ap, diéu nay

lam cho chung c6 thé song song hoa thuat toan.

2) Trong trudng hop cac mdc nodi suy cach déu nhau, dé khai thac duoc uu
diém phan bd nay chung t6i ding metric Mahalanobis va cai tién thudt toan hai pha
thanh thuat toan mot pha. Nho céc phan tich toan hoc, chit lugng mang néi suy
RBF duogc cai thién rd rét so véi mang huan luyén béng thuat toan HDH va cac
thut toan huan luyén nhanh thong dung. Khong nhing c6 uu thé vé thoi gian hun
luyén va tinh tong quat ma mot hiéu qua dan xuat cia mang 1a c6 thé dung cho
truong hop s6 mbe ndi suy 16n hon nhiéu so véi thuat toan HDH( va do d6 véi cac

thuat toan khac).

3) Dé xuét kién trac mang maoi, chiung dugc goi 1a mang RBF dia phuong.

Vi kién tric nay, thoi gian huan luyén mang rat nhanh va tinh xap xi ciia mang
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cling ting, thuat toan huin luyén don gian va dé song song hoa. Loai mang nay
thich hop cho cac bai toan thoi gian thyc, trong d6 doi hoi thoi gian huan luyén
ngin. Piac biét, ddi v6i bai toan dong, cac mdc ndi suy thuong xuyén duoc bd sung

thi nhd k¥ thuét ciy k-d ta d& dang va nhanh chong tai huan luyén mang.
Huwéng nghién ciru tiép theo

Bai toan ndi suy luén 1a mdt bai toan bét nguén tir cac bai toan thuc té va
dang co nhiéu linh vuc ung dung. Viéc van dung kién tric mang va céc thuat toan
phai tiy thudc vao tinh dic thi ctia ting bai toan, trén co s& di nghién ctru va hiéu
16 n6, dé c6 thé cai dat va hiéu chinh thich hop. Theo hudng nay, trong thoi gian toi
chung t6i tim hiéu céc bai toan thuc té, bat dau tir cac bai toan di sir dung mang
noron RBF c6 hiéu qua dén cac bai toan méi dé nang cao hiéu qua giai quyét ung
dung. Bén canh d6, nhd phat trién tmg dung, chung t6i hy vong ¢ céac cai tién va dé
xuét cac thuat toan, kién trac mang moi thich hop cho ting loai bai toan dugc

nghién cuu.
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